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Preface 

An important part of any communications system is its power supply system. 
The smooth running of all communications depends directly on the quality of 
the power supply and thus on the operational reliability of the ever more 
complex equipment and devices used for the purpose. 

It is the intention of this book to explain present-day technology in the 
supply of power for telecommunications comprehensively and in detail with 
thyristor and transistor-controlled converters, as developed by manufacturers 
and applied by users, and explains the circuit techniques and relationships with 
the aid of extensive generally conceived illustrations. The book also deals with 
the subjects of automatic control, grounding (earthing) and protection tech­
niques. Information is given on the planning to battery and earthing installa­
tions. 

The individual chapters are constructed and written so that the book will be 
useful for those readers seriously wishing to become involved in the subject as 
well as for those having to deal directly with the equipment such as in planning, 
installation, commissioning and servicing. 

The selection of material and method of presentation are based on know­
ledge and experience gained in the context of training measures for power 
supply systems. 

Thanks are due especially to Dr. Dietrich Berndt for his energetically 
assistance with Chap. 6 and following companies for generous assistance and 
permission to use documentation, descriptions, operating instructions, circuit 
diagrams and photos: Gustav Klein GmbH & Co KG, Accumulatorenfabrik 
Sonnenschein GmbH, Stamford A.C. Generators Newage International Com­
pany, AD. Striiver KG (GmbH & Co), Siemens AG, Varta AG, Hagen Batterie 
AG. 

Munich, July 1995 Hans Gumhalter 
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1 General and Introduction 

Most telecommunications systems operate from a d.c. supply voltage. This voltage 
has to meet specific requirements with regard to voltage tolerance and AFIRF 
ripple. The public a.c. mains voltage must be converted to d.c. by rectifiers which 
are equipped with electronic regulators. This enables the rectifiers to supply the 
necessary stabilized voltage independently of variations in a.c. mains voltage and 
frequency as well as of varying load demands. Built-in filters ensure that the d.c. 
voltage is smoothed to meet specifications. 

Even high-reliability a.c. systems are occasionally hit by power failures of 
varying duration which must not result in service disruptions. To meet this re­
quirement, storage lead-acid batteries are connected in parallel with the rectifiers 
and thus the communications equipment. In 'standby parallel operation', the rec­
tifiers supply the switching equipment and at the same time trickle-( float )-charge 
the battery to maintain it in a fully charged condition. 

If the a.c. mains fails, the battery takes over without interrupting the supply. 
On restoration of a.c. power, the rectifiers switch on automatically, charging the 
batteries at an increased voltage to compensate for the loss of energy as quickly 
as possible. On completion of the timer-controlled charge period, trickle charging 
and thus normal operation are resumed. 

Several rectifiers, which may have different power ratings, may be connected 
in parallel to satisfy power demand. The rectifiers remain in the switched-on con­
dition. The 48 V or 60 V operating voltage is fed to the telecommunication equip­
ment via distribution cables. The other system voltages including ±5 V, ±12 V 
etc. are generated by built-in d.c./d.c. or d.c./a.c. converters. 

The power supply has to meet different requirements depending on whether 
the system I is operating in a digital or analog environment. In a digital envi­
ronment, the necessary electronics voltages are generated by d.c./d.c. converters 
with operating voltages ranging from 40 V to 75 V. 

In an analog environment, direct loads (e.g. subscriber loops) have to be 
supplied besides the d.c./d.c. converters. They require operating voltages ranging, 
for example, between 44 V and 58 V in a 48 V system. 

For systems with a power rating of more than 5 kW, the 48 V or 60 V 
operating voltages are supplied from a central power supply and fed to each 
rack row via separate cables (95 mm2 or 150 mm2 cross-sectional area). The 
distribution cables are fully insulated to prevent shorts. 

I Example of the digital electronic switching system (EWSD). 
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In systems with lower power requirements, transistor-controlled rectifiers 
(switching mode power supply (SMR), rectifier modules), batteries and distribu­
tion system are combined in cabinets to form a 'compact power supply system' 
which is installed near to the switching equipment it powers. 

The three basic component, rectifier modules, rectifier connecting cabinet and 
battery distribution cabinet can be combined economically to produce compact 
modular power supply systems ranging from 100 A to 5000 A. 

The peripherals of the central control (magnetic tape, disk storage, local 
devices) are designed for connection to 220 VISO Hz. This voltage is produced 
from the 48 V or 60 V operating voltage through integral d.c.la.c. converters. 
Connection of the peripherals to the public a.c. mains is not necessary. 

Additional local peripheral devices, which are not part of the central control 
and the connection of which would overload the system inverters, and the devices 
from the operation and maintenance centre (OMC) require a.c. power. Where the 
available commercial a.c. mains supply is subject to insufficient availability or 
frequency variations, the devices have to be supplied from the inverters. 

If the a.c. mains supply fails, lead-acid batteries supply the switching equip­
ment without interruption. Air-conditioning systems may have to be used to ven­
tilate equipment rooms and remove the heat produced as a result of high-density 
equipment practice. These systems are designed for connection to a.c. power and 
must not be supplied from the battery. Although short-time a.c. mains failures 
are tolerated, air-conditioning must be maintained for the duration of long-term 
blackouts by standby generating sets which start automatically and also supply 
the rectifiers and other important loads. The use of standby generating sets has 
the added advantage that it is possible to maintain operation during long-term 
a.c. power outages extending beyond the battery's backup capability. 

When determining the generating set size it should be borne in mind that 
rectifiers will draw non-sinusoidal currents from their power source - in this case 
from the generator. The potential difficulties that may arise can be avoided if all 
the components are harmonized. This also means that the generator must either 
be capable of handling current harmonics or be derated accordingly. 

1.1 Functions and Requirements 

The power supply of any telecommunication system forms the link between the 
national power supply (mains) and the communications system itself. Therefore, 
not only must it be matched to the parameters of the mains, but also fulfil the 
requirements of the communications systems and of the energy stores, i.e. bat­
teries. This is achieved by transforming the voltage of the mains or standby power 
supply system, taking into consideration such requirements as magnitude, toler­
ance, purity etc. A non-interrupted, 'secured' power supply is the precondition 
for a reliable, fault-free operation of all communications systems. 
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Reliability and quality are requirements which are particularly important for 
power supplies, as they take up a key position within the whole assembly. The 
functioning of the whole system depends completely on them. 

In the event of temporary loss of power or complete mains failure, measures 
need to be taken to maintain the operational dependability of the communications 
systems. This is in general ensured by the use of lead batteries (accumulators) 
as energy stores. If the network current is not available for a longer period of 
time the feeding can be performed by standby power supply systems. 

Telecommunication power supply systems are classified according to: 

- type of power supply system; 
- type of automatic control for the individual devices, units and equipment. 

Important aspects of a telecommunications supply include: 

- observance of the requested tolerance range for the supply voltage, namely: 
between no load and rated load, 
with surges in load, 
with mains voltage fluctuations, 
with changes in mains frequency; 

- maintenance of the purity of the direct voltage in accordance with the specifi­
cations, i.e. the limit values for superimposed alternating voltage must not be 
exceeded; 

- a power supply free from interruption as far as possible; 
- availability of sufficient monitoring, protective, limiting and signalling devices; 
- simplicity of extension; 
- ecology, ease of recycling; 
- economy; 
- small dimensions and light weight; 
- ease of installation and maintenance; 
- design according to relevant specifications and international regulations. 

1.2 Basic Types of Power Converter 

Four basic types of power converter are used for telecommunications power 
supply systems in the control or conversion of electrical power (Fig. 1.1). 

With rectifiers (Fig. 1.1a) an alternating current can be converted into a 
direct current. Energy flows from the alternating current system to the direct 
current one. 

D. C./ D. C. converters (Fig. 1.1 b) enable direct current of a given voltage 
and polarity to be converted into direct current of another constant or changeable 
voltage and/or polarity. In today's power supply systems d.c/d.c converters are 
often used to obtain component voltages from an 'energy transport voltage' of, 
for example, 48 V or 60 V. 
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Fig. l.la-d. Basic types of power converter. a Rectifiers; b d.c./d.c. converters; c inverters; 
d a.c./a.c. converters 

Inverters (d c.la. c. converters) (Fig. 1.1 c) are used for converting direct cur­
rent into alternating current. 

A. CIA. C converters (Fig. 1.1d) enable alternating current of a given volt­
age, frequency and number of phases to be converted into alternating current 
of another voltage and/or frequency and/or number of phases. Converters can be 
further divided into externally commutated converters (with natural commutation) 
and self-commutating converters (with forced commutation). 

Externally commutated converters require an external alternating voltage 
source to provide the commutating voltage for the duration of the commutat­
ing period, if necessary through a transformer. In supply-commutated converters 
this voltage source is the supply mains, and in load-commutated converters it is 
the load. The class of externally commutated converters includes, for example, 
rectifiers and a.c./a.c. converters. 

Self-commutating converters do not need an external alternating voltage 
source for commutation. In these converters, the effect is produced by a volt­
age in the commutating circuit; this is either provided by an energy storage 
device (normally a capacitor) associated with the converter, or produced by an in­
crease in the resistance of the converter valve to be turned off through its control 
facility. Self-commutating converters include, for example, d.c./d.c. converters 
and inverters. 

1.3 Elements of a Power Converter 

The typical elements of a power converter with the energy conversion flow are 
shown in Fig. 1.2. 

From the energy source the nonregulated (noncontrolled) energy flow reaches 
the power section. There the energy is converted by means of power transistors or 
thyristors. The controlled energy flow is then passed on to the load (consumer, 
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communication system). The control system performs the comparator function 
and modifies the trigger pulses to the power section. The protective and moni­
toring devices are provided for internal protection of the device as well as of the 
load, e.g.: 

- mains monitoring, 
- mains overvoltage protectors, 
- undervoltage monitoring, 
- overvoltage monitoring, 
- overvoltage cutoff devices, 
- current limiting devices, 
- overcurrent and short circuit cutoff devices, 
- ripple contents monitoring, 
- fuses 
- automatic circuit breakers and 
- frequency monitoring. 

1.4 Energy Storage 

Figure 1.3 shows the symbol for an energy storage device. The battery (accu­
mulator), as a reliable emergency power source for d.c. loads, takes up electrical 
energy when charged and stores it as chemical energy. On discharging, the chem­
ical energy is reconverted into electrical energy. 
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There are lead-acid batteries and nickel-cadmium (Ni-Cd) batteries; they 
are made in different designs and with different properties. 

The fields of application are: 

- stationary (standby batteries), 
- motive power (traction batteries) and 
- starting. 

It is the stationary lead battery in particular that is important for telecommunica­
tions power supply. It provides a standby energy for a certain period (bridging 
time). Starter batteries are also applied as standby power supply systems. 

Because of their different electrical characteristics, the individual designs of 
lead batteries can be categorized, in relation to different bridging times, as follows: 

- batteries for short-term loading ( < 1 h) and 
- batteries for long-term loading (capacitive loading, > 1 h). 

For short-term loading, for example, according to DIN2 the designs GroE3 and 
OGi-Block4 are available, while the designs OPzS5 and OGi-Block (or OGiE) 
are used for long-term loading. 

Apart from the conventional lead-acid batteries with liquid electrolytes, 
'maintenance-free, valve-regulated (sealed)' lead-acid batteries are also now avail­
able; they differ from traditional types in their 'fixed' electrolytes (gel technology 
or absorbent-glass-mat technology). Instead of vent plugs, the cells are provided 
with safety valves which open under excessive pressure. The batteries are avail­
able in the pasted-plate (OGiV) and tubular-plate (OPzV) forms of construction. 

In addition, non-rechargeable backup batteries (generally lithium) are used 
for safeguarding memory contents. 

1.5 Primary Power Sources 

Diesel generators (Fig. 1.4a) provide a permanent (a.c.) standby. It is customary 
to distinguish, according to design, between generators (e.g. single generators) 
which function as an emergency during system startup, and installations with 
two or more generators alternating to provide a permanent power supply when 
no public power source is available (island networks). 

2 DIN: German Industrial Standards (Deutsche Industrie Normen). 
3 GroE: Plante plate in narrow construction. 
4 OGi: stationary grid-plate (pasted-plate). 
50PzS: stationary cells with tubular (ironclad) positives plates. 
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Fig. l.4a--c. Examples of primary power sources. a Diesel generator; b solar generator; 
c wind-driven generator 

With a solar-powered generator (Fig. l.4b) solar energy can be converted 
directly into (d.c.) electrical power. The solar generator consists of several solar 
modules, each of which contains a large number of photovoltaic cells. 

A difference is made between thick-film arrays (i.e. out of crystalline sili­
cium) and thin-film arrays (i.e. out of amorphous silicium). Their light-sensitive 
surfaces are protected against mechanical damage by a special type of highly 
transparent glass with a surface of low reflectivity. At the reverse side of the 
module, a plastic-coated aluminium foil provides a moisture barrier, which si­
multaneously serves to dissipate heat. The optimal solar generator for a given 
application can be constructed by series and parallel combinations of solar 
modules. 

A wind-driven generator (Fig. l.4c) consists of a rotor or a turbine and a gen­
erator. It produces alternating current. There are several varieties of wind-driven 
generators. The most favourable locations for these installations are mountain 
ridges, open plains and coastlines or funnel-shaped valleys. 

The small steam turbine (not shown) has a closed steam circulation; it can 
be operated on liquefied gas, natural gas, diesel fuel or kerosene. The turbines 
can be used either individually with a battery, or in parallel mode with or without 
battery. 

Thermoelectric generators (not shown) consist of numerous thermocouples 
which convert heat gradients into electrical energy; they thus contain no moving 
parts. The higher the temperature difference between hot and cold ends, the greater 
will be the efficiency. The output power of thermoelectric generators depends 
greatly on the ambient temperature. Several devices can be connected together in 
parallel to form larger units and can be operated with or without a battery. 

1.6 Power Supply Systems 

Fig. 1.5 shows the outline of a typical telecommunications power supply system, 
while Fig. 1.6 shows an overall view of such a system. 
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Fig. 1.5. Telecommunications power supply systems 

The system can be divided into four levels: 

(1) Mains supply and standby power supply system. 6 

(2) Mains distribution switchboards or mains switch panels. 
(3) A central power supply. 
( 4) A decentralized power supply. 

0) 

6 Standby systems with internal combustion (generally diesel) engines. 



1.6 Power Supply Systems 9 

Fig. 1.6. Telecommunications power supply system (photo by courtesy of Siemens AG) 

1.6.1 Mains Supply and Standby Power Supply Systems (1) 

The necessary electrical power is usually taken from the public mains. As there is 
the possibility of power failure with this mains supply, a standby fixed or mobile 
power supply is used, where necessary. Both, the mains supply and the standby 
power supply system, provide single-phase or three-phase alternating voltage. 

Trouble other than power failure can also occur with the mains supply, e.g. 

- failure of individual phases, 
- excessive voltage or frequency fluctuations and 
- excessive harmonics. 

Further arrangements, apart from standby power supply systems, which bridge 
disturbances in the mains supply, may be found in (3), central power supply. 

1.6.2 Mains Distribution Switchboards or Mains Switch Panels (2) 

Mains distribution switchboards and mains switch panels are used for the distri­
bution, switching and measurement of the mains voltage and for providing fuse 
protection. While power supply equipment of lower output can be linked with 
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the mains supply via a mains distribution switchboard, rectifiers of greater output 
power must be connected to a mains switch panel. 

1.6.3 Central Power Supply (3) 

A basic distinction is made between a central and a decentralized power supply 
of a communications system. This distinction becomes increasingly difficult to 
maintain, however, in the case of modem power supplies (e.g. compact systems) 
employing hybrid converter modules. 

Rectifiers. The rectifiers in a central power supply system feed the communi­
cations system, inverters, batteries and d.c./d.c. converters. These rectifiers are 
with thyristor power section (thyristor-controlled rectifiers) and convert the alter­
nating current of the mains supply or standby power supply systems into direct 
current. Rectifiers with a transistor power section are also available (known as 
transistor-controlled rectifiers or switching-mode power supply, SMR). The recti­
fiers together with the batteries and any standby power supply systems, if present, 
must be capable of providing an uninterruptible supply of direct current for the 
communications system (fail-safe d.c. power supply system). 

The most important modes of operation for rectifiers are: 

- rectifier mode (without battery). In the event of a power failure, the commu­
nications system does not receive any supply voltage. 

- standby parallel mode (with battery). Rectifiers, battery and communications 
system are connected in parallel. 

- changeover mode (with battery). In the event of power failure the supply is 
switched from mains to battery operation without interruption. 

The normal ratings for the d.c. output voltage provided by the rectifiers are 
48 V and 60 V. Thyristors or switching transistors (bipolar or unipolar e.g. 
power MOS field effect transistors), as the final control element, together with 
their associated control equipment, ensure that changes in the power consumption 
of the communications system or fluctuations in the mains voltage or frequency 
result in the d.c. output from the rectifiers varying only within a permissible 
tolerance. 

The essential components of thyristor or transistor-controlled rectifiers are: 

- mains transformer, 
- thyristor set or transistor. bridge circuit, 
- filter, 
- closed-loop and open-loop control, 
- protective and monitoring devices and 
- signalling system. 

Monitoring devices on the direct voltage side protect the equipment against ex­
cessive over- or undervoltages which would interfere with its proper working. 
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There are electronic mains monitoring devices to protect rectifiers operat­
ing on three-phase mains. These monitoring devices detect the failure of one or 
more phases or mains under- or overvoltage, and switch off the relevant rectifier. 
The device automatically switches the rectifier back into circuit when normal 
conditions have been restored. 

In small or medium power installations, rectifiers with power switching tran­
sistors [see (4), decentralized power supplies, switching power supplies and com­
ponents, rectifier modules], batteries and distributing devices are built into racks 
and arranged in the immediate vicinity of the communication system as compact 
power supply. Requirements are similar to those for thyristor-controlled rectifier 
units. 

The main advantages of having the power supply equipment in the same 
room or having the power integrated into the telecommunications system are: 

- reduction of the costs of transporting energy, 
- reduction of the costs of materials like distribution cables, 
- reduction of the costs of installation, 
- reduction of the total maintenance cost and 
- reduction of the training duration of the staff. 

New transistor-controlled rectifiers are specially designed to draw sinusoidal cur­
rent from the mains with a power factor and displacement factor that is very 
close to 1.0. 

Batteries. If the rectifier fails to provide a supply, a continued supply to the 
communications system can be ensured with the aid of batteries (accumulators). 
Sometimes a standby power supply system, mentioned in (1), can also be used. 

Portable and mobile rectifiers. Portable and mobile power supply equipment with 
the technical characteristics of stationary rectifiers can replace the fixed system. 

Inverters. Inverters (d.c./a.c. converters) are used when a communications sys­
tem requires an alternating current supply. In this way the demand on the central 
power supply for an a.c. voltage free from interruptions can be met using bat­
teries and rectifiers. The a.c. voltage is needed to feed peripheral devices in 
OMC (operation and maintenance centre) such as computers, pageprinters and 
memories. 

Compensators. In the event of a power failure a compensator, fed by the battery, 
supplies a gradually rising booster voltage in series with the battery voltage. 
Thus, despite a falling battery voltage, the supply voltage for the communication 
system remains within the permissible tolerance, even with a power failure. 

There are also compensators for additional or opposing voltages. These de­
vices thus act as step-up or step-down converters, allowing the supply of con­
sumers with a narrow tolerance from one power supply (whose tolerance range 
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is 40-75 V). These compensators can raise or lower the supply voltage by a 
maximum of 7 V. 

Battery switching panels and control panels. A distinction is made between bat­
tery switching panels with control and battery switching panels (without control). 

Battery switching panels with control contain not only the power circuits 
but also the complete control, monitoring and signalling systems for the power 
supply. They can be connected to a maximum of two batteries. No central control 
panel is necessary with these power supply systems. 

Battery switching panels contain only the power circuits. Each battery must 
have its own battery switching panel. A central control panel can also be nec­
essary for each system. Arranged within this panel are the complete control, 
monitoring and signalling systems for the power supply. Many systems have no 
central control panel since the devices mentioned are contained in the rectifier 
units. 

Small to medium-sized power supply systems can also be constructed without 
battery switching panel's, control panels and compensators. Some systems are even 
supplied without a battery. The ultimate design depends on what communications 
system the power supply is being planned for, what type series of rectifiers has 
been decided upon and what reliability requirements are to be observed. 

1.6.4 Decentralized Power Supply (4) 

Normally modern communications systems require a number of low supply volt­
ages (component voltages of, for example 5 and 12 V) with narrow tolerances 
and differing polarities. These are obtained from the central supply voltage (in 
this case energy transport voltage) of, for example, 48 V. 

It would be uneconomic to provide the various component supply voltages 
centrally. With small supply voltages the current would increase. The voltage 
drop on the lines would therefore also increase, leading to a current distribution 
system with disproportionately large cross-sections. It would also be necessary 
for each component supply voltage to have its own supply line. 

A decentralized power supply system enables the power supply to likewise 
expand when a communications system is extended. In addition, the effect of 
disturbance is more confined. 

The output voltage is controlled by power transistors in switching mode at 
a clock frequency of 20 kHz or higher (usually 60 kHz). 

When the power supply is decentralized different systems exist for providing 
component voltages: 

Systems for d. c. input voltage: 

- Provision of direct voltages with d.c/d.c. converter and 
- Provision of alternating voltages with inverter. 
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Systems for a.c. input voltage: 

- Provision of direct voltages with rectifier. 

Power supply units with d.c. input voltage: 

- d.c./d.c. converter, Direct current converters are also called: d.c. chopper con­
verters or regulators respectively and d.c. voltage transformers. 

A distinction is made between three types of converters: 

- single-ended fly back (blocking) converters, 
- single-ended forward (flow) converters and 
- push-pull forward (flow) converters. 

D.e./D.e. converters can be further divided into step-down and step-up convert­
ers. The term 'step-down' is applied to converters whose output voltages are 
lower than their input voltages - the most frequent to be found in practice. In 
step-up converters - used mostly in solar power supply systems - the relationship 
is reversed. There are also converter's which can do both step up and step down. 
In the following, the step-down converter will be discussed in more detail. 

From the rectifier unit of the central power supply, the d.c. voltage arrives at 
the d.c./d.c. converter of the decentralized power supply; this voltage is 'chopped' 
into a square wave a.c. voltage by a rapid switching transistor. The alternating 
voltage passes through a transformer and is then rectified and filtered. The d.c. 
output voltage is stabilized by a regulating circuit, which regulates the duty cycle 
of the transistor switch (pulse width control). 

The tolerance limits for supply voltages to the d.c./d.c. converter are very 
wide. Direct current converters generally process d.c. input voltages from 40 to 
75 V. The d.c. output voltages, as already explained, are held constant at the 
desired component voltage levels within a narrow range of tolerance. 

- Inverters. In certain cases decentralized power supply facilities also include 
inverters which provide alternating voltage from the energy transport direct 
voltage from the central power supply. The alternating voltage is needed to 
feed peripheral devices such as computers, page printers and memories. 

Power supplies with a. c. input voltage 

- Rectifiers. Rectifiers with transistor power section (transistor-controlled recti­
fiers) are linked either with the inverters of the central power supply or directly 
with the mains supply. Here they are 'cycled' elements of the switching mode 
power supply. There is alternating voltage at the input of the switching mode 
power supplies which is rectified with a mains input rectifier circuit. There a 
d.c./d.c converter circuit follows. 

All power converters must comply with radio interference suppression regu­
lations. The terms 'limit-value class' and 'radio interference (suppression) level" 
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belong to the wider area of 'electromagnetic compatibility' (EMC). EMC signi­
fies that an item of electrical equipment functions properly in its electromagnetic 
environment (interference immunity) and does not interfere magnetically with 
other equipment (interference emission). 

In this connection, earthing is an important aspect of protection mea­
sures against overvoltage and interference. Equipment is also provided with 
overvoltage- protection elements such as, for example, surge arresters, metal­
oxide varistors, suppressor diodes and zener diodes. At this stage 'electrostati­
cally sensitive devices' (ESD) should be mentioned, referring to components and 
assemblies which are liable to be damaged by electrostatic effects. These compo­
nents (e.g. MOS) and assemblies must be adequately protected against damage 
and destruction due to electrostatic discharges. 

1.7 UPS Systems 

In the case of uninterruptible power supply (UPS) systems (no-break a.c. power 
supply systems) the loads are supplied continuously, i.e. without interruption. 
Regardless of their form, such systems can be designed as 'single-block systems', 
'single-block systems with passive redundancy' (of the mains) or 'multi-block 
parallel systems with passive and active redundancy' (Fig. 1.7). 

In a static UPS system, each UPS block consists of a rectifier unit, a battery 
and a inverter (see Figs. 1.5 and 1.8). 

Mains 
supply 

rv 

UPS 
Block 1 

1--3 

Load e.g. 
230/400V 

I 1 

UPS 
Block 2 ... n 

1 

2 

(} I 

Fig.I.7. (Static) Uninterrupt­
ible power supply system 
UPS 
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Fig. 1.8. Static uninterruptible power supply sys­
tem, for single phase, series 110, 20 kV A (photo 
by courtesy of Gustav Klein GmbH & Co. KG) 

In normal operation the mains supplies the uninterruptible power supply 
blocks, which in turn supply the alternating voltage to the 'safe' (fuse) bar and 
thus to the load. For maintenance work the whole UPS system can be made dead 
by means of the manual bypass. 

The number of uninterruptible power supply blocks connected in parallel 
consists of at least one block more than is necessary for the load. 

When there are a number of blocks in an uninterruptible power supply sys­
tem, then, in the event of trouble with one of them, only the faulty block is 
separated from the safe bar. In the example given there remains a further block, 
which continues supplying the load. 

If the output of the remaining block is not sufficient to supply the load or if 
the second block is out of order, the revert-to-mains unit switches to the mains 
without interruption. 

1.8 Mains-independent Hybrid Power Supply Systems 

Hybrid systems, consisting for example of wind-powered generator, solar gen­
erator, diesel generator and battery, offer a combination of extremely and high 
reliability low maintenance (Figs. 1.9 and 1.10). 

When the battery is discharged, the diesel generator starts automatically, 
supplies the consumer and charges the battery. The battery capacity is chosen in 
such a way that the diesel generator seldom needs to take over the function of 
power supply. This in turn permits relatively long maintenance intervals. Existing 
diesel supplies can be complemented by adding wind-driven or solar generators, 
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Solargenerator system 

Control 
system 

Windgenerotor system 

Control 
system 

,--------------------, 
I Dieselgenerator system 

I 
I 

Diesel 
generator 
control 

Control 
system 

Load 

Fig. 1.9. Mains-independent hybrid power supply system 

Battery 

allowing a further savings in fuel consumption and maintenance. Devices used for 
communications, control, and rectification are housed in shelters with the diesel 
generators and batteries. 

The following combinations are especially suitable in practical applications: 
solar generator, diesel generator and battery, and solar generator, wind-driven 
generator and battery. These systems are used as power supplies for transmission 
systems. 

1.9 Historical Review 

This introduction to the supply of power for telecommunications systems will be 
rounded off with a review of the prominent steps which led to its development. 
It can facilitate the understanding of new techniques and technologies. 
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Fig. 1.10. Wind-generator installation and solar generator of a mains-independent hybrid 
power supply system (photo by courtesy of Siemens AG) 

Galvanic or voltaic cells were the first sources of electrical energy. 

- The development of a power supply for a telecommunications systems began 
with the invention of the telephone in 1861 by Philipp Reis and the improve­
ments made by Alexander G. Bell and David E. Hughes (1876). 

- The first public telephone network in Germany with a hand-operated exchange 
was put into operation in Berlin as early as 1881. This was a local battery 
system (LB system) in which each subscriber extension had its own power 
supply in the form of a primary cell (dry battery). 

- For reasons of economy and operating reliability a switch was made from the 
LB system to the central or common battery system (CB system) on intro­
duction of the first automatic systems (around 1900). With this system the 
current sources were located centrally with the switching system and, instead 
of primary cells, secondary cells (lead accumulators or storage batteries) came 
into use (invented in 1859 by the Frenchman G. Plante and based on the work 
of Sinsteden who had introduced lead into secondary batteries in 1854). 

- Around the same time as the introduction of automatic systems a decision was 
made for today's public alternating current supply. 

- The mode of operation with the CB system was initially with two batteries, 
also called the charge-discharge mode (battery mode), 

- Later parallel mode (floating mode) replaced operation with two batteries. For 
reliability two batteries are normally connected in parallel. At first a rotat-
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ing converter still fed the battery and communications system. The converter, 
battery and communications system were always connected in parallel, 

- Invention of the mercury arc rectifier (1902) by P. Cooper-Hewitt replaced the 
rotating converter, which was well known to be inefficient and required much 
maintenance. As with today's thyristor or transistor- controlled rectifiers, it was 
already possible with the mercury arc rectifier to keep the d.c. output voltage 
constant by modifying the firing point (trigger pulse). 

- Arrival of the polycrystalline semiconduCtor around 1930 permitted construction 
of the first 'dry rectifier' (copper oxide rectifier) for the power range up to 60 
V /3 A. The mercury arc rectifier was used for higher powers, 

- Around 1934 the selenium rectifier (selenium diode) was developed -like the 
copper oxide rectifier, also based on polycrystalline semiconductor material. 
The selenium rectifier with its higher specific load capacity replaced the cop­
per oxide rectifier. It is in fact more sturdy than the mercury arc rectifier, but 
is not suitable for maintaining a constant output voltage. For this reason the 
mercury arc rectifier was preferred to the selenium rectifier until around 1949 
when there were suitable control elements for selenium rectifiers - transductors, 
also called magnetic amplifiers. There thus came into being the first magneti­
cally controlled rectifiers. The importance of the mercury arc rectifier declined 
rapidly from that time on. 

- The magnetically controlled rectifiers already had an automatic control circuit 
with magnetic regulating inductors for control. The automatic control circuit 
contains units working solely on a magnetic basis, e.g. magnetic controllers, 
transductors, etc. 

- With mastery of the behaviour of single crystals there appeared in 1948 the 
first single-crystal semiconductor devices - germanium diode and germanium 
transistor (invented by J. Bardeen, W.H. Brattain and W. Shockley, USA). The 
technology now existed for the development of transistor controllers instead of 
magnetic controllers in magnetically controlled rectifiers. 

- Magnetically controlled rectifiers with transistor controllers appeared around 
1960 providing better control behaviour. 

- For smaller and medium-sized private automatic branch exchange (PABX) 
systems there were also uncontrolled and phase-controlled rectifiers in addition 
to the magnetically controlled ones. It is well known with uncontrolled rectifiers 
that the d.c. output voltage drops as the load increases and is also dependent 
on frequency and mains voltage fluctuations. 

- Uncontrolled rectifiers are suitable for current strengths of about 0.7 to 3 A. 
- Phase-controlled rectifiers were 'self-controlling'. Like magnetically controlled 

rectifiers, they kept the d.c. output voltage constant despite mains voltage fluc­
tuations and changing load conditions throughout the communications system. 
Changes in frequency, however, do influence the d.c. output voltage. Phase­
controlled rectifiers were used for current strengths from 1.5 to 25 A. 

- From around 1955 there have existed single-crystal semiconductor devices 
based on silicon, namely the silicon diode and the silicon transistor. The silicon 
diode has a higher reverse voltage, greater load capacity and a steeper char-
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acteristic than the selenium diode. That is why with magnetically controlled 
rectifiers the rectifier stack was later designed with silicon diodes, 

- In 1956 in the United States, Moll, Tanenbaum et al. developed a variant of 
the transistor, which can be considered a silicon-controlled rectifier. In Ger­
many, by analogy, the hot-cathode gas-filled tube (thyratron) was first called 
the silicon-hot-cathode gas-filled tube, but later since the early 1960s it has 
been called a thyristor. It has brought about a turning point in rectifier tech­
niques and is today one of the predominant components in power electronics, 

- When in 1965 medium-sized PABX systems (telephone system 400 E) came 
out using ESK crosspoint switching technique, thyristor-controlled rectifiers 
could then already be used for the power supply (3, 5, 10 and 16 A). 

- In 1973 a 48 V/40 A thyristor-controlled rectifier came into the market for 
the KS 3000 E communications system (large-sized PABX, 1974 already saw 
thyristor-controlled rectifiers for up to 1000 A being built. 

- Since 1976 integrated circuits have been available for rectifiers. 
- The first switching-mode power supplies came out in 1977 after power transis-

tors were developed. These are now also being used in new communications 
systems. 

- In the last few years there have also appeared MOS-field-effect power tran­
sistors and special forms of fast-switching thyristor, such as tum-off thyristors 
(GTO). Digital integrated circuits are being used on an ever-increasing scale 
in closed-loop and open-loop control sections. Information processing is car­
ried out increasingly by means of microprocessors. All these latter components 
lead to smaller and lighter equipment, with better efficiency and less noise 
generation. 



2 Requirements of Telecommunications Systems 
on the Power Supply 

2.1 D.C. Power Supplies 

2.1.1 Level of the Direct Voltages 

Table 2.1 contains the data on power supplies which are important in connection 
with the features of communications systems. Line 1 of Table 2.1 shows the 
rated voltages for communications systems. A distinction is made between 24, 
48 and 60 V systems. Modern systems are usually 48 or 60 V, the positive 
pole normally being earthed. The choice of voltages also depends on the safety 
regulations of the country in question. In Germany, direct voltages over 120 V 
and alternating voltages over 50 V are classed as 'dangerous contact voltages'. 

At the output of any telecommunications power supply system is the 'central 
supply voltage' for the communication system (load) and for the battery (Fig. 2.1; 
see also Table 2.1, line 2). 

Examples of lead-acid battery voltages are: 

- 2.0 Vlcell (nominal voltage), 
- 2.23 Vlcell (trickle (float) charging voltage), 
- 2.33 Vlcell (charging voltage) and 
- up to 2.7 Vlcell (initial charging voltage). 

The central supply voltage and the operating voltage differ by the voltage drop 
LI U over the distribution lines. 

The voltages for conventional communications systems are normally fed di­
rectly. Modern systems, on the other hand, additionally require decentralized 
supply voltages, also termed component or electronic voltages (e.g. 5 V, 12 V). 
These secondary voltages are obtained from the central supply voltage via d.c./d.c. 
converters. The central supply voltage is then called energy transport voltage. 

2.1.2 Tolerance for Direct Voltages 

For each communications system the tolerance is shown for the operating volt­
age given in Table 2.1, line 3. The bottom, continuously permissible voltage is 
determined by the necessary reliability against a wrong connection when putting 
through the call and by maintenance of the connected call. The top, continuously 
permissible voltage depends on the heat generated by the components. 

The top critical voltage must not be exceeded even for a short time, as 
components may be destroyed (e.g. semiconductor elements, Table 2.1, line 4). 
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Fig. 2.1. Telecommunications power supply system with battery and load 

A bottom critical voltage of::; 40 V (t ~ 1 ms) is specified, for example, 
for 48-V and 60-V EWSD systems. 

In the case of modem communications systems the observance of a d.c. 
output voltage tolerance of ~ ± 0.5% or ~ ± 1% (static tolerance range), 
possible nowadays with rectifiers, is necessary only with respect to a battery 
connected in parallel. A tolerance range of ± 4% must be allowed in case of 
sudden changes in load or mains supply voltage because of the dynamic behaviour 
of rectifiers. 
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When the battery is discharging the operating voltage depends on the bat­
tery's characteristic curve. If a voltage with a narrower tolerance is required, a 
compensator I must be added. 

Direct voltages are monitored by voltage monitoring systems built either into 
the rectifiers or into the control devices of the battery switching panels or control 
panels. 

An alarm is triggered if there is a drop below the set values for the bottom 
voltage limits. An alarm is also triggered and the rectifier switched off if the top 
voltage limit is exceeded, e.g. due to a fault in the control system. 

2.1.3 Purity of Direct Voltages 

The direct voltage taken at the output of a power supply system always has 
a superimposed alternating voltage which intrudes into the voice circuits of the 
communications system. In different ways hum interference is produced depending 
on the frequency of the alternating voltage and on the transmission characteristics 
of the telephone circuit. Apart from the requirement that the direct voltage must 
be as constant as possible, its purity is particularly important for the error-free 
transmission of information. 

The superimposed alternating voltage is made up of a combination of fre­
quencies. These individual frequencies cause varying degrees of interference. The 
purity of the direct voltage is defined by international provisions of the CCITT 
(Comite Consultatif International TeIegraphique et T6lephonique/International 
Telegraph and Telephone Consultative Committee) so that a constant quality is 
ensured in the case of communications across a number of national or interna­
tional networks. A weighting curve has been defined for the degree of interference 
of the individual frequencies. This is the CCITT 'A-filter curve'. The individual 
maximum permissible values for interference voltage (line 5) and the superim­
posed alternating voltage (line 6) for various communications systems can be 
found in Table 2.1. 
A psophometer (circuit noise meter) is used to measure the superimposed alter­
nating voltage. When measuring, a distinction is normally made between~ 

- the interference voltage, Uint. the alternating voltage at the power supply output 
weighted with A-filter; 

- the superimposed voltage, Usa, the unweighted alternating voltage at the power 
supply output; 

- the noise voltage, Un, the alternating voltage weighted with A-filter on the 
voice wires of a telephone connection; 

- the extraneous voltage, Ue , the unweighted alternating voltage on the voice 
wires of a telephone connection. 

The extraneous voltage Ue is proportional to the superimposed alternating voltage 
Usa as the noise voltage Un is proportional to the interference voltage Uint. 

1 In general only for 60 V systems of the German Postal Administration Telekom Network. 
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Within the framework of a detailed consideration of the superimposed alter­
nating voltage on the direct current side there now follows an explanation of the 
terms alternating voltage component, ordinal number, alternating voltage content, 
etc. 

An alternating voltage is superimposed on the direct voltage Ud (arithmetic 
mean). It consists of sinusoidal components of different frequencies v f, 
where 

v is the ordinal number and 

f is the frequency. 

The ordinal numbers v of these components are integral multiples of the pulse 
number p: 

v = kp with k = 1,2,3, ... 

where 

k is the distortion factor 

The ideal alternating voltage component of the ordinal number v has, at full 
modulation (control angle rx = 0°), the r.m.s value: 

where 

Vi 
Uvi = -2--1 Udi 

v -

Udi is the ideal direct voltage. 

With partial modulation the values for Uvi~ (ideal alternating voltage component 
of the ordinal number v as a function of the control angle rx) increase as the 
control angle increases. 

With thyristor-controlled rectifiers it is possible, e.g. in the case of capacitive 
loading, for the current to have gaps as a function of the degree of modulation. 
In contrast with the ideally stabilized direct current, the behaviour of current and 
voltage differs in 'gap mode' (control angle rx very large). 

The alternating current content w is at a minimum value with full modulation 
and reaches its maximum value with least modulation. It follows from this that 
the alternating voltage content w of the direct voltage Ud is primarily dependent 
on the control angle oc and increases as the control angle becomes larger. 

The ideal alternating voltage content (ideal ripple) Wi~ is the ratio of the r.m.s. 
value of the superimposed ideal alternating voltage to the ideal direct voltage: 
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Table 2.2. Ideal superimposed alternating voltage on the direct 
current side with full modulation (control angle (X = 0°) 

v vi Pulse number p 

2 6 12 

Qn. [%] 
Udi 

2 too 47.14 
4 200 9.43 
6 300 4.04 4.04 
8 400 2.24 

10 500 1.43 
12 600 0.99 0.99 0.99 
14 700 0.73 
16 800 0.55 
18 900 0.44 0.44 
20 1000 0.35 
22 1I00 0.29 
24 1200 0.25 0.25 0.25 

Ud Direct voltage (100 %). 
v = 2 to 24 Ordinal number of superimposed alternating volt-
age component. 

where 
Usia. is the superimposed ideal alternating voltage when modulated 

with the control angle IX. 

For the ideal alternating voltage content at full modulation: 

Usi JL.U~ 
Wi=-=---

Udi Udi 

the values for pulse numbers 2, 6 and 12, taking into account all even ordinal 
numbers v = 2 to 24 with their assigned frequencies, are to be taken from Table 
2.2. 

It is seen that as the ordinal number v rises, the quotient Uvi/Udi becomes 
smaller. 

The pulse number of the thyristor circuit determines the ordinal number of 
the alternating voltage components occurring. Uvi/Udi is dependent only on the 
ordinal number respectively frequency, but not on the pulse number p of the 
rectifier. 

2.1.4 Filter Sections 

Filter sections (low-pass filters) are necessary with rectifiers for maintaining the 
required purity of the d.c. output voltage. At a low frequency the attenuation 
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is very slight (pass band). As the frequency becomes higher, the attenuation 
increases accordingly (stop band). 

With surges in load the storage effect of a filter section, in particular with 
large capacitances, permits within certain limits the attenuation of fluctuations in 
the d.c. output voltage. The effect of filtering can be visualized with the aid of 
the simplified circuit shown in Fig. 2.2. There is a (stepped-down) alternating 
voltage at the transformer output. Parallel with the output of the rectifier circuit 
is the charging capacitor, CL , which acts as an energy store. The amplitude of 
the discharge current and the size of the capacitor influence the level of the direct 
voltage. If there is a small load at the output, the charging capacitor is scarcely 
discharged and the ripple will be slight, whereas with a large load at the output 
an (equally large) capacitor gives off a large part of the stored energy per cycle. 
Thus the ripple increases. 

oins 
supply 

rv 

I 
i 

-_. 
Reclil i 

~ 
~ i . 

I 
I 
i 
I 
I 
i 
L 

~ 
+ -

HC~ 

I 
~s 
II 

.-....... _. 

Communi -
cations 
system 

"f f\. 
V\J t 

u~. 

u~ 

CL charging co pacitor 
Cs lilter capacitor 

I 

Fig. 2.2. Filtering the d.c. output voltage 
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2.1.5 Degree of Radio Interference and Limit Classes 

Interference voltages can be transmitted along lines as through the air by the 
propagation of radio waves. This interference can be heard in the case of radio 
reception and seen in the fonn of stripes, etc., in the case of television reception. 
For this reason, all electrical equipment, including power converters, must be 
equipped for radio interference suppression. 

Radio interference is reduced as much as necessary by suppression using 
capacitors and chokes. The various degrees of radio interference are distinguished 
according to the level of the remaining radio interference voltage. The frequency 
of the interference is especially important for this procedure. 

Power converters for telecommunications systems are nonnally suppressed 
in accordance with the nonn VDE 0878 to limit class A (for residential areas). 
Power converters had previously been designed to confonn to suppression degree 
N (nonnal, VDE 0875). 

The limit class designates the assignment of high-frequency equipment and 
systems to different limit values. In the case of telecommunications power supply 
equipment causing continuous interference of more than 10 kHz, VDE 0871IDIN 
57871 pennits three limit classes, A, B, and C. Nonnally limit class B is taken 
as the basis when designing equipment. 

2.1.6 Power Distribution System and Voltage Drops 

The effects of interference voltages from the power supply system on the power 
distribution system, feedback from the load to the power distribution system and 
the mutual interference of the loads must all be kept to a minimum. 
A power distribution system nonnally comprises: 

- power supply lines, 
- earth lines, 
- protective lines, 
- cutout devices (fuses) and 
- diodes and capacitors for decoupling line sections. 

The voltage drop occurring on the supply lines between the telecommunications 
power supply system and the equipment cannot be neglected. This applies in 
particular in the case of mains power failures with subsequent battery discharge. 

Taking into consideration the minimum pennissible operating voltage of the 
system, the voltage drops were specified and distributed among the individual 
segments of the power distribution system (see Table 2.1, line 8). 

As an example, Fig. 2.3 shows the power distribution system and the voltage 
drops for the 48-V switching system EWSD (with 25 lead-acid battery cells). For 
48-V systems in a digital environment using DLUs (digital line unit) as well as 
for all 60-V systems, the main distribution line with battery line has a voltage 
drop of 1.9 V and a total voltage drop AUG of 2.7 V. Exceptions are the use 
of LTGAs (line/trunk group analog) and DLUs in 48-V systems, whose range 
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Fig. 2.3. Power distribution system and voltage drops in a 48 V communications system, 
e.g. EWSD, with 25-cell lead battery; total voltage drop AUo max.: 2.7 V (1.8 V). 
1 Rectifier, 2 Load fuse, 3 Battery (25 cells), 4 Rack fuses, 5 Load, 6 Telecommunications 
power supply system, 7 Main distributor cable with battery line: 1.9 V (1.0 V), Voltage 
drop within the racks: 0.8 V 

conditions require a reduced voltage drop. Here a voltage drop over the main 
distribution line with battery line of 1 V and a total voltage drop of 1.8 V are 
appropriate. 

2.1.7 Avallability of the Power Supply 

Availability V is understood to be the reliability of the telecommunications power 
supply. 

Availability with present-day systems is very high. It can be calculated as 
follows: 

(MTBF) 
V = (MTBF + MTTR) 

where 
MTBF is the mean time between failures (in years), 
MTTR is the mean time to repair (in minutes). 
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The unavailability, A, is, correspondingly: 

(MTTR) 
A = (MTBF + MTTR) 

The public mains usually serves as the primary source of energy for a telecom­
munications power supply. Although the reliability of the mains in Germany can 
be regarded as relatively high, reliable operation of communications systems is 
not possible without the provision of alternative power sources (battery and/or 
standby power supply system). In case of a power failure the alternative power 
supply source takes on the task of feeding the communications system. The ca­
pacity and the number of cells chosen for a battery depends on the time the 
battery is required to supply energy, the level of the discharge current and the 
permissible minimum voltage of the communications system. Thus it is possible 
to have an alternative power supply available for a limited time. 

If a supply is to be guaranteed to be available without any limit on time, 
an alternative to the mains will be necessary. In this case the capacity of the 
battery can be made smaller, as this is only necessary for switching to the mains 
equivalent mode without interruption. As a backup supply a battery can normally 
be used for 6 to 8 hours. If a fixed standby power supply system is provided, 
the energy reserve required of the battery can be reduced to 4 hours. 

Very small local exchanges in the German Postal Administration Telekom 
Network are provided with a battery reserve of up to 72 hours. These systems 
have no standby power supply systems. 

Systems such as digital electronic switching systems (EWSD) require air 
conditioning units, whose operation is maintained during longer periods of power 
failure by emergency power generators. These generators also supply rectifiers and 

Table 2.3. Requirements of a.c. Power Supplies for switching systems EWSD (Source: 
Siemens AG) 

Rated voltage (in V) 
Operating voltage (in V) 
Voltage limit 

Frequency (in Hz) 

EMI suppression class 
Distortion factor 
Load changes 

Distribution system 
Voltage drop (in V) 
Earthing system 

230 single phase 
220 to 240 V (measured on system boards) 
When supply is from the public a.c. system, overvoliage 

protection against transients has to be provided 
50 ± I % 

B as per VDE 0878 
<5% 
Inrush currents up to 30 x Irated lasting several milli-

seconds may occur when power units are switched on 
Each load group is supplied via a separate feeder 
Feeder: 4 
Units with non-fused earthing conductor (safety class I) 

are connected to the EWSD distributed earth· electrodes 
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other important loads. Therefore, an interim energy reserve time of the battery is 
planned for one or two hours. 

2.2 A.C. Power Supplies 

An example of the requirements for a.c. power supplies for the switching system 
EWSD is given in Table 2.3. 



3 Operating Modes of a 
Direct Current Power Supply System 

Figure 3.1 gives an overview of the operating modes of d.c. power supply systems 
currently in application. Table 2.1 applies to the operating voltages of communi­
cations systems. 

3.1 Rectifier Mode 

In the rectifier mode, also called the direct feed mode, there is no battery. The 
communications system is supplied with direct voltage directly from the mains 
via the rectifier (Fig. 3.2). The supply is interrupted for the duration of any power 
failure or in the event of a breakdown of the rectifier. The rectifier automatically 
switches on again on return of the mains. This mode is used with small to 
medium-sized communications systems when occasional interruptions in operation 
can be accepted. 

3.2 Battery (Charge-Discharge) Mode 

Because of its relatively low efficiency and the especially large strain on the 
battery, this mode of operation is used in today's telecommunications power 
supply systems only when the mains supply fails and consequently the continued 
presence of a.c. power must be insured by a mains-independent power supply 
system. In a typical case, two emergency power generators of relatively short 
operating time charge the battery through rectifiers. The generators actually run 
for a few hours only, whereas the load is continuously supplied from the battery. 
The maintenance intervals for the generators can thus be lengthened. 

The battery mode (not illustrated in Fig. 3.1) can also be used in solar­
generating or wind-driven generating systems. 

3.3 Standby Parallel Mode 

If the communications system is required to provide continuous unrestricted ser­
vice during a power failure, or in the case of other troubles, a reserve of energy 
(preferably in the form of a lead battery) should be kept ready. In the parallel 
mode the rectifier, battery and communications system are constantly connected 
in parallel (Fig. 3.3). If the rectifier fails, the battery takes over the further supply 
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Fig. 3.2. Rectifier mode 

of the communications system until the rectifier, e.g. on return of the mains, starts 
operating again. The rectifier then supplies the communications system again and 
also charges the battery. 

In the parallel mode a distinction is made between the floating mode (not 
illustrated in Fig. 3.1) and the standby parallel mode. In the floating mode the 
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Fig. 3.3. Basic representation of the standby parallel mode 

rectifier can handle the communications system's normal energy requirements, 
though it cannot deal with the peak current. In this case the battery provides the 
current over and above the rectifier's rated current (Iload > lrated). If the energy 
requirement (outside busy hours) diminishes again, the battery takes up a charging 
or trickle charging current from the rectifier; in other words, the battery is either 
used as a supplementary power source or is being charged. In the floating mode 
it sometimes happens that the full battery capacity is not available. This means a 
shorter reserve time for bridging a power failure, unless a correspondingly larger 
battery capacity is chosen with regard to a certain reserve time. The life of the 
battery is shortened in the floating mode. That is why today the second variant 
of the parallel mode, viz. standby parallel mode, is generally chosen. 

In the standby parallel mode the rectifier always covers the communications 
system's whole energy requirement. The battery is also supplied with a 'trickle 
(float) charge' by the rectifier. It is therefore available with its full capacity in 
case of a power failure or breakdown of the rectifier, provided the interval of 
time between the previous duty and renewed discharging has been sufficient to 
charge the battery. 

In practice, for additional security, one more rectifier is provided (n + 1 
redundancy) than is actually necessary to cover the power requirements of the 
load (Fig. 3.4) (Fail-safe d.c. power supply). This rectifier serves as reserve and 
battery-charging device (trickle (float) charging, recharging). If in exceptional 
cases the communications system requires a higher current than that rated for the 
rectifiers, this current is supplied by the battery. 

To avoid the dependence on battery capacity and line length as regards fil­
tering all rectifiers are smoothed and stabilized for the interference voltage values 
required by the communications system, regardless of the mode in which they 
are used (see Table 2.1). 
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In present-day communications systems d.c./d.c converters and inverters 
whose permissible input voltage range is so great that they can be directly con­
nected in parallel with the battery are increasingly used. Thus, the standby parallel 
mode can be used without further refinements for systems such as EWSD, since 
a wider operating voltage tolerance range is permissible here. 

The advantages of the standby parallel mode are: 

- a longer battery life due to continuous trickle charging; 
- the full capacity of the battery and the calculated reserve time are available 

in the event of power failure or system outages as, in normal operation, it is 
always fully charged; 

- uninterrupted supply of the communications systems with no additional switch­
ing devices; 

- load surges are to a certain extent compensated for by the battery; thus the bat­
tery relieves the communications system of load surges, since it is continually 
connected in parallel. 

Description of mode of operation. During normal operation (Fig. 3.5, oper­
ating state 1) - with mains operative - the rectifier supplies the communications 
system. The trickle (float) charge voltage of 2.23 Vlcell is applied to the battery. 
The customary number of lead battery cells for 48 V and 60 V systems is listed 
in Table 3.1 (see also Table 2.1). 

Thus the rectifier devices for example, a 25-celllead battery, deliver a voltage 
of about 56 V (tolerance e.g. ±0.5%) and for a lead battery with, e.g., 30-cell 
a voltage of about 67 V (tolerance e.g. ±0.5%) to the communications system 
and the battery connected in parallel. 
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Fig. 3.5. Flow chart for standby parallel mode 

Table 3.1. Number of lead battery cells 

48-V systems 60-V systems 

Cells 24 
25 

30 
31 

On power failure (Fig. 3.5, operating state 2) the battery is discharged. The 
voltage to the communications system corresponds to the battery voltage (less 
voltage drop). After a short time the rated battery voltage of 2 V per cell is 
reached. 

On return of the mains (Fig. 3.5, operating state 3) it is checked how long 
the mains power was off. If the duration of the failure was less than the preset 
time (of e.g. 3 min), then all rectifiers switch back to normal operation (operating 
state 1). 
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If the mains failure lasted longer than the present time (of e.g. 3 min), then 
all rectifiers switch back on with higher voltage than normal (Fig. 3.5, operating 
state 5, charging with 2.33 V/cell). 

The required charging voltage can be calculated as follows: 

2.33 V multiply with number of cells. 

After charging is completed (adjustable, according to system, e.g. up to 24 h) 
the rectifiers are switched back to normal operation (operating state I). 

There are also systems (e.g. rectifier modules) in which the duration of 
charging at 2.33 Vlcell is made to depend on the duration of the mains failure: 

Main fault duration 
in minutes: 
> 2 
> 4 
> 6 
>10 
> 14 
> 18 
>24 

Duration of charging at 2.33 Vlcell 
in hours (setting options): 
2 
4 
6 

10 
14 
18 
24 

Remark: If the mains fault was smaller than < 2 min . . . . .. < 24 minutes, after 
power return there is no charging 2.33 Vlcell but 2.23 V/cell again. There is an 
automatic switch back from 2.33 Vlcell to 2.23 Vlcell after the adjusted charging 
time - of e.g. 2 h is over. 

If valve-regulated (absolutely maintenance-free, sealed) batteries are used, 
there is no switchover to charging at 2.33 Vlcell (blocking of the charging char­
acteristic). In addition to the variants of the standby parallel mode shown in 
Fig. 3.1, this operating mode can also be used in conjunction with solar, wind 
and hybrid power supply systems. 

3.3.1 Standby Parallel Mode with Reducing Diodes 
(Counter electromotive Cells) 

If a certain number of battery cells is provided for a communications system ac­
cording to its minimum permissible operating voltage, which is reached when the 
battery finishes discharging and below which it must not fall (system-conditioned 
final voltage Us min), the resultant supply voltage can become too high for the 
communications system, if it is connected in parallel. This is especially true of 
conventional systems with their narrow tolerance ranges. 

Description of mode of operation. In normal operation the rectifier supplies 
the communications system. The voltage for a trickle charge of 2.23 Vlcell is 
applied to the battery (Fig. 3.6). As the resultant voltage (2.23 V x number of 
cells) is too high for the communications system, it is reduced to the desired 
value by reducing diodes (counter electromotive cells). For this, the voltage -drop 
(in the forward direction) of silicon diodes is used. The bridging contact K13 is 
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Fig. 3.6. Standby parallel mode with reduc­
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3/2, each a number of silicon diodes con­
nected in series and, additionally, in parallel. 
They are housed either in the rectifier unit or 
in the battery switching panels with control. 
K13 and K14 bridging contractors; 1 Reduc­
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thereby opened with the group of reducing diodes V 3/1 thus becoming effective. 
The group of reducing diodes V 3/2 is bridged by the bridging contactor K14 
and is thus ineffective. K13 and K14, and thus V 3/1 and V 3/2 as well, are 
activated voltage-dependently by the reducing diode control. 

In the event of a power failure the battery takes over the provision of a 
power supply to the communications system without interruption. When the bat­
tery voltage falls to a certain value the group of reducing diodes V 3/1 are 
voltage-dependently bridged by the bridging contactor K13 so that the whole 
battery voltage is now available for supplying the communications system. 

On return of the mains the battery is supplied with 2.33 Vlcell for rapid 
recharging (hour range). For this purpose a further group of reducing diodes 
(V 3/2) is looped in additionally to the V 3/1 group. Both bridging contactors 
K13 and K14 are opened and therefore both groups of reducing diodes V 3/1 
and V 3/2 are effective. In this way the supply voltage for the communications 
system is kept within the permissible limits, even when in this operating state 
(e.g. for 48-V systems to 51 V ±2% or 60-V systems 62 V ±2%). 

At the end of charging there is a switch back to normal operation with trickle 
charging. 

3.3.2 Standby Parallel Mode with d.c./d.c. Converter 

Voltages can be stepped up or down by using centralized or decentralized d.c.ld.c. 
converters (Fig. 3.7). This mode of operation can also be used if it is necessary 
to supply 60-V loads from a 48-V system. 
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3.3.3 Standby Parallel Mode with Compensators 
for Additional and Counter Voltage 

Fig. 3.7. Standby parallel 
mode with d.c.ld.c. converters 

Fig. 3.8. Standby parallel mode 
with compensator for additional 
and counter voltages (normal 
operation) 

If conventional 62-V direct consumer groups (load I) requiring low tolerance op­
erating voltages are present alongside the more modem communications systems, 
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compensators for additional or counter voltages 120 A (or 240 A) ± 7 V can be 
inserted (Fig. 3.8). In such a case the compensator is continually in operation; 
it must compensate for voltage differences between the communications system 
and the battery during charging, trickle charging and discharging of the battery. 

The compensator supplies '62-V consumers', load 1 (which require a narrow 
tolerance range) from a '67-V power supply system' (tolerance range 40-75 V). 
It can produce a maximum additional voltage of 7 V or a maximum voltage drop 
of 7 V. This device thus acts as a voltage stepup or stepdown. During charging 
or trickle charging, the operating voltage, which is too high for the 62-V load, is 
reduced to 62 V by a two-stage group of reducing diodes. In battery discharging 
mode several d.c.ld.c. converters (single-ended forward converters) connected in 
parallel augment the falling battery voltage by a maximum of 7 V. 

3.4 Changeover Mode 

In the normal operating state of changeover mode (without interruption) one 
rectifier supplies the communications system and a second one supplies the battery 
(Fig. 3.9). The battery is only connected with the communications system in the 
event of a power failure. 
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I r:.-:l 
L .. J ··r.' 
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Fig. 3.9. Basic representation of the changeover mode 
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3.4.1 Changeover Mode with Battery Tap 

The changeover mode with battery tap (Fig. 3.10) is a variant of the changeover 
mode without interruption and is mainly used in larger power supply sources 
up to 10000 A. The importance of this operating mode has declined in recent 
years since it is predominantly used for supplying conventional communications 
systems. 

Description of mode of operation. During normal operation (Figs. 3.10 and 
3.11, operating state 1), with the mains available, the system is supplied by 
rectifier 1 (operating rectifier), while at the same time the trickle charging voltage 
is applied to the battery by rectifier 2 (charging rectifier). Only so much current 
flows across the battery that its inherent discharging is covered and the battery 
thus remains fully charged. 

On power failure transfer to battery occurs with the aid of a battery tap (op­
erating state 2). If the mains voltage fails or the supply energy from the rectifier 
is absent due to some other trouble, the communications system is supplied via 
tapping diode V7 from a certain number of the battery's cells unit the battery 
discharge contactor K 11 closes. 

With the battery tap (Table 3.2) it is possible to transfer to the battery 
operation without interruption. 

It is characteristic that the tapping diode V7 is only conducting during the 
time the battery discharge contactor is changing over from normal operation to 
the battery operation. Under all other operating conditions it is polarized in the 
reverse direction. 
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Fig. 3.11. Flow chart for changeover mode with battery tap 

The position of the battery tap is selected so that even when charging, for 
example, 26 battery cells with 2.33 V/cell no higher voltage occurs than the d.c. 
output voltage of rectifier 1. There would otherwise be a passage of current from 
the battery to the communications system via the tapping diode. On the other 
hand, there must be a sufficient number of cells up to the tap to ensure that 



Table 3.2. List of battery tap positions and cell 
numbers 

System 

With 25-cell lead battery 
With 26-cell lead battery 
With 30-cell lead battery 
With 31-cell lead battery 

Battery tap at the 

21st cell 
22nd cell 
26th cell 
26th cell 
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when the tap is in use the voltage does not fall below the voltage specified for 
the communications system. 

With almost all systems there is, in the case of power failure, an immediate 
switch to battery discharging via the tapping diode. Current passes through the 
tapping diode only during an interval of some 100 ms. 

An exception are 48 V systems with a 26-cell battery and tapping at the 
22nd cell. In these systems the switch is voltage-dependent, i.e. only when the 
voltage has reached a certain minimum during discharge is the discharge contactor 
released, thereby changing over to battery, discharging all cells. This prevents the 
possibility of a too high battery voltage reaching the system. 

After the battery discharge contactor Kll has closed, the communications 
system is supplied from the whole battery (all cells, operating state 3: Battery 
discharging). During a power failure the voltage of the communications system 
is the same as the battery voltage, i.e. the supply voltage falls in accordance 
with the battery discharge characteristic depending on the size of the load and 
duration of discharging. If necessary, a compensator can be used in addition (see 
section 3.5). 

The rectifiers automatically switch on after the mains voltage returns (oper­
ating state 4: Mains return, Parallel mode). For a certain adjustable transition 
time (e.g. 30 min to 3 h) rectifiers 1 and 2 are connected in parallel with the bat­
tery and communications system, thereby ensuring that the rectifiers are already 
supplying energy before the battery is separated. 

If the duration of power failure (2+3) has been shorter than 2 min (for 60-V 
systems) or shorter than 3 min (for 48-V systems) and the parallel mode time is 
at an end, (operating state 5 - decision on power failure time), there is a switch 
back to normal operation (see 1). The contact of the battery discharge contactor 
Kll breaks and the battery is thus separated again from the communications 
system. 

If the duration of power failure (2+3) has been longer than 2 min (for 60-V 
systems) or longer than 3 min (for 48-V systems) and if the parallel mode time 
has elapsed, there is a switch to battery charging (2.33 V/cell, operating state 
6 - battery charging). 

Here too, once the parallel mode time has expired, the contact of the battery 
discharge contactor KII breaks and the battery is thereby separated from the 
communications system. Rectifier I, as in the parallel mode (see 4), continues 
supplying the communications system. Rectifier 2 takes on charging the battery 
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with 2.33 V/cell. After an adjustable time (e.g. up to 24 h) rectifier 2 switches 
back to trickle charging (2.23 V/cell, see 1). Thus, normal operation is restored. 

Initial charging. 1 The battery can be charged at up to 2.7 V/cell for the initial 
(forming, commissioning) charging of uncharged batteries or the subsequent spe­
cial treatment of batteries after damage (special charging). In this case, e.g. in 
systems with a battery switching panel, the appropriate battery switch is set to 
initial charging by hand. One of the rectifiers is also switched from the load bar 
to the special charging bar. 

The communications system must be separated in this special operating mode 
from the rectifier and battery, which is set up for charging. This is possible in 
'manual operation', but not in 'automatic operation' of the rectifier unit. 

3.4.2 Changeover Mode with Thyristor Contactor 

In addition to the changeover mode described in Section 3.4.1, the changeover 
mode with thyristor contactor (connecting device, KET60) (see Fig 3.12) will be 
briefly explained in the following. 

The changeover mode with thyristor contactor is a variant of the changeover 
mode without interruption. 

When performing a changeover from analog communications systems to dig­
ital ones there are frequently conflicts caused by the different permissible voltage 
tolerance ranges. This means that, for example, normal consumers need a low 
tolerance range of 62 V, whereas the new systems may have high tolerances of 
power supply adaption. 

In power supply systems for 67 V/70 V and 62 V consumers (see Sect. 3.5) 
combined standby parallel and changeover mode, the non-interrupted supply of 
the 62 V consumers is ensured by the 30-cell battery. If there is a voltage drop 
below 59 V of the 62 V-bar the thyristor contactor links the 67 V-bar to the 62 
V -bar so that the battery also takes over the supply of the 62 V -consumer. This 
linking of the two bars is performed by the thyristor contactor almost without 
interruption. 

At the same time the characteristics of the 67 V/70 V charging rectifiers is 
lowered to 62 V. The battery voltage drops within a short period of time to a 
value within the 62 V -tolerance range. 

The thyristor is designed for 630 Nd.c. permanent nominal current. In order 
to avoid the voltage drop via the thyristor, the permanent current is taken over 
by the contactor switched in parallel to the thyristor. Thus the thyristor is reset. 
In order to ensure a fault-free separation of the two voltage bars there are several 
time stages before the resetting so that the load behaviour and the situation of the 
network and power supply system can be supervised and evaluated electronically. 

1 In new systems it is generally not used anymore. 
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Fig. 3.12. Changeover mode with thyristor contactor (KET 60). rectifier 1: operation rec­
tifier, rectifier 2: charging rectifier 

3.5 Combined Standby Parallel and Changeover Mode 
with Compensator for Additional Voltage 

The combined standby parallel and changeover mode (Figs. 3.13 and 3.14) repre­
sents a mixture of the standby parallel mode (Fig. 3.4) and the changeover mode 
(Fig. 3.10). 

Compared with Fig. 3.10 there is also a load 2 in Fig. 3.13 in addition to load 
1. Load 1 represents telecommunications equipment requiring a supply voltage 
with narrow tolerances. Therefore, the changeover mode is used here. Rectifier 1 
normally supplies load 1 with constant direct voltage. A compensator is inserted 
in the supply line so that the supply voltage remains constant within the tolerance 
range. The compensator (supplied from the battery) supplies an additional voltage 
of up to 7 V in the case of power failure. A bridging contactor K2 is then opened. 
The more the battery voltage decreases in the course of its discharging, the more 
the compensator's additional voltage increases. 

The voltage that is fed to or is given off by the battery is always applied 
to load 2. Load 2 refers to for example d.c./d.c. converters and inverters, which 
permit wide tolerances in the supply voltage (e.g. 40 to 75 V). For this reason 
the standby parallel mode is used here. 
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Fig. 3.13. Combined standby parallel and changeover mode (nonnal operation). V6 de­
coupling diode, V7 tapping diode, K2 compensator's bridging contactor, Kil battery dis­
charge contactor, AGE compensator, rectifier l: operating rectifier, rectifier 2: operating 
rectifier and charging rectifier 

Compared with Fig. 3.10, Fig. 3.13 also shows the tapping diode V7 and, 
in addition, the decoupling diode V6. This diode V6 prevents rectifier 1 from 
participating in the charging of the battery in the operating state of parallel mode. 
The operation (Fig. 3.14) of the combined standby parallel and changeover mode 
is described similar to section 3.4.1: changeover mode with battery tap. 

3.6 Assignment of Operating Modes to Communications Systems 

Table 3.3 reviews the standby parallel mode mentioned in section 3.3 and also 
gives examples of individual series of rectifiers, battery switching panels and 
control panels, as well as communications systems. 

• 
Fig. 3.14. Flow chart for combined standby parallel and changeover mode 
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Table 3.3. Assignment of d.c. supply modes to communications systems 

Mode Standby parallel mode 

Equipmenta GR 31 GR 111 GR 121 
seriesl 100 A 100 A 200 A 

GR 121 
200, 500, 
1000 A Equipment's 

rated 
current GR 201 BFI 

30, 100 A 1500, 
GR 40/120 A 2000 A 

GR 10/b 
50, 100, 
200 A 

GR 101 
500, 1000 A 

BS/200, 400, BF/2000, 
600, 1000, 3000 A 
2000 A SF 

Communica- Power supply systems: rated current! lead battery 
tions system 

EMD 48 V 100 to 
300 A 
25 cells 

60 V 

ESK 48 V 

EWSA 48 V 

EWSD 48 V 

60 VC 

EMS 48 V 
6001 
12 000 

KN 48 V 
system 

100 to 
300 A 
24 cells 

100 to 
300 A 
31 cells 

100 to 
300 A 
25 cells 

100 to 
300 A 
25 cells 

30 to 800 to 
5000 A 10 000 A 
24 or 25 cells 24 or 

25 cells 

30 to 
600 A 
24 or 25 cells 

200 to 
2000 A 
30 cells 

2000 to 
10 000 A 
30 cells 

EMD noble metal uniselector motor switch-switching system, ESK cross point switching sys­
tem, EWSA analog electronic switching system, EWSD digital electronic switching system, 
EMS electronic modular system (PABX), KN communications network (PABX), GR recti­
fier, BF battery switching panel, BS battery switching panel with control device, SF control 
pane\. 
aSource Siemens AG. 
bGR 10/50, 100 A only for 60-V systems. 
CMainly for German Postal Administration Telekom Network. 
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3.7 Further Modes 

There are still some d.c. supply modes apart from those discussed in sections 3.1 
to 3.5. The most important of these will be presented in sections 3.7.1 to 3.7.4. 

3.7.1 Changeover Mode with Voltage Gates 

A variant of the changeover mode without interruption is the changeover mode 
with voltage gates (Fig. 3.15), also called the counter voltage technique. Instead 
of the tapping diode there are two groups of voltage gates, VI and V2, here for 
the uninterrupted changeover to battery discharging. 

In normal operation with trickle charging rectifier 1 feeds the 60 V commu­
nications system with a voltage of 62 V. Rectifier 2 supplies the 30-cell battery 
with a trickle charge voltage of 67 V. Voltage gate V2 (charging level 2) in 
this operating condition is bridged by bridging contactor K2. Contact Kl, on the 
other hand, is open. 

For this reason a voltage drop of some 5 V now occurs at voltage gates 
VI (charging level 1). Only a small current is flowing. In this way the battery 
is prevented from feeding the communications system as long as rectifier 1 is 
delivering current. 

In the event of a power failure contactor Kl makes contact and connects 
the battery to the communications system. The transition from mains to battery 

Communi-
cations 
system 
(load 1 ) 

I 
Mains 
supply 

lrv 
I I 

Rectifier 1 Rectifier 2 

+ ~ - + ~ -

.-

V2 Vl 
,..., ,.... )iJv K2 

-~ 

I y ~------~_c~~~-----1 ~ 

Communi -
cations 
system 

- (load 2 ) 

Fig. 3.15. Changeover mode with voltage gates (normal operation) 
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operation takes place without interruption, because the battery is feeding the com­
munications system via voltage gate VI during the switching time of contact KI. 

In the operating condition charging rectifier 2 is changed over to a d.c. output 
voltage of 70 V. Now both voltage gates V2 and VI are brought into action by 
the opened bridging contactors K2 and Kl. A voltage drop of some 3 V also 
occurs at gate V2. 

3.7.2 Parallel Mode with 'Floating' Charge Method 

The parallel mode with 'floating' charge method is a variant of the parallel 
mode. In normal operation both rectifiers I and 2, both batteries I and 2 and the 
communications system are constantly in parallel (Fig. 3.16). A voltage of 2.05 
to 2.l Vlcell is fed to the battery (some 63 V for 30 cells). 

Sometimes no reducing diodes are required with this mode, as the operating 
voltage of 63 V lies within the permissible tolerance range of many communi­
cations systems. With this method 'equalizing charging' of, for example, the 2.4 
V/cell must be done at regular intervals. For this rectifier 1 can be switched to 
the charging bar. This also applies to battery 2. Rectifier I is switched to a higher 
d.c. output voltage and battery 2 is thus charged. During this time rectifier 2 and 
battery I continue to work normally. 

After the equalizing charging of battery 2 there is a switch back to normal 
operation. 

Communi­
cations 
system 

Rectifier 1 

I-___ ~_c~~~ ____ l 
Battery 2 1 

Rectifier 2 

Fig. 3.16. Parallel mode with 
'floating' charge method (nor­
mal operation) 
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Fig. 3.17. Parallel mode with reduced 
number of battery cells and compensator 
(normal operation) 

3.7.3 Parallel Mode with Reduced Number of Battery Cells 
and Compensator 

In this mode a 28-cell battery is used, for example, instead of one with 30 cells. 
The resultant trickle charging voltage lies within the tolerance range of most 
communications systems (Fig.3 .17). 

In normal operation the rectifier supplies the communications system and the 
28-cell battery with the trickle charging voltage. The compensator in this mode 
is bridged by contactor K. 

In the event of a power failure the compensator is cut in by breaking contact 
K. The lower the battery voltage becomes, the more the (automatically controlled) 
additional voltage rises. Thus the voltage at the communications system remains 
constant even when the battery is discharging (e.g. with the 60 V system at 
about 61 V). 

3.7.4 Parallel Mode with End Cells 

The 'end-cell technique' (cubicle technique) is a variant of the parallel mode 
(Fig. 3.18). In normal operation the 'main rectifier' supplies the communications 
system and in parallel with it the 23 'main cells' of, for example, a 26-cell 
battery with trickle charging voltage via the made Kl contact (about 51.3 V). 
The 'end-cell rectifier' has only to supply the three end cells (in the case of 
trickle charging with some 6.7 V). In the event of a power failure contactor 
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Kl opens and K2 closes, which thereby switches to battery discharging without 
interruption. 

For charging the main battery cells the charging voltage must lie within the 
tolerance range of the communications system. 



4 Operating Modes of an 
Alternating Current Power Supply System 

The operating modes used for a.c. loads in communications systems are listed in 
Table 4.1. 

4.1 Mains Mode 

In the mains mode the loads are supplied directly from the public mains 
(Fig. 4.1). There is no standby power supply. 

4.2 A.C. Changeover Mode 

In the event of a power failure the a.c. changeover mode provides a switch to an 
a.c. source standing by or running jointly (Fig. 4.2). Return of the mains results 
in switching back and renewed supply from the mains. 

A distinction is made between standby power supplies operating with an 
interruption > 1 s and those operating with an interruption < 1 s. 

4.2.1 A.C. Changeover Mode with Interruption (> 1 s) 

In general, about 10 to 15 seconds are required for changeover from mains to 
standby mode. 

4.2.2 Standby Power Supply Systems 

Emergency power supply. The standby power supply system (standby generating 
set) is an alternative system 'available without limit on time' with a generator 
and internal combustion engine (Figs. 4.3 and 4.4). 

In normal operation the loads are supplied directly from the mains. In the 
event of a mains failure there is a changeover to the standby power supply 
system. For this it is necessary to start the internal combustion engine which 
is coupled with a generator. Once the rated speed has been reached the load is 
further supplied with alternating voltage via the generator. After return of the 
mains there is a switch back to mains operation. 

Automatic control and monitoring comprises, for example: 

- control of the mains and generator contactors, 
- automatic starter, 
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Table 4.1. Operating modes of an a.c. power supply system 

Mains mode 
(without standby 
power supply) 

A.C. changeover mode 
with interruption > I s 

A.C. changeover mode 
with interruption < I s 

A.C. changeover mode 
without interruption 

Standby power supply systems 
Standby power supply available without limit on time with 

generator and internal combustion engine 
Starting mode 
Mains-independent island power supply 
Alternating continuous mode 

Rapid standby systems 
Standby power supply available without limit on time with 

generator and internal combustion engine 
Joint mode 

Static standby power supply systems 
Standby power supply available with limit on time with 

inverter and battery" 
Starting or joint mode 

Immediate standby systems 
Standby power supply available without limit on time with 

generator, electric motor, flywheel and 
internal combustion engine 

Continuous mode 

Standby power supply systems with rotating converter 
Standby power supply available with limit on time with 

generator, d.c. motor and battery' 
Continuous mode 

Static standby power supply systems with inverter (with 
revert-to-mains unit) 

Standby power supply available with limit on time with 
inverter connected to fail-safe d.c. power supplies 
with revert-to-mains unit' 

Continuous mode 

Static standby power supply systems with inverter 
(without revert-to-mains unit) 

Standby power supply available with limit on time 
with inverter connected to fail-safe d.c. power supplies 
without revert-to-mains unit' 

Continuous mode 

Static uninterruptible power supply (UPS) systems 
Standby power supply available with limit on 

time with rectifier, inverter and battery' 
Continuous mode 

'If necessary, additional standby power supply system. This then ensures an alternative 
power supply without any limit on time. 



Load 
230/400V 

4.2 A.C. Changeover Mode 55 
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Fig. 4.4. Standby power supply system, 1250 kVA (Photo by courtesy of Siemens AG) 

- monitoring mains voltage, 
- monitoring three-phase sequence (clockwise rotating field), 
- monitoring generator voltage, 
- monitoring generator frequency, 
- monitoring generator start-up failure, 
- monitoring lubricating oil pressure failure, 
- monitoring overheating, 
- monitoring overcurrent, 
- monitoring lubricating oil level (too low?), 
- monitoring starter battery for overvoltage, 
- monitoring circuit breakers, 
- monitoring fuel service tank level (too low?), 
- monitoring fuel service tank level (too high?), 
- monitoring reserve fuel tank level (too low?), 
- remote signalling, 
- indication (e.g. by LEDs) and 
- operation (e.g. by key). 

The control system can be set to any of the four operating modes: 'automatic 
control', 'manual control', 'test' and 'off'. 

Island power supply. If no public mains is available, it is possible to have two 
(Fig. 4.5) or three generators working alternately (e.g. each generator for 24 
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Fig. 4.5. Mains-independent island power supply system with diesel generators. Batt. 1,2 
Starter battery, GR 1,2 charging rectifier for starter battery, h elapsed time meter, K 
generator contactor 

hours). With the exception of the diesel generators, all components and modules 
are housed in a switching cabinet. If an additional public mains is provided in 
the future, the switching apparatus can be designed to accommodate it. 

4.2.3 A.C. Changeover Mode with .Interruption « 1 s) 

With the aid of additional facilities operation can be maintained with a rapid 
changeover to the alternative a.c. supply 'without impairment of the load'. 

Rapid standby system. An alternative power supply system with a generator and 
internal combustion engine 'available without limit on time' is known as a rapid 
standby system. It enables loads to be supplied which permit interruptions of 
max. 0.2 to 0.3 s in the event of a power failure (Fig. 4.6). 

In normal operation the mains supplies the load and an asynchronous motor. 
The latter keeps the synchronous generator and flywheel at a speed just below 
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the generator's rated speed. The flywheel can be separated from the internal 
combustion engine by means of an electromagnetic clutch. 

In the event of a power failure a control system breaks contacts 1 and 2, 
makes contact 3 and starts the internal combustion engine. The flywheel is con­
nected to the engine by means of the clutch. The energy stored in the flywheel 
is used to start the engine. In doing so the flywheel is also driving the syn­
chronous generator. The engine now running at its rated speed together with the 
synchronous generator takes over and supplies the load. After return of the mains 
there is a switch back to normal operation. 

Static standby power supply system. The static standby power supply system is 
considered as one with an inverter and battery that is 'available for a limited 
time'. 

In normal operation the mains supplies the load directly and the battery is 
on trickle charging (Fig. 4.7). 

In the event of a power failure the battery is switched to the inverter (1). 
This ensures a continued supply to the load (2). The supply is interrupted for a 
short time with any switching operation. 
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Fig. 4.7. Static standby power sup­
ply system 

If this operating mode is used, the load can be supplied without interruption (see 
section 1.7, Fig. 1.7). 

One block of an uninterruptible power supply (UPS) can consist of: 

- motor, generator, flywheel, internal combustion engine, or 
- rectifier, battery, d.c. motor, generator, or 
- rectifier, battery, d.c./a.c. inverter (static UPS systems, see Fig. 4.13). 

For a single block system without revert-to-mains unit there is neither passive 
nor active redundancy. 

If a single block system is equipped with a revert-to-mains unit, passive 
redundancy is present. In the event of trouble with the uninterruptible power 
supply block there is a switch back without interruption to the mains using the 
revert-to-mains unit. 

In the multi-block parallel system with passive and active redundancy, the 
passive redundancy is augmented by an active one. There is active redundancy 
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when the number of UPS blocks connected in parallel consists of at least one 
block more than is necessary for the load (see Sect. 1.7, Fig. 1.7). 

4.3.1 Immediate Standby System 

The immediate standby system is often called a flywheel diesel converter system. 
It represents an alternative power supply without interruption and without any 
limit on time with a generator, electric motor, flywheel and internal combustion 
engme. 

In normal operation the mains supplies a synchronous or asynchronous motor 
via the closed contact. The motor drives the synchronous generator and also keeps 
the flywheel at the rated speed (Fig. 4.8). The synchronous generator supplies 
alternating voltage to the load. The electromagnetic clutch is out and the flywheel 
is thus separated from the engine. 

In the event of a power failure an automatic control system breaks the con­
tact and lets in the clutch. The flywheel continues driving the synchronous or 
asynchronous motor and at the same time gets the internal combustion engine 
started. There is now a link between the engine and generator. The alternative 
power supply is ensured and is not limited in time. After return of the mains 
there is a switch again (without interruption) to mains operation. 
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4.3.2 Uninterruptible Standby Power Supply System with Rotating Converter 

These systems are uninterruptible standby power supplies, available for a limited 
time with a generator, d.c. motor, rectifier and battery. Shown in Fig. 4.9 as an 
example is a single-block uninterruptible power supply with rotating converter in 
the battery standby parallel mode, with passive redundancy through a revert-to­
mains unit. In normal operation the mains supplies a rectifier which drives a d.c. 
motor and at the same time feeds the battery. The d.c. motor is linked with a 
generator. The latter supplies the load via the cutoff unit. 

In the event of a power failure the battery takes over the supply without 
interruption. The d.c. motor is then driven from power supplied by the battery 
instead of from the rectifier. 

This is a standby power supply whose availability is limited in time by the 
capacity of the battery. 

If trouble arises with the rectifier, battery, d.c. motor or generator, the con­
tact of the cutoff unit is broken and there is a switch back without interruption 
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Fig. 4.9. Single-block uninterruptible power supply system with rotating converter in bat­
tery standby parallel mode with passive redundancy through revert-to-mains unit 
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to mains operation via the revert-to-mains unit. With this system there is also 
a manual by-pass as an additional safety measure. With this setup the whole 
uninterruptible power supply system can be isolated. 

There can also be a standby power supply system in addition to the alter­
native power supply which is limited in time. In the event of a power failure 
there is a changeover to the standby power supply system. With this variant the 
battery capacity needs only to be designed for short bridging times. If there is 
also a standby power supply system, then there can of course be an alternative 
power supply without any limit on time. 

4.3.3 Static Standby Power Supply Systems with Inverters Connected 
to Fail-safe d.c. Power Supplies and with Revert-to-mains Unit 

Modes of Operation. The inverter can be operated in starting, joint or continuous 
mode. 

- In starting mode the load is supplied from the mains. The inverters are avail­
able as standby, but must first start up when a power failure occurs, resulting 
in a brief transfer delay (cold standby). 

- In joint mode the load is supplied from the mains. The inverters operate in 
idle mode, are synchronized with the mains, and act as standby (hot standby). 

- In continuous mode the load is supplied from inverters running synchronous 
to the mains. The mains acts as a standby. There is no interruption during 
switchover (no break transfer). 

As an illustration the frequently used continuous mode is as shown in Fig. 4.10. 
The advantages of the continuous mode of operation are: 

- it is more advantageous for electrical components, since these are continually 
carrying current, 

- there are two power supplies available, the inverter and as standby the mains 
as passive redundancy and 

- there are no transfer delays, i.e. the operation corresponds to that of a UPS 
system. 

In normal operation (Fig. 4.10) the mains supply is present and feeds the rec­
tifier, which in turn feeds the inverter and battery. The electronic contactor T 
206 is closed and T 207 is open. The inverter delivers a voltage of, for example 
225 V/50 Hz to the load. There are also systems for three-phase a.c. power (e.g. 
400 V). 

In the event of power failure the battery within the fail-safe d.c. power 
supply will be discharged, i.e. the inverter will continue to be supplied without 
interruption. The load continues to be supplied from the inverter, switched to 
internal clock, via the thyristor module. Reversion to mains is blocked. The same 
operating mode would be present if the mains were available but the permissible 
tolerance for voltage or frequency were exceeded. In case of inverter failure the 
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Fig. 4.10. System with inverter (e.g. 7.5 kVA) and with revert-to-mains unit (normal 
operation). HU Manual bypass, WR inverter, NRE revert-to-mains unit, T 206 thyristor 
module 'inverter', T 207 thyristor module 'mains' I Fail-safe d.c. power supply with 
rectifier and battery 

thyristor module switches the load to the mains supply, provided this is available 
within the required tolerance. With the manual bypass the system can be switched 
to a voltage-free condition for maintenance. 

4.3.4 Static Standby Power Supply Systems with Inverters Connected to 
Fail-safe d.c. Power Supplies and without Revert-to-mains Unit 

Systems are supplied without revert-to-mains unit if the public mains is either 
not frequently available or does not generally satisfy the tolerance requirements. 
The same is true if the frequency required by the load deviates from that of the 
mains, or if, to save costs, the load to be supplied is not classified as particularly 
important to the operations. These systems may be supplied with or without a 
manual bypass. Fig. 4.11 shows a system without manual bypass. 
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Fig. 4.11. Systems with inverters (without revert-to-mains unit). 1 Fail-safe d.c. supply 
with rectifier and battery, WR 1,2,3,4 inverter, e.g. 2.5 kVA, Load: 220 V/50 Hz (60 Hz) 

In this system each inverter supplies an individual load group. Here there 
is no synchronizing. If an inverter fails, the corresponding load group can no 
longer be supplied. After this inverter is replaced by a spare unit, the load is 
again supplied. 

4.3.5 Static Uninterruptible Standby Power Supply Systems 

Sophisticated equipment and systems are now in use in factories and offices 
everywhere - backed-up by uninterruptible power supplies (UPS). They ensure 
reliability in all sectors of the economy and public institutions, wherever infor­
mation and communication are at a premium and the slightest power interruption 
will have series consequences. 

This system is considered as UPS, limited in time, with a rectifier section, 
inverter section and battery. Static UPS systems are built up with batteries and, 
if needed to further raise redundancy, with standby power supply systems. Such 
systems are found, for example, in ground stations for telecommunications satel­
lites, in the data switching and data processing systems. 
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Many of these systems require an uninterrupted supply of power if data loss 
and system crashes are to be avoided. UPS systems ensure that voltage fluc­
tuations, brief interruptions and failures of the mains (Fig. 4.12) do not affect 
the load, irrespective of whether the faults in question are irregularities in the 
millisecond range or power failures for minutes at a time. Only when the avail­
ability of all components is assured, can full benefit be obtained from the equip­
ment and systems. Power supplies to critical loads can be reliably guaranteed 
only when a UPS system is an integral part of the whole set-up. And what ap­
plies to DP equipment and systems applies all the more to control systems and 
data transmission networks, automated production lines, communications systems, 
protection systems, etc. 

When the mains supply is present, the load is supplied with constant voltage 
and frequency through the rectifiers and inverters. If the power fails, the battery 
immediately delivers power to the inverters. If an inverter fails, a revert-to-mains 
unit switches the load back to the mains without delay. Thus the UPS system 
provides an uninterruptible supply of power to the load. 

The power ratings of UPS systems range from < 0.5 kV A up to 500 kV A. 
If eight of the largest single devices are connected in parallel, 4.000 kV A may 
be attained. The efficiency of the devices can be as high as 93 %. Because of a 
short settling time they also permit surges in load of up to 100 % of the rated 
power, while maintaining all tolerances. 

The substantial reliability of such systems, can be further increased by raising 
the level of redundancy. It is well known that an improvement in active redun­
dancy is achieved if the number of UPS blocks connected in parallel is increased 
by at least one block more than is normally for the load. 

In normal operation the system works with all UPS blocks in the partial load 
range. It is only after the failure of a block that the remaining ones are fully 
loaded. 

Passive redundancy is achieved with the aid of the revert-to-mains unit, which 
in the event of trouble directly switches the mains to the 'safe' (fuse) bar and 
thereby to the loads (cf. Fig. 1.7). 
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Fig. 4.12a-f. Examples of mains disruption: a voltage vanatlOns, b distorted voltage 
waveforms, c frequency variations, d superimposed noise voltages, e short interruptions, 
f mains failures. (Source: Siemens AG) 
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Thyristors or power transistors (phase-angle - or pulse-width control) are 
used as final control elements in the devices rectifiers and inverters. They are 
available in a variety of designs and series. UPS systems can also be employed 
as frequency converters. 

Applications. The standby UPS systems provide an uninterruptible supply of 
single or three-phase power at, for example, 230 V or 400 V to essential loads. 
The frequencies involved are mostly 50 or 60 Hz. For example: 

- communications systems, 
- ground stations for telecommunications satellites, 
- data switching systems, 
- memories, 
- hard copy terminals, 
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i ~WR 
L'J.J L __ ._._--r--._._._-----J 

L _____________ 55 
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230/400V 

Fig. 4.13. Static uninterruptible power supply system in parallel mode. SS safe (fuse) bar, 
GR rectifier, B battery, WR inverter, NRE revert-to-mains unit, HU manual bypass 
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- printers, 
- security systems and 
- data processing systems. 

Operating Mode. UPS systems are generally operated in the continuous mode. 
Figure 4.13 shows an example of a two-block or multi-block system. 

A UPS system comprises the following components: rectifier (GR), inverter 
(WR), revert-to-mains unit (NRE), (also called static transfer switch or static 
bypass switch SBS) and battery (B), (Fig. 4.14). 

In nonnal operation the rectifier section is supplied from the mains; within the 
uninterrupted power supply block this has to supply the inverter section and the 
battery. The rectifier converts the single- or three-phase power of the mains to d.c. 
Out of this the inverter produces a single- or three-phase a.c. voltage of constant 
amplitude and frequency. The inverter is connected with the safe (fuse) bar and 
thereby with the load. In the event of a power failure or failure of the rectifier, the 
battery, which is connected in parallel with the intennediate d.c. circuit, supplies 

Fig. 4.14. Static uninterruptible power supply system 120 kVA, interior view, covers re­
moved. (Photo by courtesy of Siemens AG) 
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the power to run the inverter, thus ensuring a completely uninterruptible supply 
of power to the load. The battery capacity is usually selected for bridging times 
of 10 to 60 min. After return of the mains, the rectifier automatically resumes 
operation, supplying the inverter while simultaneously recharging the battery. 

In case of excessive overload or malfunction of the inverter, the revert-to­
mains unit switches the load back to the mains without interruption. When the 
trouble has subsided, the inverter resumes its function of supplying the load. 
The revert-to-mains unit is standard equipment if the mains frequency and load 
frequency are the same. A built-in manual bypass enables the system to be fully 
decoupled for service. 

Where necessary an additional power supply provides an alternative standby 
power supply available without any limit on time. The revert-to-mains unit must 
not respond in this mode, as otherwise the standby power supply system would 
be switched directly to the safe bar, which could result in frequency deviations 
outside the load's tolerance range. 



5 Public Mains 

It is important to know the characteristics of the public power supply system 
(distribution network) when operating telecommunications power supply systems. 
This chapter explains the factors to be considered and the line-side conditions 
for which the equipment is designed. 

5.1 Type of Voltage 

Rectifiers up to about 25 A are usually built for connecting to single-phase al­
ternating voltage (e.g. 230 V/50 Hz) and for currents from 25 to 1000 A for 
connecting to three-phase alternating voltage (e.g. 400 V/50 Hz). The equipment 
can be adapted to different alternating supply voltages or supply frequencies. 

Figure 5.1 shows the voltages and the designations of the conductors with 
regard to the terminals at the rectifier. 

The voltages of outer conductors L 1, L 2 and L 3 of the three-phase alternat­
ing voltage have a phase shift of 120°. The voltage between two outer conductors 
is called 'delta voltage' (400 V), while that between an outer conductor and the 
neutral conductor N is called 'star voltage' (230 V). 

The amplitude of an alternating voltage is indicated by its root-mean-square 
(r.m.s.) value. This is lower than the peak value by a factor of 1.4. 

5.2 Tolerances of the a.c. Supply Voltage and Supply Frequency 

According to the standard VDE, power converters remain serviceable when, in 
the long term, the alternating voltage fluctuates between 90 and 110% of the 
rated voltage (e.g. 230 or 400 V). 

Rectifiers are normally designed for fluctuations in the supply ranging from 
-25 to + 15%, i.e. as long as the supply voltage remains within this tolerance, 
the equipment's control system can keep the output constant at, for example, 
±0.5% or 1 % (static tolerance range). 

Apart from the above long-term voltage changes there also occur short-term, 
non-periodic undervoltages and overvoltages (voltage surges) in the mains supply. 
Atmospheric discharges can cause overvoltages up to 100 times the normal value 
for the mains voltage. 

Such overvoltages are limited to permissible values in the low-voltage distri­
bution system by means of surge dissipators. In addition, the varistors and T AZ 
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(transient-absorption zener) diodes partly built into the equipment provide further 
limiting. 

Frequency fluctuations in larger grid systems are normally slight. The control 
system of rectifiers, even in the case of frequency changes within the tolerance 
range of ±5% of the rated supply frequency f N (generally 50 Hz or 60 Hz), 
keep the output voltage constant within the range of, for example, ±0.5 %. 

According to the standard VDE, power converters must remain serviceable 
if the frequency of the public power supply system varies by up to ± 1 % from 
the rated value. 

5.3 Wave Shape and Distortion Factor of the a.c. Supply Voltage 

Loads connected to the mains, e.g. rectifiers, generate harmonic oscillations and 
produce feedback to the mains. Harmonic waves also occur in the mains network 
itself. The following applies to the mains to ensure error-free working of power 
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converters: 

- the relative harmonic content of the supply voltage must be at most 10%, 
- for each harmonic the limit values specified by VDE 0160 may not be ex-

ceeded and 
- the largest periodic momentary value for the alternating supply voltage may 

not lie more than 20% above the respective peak value for the fundamental. 

The distortion lactor, k, represents a measure for the harmonic content: 

k = r.m.s. of the harmonics 
r.m.s of the alternating quantity 

With ideal sinusoidal behaviour of the alternating supply voltage the distortion 
factor k = o. 

What harmonic currents occur depends on the rectifier's pulse number, p. 
They have the frequencies v· I with the ordinal number of the harmonic 

v = k· p ± l(k = 1, 2, 3, ... ) 

where v > 1. 
With non-controlled power converter circuits the phase position of the har­

monic currents is fixed, while with controlled ones the harmonic currents depend 
on the control angle, Ct.. 

Every periodic oscillation can be represented as the sum of component sinu­
soidal oscillations (Fig. 5.2). 

The ideal square-wave current curve, which applies to a certain load in a si­
nusoidal network, contains a great number of components of different frequencies. 
Table 5.1 contains all odd ordinal numbers v from 1 to 25. The supply frequency 
of, for example, 50 Hz is the fundamental (basic oscillation 100%) and receives 
the ordinal number v = 1. The harmonics oscillate at integral multiples of the 
fundamental frequency. The higher the frequency, the lower the amplitude of a 
harmonic, so that its disturbing influence also decreases. 

The magnitude of the harmonic current is independent of the pulse number 
p and is the same in all circuits (if the frequency in question occurs at all in 
the higher-pulse circuits). For example, the eleventh harmonic (ordinal number 
v = 11) with the frequency 550 Hz has with the three pulse numbers p = 2,6 
and 12 the same magnitude as the ideal harmonic current, namely 9.09%. It is 
therefore beneficial to raise the pulse number p, because the strongest current 
harmonics with low number and frequency do not then occur. 

In thyristor-controlled rectifiers rated at up to about 25 A single-phase al­
ternating current, double-pulse converter circuits are normally used in a semi­
controlled single-phase bridge circuit. In thyristor-controlled rectifiers rated from 
about 25 A to 200 A the fully controlled (six-pulse) three-phase bridge circuit 
is normally used. 
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Fig. 5.2. Fundamental and hannonics of the mains supply. wt Angular velocity (angular 
frequency x time) 2nJ· t, v Ordinal hannonic number, Fundamental: v = 1 = 50 Hz 
Hannonics: v = 3 = 150 Hz, v = 5 = 250 Hz, v = 7 = 350 Hz, v = 9 = 450 Hz 

Table 5.1. Ideal hannonic currents on the alternating current side 
of power converters 

v vJ Pulse number p 

2 6 12 

!ri.% 
lUi 

1 50 100 100 100 
3 150 33.33 
5 250 20 20 
7 350 14.29 14.29 
9 450 11.11 

11 550 9.09 9.09 9.09 
13 650 7.69 7.69 7.69 
15 750 6.67 
17 850 5.88 5.88 
19 950 5.26 5.26 
21 1050 4.76 
23 1150 4.35 4.35 4.35 
25 1250 4 4 4 
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In thyristor-controlled rectifiers rated at 500 and 1000 A, two (six-pulse) 
three-phase bridge circuits are used. This results in satisfactory twelve-pulse op­
eration in each equipment. 

The ratio of the vth harmonic to the fundamentals depends on the ordinal 
number, the control angle and the overlap. All line and thyristor side reactances 
cause a delay in current transfer between the commutating thyristors. The re­
actances flatten the current rise in the commutating circuit. The edges are then 
no longer ideally square but trapezoidal (Fig. 5.3). The amplitudes of the har­
monics decrease with constant modulation as the influence of the reactances in the 
commutating circuit increases. The higher-order harmonics are attenuated more 
strongly by the influence of the overlap than are the lower-order ones. The larger 
the overlap angle u (i.e. the more inductances there are present in the circuit), 
the longer the trapezoidal semi-oscillations become. In this way the r.m.s. values 
of the actual harmonics are reduced. The overlap angle depends not only on the 
inductances in the circuit but also on the control angle IX. 

A continual change of the relative harmonic content can be assumed between 
the 'infinitely smoothed' direct current as in Fig.5.3(a), and the 'pulsing direct 
current at the gap boundary', as in Fig.5.3(c). The values for the fifth and sixth 
harmonics increase sharply as the gap boundary is approached, whilst the higher­
order harmonics decrease. 
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Fig. 5.3a-d. Dependence of relative hannonic 
content on the shape of the current. a Idealized 
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inductors; c Pulsing direct current at gap bound-. ary; d Direct current with gaps 
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The ratio of the harmonic current Iv to the basic oscillation 1\ current with 
square wave current and pulsing direct current with six-pulse fully controlled 
three-phase bridge circuit can be seen from Table 5.2. 

The experimental values for ascertaining the maximum harmonic currents (on 
the supply side) to be expected from a controlled converter in fully controlled 
three-phase bridge circuit (six-pulse) are to be taken from Table 5.3. 

The control angle rJ. = 0 (full modulation) is, as is well known, the same as 
that of an uncontrolled converter. Here with u = Uo the commutation time is at its 
longest. The harmonics are thus particularly slight. There is the least modulation 
with the largest control angle rJ.. This does not lead, however, to the maximum 
values for the harmonics. The maximum harmonic current occurs when there is 
roughly half-modulation. 

Figure 5.4 shows the dependence of the harmonic current Iv on the control 
angle rJ. with the individual harmonic numbers v (Fundamentals v = 1 = 100%). 
In the example a (six-pulse) fully controlled three-phase bridge circuit has been 
selected. 

5.3.1 Measures for Reducing Retroactive Effects on the Mains Supply 

Suppression of Current Harmonics by Raising the Pulse Number. There are 
various possibilities for reducing the occurrence of harmonics or suppressing their 
propagation back into the mains supply. The simplest way is to prevent harmonics 
occurring with the aid of a circuit (with higher pulse number). 

Table 5.2. Harmonic currents with (six-pulse) fully controlled three-phase 
bridge circuit 

v 

5 
7 

11 
13 

i, 
7J 

With square-wave shape 
of the current 

0.2 
0.14 
0.09 
0.07 

Table 5.3. Maximum con­
tent of harmonic currents in 
r.m.s. current 

v Ivrnax [%] 
h 

5 30 
7 12 

11 6 
13 5 

With pulsing direct current 
at gap boundary 

0.48 
0.17 
0.08 
0.05 
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Fig. 5.4. Dependence of the hannonic current 
on the modulation 

Thyristor-controlled single-phase rectifiers of up to about 25 A rated current 
have a two-pulse converter circuit, and three-phase rectifiers from 25 to 1000 A 
have a six-pulse one. In rectifiers with a rated current from 500 to 1000 A the 
undesirable mains disturbance is still further reduced by changing to a twelve­
pulse arrangement. For this purpose, two six-pulse 250-A current converters are 
used in 500-A devices and two six-pulse 500-A converters in 1000-A devices 
(Fig.5.5). The two circuits are operated with a phase shift of 30°, producing 
a twelve-pulse mains feedback instead of a six-pulse one. The output of each 
current converter is filtered individually before they are connected in parallel to 
deliver the doubled current. Another possibility is to reduce harmonics by means 
of special control methods (e.g. oscillator package control). 

Suppression of current harmonics by an additional boost converter. Modem 
switching-mode power supplies contains an additional boost converter which 
draws a sinusoidal current from the mains with low conducted EMI. 

Suppression of Current Harmonics Using Filter Circuits. Screening circuits, also 
called filter or absorption circuits, can be used to eliminate the harmonics on the 
low-voltage side caused by power converters. They are tuned to the frequency 
of the harmonics (Fig. 5.6). 

In practice filters are normally used for the fifth, seventh, eleventh and thir­
teenth harmonics. A common absorption circuit, tuned to the twelfth harmonic, 
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is assigned to the eleventh and thirteenth. In this way the harmonic currents can 
be reduced considerably. 

If all ohmic resistances are disregarded and supply capacitances are excluded, 
the mains supply can be replaced by an inductance XLN , which defines the short­
circuiting power SK of the supply at the converter connection point A. VXLN is 
then valid for the effective reactance at the vth harmonic. 

If filter circuits are connected to converter the connection point A, thus in 
the immediate proximity of the converter whose inductances and capacitances 
are selected so that a series resonance (and thereby a short-circuit) is produced 
for the harmonics to be suppressed, the currents of the frequencies concerned no 
longer flow via the mains supply, but via the filter circuits. Below their tuning 
frequency the filter circuits work capacitively - for the basic oscillation too. They 
can therefore also be used for reactive power compensation of the system. 

5.4 Power Failures 

The reliability of public power supplies in Germany is normally very high. How­
ever, there are around 100 to 200 occurrences per year of short-term power 
failures of < 0.5 s duration. Such interruptions occur for example in the case of 
changeovers and automatic short-circuit reclosings. 

Short-term failures in the millisecond range can possibly be bridged by the 
capacitors present in the rectifiers for filtering. In the event of power failures of 
longer duration, batteries, standby power supply systems, etc., are used. 

In Germany two to four long-term failures lasting a few minutes to several 
hours occur on average each year. Of these failures 97% are of the order of less 
than 6 hours and only 3% are longer. 

There should also be included one interruption due to a fault with the service 
line and one due to maintenance work or faults in the mains high- and low-voltage 
switchgears, so that in all some six failures a year are to be expected with each 
system (Table 5.4). 

Table 5.4. Frequency of interruption in the supply of power by telecom­
munications power supply systems (based on statistics of 8000 d.c. 
telecommunications power supplies in Germany) 

Duration of the Failures Number of mains One fault per 
interruption in in % failures per year and power supply 
power supply power supply system system in years 

Up to 2 min 40 2.4 0.4 
2 to 30 min 25 1.5 0.7 
30 to 60 min 14 0.85 1.2 
I to 2 h 9 0.55 1.8 
2 to 4 h 8 0.5 2 
More than 4 h 4 0.2 5 

Total 6 



6 Energy Storage 

An introduction to battery systems was presented in Section 1.4. 

6.1 Stationary Lead-Acid Batteries 

6.1.1 Requirements 

Stationary batteries (accumulators) are expected to meet the following require­
ments (Fig. 6.1): 

- long shelf life before commissioning, 
- ease of installation, 
- low commissioning cost, 
- simple charging technique, 
- high efficiency, 
- reliability (high availability of capacity at any time), 
- long life, 
- low maintenance cost, 
- safety against explosion, 
- mechanical durability, 
- ability to withstand short-circuits and 
- environmental acceptability. 

6.1.2 Charging and Discharging 

Figure 6.2 illustrates the discharging and charging process and shows chemical 
equations in lead-acid batteries (accumulators). If electrodes consisting of lead 
or lead compounds are immersed in a vessel filled with dilute sulphuric acid 
(H2S04+ H20) as electrolyte, a secondary voltaic cell results. The active material 
lead dioxide (Pb02) is produced electrochemically (formation) at the positive 
electrode. At the negative electrode lead oxide is pressed into a grid of lead. 
Through forming, this paste is converted electrochemically into finely distributed 
spongy lead (Pb), the active material. In a charged lead battery the active material 
at the positive electrode consists of lead dioxide (Pb02) and at the negative 
electrode of lead (Pb). 

If two electrodes are linked via a resistance (load, Rd, the current I flows 
(Fig. 6.2a). During this process the chemical conversion of the active materials 
of both plates is taking place. 
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Fig. 6.1. Room with lead-acid batteries (with tubular positiv electrodes OPzS) on floor 
stillages. (Photo by courtesy of Varta AG) 
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Fig. 6.2a, b. Discharging and charging processes in a lead-acid battery 
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Because of the electrochemical processes during discharging, both the lead 
dioxide of the positive plate as well as the lead of the negative plate are con­
verted into lead sulphate (PbS04). Acid (H2S04) is used up and water (H20) is 
formed, the concentration of the acid decreasing according to the energy drawn 
off. The gradually increasing internal resistance causes an initially slow, then 
quicker, drop in the voltage until a lower limit is reached (final discharge volt­
age), which is determined by the strength of the discharge current. 

Conversion of the active, charged material into lead sulphate (discharging) 
involves a great increase in volume. During discharge the pores in the material 
become blocked and acid is prevented from reaching the inner particles of the 
material. This means an insufficient transfer of material (diffusion), a slowing 
down of the reaction and a decrease in conductivity, which in the end leads to a 
fall in the discharge voltage until it reaches the specified final discharge voltage. 

The battery can be charged by connecting it to a d.c. source (e.g. rectifier), 
provided the voltage of the d.c. source is greater than that of the battery (Fig. 
6.2b). 

When charging, the active materials of the two electrodes and the sulphuric 
acid are restored to the original state existing before discharge. As an unwanted 
secondary reaction, water is decomposed into hydrogen and oxygen as soon as 
the cell-voltage exceeds l.23 V. Fortunately these reactions are hindered at the 
lead (Pb) and lead-dioxide (Pb02 ) surface so much that they cause only a creep­
ing self-discharge of a few percent of capacity per month. But, if the cell voltage 
exceeds a certain value hydrogen and oxygen evolution can gain in volume enor­
mously. So, from a voltage of about 2.4 V/cell the gassing rate is fast enough to 
produce visible gas bubbles. (Often the voltage of 2.4 Vlcell is called 'gassing 
voltage', although gassing starts much earlier.) 

As intensive gas evolution is harmful for the material of the plates in the 
long term, the strength of the charging current must not exceed certain values 
once the voltage at which gases form has been reached and must be reduced if 
necessary. The permissible strength of the current in the case of gases forming 
depends on the cell design and the method of charging. This voltage of 2.4 Vlcell 
is not reached when using the battery in a telecommunications power supply, as 
the charging voltage is normally limited to 2.33 Vlcell. 

6.1.3 Open-Circuit Voltage 

The open-circuit voltage of the off-load battery is also called equilibrium voltage 
or electromotive force (e.m.f.); it depends primarily on the density of the acid. 
The higher the density, the higher the open-circuit voltage. It is sufficient in 
practice to know that the open-circuit voltage is approximately the same as the 
value tor the rated acid density 1 (charged state) plus 0.84. 

1 In kilograms per litre at a temperature of 20 o e. 
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6.1.4 Rated Voltage 

The rated voltage of the lead-acid battery is 2 Vlcell. It is more or less approx­
imated when the battery is discharged at a low rate (""' lO-hour rate) (see Fig. 
6.3). 

6.1.5 Discharging Voltage 

The voltage during discharging depends on the level of the discharge current and 
on the time. The higher the discharge current and the longer discharging lasts, 
the lower the voltage. Causes for this are the decrease in acid density and with it 
the e.m.f., and also the increasing voltage drop due to the internal cell resistance 
Ri. 

For example, with OPzS batteries the acid density when discharging with 
the ten-hour current 1102 starts at 1.24 kg/I and falls by 0.12 to 0.13 kg/I. When 
discharging with even larger currents the decrease in acid density is less, cor­
responding to the smaller amount of energy that can be taken off down to the 
permissible final discharge. Taking into account the level of the discharging cur­
rent, the state of the discharge of the battery can thus be ascertained from the 
density of the acid. It should be noted that the density of the acid also depends 
on the temperature. 

At the start of discharging of a fully charged battery the voltage passes 
through a minimum of 20 to 30 m V per cell maximum (voltage dip S, Fig. 6.3). 
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Fig. 6.3. Discharge voltage curve of a lead-acid battery 
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2110 designates the current, in amperes, in relation to the rated capacity, with which a 
battery is discharged in 10 h down to a given final discharge voltage. 
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One cause for this brief drop in voltage is that the production of lead sulphate 
ions is temporarily delayed. Because of this unsteady behaviour the value always 
given as the initial discharge voltage is the one measured after removal of 10% 
of the capacity corresponding to the respective discharge current. 

The behaviour of the voltage following the voltage dip is initially proportional 
to the decline in acid density. The voltage thus slowly decreases in accordance 
with the characteristic curve of the battery in question. 

Diffusion problems, depletion of active material and a decrease in conduc­
tivity also determine the behaviour of the voltage during load. This is the reason 
why the voltage drops very rapidly towards the end of discharging, and the higher 
the discharge current the less energy can be taken from a cell until the final dis­
charge voltage is reached. Thus the consumable capacity is reduced by some 50% 
if there is a one-hour discharge current instead of the ten-hour one. 

Figure 6.4 shows as an example discharge curves of an OPzS battery versus 
the available capacity. The rated capacity KIO here is 100 Ah. KIO accordingly 
indicates the amount of current in ampere-hours that, on discharging over a period 
of ten hours, can be consumed with the associated current 110• Thus 10 A can 
be consumed for ten hours before the associated final discharge voltage Us of 
1. 79 V Icell is reached. 
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Fig. 6.4. Discharge voltage and available capacity of the OPzS 100 battery plate as a 
function of constant discharge current strengths. (Source: Varta AO) U. Initial discharge 
voltage, Urn mean discharge voltage, Us final discharge voltage 
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When discharging with the current h(~33.3 A) an amount of energy of only 
a little over 50% of the rate capacity (KIO) could be consumed until there is a 
drop below the same voltage of 1.79 V/cell. 

The final discharge voltage is the specified minimum voltage level when dis­
charging with the assigned current (e.g. 1.8 V/cell). If the voltage falls below 
this level a 'deep discharge' occurs that stresses the active material. Repeated 
discharging below the final discharge voltage harms the structure of the active 
material in the plates on account of the changes in volume. Frequent discharges 
below the final discharge voltage thus leads to a marked shortening of the bat­
tery's service life. 

The final discharge voltage (related to the battery) must not be confused 
with the minimum voltage limit for the communications system, below which it 
must not fall at the end of a bridging time. This voltage is called the system­
conditioned final voltage Usmin. 

6.1.6 Self-Discharging 

Due to the slow production of hydrogen at the negative electrode and oxygen at 
the positive electrode lead-acid batteries are always subject to slight spontaneous 
discharging (self-discharging) even with open circuit voltage. In this case, the 
usual phenomena accompanying discharging can be determined, namely sulphat­
ing of the plates and a decrease in acid density. The loss in capacity occurring in 
modern stationary batteries is 2 to 5% per month, slightly higher at the beginning 
but is gradually reduced with discharge at a temperature of around 20°C. These 
losses must be compensated for by a continuous supply of energy. This is one 
reason why the battery is constantly operated on float charging (also called trickle 
charging) in standby parallel and changeover modes. Self-discharging proceeds 
more rapidly at higher temperatures; its rate is approximately doubled per 10 °C 
temperature increase. 

6.1.7 Float (Trickle) Charging and Charging Voltage 

Float charging is the most common method for lead-acid batteries in those sta­
tionary applications where the battery is only used for emergency-energy sup­
ply. Permanent overcharge is achieved by the supply of constant voltage only 
slightly higher than the open-circuit voltage (usually about 2.23 V/cell). During 
float (trickle) charging3 the battery continuously receives a small current of 10 
to 40 rnA per 100 Ah of rated capacity. 

3 The general meaning of 'trickle charging' is the charging of the lead-acid battery with a 
small constant current (hoo). This is to be used for example, for recharging of long-term 
stored batteries. In special books charging with a constant voltage is generally called 'float 
charging'. 
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If the recommendations in the operating instructions are observed, lead-acid 
batteries can be run for their whole lifetime with a constant float voltage of 
2.23 Vlcell. Recharging is also possible with this voltage. To shorten the charging 
time it is also possible to apply temporarily a higher voltage but this should 
remain below the voltage at which heaving gassing occurs. 

In general a 'short-order' charging voltage of 2.33 Vlcell is applied. The du­
ration of short-order charging can be adjusted on a electronic timer. Depending 
on the device a time from 1 to 24 h can be set. At the end of the short-order 
charging, the rectifier is switched back to float charging. In systems with valve­
regulated maintenance-free batteries, the characteristic 'charging at 2.33 V/cell' is 
blocked. The battery attains its fully charged state with the 2.23 Vlcell character­
istic as well, although this can take several days. 

Table 6.1 shows for lead-acid battery types OPzS, OGi-Block and OGiE the 
capacity available again after the respective times as a percentage, taking into 
account a charging factor of 1.2. The previously consumed capacity is replaced 
by charging in accordance with IV characteristic curves. A float charging voltage 
of 2.23 Vlcell or charging voltage of 2.33 Vlcell is assumed. 

In a power failure, for example, 50% of the battery's rated capacity (KIO) 
will be consumed. The full capacity is to be restored after return of the mains 

Table 6.1. Charging time with lead-acid batteries necessary after drawing off capacity in order 
to restore the desired level with IU charging (2.23 or 2.33 V/cen) 

Consumption Charging time Capacity available after charging (%) 
of KIO time t 
(%) (h) 2.23 V/cell 2.33 V/cell 

0.5 110 110 1.5 110 2 110 0.5 110 110 1.5 110 2 110 

25 3 87.5 94 95 96 87.5 95 97 97 
6 94 96 97 97 97 98 98 99 

10 96 97 97.5 97.5 100 100 100 100 
20 97 98 98 98 

50 3 62.5 75 82 85 62.5 75 86 89 
6 75 89 90 92 75 92 94 95 

10 90 93 93 94 90 96 96 96 
20 97 97 97 97 100 100 100 100 

75 3 37.5 50 62.5 68 37.5 50 62.5 75 
6 50 73 80 83 50 74 86 89 

10 66 86 88 89 66 89 93 94 
20 93 93 93 93 94 98 100 100 

100 3 12.5 25 37.5 47 12.5 25 37.5 50 
6 25 50 65 70 25 50 76 80 

10 41.5 73 78 80 41.5 80 85 89 
20 80 91 91 91 82 95 100 100 

KIO Capacity, ten hours. 110 Current, ten hours. 
Source: Varta AG. 
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UI] 

Fig. 6.5. Charging of lead-acid 
batteries for stationary systems 
in accordance with IV charac­
teristic 

supply. If charging is done with 2.23 Vlcell and a current of 0.5 110, then 90% 
of the capacity will have been put back after a charging time of 10 hand 97% 
after 20 h. This means for a 100 Ah battery (KIO) a current strength of 0.5 110 
= 5 A. Some days will pass, however, before the battery is again 100% charged 
(fully charged state). If, on the other hand, charging occurs with a voltage of 
2.33 Vlcell and a current of 0.5 110, then full recharge (100%) is already reached 
after 20 h. 

The behaviour of voltage and current when charging is finally determined 
by the size of the rectifiers and their characteristics. In standard DIN 41 772 
letter symbols are specified for the characteristics of rectifiers and thereby for 
the different methods of charging, and also for changeover and disconnection 
processes. The meanings are: 

- U constant-voltage characteristic, 
- 1 constant-current characteristic, 
- W taper characteristic, 
- 0 automatic characteristic switching and 
- a automatic disconnection after full charging. 

Lead-acid batteries are charged in accordance with the IU characteristic by 
the rectifiers of the telecommunications power supply system (Fig. 6.5). This runs 
in two sections. First the charging current remains constant with a rising charging 
voltage until, depending on the characteristic chosen, the voltage of 2.23 V Icell 
or 2.33 Vlcell is reached. From this figure on, the voltage is kept constant and 
consequently charging proceeds with a current falling to lower values. When the 
preset time is reached an automatic switch back from 2.33 Vlcell to 2.23 V/cell 
occurs. 

6.1.8 Initial Charging Voltage (Commissioning) 

Modem lead-acid batteries are supplied either filled and charged or unfilled and 
dry-charged. They therefore require only short initial charging. A large part of 
the capacity is immediately available after filling with acid. 
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With dry-charged cells it is possible when charging according to the IU 
characteristic to carry out the initial charging at a voltage of 2.33 Vlcell or at the 
float voltage of 2.23 Vlcell unless the batteries have been stored for a long time. 
In this case prolonged charging should have to be carried out. It is assumed that 
at normal temperature and air humidity there is still a residual capacity of some 
85% available after a storage of 3 to 5 years. Instructions from the manufacturers 
of batteries on initial charging must be followed closely to achieve a long life 
for the battery. 

6.1.9 Capacity 

The capacity of a battery is a measure of its efficiency and size. It is measured 
in ampere hours (Ah) and indicates the amount of energy a battery can deliver 
in a certain time (h) when discharging with a constant current (A) until a given 
voltage is reached (final discharge voltage). 

Rated capacity means the rated value for the capacity with a specified dis­
charge current strength and also the specified assigned final discharge voltage 
and temperature. The higher the discharge current, the smaller the capacity and 
discharge-voltage. The rated capacity particular for all battery types is valid at 
an acid temperature of 20°C. At lower or higher temperatures the capacity is 
reduced or increased, within a limited temperature range, but about 1 % per 1 K. 
The full value for the rated capacity with new batteries is usually achieved after 
several charge/discharge cycles. 
The capacity curves in Fig. 6.6 show, for lead-acid batteries of the OPzS type, 
the available capacities for different sizes of plate. The dependence of capacity on 
the discharge current strength can also be seen. Batteries with a capacity of more 
than 250 Ah are usually split, for operational reasons, into two parallel-connected 
groups, which together provide the capacity required. 

6.1.10 Efficiency and Charging Factor 

A distinction is made between ampere-hour efficiency and watt-hour efficiency. 
These are calculated as follows: 

Ampere-hour efficiency: 

Watt-hour efficiency: = 

_ available ampere-hours in Ah. 
- charged ampere-hours in Ah ' 

available watt-hours in Wh 
charged watt-hours in Wh . 

Both variables depend on the cell construction, on the temperature of the acid 
and on the level of charging and discharging currents. The ampere-hour efficiency 
is between 83% and 90%, the watt-hour efficiency between 67% and 75%. 

The charging Jactor is the reciprocal value of the ampere-hour efficiency. It 
is more customary in practice to write it as: 

Ch . f: t charged ampere-hours in Ah 
argmg ac or = ·1 bl h· Ah· aval a e ampere- ours m 
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Fig. 6.6. Capacity curves for types OPzS lead-acid batteries (plates 40 to 250 Ah) at a 
temperature of 20°C. (Source: Varta AG) 

The charging factor is usually between 1.1 and 1.2. 
Note: Charging efficiency and charging factor are appropriate parameters only 

for charging processes limited in time. They lose any meaning with prolonged 
charging, e.g. during float, when only the secondary reactions are maintained 
by the current and 'charging' no longer occurs. The charging factor would then 
exceed all limits and the efficiency approach zero. 
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4 0 pz 5 200 

Number of positive plates _________ T-I T 
Stationary (ortsfest) ----------------' 

Tubular positives (Panzerzellen) ------------' 

Special construction (Tubes of fabrics or nonwoven material) -------' 

Rated ten-hour capacity (KlO) in ampere hours (Ah)--------------' 

Fig. 6.7. Example of a type designation according to DIN 

6.1.11 DIN Designation of Battery Type 

Figure 6.7 shows as an example the designation of a tubular lead-acid battery 
according to DIN (Deutsche Industrie Normen). 

6.1.12 Battery Design 

Every lead-acid battery consists of at least one cell with dilute sulphuric acid as 
electrolyte and one set each of positive and negative plates; these are welded in 
alternating sequence to connector bars. The realization of this principle can be 
achieved in many ways, and many such variations do actually exist. Above all, a 
battery has to be adapted to its special purpose, and this adaptation may require 
special construction. 

So an enormous number of different battery designs made by various methods 
are available on the market, and an attempt to present a comprehensive description 
would far exceed the scope of this book. Only a few examples can be shown; 
for more detailed information, the reader is referred to catalogues and brochures 
offered by most battery manufacturers. 

The designation of a conventional lead-acid battery generally derives from 
the type of positive plates used. The types of vented batteries mainly used in 
telecommunications power supply systems are: 

- pasted plates or grid plates (OGi in DIN), 
- tubular positive plates (ironclad plates) (OPzS in DIN), 
- Plante plates (GroE in DIN). 

Smaller capacities (usually up to 200 Ah) are often made as block batteries with 
2, 3 or 6 cells per block (4, 6 and 12 Vlblock). The following figures show 
some examples. In all cases the negative plates are of grid construction. These 
are available up to the largest capacities in closed containers. 

Batteries of the tubular-plate design, and also the pasted-plate batteries are 
nowadays made with positive plates of lead containing less than 2% of antimony 
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(previously 9 to 12%). The strength of these plates is ensured by means of special 
alloying additions (e.g. selenium). As a result of the reduction in the proportion 
of antimony in combination with design parameters maintenance intervals of up 
to three years are possible. Within the stipulated interval, maintenance-free op­
eration is guaranteed, provided that the battery is used in accordance with the 
relevant recommendations, e.g. the battery must not be overcharged. In particular, 
operation in the standby paralled mode or changeover mode with continuous float 
(trickle) charging of the battery (at 2.23 V/cell) is a prerequisite. A further impor­
tant consideration is the temperature. It is also possible to use an antimony-free 
alloy. 

In many countries, e.g. the USA, lead-calcium alloy is used as grid mate­
rial for standby batteries. They show even lower water consumption than low­
antimony batteries, but the maintenance interval is also a question of battery 
design (reserve electrolyte). 

6.1.13 Batteries with Tubular Positives 

Construction. A battery with tubular positive electrodes (OPzS) is illustrated in 
Figs. 6.8a, band c. Figures 6.8d and e show the internal construction of the 
cell. The OPzS cell embodies tubular positive plates in conjunction with negative 
grid plates. The positive tubular plates consist of a side-by-side arrangement 
of thin lead rots - again of a special low-antimony alloy - provided with centring 
pieces, over which are drawn woven pockets of a highly acid-permeable insulating 
material. The active material (lead dioxide) is contained in the space between the 
current conducting lead rod and the pocket. The pockets provide the mechanical 
support of the active material. 

In the negative plates the active material (initially lead oxide) is pasted into 
a grid of hard lead. Through the forming process the lead oxide is converted 
electrochemically into finely divided spongy lead (Pb). 

A microporous separator is used to insulate the plates, sometimes in con­
junction with a spacer of corrugated PVC. The electrolyte is dilute sulphuric acid 
usually with a density of 1.24 kg/I at 20°C. 

Design. Individual OPzS cells are manufactured in transparent acid-proof plastic 
containers for capacities from 250 to 1500 Ah, in translucent acid-proof plastic 
containers for capacities of 2000, 2500 and 3000 Ah and in hard rubber containers 
for capacities from 3500 to 12000 Ah. 

Cells with capacities of from 250 to 3000 Ah are designed for bolted con­
nections (with insulated copper links). 

Cells of from 3500 to 12000 Ah are currently available only with welded 
connections. The links are of hard lead, welded onto the cell terminals. 

Application. OPzS batteries are suitable for medium and long discharge peri­
ods because tubular plates cannot be manufactured economically with diameters 
smaller than about 8 mm. This diameter is synonymous with the plate thickness 
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Fig. 6.8a-e. Lead-acid battery with tubular positive electrodes (OPzS). (Photo by courtesy 
of Varta AG). Legend to e: 1 edge insulator (enlarged), 2 negative end plate, 3 micro­
porous separator, 4 perforated corrugated separator, 5 positive tubular plate, 6 negative 
centre plate, 7 positive plate set with terminal bar and safety pole, 8 negative plate set 
with terminal bar and safety pole, 9 cover plate, 10 plate group, 11 cell cover, 12 terminal 
seal, 13 cover disc, 14 filling vent with sealing ring, 15 gas drying plug, 16 cell connector, 
17 bolt with locking washer, 18 terminal cap, 19 OPzS cell in transparent container 
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that detennines the minimum resistance. They are therefore mainly installed when 
the battery is required to cater for a mains supply interruption of from I to 10 h. 
Other application areas, apart from telecommunications, are for example: 

- alann systems, 
- signalling systems, 
- fire alann systems, 
- equivalent power supply systems confonning to national and international stan-

dards. 

Installation. OPzS batteries are installed on stillages, or in stepped racks (see 
Section 6.6) 

Service life. The service life of OPzS batteries can be quoted as 12 to 15 years 
(for a reduction in capacity to 80%). 

Batteries with pasted plates as block batteries (OGi) and single cells (OGiE). 
These batteries are rapidly gaining favour for telecommunications power 
supplies, particularly for small-to-medium-sized telephone systems. They are 
manufactured with pasted plates of varying thickness. Worthy of note are their 
low internal resistance, with correspondingly good voltage characteristics (even 
under rapid-discharge conditions with high loading), and the fully insulated 
construction. 

Construction. Block batteries of the OGi type batteries are illustrated in Fig. 
6.9(a). The internal construction is shown in Fig. 6.9 b) and c). The OGi-block 
batteries and the OGiE batteries shown in Fig. 6.9 incorporate positive rod plates 
in association with negative grid plates. The rod plates are made of a special 
low-antimony lead alloy and of a special design derived from tubular grid active 
material (initially lead oxide) is pasted round the rods and lead dioxide (Pb02 ) 

is fonned from it by an electrochemical process. To reduce shedding of active 
material and the consequent fonnation of sludge, the positive rod plate is enclosed 
in a highly acid-penneable nonwoven pocket. To locate the vertical bars and to 
ensure mechanical stability the positive plates are provided with horizontal braces. 

In the negative plates the active material (initially lead oxide) is pasted into 
a grid of hard lead. Through the fonning process the lead oxide is converted 
electrochemically into finely divided spongy lead (Pb). Positive and negative 
plates are assembled into plate stacks. Insulation is provided by a microporous 
separator and the electrolyte is dilute sulphuric acid with a density of 1.24 kg/l 
at 20°C. 

Design. The OGi-block batteries and the OGiE batteries are supplied in translu­
cent plastic containers; they are in the fonn of three-cell blocks constituting 6 V 
units with capacities from 12.5 to 150 Ah, and two-cell blocks, as 4 V units, with 
capacities of 175 and 200 Ah (OGi-block). They are also available as individual 
cells with capacities from 250 to 2000 Ah (OGiE). 
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Fig. 6.9a-c. Lead-acid batteries with pasted plates as block batteries (OGi) and single 
cells (OGiE). (Photo by courtesy of Varta AG). Legend to c: 1 Negative grid plate, 2 
microporous separator, 3 separator pocket, 4 positive rod plate, 5 positive plate set with 
separator pocket over each individual plate, 6 negative plate set, 7 pole section, 8 brass 
bushing, 9 internal pole bridge, 10 Varta con connector, 11 pole bushing, 12 pole bolt, 13 
pole cap, 14 vent plugs, 15 container lid, 16 positive plate support, 17 spacer, 18 battery 
container 
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The interconnection of the block batteries or individual cells is effected by 
means of plastic-insulated copper links bolted to the terminals. External short­
circuiting of the installed battery can be prevented by the use of additional rubber 
terminal caps. 

Application. By virtue, particularly, of their previously mentioned low internal 
resistance the OGi-block batteries and the OGiE batteries can be used univer­
sally both for rapid-discharge operation in the range of minutes and for long 
discharge periods of from I to 10 h. As well as those indicated in connection 
with OPzS batteries, their applications extend to the starting of diesel generators, 
uninterruptible power supplies, solar generators and wind generators. 

Installation. The block batteries are installed on stillages, or in stepped racks 
(see Section 6.6) 

Service life. The service life of the OGi-block and OGiE batteries is between 12 
and 15 years. 

6.1.14 Batteries with Plante Plates (GroE) 

The GroE design represents a further development of the well-known and proven 
Plante plate (large-surface-area plate) batteries (Gro). The Gro battery of the 
traditional type is no longer used, because, among other reasons, of the high 
water consumption associated with the design of the individual open cells. Other 
respects in which they fall short of the present state of battery technology are, 
for example, short maintenance intervals, large volume and heavy weight. 

Construction. A GroE battery is illustrated in Fig. 6.10. The GroE cell contains 
positive large-surface-area plates in association with negative grid plates. Figure 
6.1 O(b) shows the internal construction of the cell. 

The positive plates consist of soft cast lead. The surface area of the plate 
is increased by means of a special lamellar structure, affording a large area of 

Fig. 6.10a, b. Lead-acid batteries 
with Plante plates (GroE). (Photo 
by courtesy of Varta AG) 
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contact with the acid. The active material is produced by an electrochemical 
process. 

A microporous separator is introduced to insulate the plates. The electrolyte 
is dilute sulphuric acid with a density of 1.22 kg/I at 20 oe. 

Design. GroE batteries are constructed in transparent or translucent plastic con­
tainers for capacities of from 200 to 2800 Ah. 

Application. The principal areas of application (mainly in the short-time range 
~ I h) are, for example: 

- equivalent power-supply systems in power stations, 
- UPS (uninterruptible (a.c.) power supply) systems. 

Installation. GroE batteries are installed on stillages or stepped racks (see Section 
6.6) 

Service life. The service life is between 15 and 20 years. 

6.1.15 Comparison of Lead-Acid Batteries 

Internal resistance. Lead-acid batteries differ significantly in their internal resis­
tance Ri according to the various kinds of plate construction (Fig. 6.11). The 
difference of the internal resistance is mainly caused by the positive plate design. 

6.1.16 Vent Plugs 

There are essentially three types of vent plug in stationary batteries today: 

- Gas-drying plug. In this plug a filling of granules prevents the egress of acid 
droplets (acid mist), which can be produced by gas evolution during charging. 
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Fig. 6.11. Internal resistances Rj of 
some stationary lead-acid batteries 
used in telecommunication power 
supplies. 1. Plante plates (GroE), 
2 pasted plates (OGi-block or sin­
gle cells OGiE), 3 tubular plates 
(OPzS) 
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The gas mixture itself can escape freely. These plugs are standard fittings on 
the OGi, OPzS and GroE cells. 

- Ceramic plug. This 'flame-trap' or 'explosion-proof' plug prevents ignition of 
gases present in the cell due to external causes. By 'ceramic funnel plug' is 
understood a variant of the flame-trap plug. Topping-up water can be added 
through a tube, in the form of a funnel, which reaches directly into the elec­
trolyte, without removing the plug. 

- Recombination plug. The recombination plug (,recombinator') converts the 
explosive gas produced by charging back to water by a catalytic method, thus 
reducing the loss of water. This results in longer maintenance intervals for 
stationary batteries. 

Due consideration must be given, in accordance with the manufacturer's rec­
ommendations, to the relationship between the quantity of gas given off, in the 
float (trickle) charging condition as well as in charging, and the capacity of 
the recombination plug. Under normal conditions the use of recombination plugs 
in stationary batteries embodying low-antimony alloys is of little interest, since 
maintenance intervals of up to three years are in any case achievable. 

6.1.17 Valve-Regulated Lead-Acid Batteries 

During the last 10 years, valve-regulated lead-acid batteries have gained a con­
siderable market share in stationary applications, especially for short bridging 
times in UPS systems, but also in telecommunications. Batteries of this type are 
maintenance-free throughout their entire lifetime and mainly differ from conven­
tional batteries in the following details: 

- immobilization of the sulphuric acid electrolyte by means of a gelling process 
or by absorption in a felt of glass fibres (absorbent-glass-mat separator) and 

- valves instead of the conventional plugs. The valves prevent the occurrence 
of oxygen from the surrounding air but are open to relieve excess pressure in 
the cells. 

Additional advantageous features of valve-regulated lead-acid batteries are: 

- no electrolyte leakage, even in case of container fracture, 
- operation in any position, 
- extremely low gassing (mainly hydrogen at the rate of self-discharge), 
- no electrolyte stratification in cycle operation and 
- no acid fumes. 

The valve-regulated lead-acid battery is based on the internal oxygen cycle. This 
means that gaseous oxygen (02 ), generated at the positive electrode by water de­
composition (oxidation of 0 2- ions) mainly during overcharging (float charging), 
but also as a secondary reaction during charging, is reduced to 0 2- ions when it 
reaches the surface of the negative electrode, and water is formed together with 
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protons (H+). Written as reaction equations: 

at the positive electrode 
2· H20::::} O2+ 4· H+ + 4· e-

at the negative electrode 
O2+ 4·H++ 4·e-::::} 2·H20 

Both reactions balance each other, and the state of charge of the electrode materi­
als is not altered. Only slight concentration gradients are caused in the electrolyte, 
because protons (H+) that are released at the positive electrode are consumed at 
the negative electrode, and water is generated at the negative electrode. 
Note: The above process is often called 'recombination', because the reduced 
oxygen (02-) together with protons (H+) form water. But this is different in 
principle from the catalytic recombination, where gaseous oxygen and gaseous 
hydrogen are combined with water vapour at the surface of a catalyst. The internal 
oxygen cycle generates water from the negative electrode from water and protons 
(H+ ions), but the reaction does not include gaseous hydrogen. This is important, 
because it emphasizes that gaseous hydrogen cannot be removed by the internal 
oxygen cycle. 

As a prerequisite for the internal oxygen cycle, the electrolyte has to be 
immobilized to leave open space for the required fast gas diffusion, because the 
diffusion rate of gaseous oxygen is 107 times (!) faster than that of oxygen solved 
in the electrolyte. 
Two methods are used for electrolyte immobilization: 

Absorption of the electrolyte by a glass felt of fine fibres (absorbent-glass 
mat). The fine fibres of these felts (diameters in the J-lm range) form a pore 
system that absorbs the electrolyte by capillary forces. Larger pores stay void 
when a corresponding small volume of electrolyte is filled into the battery, or 
after a certain share of the water was lost by electrolysis. The empty pores 
and the empty space beside the separators provide the gaseous phase for fast 
oxygen transport. 

2 Gelled electrolyte by addition of Si02• Gelling is another way to immobi­
lize the electrolyte. Highly dispersed mixtures of sulphuric acid with specially 
prepared silicon dioxide (siliceous acid, Si02) are used. They form a stable 
gel over a long term, even to the powerful oxidizing effects of the positive 
electrode. Shrinkage during solidification forms cracks that run through the 
solid electrolyte and render fast transport of gaseous oxygen. 

Real pores cannot be observed in the gelled electrolyte, as in a felt. But the 
gelled sulphuric acid behaves in the same way as in a felt with a pore structure 
one order of magnitude finer than that of the usual microglass-mat separator. 

Both ways are used to immobilize the electrolyte. A common feature of both 
methods is that the battery does not contain liquid electrolyte, and the advantages 
mentioned apply in general to both designs of valve-regulated lead-acid batteries. 

Figure 6.12 illustrates this development of water loss during float charging 
of a battery with gelled electrolyte. At the beginning, this battery still contained 
liquid electrolyte which limits the efficiency of the internal oxygen cycle and 
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Fig. 6.12. Water loss and capacity development of a valve-regulated lead-acid battery 
with gelled electrolyte at beginning of float charge. Sonnenschein A600, 12 V 4/180 float 
voltage 2.23 Vlcell (Source: Accumulatorenfabrik Sonnenschein GmbH) 

causes water loss by electrolysis. But, after less than one year of float charging the 
electrolyte volume is so reduced that the internal oxygen cycle balances the float 
current, and water loss in nearly reduced to the unavoidable hydrogen evolution 
rate due to self-discharge. Maximum efficiency of the internal oxygen cycle is 
thus attained automatically. However, a gradual water loss can never be avoided 
in valve-regulated lead-acid batteries because: 

- Hydrogen is evolved at the negative electrode, at least at the rate of self­
discharge at open cell voltage (Pb + H2S04 =} PbS04+ H2)' which results 
in a minimum H2-evolution of I to 2 cm3 per hour and 100 Ah of nominal 
capacity. 

- Oxygen is consumed by grid corrosion in the positive electrode (Pb + 
2· H20=}Pb02+4· H+) at a rate comparable to the above hydrogen 
evolution. 

In total both reactions result in a gradual water loss which does not limit ser­
vice life under normal operational conditions. But hydrogen evolution and grid 
corrosion are temperature dependent and their rate is approximately doubled per 
each 10 0C. At high temperatures, a dramatic reduction of service life can result. 
For this reason, valve-regulated lead-acid batteries are more sensitive to opera­
tional conditions than vented ones. 

The slight decrease of the IO-hour capacity (upper curve in Fig. 6.12) is also 
caused by water loss. The utilization of the active material is slightly reduced 
with immobilized electrolyte, because ion transport is only possible by diffusion, 
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convection of the electrolyte is no longer possible. Thus, valve-regulated lead­
acid batteries must contain 10 to 15% more active material to reach the same 
capacity compared to their flooded design. 

The low hydrogen evolution rate has already been taken into account in VDE 
0510, where the ventilation needed for battery rooms equipped with such batteries 
is only 25% of that for conventional batteries. 

Because the electrolyte of such batteries is leak-proof, no special precautions 
against acid spillage are required for the battery rooms. 

When cycling batteries with liquid electrolytes, acid stratifaction occurs if 
charging is such that no gas is formed as a result of electrolysis of water, which 
would act to stir the electrolyte. If special precautions are not taken to prevent 
acid layering, the result is premature battery failure, especially due to corrosion 
and sulphate formation in the lower plate regions. 

The resulting acid stratification in the same cell design but with different 
electrolyte immobilization is shown in Fig. 6.13. 

- in the flooded cell, after 10 cycles the acid density increased at the bottom to 
1.29 g/cm3, while an acid density of 1.17 g/cm3 is observed at the top, 

- in the cell with absorbent-glass-mat separation some stratification is to be seen, 
although much smaller compared to the flooded cell. Furthermore, the grade 
stratification depends on the filling grade of the glass mat. Less acid volume 
results in less stratification, 

- in the gelled electrolyte, acid stratification can be neglected. 

Figure 6.13 indicates that there are marginal differences between the two methods 
of electrolyte immobilization. The stronger immobilization of gelled electrolyte 
has the advantage that even in tall cells stratification is no matter. For batteries 
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Fig. 6.14. Valve-regulated-block battery with 
pasted plates and gelled electrolyte (OGiV). 
(Photo by courtesy of Accumulatorenfabrik Son­
nenschein GmbH) 

Fig. 6.15a-(:. Valve-regulated-block battery with pasted plates and a absorbent-glass-mat 
separator (OGiV). (Photo by courtesy of Hagen Batteries AG) 
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with absorbent-glass-mat separation the cell height is usually restricted to about 
30 cm; taller cells are recommended to be operated in the horizontal position. 
Furthermore the larger pore sizes in absorbent-glass-mat separators cause the 
effect that water loss occurs only at the expense of the separator, while the fine 
pores in the active material remain filled. As a result, the electrolyte resistance 
is more increased in unfavourable operational conditions. 

On the other hand, absorbent-glass-mats do not require an additional separator 
to prevent the growth of lead dendrites which may penetrate the separator and 
cause short circuits. Thus, valve-regulated lead-acid batteries with absorbent-glass­
mat separators can be designed with a lower internal resistance. 

Valve-regulated lead-acid batteries are manufactured as OGiV with positive 
grid plates in 4- or 6-V modules as block batteries in the capacity range from 
12.5Ah to 200Ah (with an expected service life of between 4 and 10 years) 
(Figs. 6.14 and 6.15). 

a 

Fig. 6.16. Valve-regulated-single-cell battery with 
tubular plates and gelled electrolyte (OPzV). (Photo 
by courtesy of Accumulatorenfabrik Sonnenschein 
GmbH) 

b 

Fig. 6.17a, b. Valve-regulated-block battery with pasted plates and absorbent-glass-mat 
separator (OGiV) (a) and valve-regulated-block battery with pasted plates and gelled elec­
trolyte (OGiV) (b). (Photo by courtesy of Varta AG) 
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Fig. 6.18. Valve regulated-single-cell battery with 
tubular plates and gelled electrolyte (OPzV) in 
horizontal installation. (Photo by courtesy of Ac­
cumulatorenfabrik Sonnenschein GmbH) 

On the market they are also supplied as single-cell OPzV in 2-V units from 
200 Ah to 3000 Ah (with a expected service life of about 10 years) which employ 
positive tubular cells and negative grid plates (Fig. 6.16). 

Figure 6.17a and b show other types of modem valve-regulated lead-acid 
batteries. 

For certain special applications, such as building into shelters or battery racks, 
it is possible to install batteries horizontally (Fig. 6.18). There are high-power­
high-current versions for use in UPS systems, which are especially suited to high 
current drain over short periods of time. 

6.2 Stationary Alkaline Batteries 

Nickel-cadmium Batteries. The nickel-cadmium battery is based on nickel hy­
droxide (NiOOH) and cadmium (Cd) as positive and negative electrode material. 
The electrochemical reactions during discharge are: 

- the oxidation of cadmium Cd ~ CdH + 2 . e- at the negative electrode, 
- the reduction of trivalent nickel to the bivalent ion NiH + e- ~ NiH at the 

positive electrode. 

During charging both reactions are reversed. 
As in the lead-acid battery, all reactants are solids of low solubility and the 

reactions are fairly reversible. 
The advantages are: 

- potassium hydroxide (KOH) does not (practically) take part in the electro­
chemical reaction. Only water that represents the gross of the electrolyte is 
consumed (or released). Thus, only small concentration changes occur. 
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The consequences for battery practice are: 

- spacing between electrodes can be minimized. This means low electrolyte 
resistance and suitability for extremely high loads; 

- the freezing point of the electrolyte hardly changes, so there are no prob­
lems even at very low temperatures (-40°C); 

- electrolyte stratification does not occur, boost charging is always possible. 
- corrosion of metallic parts is rarely observed (plate supports and conducting 

elements are made of nickel). The consequence is: 
- nickel-cadmium batteries can be stored for practically unlimited periods 

without refreshing charges. 
- hydrogen evolution does not occur at the equilibrium potential of the cadmium 

electrode. The consequence is: 
- nickel-cadmium batteries can be made 'sealed'. 

The disadvantages of nickel-cadmium batteries are: 

- the cell voltage of only 1.2 V means that about 66% more cells are required, 
compared to a lead-acid battery of the same voltage. The larger number of 
cells causes increased maintenance expenditures; 

- the charge efficiency of nickel-cadmium batteries is inferior to that of lead-acid 
batteries; 

- nickel-cadmium batteries are about twice as expensive as lead-acid batteries of 
similar nominal capacities, but this is compensated for high load applications 
by superior high-rate performance. Thus, smaller capacities can be used with 
nickel-cadmium batteries. 

In telecommunication power supplies most of their advantages have no or little 
relevance. So, they are employed only seldom and shall be treated only briefly. 

Electrode Design. A considerable variety of electrode design characterizes nickel­
cadmium batteries. The most important plate types are: 

- Pocket plates which consist of strips of active material (about I cm wide and 
3 mm thick) that are wrapped in perforated nickel sheets (or nickel plated steel 
sheets), called 'pockets'. These pockets are clamped together by U -formed 
nickel strips at both ends, and form an electrode. Graphite is employed as a 
conducting aid that is added to the active material. 

- Sintered plates which are based on a spongy substrate of sintered-nickel pow­
der. The material is sintered on both sides of a perforated nickel (or nickel­
plated) sheet, that later represents the current conductor and lug of the plate. 
The active material is deposited from a dissolved state by chemical or electro­
chemical reactions into the fine pores of the sintered nickel and forms a thin 
layer with excellent electrical connection to the substrate. Sintered plates are 
characterized by their outstanding high load performance. 

- In fibre plates (FNC electrodes) the substrate is a fleece of nickel-plated fibres. 
The organic or carbon fibres are left underneath the coating or removed by 
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thennal decomposition. The active material is precipitated from the dissovled 
state or filled into the fleece as a slurry. The electrochemical behaviour corre­
sponds to that of sintered plates. 

- Plastics-bonded cadmium electrodes represent a variety of pressed electrodes 
used as negative electrodes in sealed batteries. They were developed to replace 
the more expensive sintered electrodes. 

6.2.1 Nickel-Cadmium Batteries in Telecommunications 

For nonnal telecommunication nickel-cadmium batteries with pocket plates are 
mainly employed. 

Construction. TP and T nickel-cadmium type batteries are illustrated in Fig. 6.19 
(a) and (b). Fig. 6.19 (c) shows their internal construction, with pocket plates. 
Both the positive and the negative electrodes are pocket plates. The plates are 
insulated by a plastic mesh or a perforated corrugated separator. The electrolyte 
is dilute potassium hydroxide with a density of 1.20 kg/I. 

DeSign. Individual cells type TP are supplied in impact-resisting, temperature­
stable, translucent plastic containers with capacities of from 10 to 315 Ah, and 
those of type T in steel containers with capacities of from 380 to 1250 Ah (ca­
pacities 5-hour rated). 

Application. Ni-Cd pocket-plate cells types TP and T are very suitable for long 
discharge periods; they are preferably applied, therefore, in cases where mains 
supply interruptions of I to 10 h are required. 

Charging. In general, an initial charging current of 1.5 xIs up to a voltage of 
1.55 V/cell is recommended. The maximum continuous voltage pennitted in a 

a b 

Fig. 6.191H:. Nickel-Cadmium type batteries TP (a) and T (b). (Photo by courtesy of 
Varta AG) 
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telephone system is for example 58 V. A battery of 38 cells can therefore be 
charged only up to 1.52 Vlcell. 

TP cells should be floated at 1.4 V/cell to maintain their charge. Under this 
condition they draw a current of 30 to 60 mA/100 Ah (Cs). The permissible 
operating temperature range is from -20 to +45°C. An equalizing charge is 
necessary, in accordance with the manufacturer's instructions, in order to maintain 
full capacity. 

Characteristic data. 

- nominal voltage: 1.2 Vlcell, 
- nominal capacity (Cs), related to a nominal charging current Is of 0.2 x Cs 

(A) up to a final discharge voltage of 1.0 V/cell at 20°C, 
- charging voltage: 1.55 Vlcell, 
- float charging voltage: 1.4 Vlcell, 
- charging factor: 1.4 (in cycle applications), 
- electrolyte: potassium hydroxide with a density of 1.20 ± 0.02 kg/I and 
- internal resistance: approximately 1.4 mQIl 00 Ah. 

Installation. Blocks of multi-cell arrangements of TP batteries and individual 
T-type cells are installed on stillages, or in tiered or stepped racks. 

Service life. The life of TP and T -type batteries is between 10 and 15 years. 

6.3 Lithium Primary Batteries 

The use of primary batteries for standby applications is of interest when the 
required energy is so low that the energy content is sufficient for the whole 
service life and recharging is thus not needed. Lead-acid and nickel-cadmium 
batteries are not suited for such applications, because their self-discharge would 
limit service life too early. 

The lithium primary battery with organic electrolyte represents a battery with 
a self-discharge rate of less than 1% per year. For this reason it is suitable 
(and often used) for memory backup. It represents light-weight energy sources 
supplying long-term, reliable power under a wide range of ambient conditions. 

The lithium battery can be incorporated as a permanent component in an 
electronic circuit and displays the following features: 

- high cell voltage: rated voltage 3 V, open-circuit voltage up to 3.67 V; 
- broad temperature range: -55°C to +75 °C; 
- high energy density: 630 Wh/kg or 1240 Wh/dm3 ; 

- long storage life and high reliability: 10 years' storage life at room temperature, 
capacity loss < 1 % per year; 

- life: 10 years; 
- safety: no internal pressure, no gassing. 
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6.4 Design Pointers 

6.4.1 Standby Time (Backup Time) 

The following indications apply exclusively to lead-acid batteries. In d.c. telecom­
munications power supply systems the standby time (backup time) specified may 
range from minutes to hours. A period of 1-4 hours is typical. A standby time 
of 6 hours is generally provided for the German Postal Administration Telekom 
Network. In installations which include a stationary standby generator, a period 
of 4 hours is allowed. In unmanned local exchanges a battery reserve of up to 
72 hours is provided. 

6.4.2 Number of Cells 

D.C. Telecommunications Power Supply System 

The number of battery cells is determined by the upper and lower voltage limits 
of the communications system. In 48 V systems, lead-acid batteries of 24, 25 or 
26 cells are used. In 60 V systems, it is customary to use either 30 or 31 cells. 
Either 25 cells or 26 may be chosen, or 31 in preference to 30. This enables 
the battery to be more deeply discharged, and thus increases its usable capacity. 
It must be borne in mind, however, that at the beginning of the discharge the 
voltage applied to the load is higher by the voltage of one cell. 

Normally 25 cells are used in 48 V systems. The system conditioned for the 
final voltage U smin is 1.83 Vlcell. 

Alternatively it is possible to choose, for example, 24 rather than 25 cells. A 
lead-acid battery of 24 cells can be used in the parallel mode if the permissible 
upper limit of continuous voltage is not exceeded in either the float (trickle) 
charging conditions (2.23 V x 24 = 53.52 V) or the charging condition (2.33 V 
x 24 = 55.92 V). 

24-cell batteries (8 x 6 V blocks) are used for example in small to medium 
size telecommunications systems. In this case the battery can also be installed in 
the power supply cabinet, in the cabinet of the telecommunications system or in 
a battery cabinet. The system conditioned for the final voltage Usmin in this case 
is 1.87 V/cell. 

UPS Systems 

In UPS systems the nominal voltage may be, for example, 220 or 440 V, and the 
corresponding number of cells 110 or 220. The capacity is normally based upon 
standby times of from 5 to 60 minutes. 

6.4.3 Capacity 

The projected capacity depends upon the required standby time and the permitted 
voltage limits for the communications system. It can be arrived at approximately 
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as follows: 

Nominal capacity = standby time x IHv x mean correction factor 

where standby time is the period for which the battery is required to supply the 
communications system when necessary. 

IHv is the mean current drawn by the communications system during the 
busy period. 

The mean correction factor depends upon the specified standby time, the 
system conditioned for the final voltage and the battery construction; it is given 
in Table 6.2 for OPzS batteries with commonly adopted standby times and system 
conditioned final voltages. 

The mean current IHv in a communications system during the busy period 
is determined mainly by the amount of traffic and the number of connected lines 
(subscribers' or junction lines). This value is obtained by multiplying the current 
consumption of the individual circuit elements by the traffic intensity (erlang) 
with which these circuit elements are loaded. The values can usually be obtained 
from the trunking diagram of the communications system. 

Example of the determination of battery capacity for a digital electronic switch­
ing system (EWSD) 
Given: 

- mean current during the busy period IHv 
scribers); 

- required standby time: 2h; 

330 A (typical for 5000 sub-

Table 6.2. Mean correction factor for the determination of tubular (OPzS) battery 
capacity (accurate for 100 Ah plates) 

Communications 
system 

System-conditioned 
final voltage 
USmin (V) 

System-conditioned 
final voltage 
USmin/cell (V) 

Number of cells 

Standby time (h) 

1 
2 
3 
4 
5 
6 

ESK 
10 000 E 
and EWSA 

46.6 

1.79 

26 

EMS or 
EWSD and 
KN system 

44 or 45.8 

1.83 

24 or 25 

Mean correction factor 

2.41 2.63 
1.70 1.84 
1.44 1.54 
1.30 1.38 
1.19 1.28 
1.13 1.22 

EMD 
Export 
48V 

46 

1.84 

25 

2.87 
1.94 
1.61 
1.42 
1.31 
1.23 

EMD 
Export 
60V 

58 

1.87 

31 

3.10 
2.11 
1.73 
1.52 
1.41 
1.35 

Direct 
loads 

57.4 

1.92 

30 

4.31 
2.89 
2.25 
1.92 
1.75 
1.67 
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- nominal system voltage: 48 V; 
- permissible continuous tolerance on operating voltage, measured at the assem-

blies: 
(a) for apparatus connected directly to the operating voltage (direct loads): 44 
to 58 V, 
(b) for d.c./d.c. converters and inverters: 40 to 75 V; 

- maximum permitted voltage drop in distribution system for example 1.8 V4 

Required: 

- battery capacity. 

Since both the direct loads and the d.c./d.c. converters and inverters are fed from 
a single power supply system, the significant voltage limits for the dimensioning 
of the battery are the narrower ones for the direct loads. Taking the voltage drops 
into account, the system-conditioned final voltage is 

USmin = 44 V + 1.8 V = 45.8 V. 

In terms of one battery cell, this becomes 45.8 V/25 ~ 1.83 V/ce1l. 
Having regard to the required standby time and IHV, the capacity in ampere­

hours can now be read from the battery manufacturer's data. 
The discharge current for determining the battery size is calculated as follows, 

taking the mean battery discharge voltage into account: 

IE = IA · UN 
UE 

where IE Discharge current, IA load current at rated system voltage, UN rated 
system voltage, UE mean discharge voltage approx. 46 V for 25-cell battery. 

Table 6.3 shows, as an example, the range of types and the selection guide 
for the OPzS individual-cell batteries. In addition, the variation in capacity and 
final discharge voltage Us (relative to periods of 1, 3, 5, 8 and 10 h) is indicated 
for each battery type. 

The discharge currents given in Table 6.4 correspond to the system-condi­
tioned final voltage USmin of 1.83 Vlcell (for a 25-cell lead-acid battery) derived 
above for the example of a communications system, based upon standby periods 
of from 0.5 to 10 h. In the example, an IHv of 330 A was assumed. Here a 
discharge current of 330 A is found for a standby time of 2 h. If the corresponding 
value of nominal capacity CIO is traced to the left of the table, it is found to be 
1200 Ah (at the ten-hour rate). 

In power supply systems with battery capacities greater than 250 Ah e.g. for 
public communications systems, the battery will be divided into two groups for 
safety reasons. Instead of one battery of the calculated capacity, two batteries are 
selected, each of half the capacity. 

4 or 2.7 V (depending on the system configuration). 
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Table 6.4. Project planning data, e.g. tubular range 4 OPzS 200 to 48 OPzS 12 OOO-discharge 
currents for a system-conditioned final discharge voltage Vsmin of 1.83 Vlcell (approximate val-
ues). (Table by courtesy of Varta AG) 

Vs = 1.83 Vlcell discharge currents (A) 

Typ 30' 1 h 2 h 3 h 4h 5 h 6h 8h IOh 

'6V30PzS 150 87.3 64.8 43.5 33.6 27.6 23.7 20.9 17.0 14.1 
40PzS 200 116 86.4 58.0 44.8 36.8 31.6 27.8 22.6 18.8 
50PzS 250 145 108 72.5 56.0 46.0 39.5 34.8 28.3 23.5 
60PzS 300 174 129 87.0 67.2 55.2 47.4 41.7 33.9 28.2 
50PzS 350 180 140 99.0 77.5 63.5 55.0 48.5 39.5 33.0 

60PzS 420 216 168 118 93.0 76.2 66.0 58.2 47.4 39.6 
70PZS 490 252 196 138 108 88.9 77.0 67.9 55.3 46.2 
60PzS 600 293 229 165 130 108 93.6 82.2 66.6 56.1 
80PzS 800 391 306 220 173 144 124 109 88.8 74.8 

100PzS 1000 489 383 275 217 181 156 137 III 93.5 

120PzS 1200 586 459 330 260 217 187 164 133 112 
12 OPzS 1500 672 552 420 342 291 252 222 180 150 
150PZS 1875 840 690 525 427 364 315 277 225 187 
160PzS 2000 896 736 560 456 388 336 296 240 200 
200PZS 2500 1120 920 700 570 486 420 370 300 250 

24 OPZS 3000 1344 1104 840 684 583 504 444 360 300 
140PZS 3500 1358 1148 910 756 651 567 504 413 343 
160PzS 4000 1552 1312 1040 864 744 648 576 472 392 
180PzS 4500 1746 1476 1170 972 837 729 648 531 441 
200PZS 5000 1940 1640 1300 1080 930 810 720 590 490 

220PZS 5500 2134 1804 1430 1188 1023 891 792 649 539 
240PzS 6000 2328 1968 1560 1296 1116 972 864 708 588 
280PzS 7000 2716 2296 1820 1512 1302 1134 1008 826 686 
320PzS 8000 3104 2624 2080 1728 1488 1296 1152 944 784 
360PzS 9000 3492 2952 2340 1944 1674 1458 1296 1062 882 

40 OPzS 10000 3880 3280 2600 2160 1860 1620 1440 1180 980 
44 OPZS 11000 4268 3608 2860 2376 2046 1782 1584 1298 1078 
48 OPzS 12000 4656 3936 3120 2592 2232 1944 1728 1416 1176 

• 6V -bloc batteries 
The current levels shown in the tables relate to loadings from a fully charged condition and an 
ambient temperatures of 20°C. 
Connector losses are taken into account. 

If the battery is divided into two 600 Ah groups of 25 cells each, the battery 
type, with its specification, is as follows: 

- OPzS individual-cell battery in transparent plastic containers. 
- 6 OPzS 600, 
- nominal capacity C IO 600 Ah (at the ten-hour rate), 
- discharge current 165 A for 2 h standby time and a system-conditional final 

voltage USmin of 1.83 Vlcell. 
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Table 6.5. Project planning data, e.g. tubular range 4 OPzS 200 to 48 OPzS 12 OOO-discharge 
currents for a system-conditioned final discharge voltage Usmin of 1.87 Vlcell (approximate 
values). (Table by courtesy of Varta AG) 

Us = 1.87 V/cell discharge currents (A) 

Typ 30' 1 h 2 h 3 h 4h 5 h 6h 8 h IOh 

a6V3OPzS 150 73.8 56.3 39.0 30.3 25.1 21.8 19.2 15.5 12.9 
40PzS 200 98.4 75.0 52.0 40.4 33.4 29.0 25.6 20.6 17.2 
50PzS 250 123 93.8 65.0 50.5 41.8 36.3 32.0 25.8 21.6 
60PZS 300 147 112 78.0 60.6 50.1 43.5 38.4 31.0 25.9 
50PzS 350 148 117 83.8 67.0 56.5 49.5 44.0 35.8 29.5 

60PzS 420 177 140 100 80.4 67.8 59.4 52.8 42.9 35.4 
70PzS 490 207 163 117 93.8 79.1 69.3 61.6 50.1 41.3 
60PzS 600 240 192 142 115 97.8 84.6 74.4 60.6 51.6 
80PzS 800 320 256 189 153 130 112 99.2 80.8 68.8 

100PzS 1000 400 320 237 192 163 141 124 101 86.0 

120PzS 1200 480 384 284 230 195 169 148 121 103 
120PzS 1500 540 456 354 294 252 222 198 162 138 
150PZS 1875 675 570 442 367 315 277 247 202 172 
160PzS 2000 720 608 472 392 336 296 264 216 184 
200PzS 2500 900 760 590 490 420 370 330 270 230 

24 OPzS 3000 1080 912 708 588 504 444 396 324 276 
140PzS 3500 1106 952 756 630 560 497 448 378 315 
160PzS 4000 1264 1088 864 720 640 568 512 432 360 
180PzS 4500 1422 1224 972 810 720 639 576 486 405 
200PzS 5000 1580 1360 1080 900 800 710 640 540 450 

220PZS 5500 1738 1496 1188 990 880 781 704 594 495 
240PzS 6000 1896 1632 1296 1080 960 852 768 648 540 
280PZS 7000 2212 1904 1512 1260 1120 994 896 756 630 
320PzS 8000 2528 2176 1728 1440 1280 1136 1024 864 720 
36 OPZS 9000 2844 2448 1944 1620 1440 1278 1152 972 810 

40 OPZS 10000 3160 2720 2160 1800 1600 1420 1280 1080 900 
44 OPzS 11000 3476 2992 2376 1980 1760 1562 1408 1188 990 
48 OPZS 12000 3792 3264 2592 2160 1920 1704 1536 1296 1080 

a 6V -bloc batteries 
The current levels shown in the tables relate to loadings from a fully charged condition and an 
ambient temperatures of 20°C. 
Connector losses are taken into account. 

Tables 6.5 to 6.7 shows other different examples of project planning data­
discharge currents and discharge power for Us 1.83 and Us 1.87 V/cell. 

6.S Maintenance 

Surveillance of stationary batteries during float charge is important to ensure that 
the battery is kept fully charged and will deliver its expected capacity in an 
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Table 6.6. Project planning data, e.g. tubular range 4 OPzS 200 to 48 OPzS 12 OOO-discharge 
power for a system-conditioned final discharge voltage U,min of 1.83 Vlcell (approximate val-
ues). (Table by courtesy of Varta AG) 

Us = 1.83V/cell discharge power (W/cell) 

Typ 30' 1 h 2 h 3 h 4 h 5 h 6h 8h IOh 

'6V30PzS 150 162 121 82.5 64.2 52.8 45.9 40.2 32.4 27.6 
40PzS 200 216 162 110 85.6 70.4 61.2 53.6 43.2 36.8 
50PzS 250 270 202 137 107 88.0 76.5 67.0 54.0 46.0 
60PzS 300 324 243 165 128 105 91.8 80.4 64.8 55.2 
50PzS 350 332 260 186 146 120 105 93.0 75.5 63.5 

60PzS 420 399 312 223 175 144 126 III 90.6 76.2 
70PzS 490 465 364 261 205 168 147 130 105 88.9 
60PzS 600 540 426 309 249 206 180 158 127 108 
80PzS 800 720 568 412 332 275 240 211 170 144 

100PzS 1000 900 710 515 415 344 300 264 213 181 

120PzS 1200 1080 852 618 498 412 360 316 255 217 
12 OPzS 1500 1140 948 732 612 516 462 408 334 282 
150PzS 1875 1425 1185 915 765 645 577.5 510 418 352 
160PzS 2000 1520 1264 976 816 688 616 544 446 376 
200PzS 2500 1900 1580 1220 1020 860 770 680 558 470 

240PzS 3000 2280 1896 1464 1224 1032 924 816 669 564 
140PzS 3500 2562 2142 1736 1442 1232 1092 966 791 672 
160PzS 4000 2928 2448 1984 1648 1408 1248 1104 904 768 
180PzS 4500 3294 2754 2232 1854 1584 1404 1242 1017 864 
200PzS 5000 3660 3060 2480 2060 1760 1560 1380 1130 960 

220PzS 5500 4026 3366 2728 2266 1936 1716 1518 1243 1056 
24 OPzS 6000 4392 3672 2976 2472 2112 1872 1656 1356 1152 
280PzS 7000 5124 4284 3472 2884 2464 2184 1932 1582 1344 
320PzS 8000 5856 4896 3968 3296 2816 2496 2208 1808 1536 
360PzS 9000 6588 5508 4464 3708 3168 2808 2484 2034 1728 

40 OPzS 10000 7320 6120 4960 4120 3520 3120 2760 2260 1920 
44 OPzS 11000 8052 6732 5456 4532 3872 3432 3036 2486 2112 
48 OPzS 12000 8784 7344 5952 4944 4224 3744 3312 2712 2304 

• 6V -bloc batteries 
The power values shown in the tables relate to loadings from a fully charged condition and 
an ambient temperatures of 20°C. 
Connector losses are taken into account. 

emergency. Two problems may arise: 

- the battery as a whole may lose unnoticed charge, 
- individual cells of the battery may suffer failure (short-circuits, interrupted 

current connections). In an emergency, these cells will limit the capacity of 
the whole battery. 

To prevent such failures or secure their early discovery, lead acid batteries, 
for example in power stations or telephone exchanges, are subjected to regu-
lar repeated checking patrols, looking for irregularities such as leakage, strong 
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Table 6.7. Project planning data, e.g. tubular range 4 OPzS 200 to 48 OPzS 12 OOO-discharge 
power for a system-conditioned final discharge voltage Usmin of 1.87 V/cell (approximate values). 
(Table by courtesy of Varta AG) 

Us = 1.87 Vlcell discharge power (W/cell) 

Typ 30' 1 h 2 h 3 h 4h 5 h 6 h 8 h IOh 

a6V30PzS 150 139 106 74.1 58.2 48.6 42.0 37.2 30.0 25.2 
40PzS 200 186 142 98.8 77.6 64.8 56.0 49.6 40.0 33.6 
50PzS 250 232 177 123 97.0 81.0 70.0 62.0 50.0 42.0 
60PzS 300 279 213 148 116 97.2 84.0 74.4 60.0 50.4 
50PzS 350 275 220 160 127 108 95.0 84.5 69.0 57.5 
60PzS 420 330 264 192 152 130 114 101 82.8 69.0 
70PzS 490 385 308 224 177 151 133 118 96.6 80.5 
60PzS 600 450 360 273 219 186 162 144 117 100 
80PZS 800 600 480 364 292 248 216 192 156 133 

10 OPzS 1000 750 600 455 365 310 270 240 195 167 
120PzS 1200 900 720 546 438 372 324 288 234 200 
120PzS 1500 1020 864 674 558 486 432 387 320 270 
150PzS 1875 1275 1080 843 697 607 540 484 400 337 
160PzS 2000 1360 1152 899 744 648 576 516 427 360 
200PzS 2500 1700 1440 1124 930 810 720 646 534 450 
240PzS 3000 2040 1728 1348 1116 972 864 775 640 540 
140PzS 3500 2128 1834 1442 1204 1064 966 868 721 616 
160PZS 4000 2432 2096 1648 1376 1216 1104 992 824 704 
180PzS 4500 2736 2358 1854 1548 1368 1242 1116 927 792 
200PzS 5000 3040 2620 2060 1720 1520 1380 1240 1030 880 
220PzS 5500 3344 2882 2266 1892 1672 1518 1364 1133 968 
240PzS 6000 3648 3144 2472 2064 1824 1656 1488 1236 1056 
280PzS 7000 4256 3668 2884 2408 2128 1932 1736 1442 1232 
320PzS 8000 4864 4192 3296 2752 2432 2208 1984 1648 1408 
360PzS 9000 5472 4716 3708 3096 2736 2484 2232 1854 1584 
40 OPzS 10000 6080 5240 4120 3440 3040 2760 2480 2060 1760 
44 OPzS 11000 6688 5764 4532 3784 3344 3036 2728 2266 1936 
48 OPzS 12000 7296 6288 4944 4128 3648 3312 2976 2472 2112 

a 6V -bloc batteries 
The power values shown in the tables relate to loadings from a fully charged condition and an 
ambient temperatures of 20°C. 
Connector losses are taken into account. 

gassing actions, low electrolyte level and increased temperature (especially in 
valve-regulated types). 

6.5.1 Surveillance of Vented Batteries 

Quarterly voltage and density readings are nowadays usual with vented lead-acid 
batteries. 
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Float-voltage check. Voltage checks can provide considerable infonnation. If, for 
example a number of cells show float-voltages below or above a tolerated limit, 
which usually covers the average cell voltage ± 50 m V (cf. the corresponding 
DIN or lEe publications). This may indicate: 

- the battery might not be charged properly, or 
- a number of cells suffer internal short circuits. 

Recommendation. This battery should be floated for a further period, e.g. 14 days, 
and then the voltage reading repeated. Three different results can be expected: 

1. All cell voltages are now within the desired range. This indicates that the 
battery is in the proper state and was not fully charged. when the first 
voltage reading took place. 

2. The situation is principally not changed, but different or even more cells show 
too low or high voltage. This indicates that the charge/discharge balance of 
the battery is out of order. e.g. the battery might have been used unnoticed 
for peak shaVing. 

3. The situation has not changed, the same cells show too low voltages. This 
indicates that the 'low voltage cells' are defect. For these weak cells acid 
density readings should be taken to check whether the state of charge is 
not yet affected. If the weak cells show reduced acid density. they suffer a 
serious fault. and the manufacturer should be informed. 

Note: Correlation cannot be expected between float voltage and cell capacity. 
because float voltage is caused by oxygen and hydrogen evolution and is not 
directly related to the discharge reaction. A too low float voltage only indicates 
that side reactions consume a portion of the current that is no longer available 
for gas evolution. The capacity of the cell is not affected, as long as these side 
reactions (internal short-circuit or increased hydrogen evolution at the negative 
electrode) only decrease gas evolution. Thus, cells with low float voltage may 
deliver high capacity. Only if the rate of the side reaction exceeds the float 
current, gradual discharge of the cell begins which can be detected by acid density 
readings. 

Acid-Density Checks. Acid density checks are required only to obtain supplemen­
tary data for 'low-voltage cells', because the acid density can never fall below 
the tolerated range as long as the correct cell voltage is observed, presuming that 
the battery has properly been put into service, including accurate adjustment of 
the initial acid concentration. As long as the correct or nearly correct acid density 
is observed, the cell will deliver full capacity, in spite of its low cell voltage. A 
continuous and significant decline of acid density, however, is alanning, because 
it suggests that either the battery is charged insufficiently or the cell concerned 
is gradually discharged by an internal short circuit. 



6.5 Maintenance 115 

Note: It is recommended to refrain from repeated and superfluous density readings 
for two reasons: 

1. when acid samples are taken from the battery, these may be acid spillage, 
which is not vapourized but remains on the cell for time. The wet surface 
gets dirty by absorbing dust which may reduce the insulation, and corrosion 
occurs if the acid reaches metallic surfaces. 

2. usually acid sampling is possible only above the plates. But, after recharge or 
water refill this part of the electrolyte remains diluted due to stratification for 
a certain period until the acid concentration is equalized by diffusion. Density 
readings during this period are misleading. 

Resume. Regularly checked lead acid batteries of vented design require capacity 
tests only after about two thirds of their expected service life (increase of the 
internal resistance due to corrosion of the positive grid may then be noticeable). 
This means that capacity measurements should be started in long-life stationary 
types, like Varta OPzS or Varta bloc, after about 10 years after installation. 
Ageing effects that are not indicated by voltage readings, e.g. increase of the 
internal resistance due to grid corrosion, may then reduce the rated capacity. 

6.5.2 Surveillance of Valve-Regulated Lead-Acid Batteries 

The checks described can in principle be transferred to valve-regulated lead-acid 
batteries. However, a number of influences reduce the evidence of the test: 

- the voltage deviation of the individual cell is increased compared to the vented 
design on account of the more effective internal oxygen cycle that depends 
largely on the (gradually changing) electrolyte-filling level. 

- valve-regulated lead-acid batteries are often used as block batteries with three 
or six cells per block. So only block voltages can be measured during float 
charging. In a block battery; the standard deviation per block amounts to 
vn . (1, when (1 represents the standard deviation of the single cell. Con­
sequently the standard deviation amounts to 1.73 times (1 for a 6 volt block 
(3 cells) and to 2.45 times (1 for a 12 volt block (6 cells). So the evidence of 
float-voltage readings is reduced. 

- acid density readings, which provide important complementary parameters to 
determine the state of charge in vented lead-acid batteries, are not possible 
with the valve regulated design. 

- an additional ageing process of the valve-regulated design is gradual water 
loss, especially in unfavourable operational conditions (increased temperature). 
The extent of this loss cannot be determined, because neither the remaining 
electrolyte volume nor its density can be measured. Even battery weight is 
not a suitable quantity, because oxygen, consumed by grid corrosion, remains 
within the cell. Water loss can only be evaluated from gas measurements of 
high accuracy (special attention has to be paid to fugacity of hydrogen that 
requires metallic tubing) which is impossible in normal battery service. 
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Water loss causes increased internal resistance that reduces the discharge 
voltage and thereby the available capacity, especially with high loads. This 
predominantly concerns batteries with absorbent-glass-mat separators, because 
pore sizes in absorbent-glass-mat separators are coarse, compared to those of the 
active material of both electrodes. Thus, capillary forces of the active material are 
higher, water loss occurs mainly at the expense of the water content in the 
separator, and so increases the electrolyte resistance. In gelled electrolyte a real 
pore structure cannot be ascertained by direct measurements, but the electrolyte 
behaves in the same way as in a felt with a pore system one order of magnitude 
finer than that of the absorbent-glass-mat separator. Thus, 'capillary competi­
tion' between the active material and immobilized electrolyte is not relevant. 

Changes of the internal resistance are not detectable by float-voltage 
readings, because of the weak float current. Impedance measurements are 
recommended and suitable devices are offered. But this means additional 
surveillance expenditures, and most devices require that the float charge is 
switched off during impedance measurements. 

An approximate method, applied in practice to pick out poor cells, makes use 
of the a.c.-drop per cell, caused by the ripple that is superimposed to the float 
current. It is presumed that the ripples does not change during measurement, a 
diverging a.c.-resistance indicates that the internal resistance of the cell concer­
ned obviously differs significantly from the bulk of the battery. 

Resume. Capacity measurements are required more often with valve-regulated 
lead-acid batteries, when the state of the battery has to be known exactly. 

Valve-regulated lead-acid batteries are especially sensitive to unfavourable 
operational conditions that increase water loss. At too high an operational tem­
perature, this battery design is prone to dry out. Regular checks of battery tem­
perature and the observance of correct operational conditions are strictly recom­
mended. 

6.5.3 Battery Monitoring 

Battery monitoring means continual supervision of the battery (Fig. 6.20). Per­
fect monitoring does not only control the present situation, but also registers 
(and evaluates) changes with time and abnormal situations of the battery (e.g., 
significant discharges). Thus, not only the actual 'state of charge' is determined 
but also information is acquired concerning the 'state of health' that describes 
more or less the ageing of the battery. Thus, monitoring gives confidence that 
the battery will deliver sufficient energy, and for a reasonable period of time. 

A monitoring system is expensive, but saves capacity test, especially in valve­
regulated lead-acid batteries. 
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Fig. 6.20a, b. Battery-multilogic-measuring and monitoring unit (a) with display panel (b). 
(Photo by courtesy of Varta AG) 

Application 

The multilogic (Varta AG) was conceived for the monitoring of un interruptible 
power supply equipment with batteries in standby parallel mode. It continuously 
monitors the availability for use of the battery and the power supply equipment. 
This monitoring takes place both in float charge mode and also during charging 
and discharging of the battery. Its areas of application are battery installations 
in power stations, transformer stations, UPS and industrial installations, in traffic 
control and in safety power supply equipment to DIN VDE 0108. 

Description of Operation 

The multi logic measuring and monitoring equipment periodically measures: 

- the total voltage of the battery, 
- the voltage of cells, bloc batteries or battery sections, 
- the battery current, 
- the superimposed a. c. current and 
- the temperature of the battery at two selected points. 

The measurements are compared with data which is stored in the micropro­
cessor and checked for plausibility. If the specified values are exceeded a fault 
message will be displayed. At the same time the fault which has occurred will 
be stored in the memory with its date and time. 

This fault details in the memory can be read out or transferred to a central 
control. In addition there is the facility to record and display the latest measure­
ment data on the battery through the interface. 
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Features 

- Economical monitoring system for battery installations, 
- Information available at all times on the availability for use of the battery, 
- The possibility of carrying out measurements on the battery installation from 

a central point, 
- The power supply for the measuring and monitoring equipment comes from 

the battery, 
- Faults which occur are sorted into critical and less critical faults, 
- Can be used for all vented and valve regulated batteries and 
- Possible to check maintenance-free, valve regulated batteries. 

6.5.4 A Statement of the Principle of Battery Service 

In today's modem technology batteries in stationary applications are often a single 
component in a complete system. They are usually the last link in a chain onto 
which, in the event of a breakdown of the general power supplies, falls the task 
of supplying important safety equipment with power (Fig. 6.21). 

To be able to guarantee these high requirements at any time it is not sufficient 
simply to produce and install high grade long-life batteries, but also requires 
that the availability of the complete system be checked by an expert Service 
Department and if necessary guaranteed by suitable action. 

The most important prerequisites for this are both trained and experienced 
personnel and also modem tools which are in line with todays level of technology 
(Fig. 6.22). 

Fig. 6.21. UPS-system with distribution, measuring instruments, monitoring and battery 
system. (Photo by courtesy of Varta AG and Siemens AG) 



6.5 Maintenance 119 

Fig. 6.22. Measuring and testing of a battery system for UPS. (Photo by courtesy of Varta 
AG) 

As well as the necessary knowledge in dealing with batteries it is particu­
larly important in the servicing of batteries and battery systems to evaluate and 
judge correctly the measurements and findings which occur. This requires a well­
founded knowledge of the functioning of systems and of the technology of the 
batteries as well as practical experience on the characteristics of battery systems. 

In addition to the conventional methods of testing batteries, the service per­
sonnel have at their disposal today measurement recording systems which allow 
the measured values to be analysed in depth with the aid of a computer supported 
analysis software. This offers the battery user the advantage of having meaningful 
test records and easily understood graphical representations of the test results. 

This significant data is achieved by the use of two different data capture 
systems: 

- mobile capacity measuring equipment with automatic recording of measure­
ments from up to 110 measurement points simultaneously (Fig. 6.23). 

- microprocessor controlled digital multimeter TCM with software and an inter­
nal memory is used to record the measurements, along with the voltage figures 
the device records the date and time of every measurement (Fig. 6.24). 

6.5.5 Battery Inspections 

Regular inspections of the battery are recommended not only by the manufacturers 
but also, in specific applications, are controlled by Standards and Regulations. 
This also applies in general to valve-regulated batteries. They serve to establish 
the condition of the equipment at that point in time with the aim of ensuring 
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Fig. 6.23. Mobile capacity measuring equipment. (Photo by courtesy of Varta AG) 

Fig. 6.24. Microprocessor con­
trolled digital multimeter TCM. 
(Photo by courtesy of Varta AG) 

the availability of the battery, discovering any deficiencies and initiating action 
in the event of faults. 

In addition to the exterior visual impression, the essential parameters in deter­
mining the condition of the battery are traditionally the individual cell voltage in 
float charge mode and the specific gravity of the electrolyte in lead acid batteries. 

Since more and more valve-regulated battery systems are coming into use, 
where there is no opportunity to make an assessment based on the electrolyte, the 
voltage of the individual cells assumes an ever greater importance. It has taken 
this development into account by equipping its stationary battery Service for with 
an intelligent battery measurement system (Fig. 6.25). Compare also with Fig. 
6.24 (digital multimeter TCM). 
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Fig. 6.25. Battery measuring system. (By courtesy of Varta AG) 

The device has a printer connection so that a record of the test can be printed 
on site on a printer which is carried with it. 

Its practically-oriented software pennits a computer supported evaluation and 
analysis of the results. In this the values of all measurements taken in the course 
of the operation of a battery are compared with each other. This gives an overall 
picture of the progress of the electrical values over the whole working life of the 
battery. The results can be printed out as a records or as clear graphics (Figs. 
6.26 and 6.27). 

In addition the software makes it possible to keep battery files. This offers 
the advantage, particularly for users with several battery installations, of being 
able to co-ordinate the maintenance dates and the inspection intervals and thus 
reduce costs (Fig. 6.28). 

In addition to the figures taken and stored by the digital multimeter, fur­
ther details of the battery such as the specific gravity and the temperature of the 
electrolyte can be entered manually through the keyboard when a PC is used. 
These then fonn another criterion for assessing the condition of a battery. Bat­
tery inspections which are carried out, analysed and assessed by specialists in 
accordance with the methods described here, help the users of batteries to make 
a judgement on the reliability of their equipment and allow any limitations on 
its availability to be recognised in good time. 



122 6 Energy Storage 

TEST RECORD: 

Measurement No.1 on 24.02.1993 08:51:04 
Tester 
Operator 
Battery No. 
Battery Type 
Remarks on measurement 

Wustlich 
FA2DORT 
1 
12 OPzS 1500 

Battery ID 
Cell No. 

001 
30 

Remarks on battery 30 cells 12 OPzS 1500, Index 9 / 87 

All Measurements: 

Battery Voltage 
Lowest cell voltage 
Highest cell voltage 
Mean of all cells 
Remarks on electrolyte 

Cell: Voltage: 
1 2.226 V 
2 2.233 V 
3 2.232 V 
4 2.223 V 
5 2.230 V 
6 2.229 V 
7 2.224 V 
8 2.223 V 
9 2.232 V 

10 2.233 V 
11 2.239 V 
12 2.235 V 
13 2.235 V 
14 2.229 V 
15 2.229 V 
16 2.239 V 
17 2.235 V 
18 2.246 V 
19 2.229 V 
20 2.229 V 
21 2.237 V 
22 2.234 V 
23 2.232 V 
24 2.229 V 
25 2,241 V 
26 2.230 V 
27 2.234 V 
28 2.238 V 
29 2.230 V 
30 2.237 V 

66.97 V 
2.223 V cell No. 4 
2.246 V cell No. 18 
2.232 V 
max 

Temperature: 
17.00 °c 

0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 
0.00 °c 

Fig. 6.26. Test record for a 30 cell battery. (By courtesy of Varta AG) 

S.G. 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
0.000 kg/l 
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Fig. 6.27. Graphical representation of the cell voltage in float charge mode. (By courtesy 
of Varta AG) 

6.5.6 Capacity Checks 

Although there are various types of concept on the market today for checking 
the availability for use of a battery, the most reliable method is still a load test 
conducted in accordance with specified parameters. This can be carried out either 
with current and voltage figures specific to the installation or by means of a 
capacity check in accordance with the relevant Standards and Regulations. 

Since the application for batteries in the last few years has moved very 
strongly in the direction of many cells for short back-up periods, the requirement 
for taking measurements in load tests has also increased. 

The usefulness of such tests depends on the precision with which the mea­
surements are taken and the possibilities for analysing the results of these mea­
surements. In addition to this large customers, such as for example the energy 
supply firms, more and more frequently require qualified and comparable docu­
mentation of the tests carried out. 

There are opportunities to carry out load and capacity tests with a mobile 
computerised test unit which is virtually up to laboratory standard in taking and 
evaluation of measurements. 
The measurement equipment consists of 

- a data capture unit with connections for 
110 voltage measurement points, 
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Details of identification: 

User 
Battery I.D. 
Battery Number 
Price for a check 

VARTA 
999 
UPS 1 
0.00 DM 

Details of the physical set up and application: 

Building 
Floor 

Administration 
Basement 

Room 
Report to 
Application 
Cost Centre 

General battery details: 

Supply date 
Commissioning date 
Manufacturer 
Battery Model 
Battery Type 

16 
Mr. Hass 
Siemens UPS 

30.06.1984 
20.09.1984 
VARTA 
Vb 2307 
Pb 

Technical battery details: 

Battery voltage 368.00V 
Target capacity 504.00 A 
Rated capacity 35.00 A 
Cells 184 
Min. Cell voltage 2.180 V 
Max. Cell voltage 2.280 V 
Min. Battery voltage 406.00 V 
Max. Battery voltage 416.00 V 

Additional notes on battery: 

partially with recos 

Fig. 6.28. Battery file. (By courtesy of Varta AG) 

shunt voltage for current measurement, and 
temperature sensors; 

0.25 
10.00 

- a personal computer with the appropriate software; 
- a printer for test records and graphics. 

h (126.00 
h (350.00 

Ah) 
Ah) 

All the cells of the battery being checked (up to 110) are connected to the data 
capture unit. The measurement leads are protected by fuses immediately after the 
cell take-off. Within the measurement system all the individual cell voltages are 
galvanically separated from each other. 
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After starting the measurement the system queries at regular intervals during 
the course of the test all cell voltages, the actual battery current and - if the 
temperature sensors are connected - the temperatures of the electrolyte. The whole 
measuring cycle lasts a maximum of 5 seconds. The frequency of the measuring 
intervals depends on the total duration of the test for a 5 hour capacity trial, for 
instance, a measuring run takes place every 30 seconds. 

All measurements taken are put directly into the computer's memory and 
processed. The v.d.u. continually displays the following updated values 

- all individual cell voltages, 
- total voltage, 
- cell with the highest and lowest individual voltage, 
- the discharge current flowing at that instant, 
- the total amount of current taken out, and 
- the length of the period of discharge so far. 

The graphics program in the software can display various diagrams of the mea­
surement process in a clear form on the v.d.u. or output these to a printer when 
the test is completed (Fig. 6.29). 

U [UJ 
2.000 

1. 975 

1.950 

1.925 

1. 900 

1. 875 

1. 850 

1. 825 

1.800 
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0.00 

Min. voltage cells 
EA 22 02. Measurement on 25.04 1991 

---...... '-

2.00 
1: 00 

" ~ " '\. 

3:00 
t [hJ 

"1.00 

~ 
~ 
~ l\ 

5:00 
6.00 

Average of all 
cells 
1. 802 V 

Cell 
N° 91 
1. 763 V 

Cell 
N° 62 
1. 759 V 

Cell 
N° 57 
1. 754 V 

Cell 
N° 85 
1. 74~ V 

Cell 
N° 58 
1.729 V 

Fig. 6.29. Graphical analysis of the progress of individual cell voltages during discharge. 
Test No.: 910425.1, Battery No.: EA 22, 2nd Measurement dated 04/2511991. (By courtesy 
of Varta AG) 
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Test Report: 

User: 

Company 
Street 
Town 

Remarks 

Test Number 

Battery Number 
Battery model 
Number of cells 
Final discharged 
voltage of cell 
In operation since 
Rated voltage 
Rated capacity 
Target capacity 
Target discharge time 

Checked on 
Checked by 

Signature 

Data from the test run: 

Battery current 
Duration of test 
Measuring interval 
Capacity <Kmeas> 
Capacity <Ktest> 
Work done by current 

Test Report: 

Test corresponded to 109.80 
Lowest cell voltage 
Final voltage of battery 

: KKI 2 
: Dammstr. 
: 8307 Essenbach 

: 1st Capacity Check 
VARTA Order No. 107880314 
13 cells 12 GroE-H 300 

: BTF 21.2/1 

: BTF 11 
: 12 GroE-H 
: 13 

: 1.800 V 
: 15.11.1988 
: 26.00 V 
: 300.00 Ah 
: 270.00 Ah 
: 05:00 

: 01.10.1991 
: Sudmeier 

: 54.20 A 
: 05:30:16 
: 33 s 
: 299.52 Ah 
: 296.47 Ah 
: 7.65 kWh 

300 

<hh:mm> 

<hh:mm:ss> 

% of the target capacity. 
: 1.854 V on cell 4 
: 24.40 V 
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When the measurements are finished a specified test record (Fig. 6.30) is 
printed out on the connected printer. This record contains all the necessary data 
on the battery, the target figures for the test and the measured values actually 
achieved. 

The measurement system described thus makes it possible to carry out real­
istic measurements which cannot often be done using conventional methods for 
certain applications. An example of this would be the auxiliary power batteries 
for UPS systems. The required back-up time normally only amounts to a few 
minutes. With conventional methods, whilst the total voltage and battery current 
can certainly be recorded precisely, a statement on the behaviour of the individual 
components could not be made because of the number of cells used. 

In addition to the use of the measuring equipment, auxiliary loads for capacity 
trials are necessary. 

6.6 Installation of Batteries 

- Floor still ages (cf. Figs. 6.1, 6.15 and 6.18). 
- Stepped racks (Fig. 6.31). 
- Battery cabinets (Fig. 6.32). 

In stepped racks sufficient separation must be allowed between the rows of cells. 
If the batteries are mounted in two or more vertical tiers, a space of at least 
50 mm must be left free in front of and behind the racks for air circulation. 
The rows of batteries must be accessible from suitable service gangways. The 

Fig. 6.30. Testrecord. (By courtesy of Varta AG) 

Fig. 6.31. Batteries with pasted plates 
as block batteries (OGi) on a stepped 
rack. (Photo by courtesy of Varta 
AG) 
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Fig. 6.32. Power supply con­
necting cabinet AS400 with 
valve-regulated lead-acid-single 
cell batteries (OPzV), see Fig. 
6.16, above: Power supply unit 
SVE40. (Photo by courtesy of 
Accumulatorenfabrik Sonnen­
schein GmbH and Siemens AG) 

width of the gangways should be appropriate to the size of the batteries, but 
not less than 0.5 m. Electrolyte-resistant insulation must be provided between the 
individual cells and earth or frame. 

Recently plastic-insulated racks have been used for mounting (also stillages). 
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7.1 Rectifier Circuits 

7.1.1 Half-wave Rectifier 

With the half-wave rectifier (Fig. 7.1) only the positive half-waves of an alter­
nating current are passed. This circuit is suitable for low output powers. More 
complex filtering is necessary to suppress interference voltages. 

7.1.2 Centre-tap Circuit 

Two transformer windings are to be connected in series for the centre-tap circuit 
(full-wave rectifier), Fig. 7.2. Here both half-waves of the alternating voltage are 
used. Since only one half of the transformer's secondary winding is carrying a 
current at a given time, the transformer is not being operated to its full extent. 
The centre-tap circuit is therefore suitable only for low to medium power outputs 
and low voltages. Less complex filtering is necessary with the centre-tap circuit 
than with the half-wave circuit. 

7.1.3 Bridge Circuit 

With the bridge circuit (Fig. 7.3) there is current flowing through the two diodes 
simultaneously at each half wave, while the other two diodes are polarized in the 

u 
Mains 
supply 

rv 
wi 

+0- Ud 

Load 
wi 

Fig. 7.1. Half-wave rectifier (One-way circuit). u Single-phase alternating voltage, Ud di­
rect voltage, rot angular velocity (angular frequency) multiply time t 
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Fig. 7.2. Centre-tap (two-way) circuit (full-wave rectifier) 

+ 

Mains 
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rv 
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Fig. 7.3. Bridge circuit 
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wi 

wt 

wi 

wt 

reverse direction. Here both half waves are used, as with the centre-tap circuit. 
The bridge circuit is suitable for medium power levels and medium voltages. It 
is similar to the centre-tap circuit as regards filtering requirements. 

7.1.4 Three-phase Bridge Circuit 

The three-phase bridge circuit (Fig. 7.4) uses all three alternating voltages shifted 
by 120°. It is suitable for high voltage and power outputs and requires a minimum 
of filtering. 
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Fig. 7.4. Three-phase bridge circuit 
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7.2 Stabilizing and Control Procedures 

Very low voltages (up to about 3 V) can be stabilized using diodes and dropping 
resistors. Voltages above this range can be stabilized using Zener diodes. 

The method of pulse-sequence control (also called frequency control or fre­
quency modulation) is very rarely used in telecommunications power supplies. On 
the other hand, pulse-width control (modulation) is very often used in all types of 
power converters. Phase-angle control is chiefly used in thyristor-controlled sys­
tems. The objectives of the various methods are to convert, stabilize and control 
voltages. 

7.2.1 Pulse-Sequence Control 

In pulse-sequence (frequency) control, the on-time Te of the final control element 
(power transistor or thyristor) remains constant. The output voltage is determined 
by varying the pulse frequency or cycle duration T (Fig. 7.5). In example (a) 
the d.c. voltage is higher than in example (Fig. 7.5b). 

7.2.2 Pulse-Width Control 

Pulse-width control involves the modification of the duty ratio (pulse interval) by 
varying the on-time Te of the final power control element with the period (cycle 
duration) T constant (Fig. 7.6). In example (Fig. 7.6a) the voltage is higher than 
in example (Fig. 7.6b) since the mean value of the direct current is greater. 
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a T, b 

Fig. 7.5a, b. Pulse-sequence control. T Period (varying), Te on-time (const.), Ta off-time 

T 
b T, 

Fig. 7.6a, b. Pulse width control. T Period (const.), Te on-time (varying), Ta off-time 

For completeness the two-point current control, in which both the on-time 
Te and the period T are varied, should be mentioned here, too. 

7.2.3 Phase Angle Control 

In phase angle control, which is very important in practice, the onset in time of 
the trigger pulses (control pulses, firing pulses) is shifted in relation to the sine 
half-wave. Phase angle control can be explained with the aid of the single-pulse 
half-wave rectifier (one-way) circuit (Fig. 7.7). Multi-pulse circuits work in a 
similar way. 

The thyristor is supplied from an alternating current source. If at a certain 
point in time the anode is negative with respect to the cathode, then the thyrisor 
is non-conducting. The firing process can only be initiated if the anode is positive 
with respect to the cathode. For this, the trigger set supplies pulses. The extent 
to which the positive half-waves are gated depends on the position of the trigger 
pulses, which are shifted by the control angle IX (firing delay angle). In this way 
it is possible to regulate the voltage at the load or to keep it constant. 

The control angle r:t. is calculated from the 'natural' firing time of the thyris­
tor. This angle is measured from the point at which the current waveform passes 
through zero, i.e. the point at which, in a rectifier circuit with diodes, the next 
diode takes over carrying the current (commutation). 
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Fig. 7.7a, b. Thyristor in single-pulse half-wave circuit. A Anode, K cathode, G gate 
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Fig. 7.8a, b. Time shift of trigger pulses 
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A trigger pulse at this point produces the highest possible direct voltage at 
the output of the rectifier, hence the term "full rectifier modulation" (C( = 0°). 

Figure 7.7b shows a control angle of 90°. Within the range from 0° to 90° 
the thyristor is non-conducting, and form 90° to 180° conducting. 
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Figure 7.8a shows a relatively early onset of the trigger pulse (rx small). The 
earlier the onset, the greater the effective voltage-time area becomes. A large 
voltage-time area means a high voltage, so that the lamp lights brightly. 

A larger control angle means a smaller voltage-time area (Fig. 7.8b). 
If no trigger pulse reaches the gate, the thyristor remains non-conducting. 

Accordingly, the lamp does not light. 

7.2.4 Distribution and Design of Trigger Pulses 

The trigger pulses, which pass from the trigger set via the pulse transformer l 

(Fig. 7.ge) to the thyristors of the thyristor set, must have a certain shape. These 
are as spikes (Fig. 7.9a), rectangular pulses (Fig. 7.9b) or 'combined pulses' 
(Fig. 7.9c). 

With thyristor-controlled rectifiers each trigger pulse is normally cycled 
(7-kHz cycle, Fig. 7.9d). An advantage here is that the pulse transformer can be 
designed for a particularly low power. Figure 7.9f shows an ideal trigger pulse. 
If the gate current lies within the hatched area, the thyristor can certainly be 
fired. 

The trigger pulses have a duration of 1800 (at 50 Hz, 10 ms). Pulse over­
coupling is used here in addition to pulse overlapping. This results in control 
pulses with a duration of 1800 + 600 = 2400 - rx. This is important at the time 
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of switching on, so that the converter can begin to conduct current, but it is also 
advantageous with particularly large values of the control angle a, in order that 
the current should not become intermittent. 

180°(240°) - a pulses are used in the fully controlled three-phase bridge 
circuit, the fully controlled three-phase a.c. controller circuit and in single-phase 
equipment with a semi-controlled bridge circuit. In the latter equipment the trigger 
pulses have a phase shift of 180° (see Fig. 7.11). 

Breakdown of the trigger pulses into a 7-kHz cycle is not shown in Fig. 
7.10 (see Fig. 7.9d) . 

7.3 Rectifying with Stabilization 

At this point only basic circuits with (phase-angle controlled) thyristors will be 
considered. Further circuits, with transistors, are found in Chapter 8. 

7.3.1 Semi-controlled Single-Phase Bridge Circuit 

Two thyristors and two diodes are required in the semi-controlled single-phase 
bridge circuit (two-pulse circuit, Figure 7.11) which is normally used for rectifiers 
up to about 25 A. 

The trigger set delivers two trigger pulses per period, one for each half­
wave. They are mutually phase-shifted by 180° and have duration of 180° - a. 
Both half-waves are rectified and phase-angled, depending on the trigger pulses 
(for example a = 75°, trigger pulses 180° - 75° = 105°). The circuit acts as a 
rectifier and at the same time as a final control element. Thus, the output voltage 
is held constant (i.e. stabilized). 

When a positive trigger pulse arrives at the gate, the following circuit is 
produced after firing of the thyristor V 1: transformer (secondary side )Ithyristor 
VI (anode )/cathode VlIloadidiode V4 (anode )/cathode V4ltransformer. 

Thyristor V2 can be fired after the zero passage. Thyristor VI is now in 
the off state as the anode has a negative voltage compared with the cathode. 
When thyristor V2 receives a trigger pulse and becomes conducting, the follow­
ing circuit is produced: transformer(secondary side )/thyristor V2(anode )/cathode 
V2/1oadldiode V3( anode )/cathode V3/transformer. 

7.3.2 Fully controlled Three-Phase Bridge Circuit 

The fully controlled three-phase bridge circuit requires six thyristors (Fig. 7.12). 
It is used for medium-sized rectifiers (e.g. 25, 50, 100 and 200 A) with three­
phase alternating voltage. Two fully controlled three-phase bridge circuits are 
used in higher power equipment (500 A and 1000 A). 

The higher frequency of the superimposed alternating voltage (300 Hz) com­
pared with the single-phase bridge circuit permits the use of smaller filters. Also 
the distortion of the mains by harmonics is normally reduced. 
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The three-phase alternating voltage is stepped down by a transformer and fed 
to thyristors VI to V6 (Fig. 7.l2a). The trigger set must deliver six trigger pulses 
at intervals of 60° for each supply cycle. The trigger pulses have a duration 
of 180° - IX respectively 240° - IX. The sequence in which the thyristors VI 
to V6 must receive their pulses from the trigger set is derived from the firing 
sequence and arrangement of the thyristors. The thyristor set (Fig. 7.13) combines 
rectification and the final control element function. 

Fig. 7.I2(b) shows the assignment of the individual voltages to thyristors VI 
to V6 and Fig. 7.l2(c) as an example the phase shift with a control angle of 
30°. 

Simultaneous firing of thyristors V6 and VI (time A) produces the following 
circuit: UI/thyristor VlIloadithyristor V6/U2. 

After a phase shift of 60° (after VI has fired) a pulse arrives at the gate of 
thyristor V2, which thereby becomes conducting. The current commutates from 
thyristor V6 to V2. The following circuit (time B) is produced: UI/thyristor 
V 1I10adithyristor V2/ U3 . 

Thyristor VI receives simultaneously as a second pulse the same trigger pulse 
which thyristor V2 received as a main pulse (not shown in Fig. 7.l2, see Fig. 
7.10). Thyristor V3 receives the main pulse shifted by a further 60° which also 
reaches thyristor V2 as a second pulse. Thyristor V3 thus becomes conducting 
and the current commutates from thyristor VI to V3. The following circuit is 
now produced (time C): U2/thyristor V3/loadlthyristor V2/U3. 

Figure 7.l4 shows the behaviour of the rectified voltage at control angles of 
IX = 0°, 30°, 60° and 90°. As can be easily seen, with an increasing control angle 
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the ideal no-load d.c. voltage UdiC( becomes smaller. U12, Ul3, U23 designate the 
linked line voltages between the phases. 
Figure 7.15 illustrates at the fully controlled three-phase bridge circuit the de­
pendence of UdiC(jUdi on the control angle C(. 

At C( = 0° the d.c. output voltage reaches its maximum value; it drops to OV 
at C( = 120°. 

7.4 D.C.m.e. Conversion with Stabilization 

Here only one basic circuit with thyristors will be considered. Further circuits, 
with transistors, are treated in Chapter 8. 

7.4.1 D.C. Controller Circuit 

With the aid of the d.c. controller circuit (d.c. chopper controllers) direct voltage, 
e.g. battery voltage, can be converted into direct voltage at a different level (Fig. 
7.16). A commutating device specifically turns off thyristor VI at the respec­
tive desired moment. If the quenching thyristor V3 receives a trigger pulse, the 
commutating capacitor C is charged. 

Circuit: Battery positive terminal/capacitor C/quenching thyristor V3 (an­
ode/cathode )/load/battery negative terminal. The positive pole of the battery volt­
age is now on the left at capacitor C and the negative pole on the right. The 
main thyristor VI is then fired by the trigger set. The battery voltage is now 
applied to the load and a 'circuit in reverse' is formed, i.e. the capacitor C is 
inversely charged. 

Circuit: Capacitor C/main thyristor VlI (anode/cathode)/reverse diode V4/ 
reverse choke Ll/capacitor C. 

The characters without brackets at the capacitor (plus/minus) apply to the 
time before reversing, those with brackets to the time after reversing. When there 
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Fig_ 7_16_ D.C. controller circuit 

is minus on the left and plus on the right, i.e. when the reversal process is ended 
the capacitor C is 'prepared' to quench the main thyristor VI. 

Quenching thyristor V3 is then refired by the trigger set so that the capac­
itor voltage is in parallel with the main thyristor VI (minus at anode and plus 
at cathode). Thyristor VI is now in the off condition and the current continues 
flowing via the free-wheeling diode V2. A mean value for the direct voltage UdiC( 

is produced by the continuous alternate switching on and off of VI. Direct cur­
rent (chopper) controllers make use of pulse-width control and/or pulse-sequence 
control (see sections 7.2.1 and 7.2.2). 

7.5 Inverting with Stabilization 

At this point only basic circuits with thyristors will be considered. Further circuits, 
with transistors, can be found in Chapter 8. 

The inverter circuit is used to convert a direct voltage, it receives, for ex­
ample, from a battery or rectifier, into alternating voltage. 
The requirements of the inverter circuit in performing this function are: 

- to regulate the a.c. output voltage within a specified tolerance band, so that 
the effects of variations in load and in the d.c. input voltage can be reduced 
or eliminated, and 

- to provide a substantially sinusoidal output voltage waveform. 

Voltage control in inverters is often effected by the phase-angle method or the 
pulse method (pulse-width modulation or, less frequently, pulse-frequency con­
trol). 
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In the phase-angle method, the outputs of two independent unregulated in­
verter units are connected in series to form a single inverter equipment, so that 
their voltages are added. By varying the phase of its thyristor trigger pulses, one 
of the inverter units is controlled in such a way that its output voltage is shifted 
in phase compared to that of the other unit. The larger the mutual phase dis­
placement, the smaller is the sum of the two inverter-unit voltages. In this way 
the output voltage can be held constant, regardless of any disturbing influences. 

In the pulse method (burst fire method), the conducting thyristors are trig­
gered and turned off again repeatedly during each cycle of the a.c. output voltage, 
so that the individual half-cycles of the output voltage are formed from a num­
ber of pulses. By varying the pulse width (or the pulse repetition frequency) 
it is possible to hold the output voltage constant, regardless of any disturbing 
influences. 
Inverters may be used in three modes of operation: 

- passive (cold) standby operation (starting mode), 
- active (hot) standby operation (joint mode) and 
- continuous operation. 

The periodic reversal of the direct voltage (inversion) can be achieved in principle 
by means of two circuits: 

- centre-tap circuit and 
- bridge circuit (see Chapter 8). 

As an example the operation of the centre-tap circuit is described below. 

7.5.1 Centre-tap Circuit 

Fig. 7.17 shows an inverter in a centre-tap circuit. The trigger set supplies the 
two thyristors VI and V2 alternately with pulses. In this way current from the 
battery flows alternately through the transformer's two partial windings T1 and 
T2. A square-wave alternating voltage can be taken from the secondary side 
of the transformer, which for practical purposes is frequently converted into an 
approximately sinusoidal voltage by means of suitable arrangements. While it is 
well known that in rectifiers the thyristors are directly connected to alternating 
voltage and that turning off takes place at zero passage when the current drops 
below the hold current, in the case of a d.c./a.c. inverter a capacitor (CI) has to 
be provided for the turning off process. 

If the thyristor VI receives a trigger pulse from the trigger set, its resistance 
becomes low. 

Circuit: Battery positive terminal/partial winding TlN3NlIchoke Lllbattery 
negative terminal. 

A voltage is induced in the secondary winding T3 and the capacitor C 1 is 
charged via T2 and V4. The next trigger pulse is forwarded to thyristor V2. 
Now both thyristors VI and V2 are conducting and the capacitor discharges. The 
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Fig. 7.17. Inverter in centre-tap circuit 

discharge current via V2 and VI acts in thyristor VI against the previous flow 
of current. VI thereby becomes non-conducting, while V2 remains conducting. 

Circuit: Battery positive terminal/partial winding T2N4/Ll/battery negative 
pole. A voltage is again induced in the secondary winding T3. The capacitor CI 
is charged, though now via Tl and V3 with reversed polarity, etc. 

Choke L I limits the current on commutation. The diodes V3 and V 4 prevent 
the quenching capacitor CI from partially discharging prematurely via the primary 
windings of the transformer, while diodes V5 and V6 permit the connection of 
reactances. Part of the reactive current returns to the battery via these diodes. 



8 Applications of Control Systems 
in Power Supply Devices 

8.1 General 

This chapter treats the application of control engineering in modem power supply 
equipment in more detail. Some elementary correlations and terms in open-loop 
control and closed-loop control are presented for those readers for whom this 
part of the subject is not so familiar. 

With rectifiers a distinction is made between non-controlled, phase-controlled 
and controlled equipment. 

With non-controlled rectifiers the d.c. output voltage falls when the load 
increases. It is also dependent on fluctuations in the alternating supply voltage 
and supply frequency. 

Phase-controlled rectifiers supply a constant d.c. output voltage with changes 
in load and fluctuations in the a.c. supply voltage; however, the d.c. output voltage 
does change in the case of fluctuations in the supply frequency. 

Controlled rectifiers supply a constant d.c. voltage within the tolerance band 
of, for example, ± 0.5% or ± 1 %, regardless of any change in load or fluctuation 
in supply voltage and frequency. They receive their energy either directly from 
the mains supply or from standby power supply systems and must meet both the 
requirements of the communications system as well as those of the battery. 

This group of rectifiers is classified into equipment with a transductor power 
section (magnetically controlled rectifiers), thyristor power section (thyristor­
controlled rectifiers), and transistor power sections (transistor-controlled recti­
fiers). Thyristor-controlled rectifiers generally use phase-angle control. Rectifiers 
with a transistor power section can be further divided into devices with a linear 
regulator, devices with a switching regulator, and switching-mode power supplies. 

Another important group comprises d.c./d.c. converters; these are supplied 
with direct current and can form independent subassemblies and equipment and 
also constitute parts of the switching-mode power supplies or inverters. 

D.C'/A.C. inverters should also be mentioned at this point (see Sect. 8.6.5). 

8.2 The Operation of Open- and Closed-loop Control Systems 

This section starts with a comparison of the ways in which open-loop and closed­
loop control systems work (Fig. 8.1). Characteristic of the open-loop control is 
the open control chain, whereas, that of the closed-loop controls the feedback 
loop. 
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Fig. S.la, b. Operation of open-loop (a) and closed-loop control (b) 
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Fig. S.2a, b. Basic working of open-loop control (a) and closed-loop control (b) 

In open-loop control one or more input variables to a closed system influence 
the output. The output provides no feedback to the input variables. Such a control 
system consists of the control equipment and the controlled system (Fig. 8.2a). 

The command variable w arrives at the control equipment from an outside 
source. Depending on this command variable, the control equipment generates 
a correcting variable y, which exerts a controlling influence on the controlled 
system. The controlled system represents that part of an installation the tasks of 
which are controlled by the control equipment. 

It is also called the controlled object, in which the variable to be controlled 
is produced. Disturbances z (e.g. supply voltage fluctuations or changes in load) 
interfere with the contr~l equipment (disturbance z\) and also with the controlled 
system (disturbance Z2) and impair the working of the open-loop control system. 
Disturbances acting from outside can result in the controlled variable deviating 
considerably from the command variable. If the command variable w changes, 
this causes a change in the correcting variable y and thereby also in the output 
variable for the controlled system (control variable x). 

Every disturbance thus influences the output variable, which can only follow 
the command variable to a limited extent. If the disturbance remains constant, 
this can be compensated for by pre-adjusting the command variable accordingly. 
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However, if the disturbances are constantly varying, the deficiencies of the open­
loop control principle mentioned above make it necessary to use a closed-loop 
control system. 

Despite disturbing influences, the closed-loop control is able to match the 
controlled variable as closely as possible to the value preset by the command 
variable. A closed-loop control system consists of control equipment and a con­
trolled system. 

With closed-loop control (Fig. 8.2b) the variable to be controlled (i.e. the 
controlled variable or actual value) is, if necessary, continuously monitored, 
compared with the constant command variable (i.e. the reference value/set-point 
value), and depending on the deviation, adjusted to agree with the command 
variable. The result is an operation within a closed circuit which is called the 
closed-loop control circuit. The controlled variable x (actual value) is fed back 
to the input of the control equipment where it is compared with a fixed command 
variable w (reference value). The difference between the reference value wand 
the controlled variable x is the error e. The aim of feedback control processes is 
always to keep the discrepancy between the reference value and controlled vari­
able as small as possible. As long as there is a difference between the reference 
value and the controlled variable, the control equipment reduces the difference 
between them by providing an appropriate correcting variable y. 

As with the open-loop control system, disturbances Zl and Z2 can also affect 
the closed-loop control circuit, though here these effects, e.g. on the d.c. output 
voltage, can be corrected. 

The closed-loop control system reacts to changes in the command variable 
or disturbances with a control process, i.e. the regulator produces a correcting 
variable, which brings the controlled variable to the new reference value, or 
holds it at the fixed reference value. This control process is always accompanied 
by a transient condition. This means that the regulator does not react until an 
error has occurred. Only then is the controlled variable brought into line with the 
new reference value either gradually by approximation or aperiodically. 

8.3 Components of the Closed-loop Control System 

Figure 8.3 shows the units making up the closed-loop control circuit. 

8.3.1 Final Control Element 

The unregulated voltage of the input supply is present at the input of the final 
control element. In the case of rectifiers, for example, this is the thyristor set 
made up of thyristors together with its trigger set or the power transistor unit 
with its driving transistors. The final control element has the task, according to 
the correcting variable supplied by the control equipment, of controlling the flow 
of energy so that it is adapted to the controlled object. The final control element 
thus carries out the instructions of the control equipment. 
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Fig, 8.3. Units of the closed-loop control circuit 

8.3.2 ControUed Object 

The controlled object is the main part of the controlled system influenced by 
the final control element. With rectifiers, for example, the d.c. output acts as the 
controlled object. This is influenced by disturbances z, e.g. changes in load. The 
output variable of the controlled system is picked up by the measuring transducer 
as a controlled variable and fed to the comparator in the regulator. 

8.3.3 Control Equipment 

The control equipment consists of the measuring transducer, the regulator and 
usually the power amplifier. It generates the correcting variable from the refer­
ence/actual comparison and with it influences the final control element. The error 
is represented by 'command variable minus controlled variable' : if the controlled 
variable x is too small and the error thus positive, the control equipment must 
raise the controlled variable by changing the correcting variable y. 

If, on the other hand, the controlled variable x is too large, the error is 
negative and the control equipment must reduce the controlled variable x by 
changing the correcting variable y . 

The condition is said to be corrected when the error has reached a value 
as close as possible to zero. How accurately the controlled variable assumes 
the value of the command variable, i.e. how closely the error approaches zero, 
depends on the regulator selected. 
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The measuring transducer measures the controlled variable and converts 
it so that it can be processed as an actual value in the regulator's input. For 
rectifiers the transducers are usually made up of sensors and measuring ampli­
fiers. Measuring shunts, d.c. instrument transducers, current transformers of hall 
generators are called sensors. Measuring amplifiers are required in order to arrive 
at an actual value that can be processed in the regulator. 

The regulator consists of a comparator and error amplifier with wiring for 
proportional and time response. Voltage- and current limiter regulators are usually 
used as integral components of rectifier units. In the comparator the possibly 
varying actual value Xi of the controlled variable X is compared with the usually 
constant reference value Xs of the command variable w. 

The command variable is set to a fixed value in the set point generator, 
normally with the aid of a potentiometer, and fed from an outside source to the 
control equipment. The stability of the command value is especially important. 
For this reason the potentiometer is supplied from a constant voltage source with 
the least possible temperature variation. 

The operational amplifier, has to generate the desired control response with 
the aid of its feedback wiring. The output signal of the operational amplifier 
is usually in the range of ± 10 V. There are final control elements which do 
not respond to this voltage with a current of 5 or lOrnA, in which case power 
amplifiers are also required. 

8.4 Operational Amplifiers in the Regulator 

The operational amplifier (control amplifier) in the regulator must contain a feed­
back wiring and, at its input in a comparator, it has to compare the command 
variable (reference value) with the controlled variable (actual value) to determine 
the error (Fig. 8.4). 

A set reference voltage Us usually fixed at a constant value by the command 
variable w reaches the comparison point, at which the error e is determined, via 

Feedback 
wiring 

Us 

Operational e 
amplifier 

Final 
control 

y element 

x 

z 

Controlled 
object 

Fig. 8.4. Working of closed-loop control circuit with operational amplifier in the regulator 
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the set point channel. The reference voltage is compared with the actual voltage 
-Uj of the controlled variable x. The actual voltage -Uj is picked up at the output 
of the controlled object and thus at the controlled system. 

The regulator must hold the controlled variable at the normally fixed set 
value for the command variable. The feedback wiring (here negative feedback) 
is provided to assure an optimal 'transient response' in the control procedure. 

If an error other than zero occurs, the regulator delivers a modified correcting 
variable y to its output. This is the instruction for the final control element to set 
its output so that the controlled variable is corrected as quickly as possible to the 
value specified by the command variable. To obtain the simplest possible control 
circuit the inverting input of the operational amplifier is used for connecting the 
control difference. This is called the inverting amplifier circuit. 

Figure 8.5 shows an inverting amplifier in the regulator. The feedback resis­
tance Rf can be seen in the feedback wiring. 

The input wiring of the regulator consists of the controlled variable channel 
with resistance R j and the command variable channel with the resistance Rs. 
The two channels combine at the inverting input terminal E_ of the operational 
amplifier. The non-inverting input terminal E+ of the operational amplifier is 
connected with the reference potential M = 0 V. This connection is usually 
made via a resistance RM • The command variable, its reflexion is the reference 
of voltage Us, can be set with the potentiometer R. It is fed to the comparison 
point in the form of a current Is via the resistance Rs. 

The controlled variable, its reflexion is the actual voltage value -C1i, can also 
be adjusted in the case of many rectifiers. It also reaches the comparison point, 
where it is compared with the command variable, in the form of a current via 
resistance Rj. The reflexions of the command variable and controlled variable in 
the stationary state must always be of different polarity so that the currents formed 
from the voltages at resistances Rs and Rj generates a differential current 10' 
which reflects the error. Comparing the currents at the comparison point has the 
advantage that the voltage reflecting a quantity can always be applied unbalanced 
to the reference voltage M = 0 V. This enables any number of input quantities 
to be compared. 

e.g. + 10V 

Fig. 8.5. Regulator with input 
and feedback wiring 
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The constantly adjusted reference voltage Vs for the command variable is 
positive in the stationary state and the actual value voltage - Vi for the controlled 
variable changing due to disturbances is negative. The set current Is flows to 
the comparison point via resistance Rs. Also flowing there is the actual value 
current -Ii via resistance Ri. At the comparison point there is produced from 
the two currents the current 10 = Is - Ii reflecting the error. As the current 10 
(at the inverting input E_) flows to the highly resistive input of the operational 
amplifier, the circuit is closed via the feedback resistance Rr. 

Only a very small current 10 can flow off to potential M via the highly 
resistive internal resistance of the operational amplifier and the non-inverting 
input E+. Thus the output voltage Va of the regulator becomes negative when 
the error is reflected by a current 10 flowing towards the inverting input E_: 

Vs Vi 
- - - =10 
Rs Ri 

The output voltage Va of the regulator is the correcting variable y with which 
the regulator intervenes in the controlled system to bring the controlled variable 
to the value specified by the command variable. The magnitude of the regulators 
output voltage must possibly be limited to prevent the controlled system being 
overridden. In many operational amplifiers two inputs are used for this (not shown 
in Fig. 8.5), to which a positive and a negative limiting voltage are applied. If 
necessary, these voltages are set with a potentiometer for each of them. 

8.4.1 Error and Deviation 

If the reference value equals the actual value (xs = Xi), the output is regulated. 
There is neither a deviation Xw nor an error (control difference) e (xw = 0 
and e = 0, shown in the centre of Fig. 8.6). In this case the correcting variable 

Reference 

Actual 

Actuol 

x,-x; =e 
~-~-:"'---""",,'::'------~ Reference 

Xi - Xs = Xw 

e positive Xw positive 

Fig. 8.6. Error and deviation 
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remains constant until a new error, i.e. a new deviation in the controlled variable, 
makes correction necessary again. 

The difference 'command variable minus controlled variable' is called the 
error. The controlled variable minus command variable, on the other hand, is 
called the deviation. The error e is positive (or there is a negative deviation) 
when the reference value is greater than the actual value (xs > Xi). There is a 
positive deviation Xw (or the error is negative) (right part of figure), when the 
actual value is greater than the reference value (Xi> Xs). 

8.4.2 Classification of Regulators 

A distinction is made between continuous and discontinuous regulators (con­
trollers, Fig. 8.7), e.g. on-off regulators. 

There are three basic types of continuous regulators: 

1. P regulator (proportional response). 
2. I regulator (integral response), also called reset or floating regulator. 
3. D regulator (differential response), also called derivative regulator. 

Chiefly P regulators, I regulators and PI regulators are used in a telecommunica­
tions power supply. Apart from the regulators mentioned above, the combinations 
of PD regulator and PID regulator are also possible. 

P Regulator. With the P regulator the output quantity (correcting variable y) 
responds proportionally to the error e on the input side. At equilibrium a certain 
value for the correcting variable is assigned to each value for the error (Fig. 8.8). 
For a correcting variable other than zero to occur, the error must be unequal to 
zero, i.e. the controlled variable does not then have the value specified by the 
command variable. 

The P regulator has an ohmic resistance Rf as its feedback (Fig. 8.8a). There 
is also a potentiometer R in the feedback wiring, with which the proportional 
factor Kp (also called the proportional amplification VR) can be set. 
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Fig. 8.8a, b. P regulator, circuit and transient function 

At this point it must be noted that the time response at the output of a 
transfer element to a step-shaped input quantity is called a step response. When 
this is related to the height of the input step it is called transient response. 

The transient response of the ideal P regulator can be seen in Fig. 8.8b. Here 
the output voltage of the P regulator follows the voltage jump LI Vo at the output 
without inertia at time to. The voltage LI Vo is to be seen as a reflexion of the 
error. 

The following applies to proportional amplification: 

VR = Va = Rr 
LlVo Ro 

Thus proportional amplification of, for example VR = 3 is obtained when the 
feedback resistance Rr is three times greater than the input resistance Ro . The 
output voltage Va is then three times larger than the input voltage Vo . The 
example in Fig. 8.8b is based on amplification of VR = 3. 

P regulators are characterized by rapid correction of the disturbance (good 
initial response). However, a residual error has to be accepted, for the output 
quantity of the P regulator is always proportional to the remaining error (poor 
correction response). 

I Regulator. With the I regulator a certain rate of change of speed for the 
correcting variable y is assigned to each value for the error e Fig. 8.9. 

The I regulator changes its output value in the direction for correction until 
the error is practically zero. It has a capacitor Cr as feedback (Fig. 8.9a). In the 
ideal case the transient function of an I regulator is the same as the diagram in 
Fig. 8.9b. The feedback capacitor Cr determines, together with the input resistor 
Ro, the time response of the I regulator. If the input quantity, in Fig. 8.9a the 
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Fig. 8.9a, b. I regulator, circuit and transient function 

voltage Uo, is equal to zero, the feedback capacitor Cf remains in the charging 
state it has reached. 

The output voltage Ua remains at the value it has reached, normally a value 
other than zero. If the error assumes a value different from zero, the output 
voltage Ua changes in the opposite direction to the error at a speed determined 
by the integrating factor: 

1 
KI = ROCf ' 

This means that the output voltage Ua changes in relation to the initial value Uao 
as shown in the equation: 

t 

-Ua(t) = RolCf J Uo(t)dt + UaO 

o 

If at time to the input voltage Uo makes a jump, the integrating time (TI = ROCf) 
is that time during which the output voltage Ua, starting from the initial voltage 
UaO , undergoes a change; it depends on the height of the voltage jump on the 
input side (time td. 

The output voltage Ua changes continuously as long as there is a voltage at 
the input differing from zero. If the input voltage again becomes zero (time t2), 
the output voltage remains at the final value it has reached. 

The I regulator permits very accurate correction of the disturbance (good 
correction response), as it is only when the error has become zero that the output 
value no longer changes. A disadvantage is that it intervenes relatively slowly 
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(poor initial response) because the error must first be integrated and a sufficient 
correcting variable built up. 

The integrating time can be set with the potentiometer R when the input 
resistance Ro is very large compared with the resistance R of the potentiometer. 

PI Regulator. With the PI regulator the correcting variable y is the same as the 
sum of the output values of a P and an I regulator (Fig. 8.10). 

The PI regulator initially responds like an I regulator, i.e. any error results 
in integration of the same so that the output quantity moves towards the set 
point. In addition and simultaneously with the error, a proportional response is 
superimposed on the integral one until the error has been eliminated. This means 
that the PI regulator does more than the I regulator. With the aid of the P 
component it forms a derivative action, the P derivative action. 

The PI regulator has in its feedback loop resistor Rr and a capacitor Cr 
(Fig. 8. lOa). This regulator combines the advantages of both regulators, namely 
the rapid reaction of the P regulator with the accuracy of correction of the I 
regulator without having the disadvantages of either. 

The transient function of the PI regulator in the ideal case is as shown in 
Fig. 8.10b. If at time to the input voltage Vo intended as a reflex ion of the error 
makes a jump from zero, the output voltage Va also makes a jump from the 
level AVOVR . As the capacitor Cr acts as a short-circuit, only the input voltage 
Vo and the proportional amplification VR are decisive for the output voltage Va . 
The output voltage Va then alters as a straight line in time from the voltage 
jump made in accordance with the integration time TJ = RoCr . The rise in output 
voltage results from the magnitude of the charging current lr = AVo/Ro and 
according to the capacitance of the capacitor Cr . 
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Fig. 8.10a, b. PI regulator, circuit and transient function 
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If the input voltage Uo at time t) returns to zero, the P derivative action 
disappears and the PI regulator jumps down on the output side, similarly from 
the height LlUOYR • The output voltage of the PI regulator then remains at the 
value there would have been had only the I component been effective. 

As with the P regulator, the proportional factor (the magnitude of proportional 
amplification VR ) is set with the feedback potentiometer R. The proportional 
amplification VR of a PI regulator indicates, for each jump in the input quantity, 
the factor for the change in input quantity as referred to the output voltage jump 
in the first instance. 

Integration or reset time Tn is the name given to that time by which the I 
regulator would have to intervene earlier to achieve the same change in correcting 
variable as a PI regulator. With the start of the signal jump at the input the PI 
regulator has requested as its output an input signal VR times too much, but at 
the end of the signal jump has reduced the request by the same amount. With 
the reset time Tn the output signal is adjusted, as if the PI regulator had started 
integrating earlier by the time Tn. 

8.5 Controlled Rectifiers with Thyristor Power Section 

Figure 8.11 shows the construction of a controlled rectifier with a thyristor power 
section and phase-angle control. Such rectifiers are suitable mainly for the middle 
and upper power range. 

8.5.1 Power Section 

The alternating supply voltage is transformed by the main transformer so that 
the required maximum d.c. output voltage of the rectifier can be obtained. The 
main transformer also isolates the mains supply and the load electrically. An aux­
iliary transformer produces the synchronizing alternating voltage from the supply 
voltage (see Fig. 8.12). The thyristor set together with the trigger set act as the 
final control element. It has the task of providing the required direct voltage. 

From the measuring shunt the actual current value reaches the current-limiting 
regulator as voltage. The direct voltage is smoothed by the filters, i.e. filtered 
to the permissible level of superimposed alternating voltage. The constant direct 
voltage UA is tapped at the output terminals of the power section (see Fig. 8.13). 

8.5.2 Control Section 

The Regulation (closed-loop control) assembly (Figs. 8.11 and 8.14) combines 
all the essential functions used in forming the trigger pulse. There are different 
versions of this assembly depending on whether it is connected to an alternating 
current or a three-phase supply. 
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Fig. 8.11. Block diagram of a controlled rectifier with thyristor power section and phase­
angle control 

Set point generator. The set point for the direct voltage to be controlled is set in 
the set point generator with the aid of a potentiometer. It also has a potentiometer 
for setting the current limit. 

Voltage regulator. The direct voltage to be controlled is tapped at the output 
of the power section and fed to the voltage regulator as actual voltage value 
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(controlled variable), The reference voltage value passes from the set point gen­
erator so that there is a 'reference voltage value/actual voltage value' comparison 
at the voltage regulator's input. The resultant error is processed by the voltage 
regulator so that through its proportional and time response a correcting variable 
(control voltage US!) is produced, which with the aid of the trigger set determines 
a suitable firing time for the thyristor set. 
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Fig. 8.14. Regulation assembly (for a three-phase unit). (Photo by courtesy of Siemens 
AG) 

Trigger set. The trigger set supplies the trigger pulses for the thyristors in the 
thyristor set. It adjusts the output voltage of the thyristor set according to the 
correcting variable, i.e. the output voltage from the voltage regulator (control 
voltage Ust ). 

For this, depending on the supply voltage, a sawtooth voltage is generated 
from the synchronizing alternating voltage which starts with each zero passage of 
the phase (see Fig. 8.12). The output voltage of the voltage regulator, the control 
voltage US" is compared with the sawtooth voltage. If the values are equal, a 
trigger pulse is passed to the thyristor set. The direct voltage at the output of 
the thyristor set is determined by shifting the firing time. In this manner, the d.c. 
output voltage is held constant. 

Current-limiting regulator. The current-limiting regulator (referred to below as 
simply the current regulator) is used to protect the rectifier against overloading. 
The maximum permissible current is set with the aid of a potentiometer in the 
set point generator. The current regulator only intervenes in the control circuit 
if the actual current value starts to rise above the reference maximum value. To 
limit the current, the current regulator reduces the d.c. output voltage until the 
rectifier can not deliver more than the reference current (this is usually the rated 
current 100% (Irated), see Fig. 8.13. 

Control processes. The control processes in four instances are explained below 
(Figs. 8.11, 8.12, and 8.13): 

(1) d.c. output voltage constant, 
(2) d.c. output voltage too high, 
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(3) d.c. output voltage too low, 
(4) current limitation. 

(1) Let the set point value for the d.c. output voltage UA of the rectifier 
be, for example, 51 V. If the d.c. output voltage is now actually 51 V, the 
voltage regulator detects no difference between the set voltage value and the 
actual voltage value. The error is zero. Thus the control voltage Ust at the output 
of the regulator remains constant and the trigger set gives, in relation to the zero 
passage of the supply voltage, the trigger pulse to the associated thyristor at the 
same time as for the preceding voltage half waves. The d.c. output voltage in 
the given example therefore remains constant at 51 V (see Fig. 8.13). 

(2) With a decreasing, purely resistive load the output voltage of the rectifier 
might initially become a little larger. In the example UA becomes> 51 V. As 
soon as the actual voltage value becomes greater than the set voltage there arises a 
negative error (positive deviation). This results in the voltage regulator delivering 
a somewhat higher control voltage USt • Consequently, the trigger pulses from the 
trigger set are emitted a little later to the respective thyristor, i.e. shifted in 
the direction of 1800 (see Fig. 8.12b). This means later firing of the associated 
thyristor so that the d.c. output voltage of the rectifier drops and returns to the 
set voltage value of 51 V (see Fig. 8.13). 

(3) With an increasing, purely resistive load the output voltage of the rectifier 
initially falls a little below the value of 51 V because a somewhat higher source 
voltage is now required throughout the whole d.c. circuit to achieve the required 
set voltage of 51 V for the load. Consequently the source voltage must be adjusted 
somewhat higher by the control process. As the actual voltage value in the initial 
moment of stepping up the load drops slightly below the set voltage value, there 
is a positive error. It follows from this that the voltage regulator delivers at its 
output a slightly lower control voltage Ust to the trigger set. Therefore, the trigger 
set now generates trigger pulses for the thyristors, which fire the thyristor a little 
earlier in relation to the voltage zero passage of the half-wave. The trigger pulses 
are thus shifted slightly in the direction of 00 (see Fig. 8.12a). In this way the 
d.c. output voltage of the rectifier again rises to the set voltage value of 51 V 
(see Fig. 8.13). 

( 4) The control processes considered thus far (examples 1, 2, and 3) are 
executed by the voltage regulator alone without the current regulator having to 
intervene, because the current drain remained within the permissible range. 

Example (4) now refers to the current-limiting regulator. Let the current 
limit be set at 100% (Irated). As long as the actual current value is less than the 
reference current value coming from the set point generator, the current limiter 
does not come into operation. If, however, the actual current value starts to 
become greater than the reference current value, the current regulator cuts out 
the voltage regulator by delivering the now higher control voltage Ust • The diode 
at the output of the current limiter becomes conducting in the process (see Fig. 
8.11 ). 

The trigger set now generates trigger pulses that are so far shifted towards 
1800 that a d.c. output voltage is produced at the rectifier which drives only the 
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maximum permissible current, thereby protecting the rectifier against overloading 
(see Fig. 8.13). Figure 8.12 shows the shift of the trigger pulses as a function 
of the control voltage. 

8.5.3 Behaviour of the Output Voltage and Dynamic Response 

Figure 8.13 shows the behaviour of the d.c. output voltage of a controlled rec­
tifier, indicating the static tolerance range and the current limitation. The static 
tolerance range means the range within which the controlled variable must remain 
after a control process. The static tolerance for rectifiers with a thyristor power 
section is, for example, ± 0.5% (transistor controlled rectifier ± 1% ). 

If changes in disturbance (here primarily loading of the rectifier) occur in 
closed-loop control, the control equipment reacts with a transient of the controlled 
variable characterizing the dynamic response of the control circuit (Fig. 8.15). 
With stepped changes in load this can result in short-time deviations of the d.c. 
output voltage. Depending on the extent of the change in load the output voltage 
will lie more or less far outside the static tolerance range for one or more half­
waves of the transient. 

There are two comparative values for judging the control response when 
correcting a stepped disturbance. These are transient overshoot and settling (cor­
recti on) time. 

The transient overshoot denotes the amplitude of the first deflection of the 
controlled variable when settling the disturbance. 

By settling time is understood the time that passes after the occurrence of a 
stepped change in load, measured from the instant at which the voltage departs 

e.g.S1V r---+----'''*. _~;:;; :;:=\ f\.; 
V 

Sell I ing time 

ii Transient overshoot 

o 

Static tolerance 
range. e.g. ±O.5% 

Fig. 8.15. Behaviour of d.c. output voltage after a stepped change in load 
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from the specified tolerance range, until the d.c. output voltage returns to, and 
remains within, the static tolerance range. At time I) there occurs a stepped 
change in the load in the negative direction. The d.c. output voltage will then 
initially experience a positive deflection. There now is an appreciable error and 
the regulator returns the voltage to the set value of e.g. 51 V. 

At time 12 there occurs a stepped change in load in the positive direction. The 
first control process now takes place in the opposite direction. The deflection of 
the voltage to be controlled is here in the negative direction. A deviation of ±4% 
from the desired d.c. output voltage is considered to be the permitted tolerance 
range. 

8.5.4 Type Designation 

In this section (Fig. 8.16) the designations of the different types of thyristor­
controlled rectifiers are explained. The letter (combinations) mean: 

Performance specif icat ion s 
(according to DIN 41 752) 

Manufacturer's specifications 

o 48 / 200 W B RUG - FG 0606 GR 12 

U Model number 

Rectifier 

'---- Chassis depth 600 mm 

'------- Chassis width 600 mm 

'------ Plant designation 

Filters and smoothing devices at the output 

Properties of the characteristics: 
U stepwise adjustable (by switch) 

'----- Properties of the characteristics: R control 

'------ Type of load: battery 

'------- Type of load: resistive 

'--------- Ratet output current in A 

'------------ Rated output voltage in V 

'------------- Input power: three-phose 

Fig. 8.16. Designation of rectifier types 
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Type of input power: 
E single-phase alternating current, 
D three-phase alternating current, 
G direct current (only in designations of inverters or d.c./d.c. converters). 

Type of load: 
W resistive load. 

The rectifier can be directly connected to the load in this type, without connecting 
a battery in parallel. 

B battery load. 

The rectifier can be connected to a battery and supply the necessary charging 
current/voltage. 

Properties of characteristics: 

R rectifier with controlled, hence stabilized, characteristic (controlled devices). 

Regardless of certain fluctuations in mains voltage, mains frequency or load, the 
d.c. output voltage is maintained constant to within a tolerance of, e.g., ±O.5 %. 

U Rectifier with stepwise modifiable (by switch) characteristic. 

Filters and smoothing devices: 

G Rectifiers with smoothing or filtering devices. 

Filters limit the magnitude of the interference voltage to that allowed for the 
communications system. 

Multiple inputs or outputs: 

No letter: rectifiers with only one input and one output. 

D rectifiers with several d.c. outputs. 

Even if several outputs are available, only the values for the principal outputs 
are included in the type designation. The letter D occurs for thyristor-controlled 
rectifiers when several outputs are present. 
The abbreviation GR (rectifiers) can be taken as an example. If significant 
changes have been made in the construction or electrical properties of a rec­
tifier, then the model number changes as well. 

8.6 Controlled Power Supply Equipment 
with Transistor Power Section 

A distinction is made between devices with linear (series) regulator (see Sect. 
8.6.1) and devices where the power transistor is operated as a switch (switching 
regulator), (see Sects. 8.6.2 and 8.6.3). 
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The power transistors used in the switched mode are either bipolar transistors, 
as shown in the schematic diagrams of Sect. 8.6, or field effect transistors (e.g. 
power MOS). 

8.6.1 Rectifiers with Linear Regulators 

Figure 8.17 shows a transistor-controlled rectifier with a linear series regulator 
(longitudinal controller). The power transistor is variably controlled by the control 
assembly, depending on the level of the measured d.c. output voltage compared 
with the reference voltage: if the direct voltage at the output of the rectifier V 
is appreciably higher than the d.c. output voltage VA to be provided, a voltage 
drop can be set at this transistor of such a size that a constant output voltage is 
produced. 

The efficiency that can be achieved with this circuit is relatively low. 
Favourable factors are rapid correction and the particularly simple circuit de­
sign. Transistor-controlled rectifiers with a linear regulator are used to advantage 
in the lower power range, up to about 25 w. 

The linear regulator principle is often found in power supply equipment 
for providing internal supply voltages, for example, integrated circuits in power 
supply modules. 

8.6.2 Rectifiers with Switching Regulators 

Figure 8.18 shows a controlled rectifier with switching regulator. A supply-side 
bridge circuit V2 supplies the 'intermediate circuit voltage'. According to the 
actual voltage value (~V A) measured, the control module in each cycle switches 

Control 
system 

MOlns 
supply 

v ~ 

Fig. 8.17. Rectifier with transistor power section and lin-
Lood ear regulator 
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the switching transistor to the conducting state long enough for the mean voltage 
value of that cycle to match the reference voltage value for the d.c. output voltage 
UA. 

The clock frequency is often 20 kHz or higher. The human ear is insensitive 
to these frequencies. 

With the switching transistor in the conducting state, current flows from 
the positive pole V2 to the switching transistor, via the smoothing choke L to 
the charging capacitor C2 and via the load to the negative pole V2. When the 
conducting phase for the switching transistor has ended the current contiFlues 
flowing via the smoothing choke L and the free-wheeling diode VI, capacitor 
C2 being thereby discharged. 

As the clock frequency is relatively high, the filters can be kept small. How­
ever, the high frequency does require certain measurements for the suppression 
of radio interference. Figure 8.18b shows the voltage at diode VI as a function 
of time. 

In example I (Fig. 8.l8b) it is assumed that the 'conducting state' t, of the 
switching transistor is of the same length as the 'non-conducting state' t2. 

With a change in load or in the intennediate circuit voltage either the interval 
t, becomes longer and the interval t2 shorter (example 2)' or vice-versa (example 

I In practice the interval II is always shorter than the interval 12 and the exannple 2 is not 
possible. 
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3). The period T remains constant. This is called pulse-width control (see Sect. 
7.2.2). The longer the conducting state t] lasts and thus the larger the voltage-time 
area, the higher the average value for the d.c. output voltage. 

8.6.3 Switching-mode Power Supplies 

The principle described in connection with the switching regulator (see Sect. 
8.6.2) can also be applied to switching-mode power supplies. 

As shown in Fig. 8.l9, a switching-mode power supply consists of a power 
section and the control assembly. The power section can be broken down into 
a supply-side rectifier and a d.c./d.c. converter. The supply-side rectifier supplies 
the voltage for the d.c./d.c. converter (intermediate circuit voltage). With the a.c. 
input components can be found for overvoltage protection and radio interference 
suppression. 

The alternating voltage from the supply mains is rectified (V 1), filtered (C 1 ) 
and then 'chopped' by a switching transistor2 . The resultant alternating voltage 
(e.g. square wave) is again rectified (V2) after transforming. The transformer is 
also used for electrical isolation. The rated constant d.c. output voltage UA is 
then available after filtering (C2). With the d.c. output components can also be 
found for radio interference suppression. 

The control assembly has the task of keeping the d.c. output constant. Pulse­
width control is also used here, as with the switching regulator. 

Switching-mode power supplies (Fig. 8.20) are suitable for the lower 
(> 25 W) to medium power range. 

There are 'primary switching' and 'secondary switching' switching-mode 
power supplies. Primary switching ones, which are the type almost exclusively 
used today, are based on the forward converter principle. 

8.6.4 D.C./D.C. Converters 

Single-ended Forward Converters 
In the single-ended forward (flow) converter, the consumption of energy from the 
primary side coincides in time with the delivery of energy from the secondary 
side. Figure 8.21 shows a single-ended forward converter with one switching 
transistor. Here the capacitor Cl and the inductance of the transformer form 
the 'primary-side resonant circuit'. A second resonant circuit (,secondary-side 
resonant circuit') is represented by the winding c and capacitor C2. Current flows 
in the primary side resonant circuit during the conducting phase of switching 
transistor V3 which leads to current flowing to the load in the secondary side 

2 Bipolar or field effect transistor (e.g. Power MOS) working frequency is between 20 
kHz and 100 kHz. The used voltage wave forms of the energy flow at the collector are in 
general square, trapezoidal, half sinusoidal or in exceptional cases sinusoidal. The collector 
currents are triangular or rectangular. 
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resonant circuit via the now conducting diode V I . Capacitor C2 is at the same 
time being charged. This is possible because the primary and secondary windings 
have the same direction of winding (marked by a dot on the same side at both 
windings a and c (see Fig. 8.21a). 

The smoothing choke L stores energy during this process. 
During the non-conducting phase of switching transistor V3 the supply of 

current is interrupted in the secondary circuit. The choke still delivers energy 
to the load for a short time. The smoothing capacitor C2 is discharged. The 
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Fig. 8.21a, b. Single-ended forward converter with one switching transistor. UE Input 
voltage, UA output voltage, UCE voltage between collector and emitter of transistor V3 , 
UCE sat saturation voltage, UeE max max. voltage between collector and emitter, ULP volt­
age at primary winding (a) of the transformer, Ie collector current (primary current), Us 
secondary voltage, EM Magnetic flux density, T period, lion time of transistor V3, 12 off 
time of transistor V3, pulse duty factor VT = 0.5 
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free-wheeling diode V2, now in the conducting state, lies in parallel so that the 
current still continues to flow. 

The control system switches transistor V3 to the conducting state long enough 
for the d.c. output voltage to be kept constant with a fluctuating input voltage or 
changing load. 

There is a demagnetizing winding b (see Fig. 8.2Ia) so that the transformer 
does not become saturated. The primary side oscillation circuit turns over dur­
ing the non-conducting phase of switching transistor V3. Current flows in the 
reverse direction via diode V 4 and the demagnetizing winding, thereby preparing 
the transfo~er for the next conducting phase. Figure 8.21 b illustrates the ideal 
behaviour of the individual variables. 

Using the single-ended forward converter, voltages with narrow tolerance 
(e.g. component voltages of 5 to 24 V ±4 %) and large output power can be 
produced. 

Figure 8.22 shows a single-ended forward converter which supplies a fully 
regulated output voltage U A I with narrow tolerance and wide power range. The 
actual voltage value for the control system is tapped at this output voltage. The 
partly regulated output voltage UA2 benefits from the regulation to a minor extent. 

The level of this voltage depends on the load on the fully regulated output. 
For this reason it is only possible to achieve a wide tolerance of, e.g., ± 10% 
for the partly regulated output. 

If a narrow tolerance is required for the partly regulated output voltage, 
too (for low power), a (continuous) linear regulator (series regulator, adjustment 
controller) must also be provided (Fig. 8.23). 

Control 
system 

Fig. 8.22. Single-ended forward converter 
with one fully regulated and one partly 
regulated output 
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Control 
system 

Single-ended Flyback Converter 

Fig. 8.23. Single-ended forward 
converter with one fully regu­
lated and one partly regulated 
output with linear regulator 

In contrast with the single-ended forward converter (as in Fig. 8.21), in the case 
of the single-ended flyback (blocking) converter (Fig. 8.24) energy consumption 
and energy delivery are shifted by 1800 in time. The inductance of the transformer 
acts together with the capacitance of the capacitor Cl as a parallel resonant cir­
cuit. During the conducting phase of the switching transistor V3 current flows 
through the transformer (Fig. 8.24a). Primary and secondary windings are wound 
in opposite directions. Thus, in the conducting phase of the switching transistor 
V3 the diode VI is polarized in the reverse direction and no current can there­
fore flow through the secondary winding. The load is supplied exclusively from 
smoothing capacitor C2. . 

In the non-conducting phase of the switching transistor the polarity of the 
voltage at the transformer reverses. Diode VI now becomes conducting. The 
energy stored in the transformer during the conducting phase is delivered to the 
load. At the same time capacitor C2 is recharged. Diode V2 attenuates inductive 
voltage peaks. 

Figure 8.24b illustrates the ideal behaviour of the individual variables. 

Push-pull Forward Converter 
The push-pull forward (flow) converter (Fig. 8.25) is a combination of two 
single-ended forward converters which within a period are operated by the con­
trol system with a phase shift of 1800 • When transistor V3 is conducting, current 
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Fig. 8.24a, b. Single-ended flyback converter. UCE voltage between collector and emitter, 
UCE sat saturation voltage, UE d.c. input voltage, UA d.c. output voltage, Ie collector current, 
Ip primary current, Ip max maximum primary current, <P magnetic flux, <Pmax. maximum 
magnetic flux, Is secondary current, Is max maximum secondary current, IVl current through 
diode VI, US secondary voltage, T period, tl on time of transistor V3, 12 off time of 
transistor V3 

flows through the primary winding PI of the transformer. This produces a volt­
age in both secondary windings S 1 and S2. As these windings are wound in the 
opposite direction to primary windings PI and P2, a voltage of positive polarity 
now lies at the outside of winding S I so that diode V 1 becomes conducting. This 
causes current to flow in the circuit: winding SI, diode VI, choke L, load, and 
then back to the winding S 1. 

The smoothing capacitor C2 is charged. 
At the secondary winding S2, which is wound in the opposite direction to 

the primary winding PI, there is now a voltage of negative polarity at the outside 
so that diode V2 becomes non-conducting. 
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Fig. 8.25a, b. Push-pull forward converter. VE Input voltage, VA output voltage, VCE max 

maximum voltage between collector and emitter, VCE sat saturation voltage, Vp max max­
imum primary voltage, Ie collector current, Ip primary current, Ip max maximum primary 
current, +Bmax positive maximum flux density, -Bmax negative maximum flux density, Us 

secondary voltage, T period, lion time of transistor V3, off time of transistor V4), 12 
on time of transistor V4, off time of transistor V3), PI primary winding 1, P2 primary 
winding 2, S 1 secondary winding 1, S2 secondary winding 2 

The duration of the conducting phase of the switching transistor V3 is deter­
mined by the control system. Once the conducting phase has ended there follows 
a state in which both switching transistors V3 and V 4 are non-conducting: V3 is 
already off and V 4 is not yet conducting. During this time the choke L acts as 
'current source'; together with capacitor C2 it continues supplying the load with 
current (at a constant voltage). Half of the current (load current) flows through 
each of the two parts of the transformer's secondary winding. Diodes VI and V2 
act here as free-wheeling diodes. 
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The second half-period runs as a mirror image of the first half-period. First 
the switching transistor V 4 becomes conducting, and with it also diode V2. Diode 
VI, on the other hand, now becomes non-conducting. With the end of the tran­
sition time of transistor V 4 both switching transistors V3 and V 4 are again non­
conducting. A new period starts. Pulse-width control is used for the control system 
as in the other power converter types. 

The ideal behaviour of the individual variables can be seen from Fig. 8.25b. 

8.6.5 Pulse Inverters 

Devices with transistor bridge input circuits. The d.c. input voltage UE (bat­
tery voltage) is applied to the fully controlled transistor bridge VI, V2, V3, V4 
through the input filter Cl, Ll, L2 (Fig. 8.26). 

Depending on the control system, these pulse-width controlled power transis­
tors connect the transformer T1 alternately to the input supply with either tran­
sistors V I and V 4 or V2 and V3 being turned on. The bridge circuit is triggered 
by 2 x 800-Hz pulses, whose pulse width is modulated with a 50-Hz fundamen­
tal. Since the phase displacement between the pulses to the two branches of the 
bridge is 180°, the result is a 50-Hz square wave voltage pulsating at 1600 Hz 
at the primary winding of transformer Tl. 

I I 
Control 
system 

II 
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AUoct 

/ 

+ UE 

L111 [1 
II 
II 

~1 VA 

A 3 VA 
L 31 

-T1 

LiJ -I T2 

UA 
I..B.-. ...L 
'----' -

Load ~220V /50 Hz 

L2 

Fig. 8.26. Pulse inverter (e.g. 7.5 
kVA). VA a.c. output voltage, VE d.c. 
input voltage, Ll,L2, Cl input filter, 
VI, V2, V3, V4 transistors in fully 
controlled bridge circuit, L3, C2 out­
put filter, T1 output transformer, T2 
current converter, lact actual value of 
current, Vatt actual value of voltage 
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The pulse frequency of 1600 Hz is filtered out by the choke L3 and the 
capacitor C2. Thus, a sinusoidal alternating voltage of typically 220 V, 50 Hz is 
produced at the secondary winding of Tl . 

Figure 8.27 illustrates in a simplified manner the formation of the output volt­
age waveform by pulse-width modulation. In practice the modulation frequency 
is higher. 

Devices with transistor bridge output circuit. In the pulsed modulated (e.g. 2.5 
kVA) inverter (Fig. 8.28) the principle of the forward converter (20 kHz, pulse­
width control) is employed. From the 48 or 60 V input voltage (40 to 75 V), a 
single-phase a.c. voltage of 220 V at 50 Hz (60 Hz) is produced. 

The input direct voltage UE (as shown in Fig. 8.28) passes through a filter 
(1 ) - which serves to reduce the interference - to the d.c./d.c. converter (2); the 
latter is triggered by the regulator I (7) at a constant frequency (20 kHz). The 
sinusoidal reference voltage (4) is rectified by a rectifier circuit (5) and input 
to the regulator I (7) as reference value URM . The modulated converter volt­
age UM is fairly similar to a rectified mains voltage. Using the polarity-inverting 
bridge circuit (3) the output alternating voltage UA is formed from it, here the 
bridge control (6) switches the bridge branches S lIS4 and S2/S3 (transistors as 
switches) alternately at every zero crossing of the sine-wave generator (4). In 
general a complex load must be expected. The energy stored in the reactive load 
distorts the waveform of the output voltage and increases the distortion factor. 
For this reason a compensation is provided in the form of a reactive-load con­
verter (10), which feeds the superfluous energy back into the energy source. 

The oscillogram in Fig. 8.29 displays the voltage distortion at the output of 
the inverter for a cos <p of about 0.7 (inductive). 

u 
~ 1~ t 

./ 1' . l/ 
~' t', 

/ \ 

wi 
1'\ / 

f'. ./ 

" ~ .... - -
1 Sinusoidal a.c. output voltage 
2 Pulse - width controlled square wa ve a.c. voltage 

Fig. 8.27. Formation of the inverter output voltage waveform by pulse-width control (mod­
ulation, PWM) as in schematic diagram. In reality the pulse frequency is much higher 
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Fig. 8.28. Block diagram of a pulsed, modulated d.c./a.c. inverter (e.g. 2.5 kV A WR 20, 
source: Siemens AG). CA output capacity, Sl to S4 controlled bridge circuit (transistor 
switch), UA a.c. output voltage, UE d.c. input voltage, UM modulated converter voltage, 
UR rectified output voltage, URM reference voltage of the modulated converter, PI" volt­
meter, P2 ammeter, I filter (lowlhigh frequency), 2 pulsed modulated d.c./d.c. converter, 
3 polarity-inverting bridge circuit, 4 50-Hz sine generator (reference generator), 5 recti­
fication of sinusoidal reference voltage, 6 bridge control, 7 regulator I, 8 regulator 2, 9 
reactive current rectification, 10 reactive load converter 
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Fig. 8.29. Output voltage and load cur­
rent of the inverter (scale: per notch, 
VA = 100 V; fA = 10 A; t = 12.5 ms) 



9 Switching Mode Power Supplies 

At this point a selection of equipment will be described; they all employ the 
principle of pulse-width control. 

9.1 Type 48 VIl2 A (60 VIlO A) 

9.1.1 General and Application 

The transistor-controlled switched-mode power supply units 48VIl2A (60VIlOA), 
GR401 (universal slide-in unit), (see Fig. 9.1), serve for example as a rectifier 
module as used in power supply unit SVE40, different types of telecommunica­
tions systems (with lower power consumption) such as transmission systems or 
RDLU's (Remote digital line unit) of EWSD (Digital electronic switching sys­
tern) systems. 

The rectifier module is designed to draw a sinusoidal current with no signif­
icant conducted EM!. On the output side, it delivers a regulated d.c. voltage of 

-• I 
I 

1 Source: Siemens AG. 

Fig. 9.1. Switched-mode power supply (rectifier 
module) 48 Vj12 A (60 VjlO A), GR40. (Photo by 
courtesy of Siemens AG) 
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48 V or 60 V. The switch-mode technology used has a high efficiency, which 
gives it very accurate control and response dynamics, and keeps it small, light 
and quiet. The low conducted EMI also means that standby power sources can be 
fully utilized. Six modules are generally used in the SVE40 power supply unit. 
In special cases, up to twelve can be connected in parallel to provide a larger 
system. When overloading occurs, current limiting is enforced. This reduces the 
voltage until the current falls back to the rated value. 

9.1.2 Modes of Operation 

The rectifier modules 48 V 112 A ( 60 VII 0 A) can be operated in the rectifier 
mode (see Sect. 3.1) or in the standby parallel mode (see Sect. 3.3). 

9.1.3 Survey Diagram of the Power Supply System 

The series SVE40 power supply unit consists of a frame accomodating up to 6 
series GR40 rectifier modules, protective devices and a monitoring and control 
board (A40) (see Figs. 9.2 and 9.3). 

These equipment units, along with a storage battery, form a no-break d.c. 
power supply system operating in the standby parallel mode for the supply of 
telecommunications systems with 48 V or 60 V rated power. It is possible to 
ground the positive (normal) or the negative d.c. conductor. The SVE40 can 
be connected to single- or three-phase a.c. supply systems. When the SVE40 
is connected to a three-phase system and the rectifier module load is evenly 
distributed between the phases, the neutral conductor carries no current. The 
remote signals cause a relay to drop out in the event of a fault. 

--- ~ .. 
Fig. 9.2. Power supply unit 
SVE40. (Photo by courtesy of 
Siemens AG) 
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Fig. 9.3. Survey diagram of the power supply unit SVE40 

9.1.4 Survey Diagram and Functioning Principle of the Rectifier Module 
48 VIl2 A (60 VIlO A) 

Figure 9.4 shows the survey diagram of the switched mode power supply unit 
(rectifier module) 48 VIl2 A (60 VIIO A), GR40. 

The GR40 converts the mains voltage into a controlled d.c. voltage available 
at its output, namely plug X2. This plug also provides information about the 
input mains and about faults in the module. In addition, it can be used to control 
the module remotely that is, to switch it on and off, to select charge or trickle 
charge mode and to alter the output voltage, when, for example, the temperature 
in the battery room changes. 

To minimize RF interference, the input voltage is fed through an Le input 
filter. The input rectifier bridge, which converts the a.c. voltage into a pulsating 
d.c. voltage is connected to the output side of this filter. 
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Fig. 9.4. Survey diagram of 
switched·mode power supply unit 
(rectifier module) 48 V/12 A (60 VI 
10 A), GR40 (see Section 3.1). 1 
Input filter, input rectifier, 2 input 
protection circuit, 3 boost conver· 
ter, 4 d.c./d.c. converter, 5 output 
filter 
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Switch-on current limiting (through the input protective circuit) is a feature 
of the GR40. During the switch-on phase, an IGBT (Insulated Gate Bipolar Tran­
sistor) ensures that the current increases slowly. When the unit is switched on, 
the IGBT protects the downstream components from overvoltages. 

The function of the boost converter is to draw a sinusoidal current from the 
mains with low conducted EMI. The semi-conductor circuit is activated in such 
a way that the charging current drawn by the input capacitor becomes sinusoidal. 
The advantage of the principle behind the boost capacitor is that most of the 
current drawn flows past the controlling element to the d.c./d.c. converter, making 
this part of the circuit's high efficiency. The type of converter used operates at a 
circuit frequency of 38 kHz and makes it possible to transform the rectified a.c. 
voltage into a link d.c. voltage that is infinitely variable over a large range. This 
d.c. voltage is used for the d.c./d.c. converter. 

The d.c./d.c. converter converts the d.c. link voltage produced by the boost 
converter into the lower output d.c. voltage. At the same time, the mains side is 
separated electrically from the output side. A control IC takes over the control 
and activation of the circuit transistors in the fully controlled bridge circuit. These 
are switched at a frequency of 2x40 kHz, so that a regulated rectangular a.c. 
voltage is produced at the secondary side of the transformer. This a.c. voltage is 
converted to the output d.c. voltage in a bridge rectifier. 

There is an NC-LC filter at the output of the d.c./d.c. converter to limit 
surge and also an HF-LC filter at the unit's output to maintain the permissible 
RF interference values (output filtering). The output voltage is regulated by the 
d.c./d.c. converter. 

Current sharing for parallel operation of the rectifier module is regulated via 
a bus, i.e. the current bus. From this bus, which is led via plug X2, the regulator 
is fed with a mean value of the output current, to which each GR40 can match 
the current it has to deliver. 

Providing the difference between the output voltages is less than I %, the 
difference between the GR40 currents is < 5% of IN. 

The output of the GR40 is short circuit proof. If there is overvoltage on the 
d.c. voltage side, the GR40 goes to maintained shutdown. Once the fault has been 
rectified, the module must be switched off and then on again in order to unlock 
it. If there is undervoltage on the d.c. voltage side, only the signal GR fault 
is given. The GR40 is protected internally from overheating by a temperature 
sensor. This is situated at the hottest part of the unit and switches it off when 
the temperature becomes too high. It also causes the LED fault to light up, and 
sends the signal GR fault to plug X2. The signal GR mains fault is given when 
the input voltage of a GR40 is outside the permissible voltage limits. 

A GR mains fault is passed on only as a remote signal with floating 
changeover contacts of a releasing relay. No additional LED lights up. 

9.1.5 Technical Data 

The principal technical data for the rectifier modules types 48 V/12 A (60 V/IO 
A), GR40 are listed in Table 9.1. 
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Table 9.1. Technical data for rectifier modules 48 VIl2 A (60 V/10 A), GR40 

Mains input supply 

Voltage (V) 

Frequency (Hz) 

Current, sinusoidal (A) 

Degree of radio interference 

D.C. output 

Operating mode or condition 

Rectifier mode or parallel operation/ 
float (trickle) charging (2.23V/C) 

Parallel operation/charging 
(2.33 VIC) 

Rated direct current (A) 

Interference voltage (mV) 

Dimensions (HxWxD) (mm) 

230 (175 to 264) 

50 or 60 (47.5 to 63) 

max. 3.7 (at 230 V) 

Limit class B (VDE 0878) 

Rated direct voltages (V) 
(tolerances for 1.5 to 100% rated curent) 

Equipment voltage ,;, load voltage 

48 V Systems 60 V Systems 

Lead-acid battery with 

24 cells 25 cells 30 cells 31 cells 

53.5± 56± 67± 69± 
1% 1% 1% 1% 

56± 58.5± 70± 72± 
1% 1% 1% 1% 

12 10 

~ 0.7 (frequency-weighted with 
CCITT A-filter) 

234 x 84 x 374 

9.2 Type 48 V (60 V)/30 A and 100 A 

9.2.1 General and Application 

The microprocessor-controlled switched-mode power supply units 48 V 
(60 V)/30 A and 100 A, GR202(built-in construction (Fig. 9.5) serve for ex­
ample as rectifier modules in power supply panels (power supply-series 200) 
for the supply of mobile radio telephone networks. The rectifier modules GR20 
100 A are applied in the power supply system 200 for the supply of the digital 
switching system EWSD. The units GR20 have various special features such as 
high efficiency, high control precision and good dynamic response, small volume 
and weight. Due to an operating frequency of 2 x 20 kHz the rectifier modules do 
not develop any noise, so that the power supply system is suitable for installation 
in office rooms. 

Up to thirty modules can be connected in parallel. The present layout of 
the compact power supply panels (as in series 200) allows the provision of four 

2 Source: Siemens AG 
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Fig. 9.5. Switched-mode power 
supply (rectifier module), 
48 V(60V)/I00 A, GR20. (Photo 
by courtesy of Siemens AG) 

rectifier modules per panel, each module with 30 A. With regard to the power 
supply system 200 up to four rectifier modules (100 A) can also be connected 
per panel (in the rectifier cabinet). 

9.2.2 Modes of Operation 

The rectifier modules 48 V (60 V)/30 A and 100 A, GR20 can be operated 
in the rectifier mode (see Sect. 3.1) or in the standby parallel mode (see 
Sect. 3.3). 

9.2.3 Survey Diagram of the Power Supply System 

Application in compact power supply systems. The compact power supply, series 
200 or 201, consists of two panels, a power supply panel with rectifier modules, 
d.c. and a.c. distribution equipment and boards, as well as a battery panel with an 
integrated maintenance-free lead-acid battery which provides a complete power 
supply system for the supply of telecommunication facilities (e.g. mobile radio 
telephone network). Due to its compact modular design and execution it is suit­
able for various applications. For a power demand of up to max. 240 A (equipped 
in each case with 4 rectifier modules GR20 48 V (60 V)/30 A) two power supply 
panels can be switched in parallel. 

For systems with greater power demands (up to 600 A) maximum 2 power 
supply panels, each of which is equipped with 3 rectifier modules GR20 48 V (60 
V)/100 A, can be applied (see Figs. 9.6 and 9.7). The operating reserve in cases 
of mains failure may be augmented even further by larger, separately installed 
batteries. 

The power supply panel «(Dsee Fig. 9.7) serves to house a maximum of 3(4) 
rectifier modules GR20 (Gl to G3 or Gl to G4). Both consumer and battery are 
switched in parallel and operate in the standby parallel mode. The power supply 
panel · type 200 is designed without battery and thermo disconnection, as opposed 
to the power supply panel type 201 (with Al6 and KIO). 
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Fig.9.6. Compact power supply panel AS201, equip­
ped with three rectifier modules, 48 V (60 V)/ lOO A, 
GR20. (Photo by courtesy of Siemens AG) 

The battery panel «Dsee Fig. 9.7) serves to house a 24-,25-,30- or 3 I-cell 
maintenance-free battery (e.g. dryfit). The capacity of the battery depends on the 
type of panel and can be 75 Ah, 200 Ah or 250 Ah. 

The battery- and thermo disconnection module A16 in the power supply 
panel consists of a battery undervoltage monitor and a relay control for the 
thermo disconnection. 

On the signal module A80 in the power supply panel the signal outputs 
of the rectifier modules are interconnected, the load fuses and battery fuses are 
monitored and the fault signals of the power supply panel are recorded. 

In the case of the rectifier modules release fault signals for mains failure and 
equipment failure these signals are forwarded separately by remote signalling, but 
they are indicated as one signal by the yellow LED 'FAULT' at the top location. 

As long as the rectifier modules are in operation, the green LED 'OPERA­
TION', likewise located at the top, lights up. 

For operation with maintenance-free batteries it is necessary to block the 
charging characteristic (2.33 VIC) and the initial charging characteristic (charging 
up to 2.7 VIC). These batteries may only be charged with a trickle charging 
voltage of 2.23 VIC. The blocking of charging characteristics is achieved by 
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Fig. 9.7. Survey diagram compact power supply series 200. (basic cabinet AS201) A6 
Voltage monitor (control of battery room fan and undervoltage monitor signalling), only 
used in power panel AS201, 300 A, Al6 Battery- and thermo disconnection module, 
A 80, signalling board FlO Battery fuse, F23 to F25 Load fuses, G I to G4 Rectifier 
modules (GR20, 30 A) or GI to G3 Rectifier modules (GR20, 100 A), KIO Battery 
disconnecting contactor, VI to V3 Main consumer connections, CD Power supply panel 
48 V (60 V) 120 A (or 300 A), CD Battery panel with valve regulated maintenance-free 
lead-acid battery 24, 25, 30 or 31 cells 

means of a bridge (X5) on module A80 (not represented in the figure). Through 
this bridge and via a signal plug connector (X2) positive potential is laid to the 
input of the microcontroller in the rectifier module. Thus, the controller blocks 
the switch-over to the charging characteristics. 

Table 9.2 shows the application of the rectifier module GR20, 30 A and 
100 A in the compact power supply and the system configuration at different 
current consumptions (also applicable for the rectifier module GR40112 A see 
Sect. 9.1). 

Application in power supply system 200. The power supply system 200 (see Figs. 
9.8 and 9.9) is designed for the range of 100 A to 2500 A current consumptions. 
The following basic components may be used in that system: 

- rectifier cabinet 48 V (60 V)/400 A, 
- battery and d.c. distribution cabinets 48 V (60 V) 630 A, 1250 A or 2500 A 

and 
- a.c. power boards 250A or 630 A. 
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Fig. 9.S. Power supply system series 200. (Photo by courtesy of Siemens AG) 

Each rectifier cabinet is designed to accommodate four 100-A rectifier modules 
GR20. Terminals for connecting the modules are provided. 

Table 9.3 shows the application of the rectifier module GR20, 100 A in 
the power supply system 200 and the system configuration at different current 
consumptions. 

9.2.4 Survey Diagram, Block Diagram and Functioning Principle of the 
Rectifier Module 48 V (60 V)/30 A and 100 A 

Figure 9.10 shows the survey diagram of the switched-mode power supply unit 
(rectifier module) 48 V (60 V)/30 A respectively 100 A, GR20. Here the principle 
of the double single-ended forward converter (pulse width control, 2 x 20 kHz = 
40 kHz) is applied. The two converters operate in push-pull operation. 

Power section. The three phase a.c. mains voltage UE is fed via a RC radio 
interference suppression filter (CD)(see Fig. 9.10) to the power rectifier (three­
phase bridge configuration V I) and is thereby rectified. The second part of the 
interference suppression filter (CD) is located at the output-side of the device. 
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Mo inS supply 
eg 3x400V 150Hz -----7--------------------------"1 

'---t---...----------<----~----+------I 

7 8 6 6 6 6 

I 
__ oj 
---l 

A81 i . 
_J 

Fig_ 9_9_ Survey diagram of the power supply system series 200. 1 A.c. power board 400 
V/250 A NY400 or 630 A NY200, 2 rectifier cabinet 48 V(60 V)/400 A GS200, 3 rectifier 
module 48 V(60 V)/lOO A GR20, 4 battery and d.c. distribution cabinet 48 V (60 V)/ 
630 A, 1250 A or 2500 A VS200 (VS20 1), 5 battery cabinet or battery groups (each e.g. 
24 cells or 25 cells), 6 communications system (load), 7 signalling and remote signalling, 
8 battery room fan, 9 overvoltage protection, A6 voltage monitor, A80 signalling board, 
A81 signal bus 

Thus the interference voltage is limited to permissible values (that is limited to 
class B as in VDE 0871). The power rectifier is followed by an input filter (0) 
(see Fig. 9.10), which consists of reactors and capacitors and serves to store 
energy. Through link variants the unit can be matched to differing a.c. supply 
voltages (terminal 1 to 4). 

The rectified mains voltage UR , varying along with the mains voltage, is fed 
to the power converter modules A4 and A5 as converter input voltage U, and U2. 
Every converter operates with a frequency of 20 kHz. Through interconnection 
on the secondary side of the two converters with their staggered voltage blocks 
a voltage of 40 kHz frequency is produced. 

The bipolar power switching transistors VI and V2 in Darlington-config­
uration 'chop' and regulate the converter input voltage (final control element). 
The square voltage blocks are transformed (matching and electrical isolation) by 
means of power transformers Tl and T2. Then follow the rectifier diodes V3, 
V4, free-wheeling diodes V5N6 and output filters L7 , C9. 
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Due to its good dynamics the voltage and current regulator A6 dampens the 
input ripple content, and for this reason the passive filters in the power circuit 
are used exclusively for the filtering of high-frequency interferences. 

The switching transistors are protected by a ReV-circuit (0) and (0) (see 
Fig. 9.10). 

The actual current value is recorded by the shunt resistor R9 and then eval­
uated on module A6 for current limitation. The block diagram of the rectifier 
module GR20, 48 V (60 V)/30 A or 100 A in Fig. 9.11 shows the layout of the 
modules and their interaction. 

Input module AI. On the input module are located radio interference suppression 
capacitors. For protection against transient mains overvoltages (e.g. lightning and 
switching processes) varistors and surge diverters are provided. 

Auxiliary converter module A2. For the electrically safely isolated functional 
groups on the input and output side of the rectifier module auxiliary voltages are 
required which are generated with an auxiliary converter from the input voltage. 
The converter supplies the auxiliary voltages of ± 5 V and ± 12 V for the trigger 
circuit of the main converters, as well as for the logic and regulation circuits. 

An optocoupler, which transmits a signal to the microcontroller on the regu­
lation module A6 in cases of mains undervoltage, is integrated into this module. 
The controller then displays an appropriate message via the LCD displays on the 
operating panel module A 7. The protection against mains overvoltage is ensured 
by a varistor. 

Regulation, control and monitors 

Logic module A3. The central unit of the logic module is a switched-mode power 
supply IC regulator component and performs the following functions: 

- protection of the power transformers against saturation, 
- current limitation of instantaneous value, 
- pulse width control, 
- generation of clock frequency, 
- voltage monitor, 
- sofistart, 
- dynamic current limitation and 
- symmetrical control of the two push pull channels. 

During the symmetrical control the two converter voltages UI and U2 are 
recorded, a voltage drop AU is formed and then compared to a reference voltage. 
If AU exceeds a certain tolerance range, i.e. if one of the converter voltages is 
too high, blocking pulses are generated depending on the polarity of AU. These 
pulses pass to certain inputs of the regulator. The regulator then reduces the trig­
ger pulses of the converter with the lower voltage until AU has fallen below its 
tolerance value. The trigger pulses for the power switching transistors of both 
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Fig. 9.10. Survey diagram of switched-mode power supply unit (rectifier module) 48 V 
(60 V)/30 A respectively 100 A, GR20. UE rv 3 Three-phase input a.c. voltage: terminal 
connection for 220 V ..... 230 V: 1-4, 2-3 (parallel switching of the two converters), 
terminal connection for 380 V ..... 415 V: 2-4 (series switching of the two converters), VI 
Supply side rectifier (uncontrolled), UA Output d.c. voltage, UR Rectified supply voltage 
(intermediate circuit d.c. link voltage), U), U2 Converter input voltage, C), C2 Input 
capacity of the power modules, C9 Output capacity, V3/V4 Secondary rectifier, VSIV6 Free-
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converters are released via the regulator outputs Ql and Q2 as in Fig. 9.10. The 
regulator also performs the evaluation of the under- and overvoltage monitor of 
the intermediate circuit voltage VR . For this, the voltages VI and V2 are recorded 
and evaluated. The signals generated are forwarded to the regulator and compared 
to the reference voltages. If there is an input overvoltage or an input undervolt­
age, the regulator blocks the trigger pulses of the power switching transistors. 
The rectifier module switches off and after a delay time of approximately 5s it 
tries a 'softstart' which only succeeds if the input voltage has returned to within 
its normal limits. 

During softstart the pulse duty factor of the power transistor trigger pulses 
is continually increased by the regulator. Furthermore, a duty factor current 
limitation and a rapid intermittent current limitation are also located on this 
module. Both current limitations serve to protect the power switching transistors. 

Regulation module A6. The main components of this module are the micro­
controller component, a EPROM, and a secondary-side auxiliary converter. This 
converter is fed from the associated battery and supplies the regulation module 
with the auxiliary voltages needed even when there is a mains voltage failure. 
The converter thus ensures the operation of the microcontroller in cases of mains 
failure. 

On the primary side the microcontroller continually monitors the mains volt­
age. If there is a mains failure, the microcontroller blocks the triggering of the 
optocoupler. Thereby, trigger pulses for the power transistors are not generated 
anymore and the rectifier module switches off. If the mains returns to its normal 
state the rectifier module comes into operation with a 'softstart'. 

On the secondary side the microcontroller receives informations on the mag­
nitude of the output current and output voltage. If the latter is too high, the 
processor switches the device off (locked) via the regulator of the logic module 
A3. Afterwards, the rectifier module can only start-up again if the device has 
been unlocked by operating the ON/OFF switch on the operating panel. 

The regulation module A6 also has the function of secondary current limi­
tation which comes into operation after a short period of delay. The signal for 
current limitation is provided by the shunt resistor R9 (see Fig. 9.10). Via a 
measuring circuit on the module it is ensured that for excessively high output 
currents which are not permitted, the reference voltage at the regulator (reference 
input variable) is reduced. Due to this measure the output voltage can be reduced 

Fig. 9.10. (Continued) 
wheeling diodes, L7 Output reactor, R9 Shunt resistor (Iac! sensing), VI, V2 Power switching 
transistor, TJ, T2 Power transfonner, CD Interference suppression filter, CD Input filter, G) 
Primary auxiliary converter module A2, @ Trigger module 1, @ Trigger module 2, 0 
RCV protective circuit for transistor I, Ci) RCV protective circuit for transistor 2, A3 
Logic module, A4 Power module I (d.c.ld.c. converter module), A5 Power module 2 
(d.c.ld.c. converter module), A6 Regulator module (voltage regulator, current regulator 
and secondary auxiliary converter), QI, Q2 Trigger pulses for power transistors 
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Input 3x400V rv3/N or 3x230Vrv3/N 

r-'----' 
A 5 • 

UA 

Output 48V(60V)130A(100A) 

Fig. 9.11. Block diagram switched-mode power supply unit (rectifier module) 48 V 
(60 V)/30 A or 100 A, GR20. Al Input module, A2 Auxiliary converter module, A3 
Logic module, A4 Power module 1, A5 Power module 2, A6 Regulation module, A7 
Operating panel module, CD Interference suppression fiiter,(DSupply side rectifier, CD Input 
fiiter, (±)Primary power section, G")Power transformer module, @Secondary power section, 
(2)Output filter, - Energy flow, - - ~ Signal flow, ~ Auxiliary energy (internal 
power supply) 

to '0 V', whereas the output current remains approximately the nominal current 
value. 

Furthermore, the microcontroller receives the state of the voltages (e.m.k.) 
present immediately after the converters. If the e.m.k. is below a certain value 
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(output voltage becomes too low), the controller releases a corresponding mes­
sage via the display (operating panel module A7) and switches on the relay 
for trouble indication K2 (also on module A7). The rectifier module is not 
switched off. 

Via the changeover contact of the relay which rests potential-free on the 
signal plug connector X2 (A 7) it is possible to start a remote signalling process. 
The microcontroller switches this relay on even if there is an overvoltage at the 
output, or if the secondary auxiliary converter is faulty. 

A relay to indicate trouble Kl (which is also on operating panel module A7) 
is triggered by the processor as soon as there is a mains failure or phase cut. 
Here, too, a potential-free changeover contact lies on the signal plug connector 
X2 and can be used for remote signalling. 

In addition, the microcontroller records the duration of a mains failure. On 
return of the mains voltage and depending on the adjusted charging timer settings 
the processor performs a switch over of the output voltage from trickle charging 
to charging in order to recharge the connected battery (this is only possible with 
operation of the switch 'AUTO' on the operating panel module A7, not with 
manual operation). If the adjusted charging time of the battery has elapsed, the 
microcontroller switches the rectifier module from charging voltage back to trickle 
charging voltage. 

In order to allow simultaneous switchover to the new characteristics for sev­
eral rectifier modules switched in parallel, a synchronizing of the characteristics 
is realized via the microcontroller. 

If a locked, maintenance-free battery (e.g. dryfit), which must not receive 
a charging voltage of 2.33 VIC, is connected in parallel, this situation can be 
signalled (from outside) to the microcontroller via the signal plug connector X2 so 
that the microcontroller blocks the charging characteristics. Now only the switch 
ONIOFF is still effective. The initial charging characteristics (special charging up 
to 2.7 VIC) are also blocked. 

The processor controls the display of the individual devices' status which is 
indicated via the display on the operating panel module A7. 

If several rectifier modules are switched in parallel the regulator receives, 
via the signal plug connector (X2), a total average current value to which it 
can match its own device current value (current balancing). Furthermore, the 
microcontroller switches the devices on and off as soon as it receives a control 
signal via the plug connector X2. For the various control and regulation tasks it 
performs, the microcontroller requires a program which is stored in an EPROM 
memory. 

Operating panel module A7. The elements needed for the operation of the rec­
tifier module listed in the following are located on the operating panel module 
A7, see Fig. 9.12: 

- l6-digit LCD-display, 
- potentiometer h 2.7 VIC; current limitation for initial charging of the battery, 
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~ 

1. l,ll/C 2,m/C WIIC - - -

AUTO 

• 
Vnrslch!. gelihrlicfle GlelchspanRlIng 
Konden"I,,,.,,tI.dunl : 5 Min. 
CAUTICN. DANGEROUS D. C. iOlTAGE 
DISCHARGE OF CAPACITORS: 5 MIN. Fig.9.12. Operating module A 7. (Photo 

by courtesy of Siemens AG) 

- potentiometer 2.33 VIC; fine adjustment of the charging voltage, 
- potentiometer 2.23 VIC; fine adjustment of the float (trickle) charging voltage, 
- key 2.33 V/C3; operation mode charging, 
- switch S5; adjustment of charging timer 2 to 24 h, 
- key AUT03; automatic operation mode, 
- key TS3; time reduction for testing operation and changing of the language 

English-German-English at the display, 
- key ON/OFF3; output operation switch and 
- signal plug connector X2; remote signals and remote control, serial interface. 

Also accommodated on the A 7 board is the fault-signalling relay KI. Its contacts 
as well as those of relay K2 (on the A6 board) are employed for connection via 
the signalling connector X2, 

- relay KI is operated by the microcontroller when undervoltage, overvoltage, 
power failure or phase failure occurs on the a.c. side and 

- relay K2 is operated by the microcontroller when overvoltage occurs at the 
rectifier output, or the auxiliary voltage supply on the regulator board A6 is 
faulty. 

Each of the relays has a changeover contact connected to the signalling connector 
X2. 

3 Each key has a LED which lights up when the key is pressed. 
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The operating panel has two further controls: 

- potentiometer for adjusting the LCD brightness and 
- dip-fix switch bank S6 (setting and matching 48 V or 60 V system, 24, 25, 

30 or 31 battery cells and special charging). 

The connector X2 is in the compact power supply to be connected to the signal 
board A80 or in the power supply system 200 in the rectifier cabinet to be 
connected with the signal bus A81. 

A remote control unit (e.g. power controller) can also be connected via the 
signalling connector X2 to operate the rectifier modules through a serial interface 
and/or to obtain their operational condition (current-voltage-characteristic). 

Table 9.4. Technical data for rectifier modules 48 V (60 V)/30 A and 100 A, GR20 

Type 30 A 100 A 

Mains input supply 

Voltage (selectable) (V) 

Frequency (Hz) 

Equipment fuse protection (A) 

Degree of radio interference 

D.C. output 

Operating mode or condition 

Rectifier mode or parallel operation/ 
float (trickle) charging (2.23V/Cell) 

Parallel operation/charging 
(2.33 V/Cell) 

Initial charging (at rated mains 
supply voltage with communication 
system disconnected) 

Rated direct current (A) 

Interference voltage (mV) 

Dimensions (HxWxD) (mm) 

3a.c. 175 to 235 
3/N a.c. 323 to 456 

47.5 to 63 

3x16 (at 230 V) 
3x1O (at 400 V) 

3x32 Agi 
3x20 Agi 

Limit class B (VDE 087110878) 

Rated direct voltages (V) 
(tolerances for 1.5 to 100% rated 
current) 

Equipment voltage ~ load voltage 
(except for initial charging with 
communications system disconnected) 

48 V systems 60V systems 

Lead-acid battery with 

24 cells 25 cells 30 cells 31 cells 

53.5± 
1% 

56± 
1% 

56± 
1% 

58.5± 
1% 

65 67.5 

30 A 

67± 
1% 

70± 
1% 

69± 
1% 

72± 
1% 

84 84 

100 A 

< 1.8 (frequency-weighted with 
CCITT A-filter) 

145x654x340 265 x 654 x 340 
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9.2.5 Technical Data 

The principal technical data for the rectifier modules types 48 V (60 V) I 30 A 
and 100 A, GR20 are listed in Table 9.4. 

9.3 Type 48 VIl20 A (60 VIlOO A) 

9.3.1 General and Application 

The transistor-controlled switched-mode power supply units (rectifier modules) 48 
VIl20 A (60 VIIOO A) GR404 (for the slide-in unit see Fig. 8.20) are applied in 
the power supply system 400 for the supply e.g. of the digital switching system 
EWSD. The rectifier modules convert the a.c. supply voltage into a regulated, 
smoothed d.c. voltage. This d.c. voltage meets all the requirements for supply 
needed for telecommunications systems. 

The GR40 draws a sine wave current. This means that there is nearly no 
interaction with the a.c. supply system. This non-interactive load allows also 
100% utilization of standby generating equipment. 

The design of GR40 is modular. If more rectifier modules are connected 
in parallel (n+ 1 operation) greater systems can be built up. Up to five rectifier 
modules can be connected per one rectifier cabinet. 

The GR40 can be used in the compact power supply 400 or in the power 
supply system 400. 

The GR40 includes as a standard a microcontroller interface for the commu­
nication with a higher-order control board A42. 

The function of the rectifier module GR40 120A (100 A) is in general very 
similar to the rectifier module GR20 (see Sect. 9.2) and GR40 12 A (10 A) (see 
Sect. 9.1). 

9.3.2 Modes of Operation 

The rectifier modules GR40 48 VIl20 A (60 VIIOO A), can be operated in the 
rectifier mode (see Sect. 3.1) or in the standby parallel mode (see Sect. 3.3). 

9.3.3 Survey Diagrams of the Power Supply System 400 

Application in compact power supply system 400. In their basic configuration, 
series 400 compact power supplies (CPSs) consist of two different power supply 
cabinets, a basic cabinet KS400/KS40 1 and an extension cabinet KS400E (see 
Figs. 9.13 and 9.14). Thanks to their compact dimensions, they are ideal for 
installation in confined spaces, such as containers, for supplying power to digital 

4 Source: Siemens AG 
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Fig. 9.13. Compact power supply 
system-power supply cabinets series 400, 
basic (right) KS401 and extension (left) 
KS400E. (Photo by courtesy of Siemens 
AG) 

switching equipment, radio relay stations, mobile radio and the like. Depending 
on the amount of current required, the systems consist of one or two of the 
above-mentioned cabinets. One KS400/KS401 cabinet and one KS400E cabinet 
can handle up to 840 A for 48 V systems and up to 700 A for 60 V systems. In 
view of the size of the battery fuse, a maximum of 630 A is therefore available 
for supplying the loads; the remaining rectifier capacity is used for charging the 
batteries or as a safety margin. 

Compact power supplies operate in parallel standby mode. In other words, 
the rectifier equipment, batteries and loads are connected in parallel in all operat­
ing states. To protect the battery from excessive discharge it can be isolated from 
the system by means of an optional battery disconnection unit (KS401). With the 
aid of a Siemens Power Supply Controller (SPSC40) all the operating data can 
be monitored and called down by the power (supply) control center PCC via a 
modem. Conversion of the power from the public a.c. mains supply is performed 
by clocked 19" rack-mounted rectifier modules of type GR40 with rated output 
currents of 120 A and 100 A (for rated voltages of 48 V and 60 V respectively). 
These modules are characterized by high efficiency, sine-wave current input, high 
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L1,L2, L3.N l 1,l2. L3.N Thermo Remote signals 

Fy 

L. 
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'--KS4Oo"q r' 
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I ' . I 
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51 to 63 
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I 
I 

r-----J 
I 
I 
I -,Wilh link. 

r-+ without BA 
I I ( KS 400) 

Fv K10 FlO 

1+.~~ 
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K540 1 • 
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t---+-- 5PSC 

i 
I local PC 

i F9 

! 
.J 
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Fig. 9.14a. Survey diagram compact power supply series 400 (basic cabinet KS401 
(KS400) and extension cabinet KS400E). A41 Signal board, A42 control board, Fv, Qv 
load fuse/automatic circuit breaker, F9, FlO battery fuse, V load connection, BA battery 
deep discharging protection, battery disconnecting unit, G I . . . G4 rectifier modules GR40 
120 A, (100 A), Ll , L2, L3, N mains 3/N a.c. 400 V, 3 a .c. 230 V, KIO battery discon­
nection contactor, Thermo temperature monitor> 34°C, > 45°C, KS400 compact power 
supply cabinet, basic, without battery disconnecting unit (360 A), KS401 compact power 
supply cabinet, basic, with battery disconnecting unit (360 A), KS400E compact power 
supply cabinet, extension (480 A), SPSC Siemens power supply controller 

SIEMENS 
SU 400 

Fig. 9.14b. Operation, adjustments and monitoring with notebook and software of the 
monitor program series 400. (Photo by courtesy of Siemens AG) 
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control accuracy, high dynamic range, low volume and low weight. To ensure 
the safety of operating personnel, all live parts in the compact power supply are 
enclosed and all fuses employ shock hazard protected disconnectors. 

In addition there is a a.c. power distributor 250 A necessary. 
Table 9.5 shows the application of the rectifier module GR40, 120 A in the 

compact power supply system 400 and in the power supply system 400 with the 
system configuration at different current consumptions (also applicable for the 
rectifier module GR40, 12 A, see Sect. 9.l) 

Signal board A41 is designed as a pc board and is located at the top of the 
compact power supply cabinets. It contains seven 25-pin and 9-pin subminiature 
connector strips for connecting the control and signalling lines (SGST) and the 
serial interface (SRST). The rectifiers are connected via X3l to X35 (for SGST) 
and X4l to X45 (for SRST). The adjacent expansion cabinets are connected via 
X50, X5l and X20, X2l. If there are no further cabinets with an A4l module 
on one side, the terminating resistors for the SRST must be activated by closing 
dip fix switches Sl and S2. Signal board A4l forwards the signals and also 
contains connections for fuse monitoring and recording standardized battery and 
load currents (0 to 20 rnA). 

There is in general only one control board A42 (see Figs. 9.15 and 9.16) in 
each power supply system. This module, which acts as a central unit, performs 
control, signalling and monitoring functions and also enables the rectifier modules 
to exchange signalling traffic via the signal interface (SGST). It is connected via 
the SGST and SRST to board A4l and via terminal strips to the signal lines of 
the power supply system. As an option, the Siemens Power Supply Controller 
(SPSC40) can be controlled via the second connecting strip for the SRST. Rotary 
switch S3 enables 12 standard configurations to be selected (see Fig. 9.17). The 
settings are shown in Table 9.6. In addition, the system settings or rectifier module 
settings can be individually modified via the service interface (SEST, RS232) by 
means of a PC and a suitable software (see Fig. 9.l4b). 

Once the desired configuration has been set up, the control module is reset 
with the aid to the reset switch S4 so that the configuration comes into force. It is 
also possible to cycle through the value for the shunts with the aid of pushbutton 
mode Sl (see Fig. 9.17). The value displayed is then automatically used. 

Application in power supply system 400. The power supply system 400 (see 
Figs. 1.6 and 9.21) designed for the range of 120 A (100 A) up to 5000 A 
(2500 A) current-consumptions, and is very similar to the power supply system 
200 (see Sect. 9.2.3). Only the rectifier cabinet (see Fig. 9.18) in the power 
supply system 400 is designed to accommodate five 120 A (100 A) rectifier 
modules GR40. The following basic components are used in this system: 

- rectifier connecting cabinet GS400 48 V/600 A (60 V/500 A), 
- battery switching and d.c. distribution cabinets: BV400 48 V (60 V)/630 A, 

1250 A and 2500 A (see Fig. 9.19) and 
- a.c. power distribution equipment; power distributor NV 400, 250 A or power 

distribution cabinet NV400, 630 A (see Fig. 9.20). 



200 9 Switching Mode Power Supplies 

Table 9.S. Planning information: for 48 V power supply systems series 40 and 400 with 
5000 A systems 

Rectifier SVE Rectifier Control Compact power 
module Power module board supply cabinet 
(n+l) supply (n+l) 

unit 

Load 12 A 72A 120 A A42 360 A 480 A 
current (2 batt.) (only in (2 batt.) 
requirement GR40 SVE40 GR40 KS400/401 (S)* KS400/401 KS400E 
(A) or BV400} B E 

12 1+1 
24 2+1 
60 5+1 

80 1+1 
120 1+1 
240 2+1 
360 3+1 
480 4+1 
600 5+1 

720 6+1 
840 7+2 

1000 9+2 
1200 10+2 
1500 13+3 

1800 15+3 1 
2000 17+4 1 
2400 20+4 1 
2500 21+5 1 
3000 25+5 1 
3600 30+6 2 
4200 35+7 2 
5000 42+8 2 

B Basic 
E Extension 
(n+ I) = load feeding+battery charging (20% max. }/standby unit, values in brackets [ ] 
= alternative 

The modular series 400 power supply is used as a secure supply for communica­
tion equipment operating at rated voltages of 48 V d.c. or 60 V d.c. The lead-acid 
batteries which are needed to provide power if the public supply network should 
fail are supplied with the necessary trickle (float) charge or recharge. Depending 
on the configuration selected, it is possible to control the 2.33 V/cell characteristic 
on a time or capacity basis. 

The power supply operates in parallel standby mode. In other words, the rec­
tifier modules (RFs), batteries and loads are connected in parallel in all operating 
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switched-mode rectifier units (rectifier modules) types GR40, l2A and GR40 120A; max 

EWSD Rectifier Battery and d.c. distribution A.C. power A.C. power 
power cabinet cabinet distribution distribution 
supply cabinet 
cabinet 

480 A 600 A 630 A 1250 A 2500 A 250 A 630 A 
(2 batt.) (2 batt.) (4 batt.) (4 batt.) 
KS400S* GS400 BV400 BV400 BV400 NV400 NV400 
KS400SE* 

1 1 1 [1 ] 
1 1 1 [1] 
1 1 1 [1 ] 
1 1 1 [1] 
2 1 1 [1 ] 
2 2 [1 ] [1 ] 

2 2 [2] 1 (1] 1 [1 ] 
3 2 [2] 1 [1] 1 [1] 
3 3 [2] 1 [1] 1 [1] 
3 3 [2] 1 [1] 1 [1] 
4 4 [2] 1 [2] 1 

5 4 [2] 1 [2] 1 
6 5 [2] 1 [2] 1 
6 5 [2] 1 [2] 1 

6 [2] 1 [2] 1 
6 [3] 2 1 
8 [3] 2 2 
9 [4] 2 2 

10 [4] 2 2 

* Remark to the S-version: When integrating the power supply into the EWSD switching 
system, only a cabinet version of series 400 - namely power supply cabinet 480 A KS400S 
(KS400SE) of SIV AP AC design - is used. EWSD switching systems with a current re­
quirement of 120 A to approx. 3000 A can be supplied by connecting several cabinets in 
parallel. 

states. These power supplies are particularly suitable for digital exchanges such 
as EWSD, mobile radio, radio relay stations and the like. 

Series 400 power supplies can be linked to a PC and/or a Siemens Power 
Supply Controller (SPSC40) so that all operating data can be monitored. This 
data can then be interrogated via a modem. 

Conversion of the three-phase or single-phase a.c. voltage from the mains 
supply to the desired d.c. voltage is performed by clocked 19" rack-mounted rec­
tifier modules with rated output currents of 120 A and 100 A (for rated voltages 
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Fig. 9.15. Control board A42 (Photo by courtesy of Siemens AG) 
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of 48 V and 60 V). These rectifier modules are characterized by high efficiency, 
sine-wave current input, high control accuracy, high dynamic range, low volume 
and low weight. 

With the available components (rectifier modules, rectifier cabinets, battery 
switching and distribution cabinets and power distribution equipment) it is pos­
sible to construct power supplies with ratings between 100 A and 5000 A. 

To ensure the safety of operating personnel all live parts of the system are 
enclosed and all fuses employ shock-hazard protected disconnectors. 

Since the standby parallel operating mode is being used, all the Rectifier 
modules (RFs) are connected in parallel with the batteries and the loads in all 
operating states. When mains voltage is present, the RFs supply load current and 
the necessary current for the batteries. 

If mains voltage fails, the batteries supply uninterrupted power to the loads. 
When mains voltage returns, the RFs continue to supply the loads and recharge 
the batteries at increased voltage (2.33 VIC) for a preselected duration or accord­
ing to the level of charge. If the batteries are valve regulated (maintenance-free, 
sealed) batteries which may not be operated at this high charge voltage, the 
2.33 VIC mode must be disabled on configuration of control board A42. These 
batteries will then only ever be operated at a voltage of 2.23 VIC. 

In standby parallel mode the load voltage depends on the battery voltage and 
varies between the following values: 

- 42 V and 56 V for -48 V systems and 24-cell lead batteries 
- 44 V and 58.5 V for -48 V systems and 25-cell lead batteries 
- 54 V and 70 V for --60 V systems and 30-cell lead batteries. 
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S4 
Reset 

H1 H3 H5 
H2 H4 H5 H7 H8 H9 51 52 S3 

0 

D D "0' III " I 0 0 0 0 13 ] 

11 5 
, 7 , 

5V1 5V2 2.33V/C 2.33V/C 
FAULT MAINS FAULT MAIN5 FAULT Mode Configuration 

DELAYED 

Fig. 9.17. Control board A42-arrangement of controls and indicators 

It is possible to reduce the input power of the power supply system with NEA 
(standby) operation. To do this, the part of the RF which is specified for bat­
tery charging can be switched off and the load characteristics of the other RFs 
disabled. 

The rectifier cabinet GS400 is designed to accommodate five RFs which are 
installed on site. The mounting locations for the RFs are arranged one above the 
other; the necessary connecting lines are already in place. If fewer than five RFs 
are used the lower or lowest mounting locations remain unoccupied. Mounting 
locations which are not used are covered by a blanking plate. 

The RFs can be inserted in the cabinet from the front and are held in place 
by screws. The electrical connections for the RFs are made on the a.c. mains side 
via 25 A power switches and on the d.c. side via NH (Low-voltage-high-breaking 
capacity) circuit breaker assemblies (size 00) fitted with 125 A NH fuses. These 
components are located at the top of the cabinet. 

The control and signalling terminals of the RFs are connected to the signal 
board A41 via plug-in lines with 25-pin subminiature connectors for the sig­
nal interface (SGST) and 9-pin subminiature connectors for the serial interface 
(SRST). 

The signal board A41 (see Section 'application in compact power supply 
system 400') is connected to the adjacent cabinets (the rectifier cabinet and the 
battery switching and distribution cabinet) at connector strips X20, X21 (SRST) 
and X50, X51 (SGST) with the control and signalling lines. 

The battery switching and d. c. distribution cabinets for rated currents of 
630 A, 1250 A and 2500 A are of virtually identical design. The main difference 
lies in the power ratings for the battery fuses and battery connections. In addition 
to the central equipment of the power supply system, control board A42 and 
signal board A41 (see Section 'application in compact power supply system 400'), 
they contain all the connections for batteries, for loads and for a mobile power 
supply unit. 

Switch S 1 can be used to select the battery or load voltage for the digital 
display on the A42. Next to the switch there are jacks for connecting external 
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instruments for measuring the battery and load currents. The remote signalling 
lines for SVI and SV2 are connected directly to the terminals of the A42 board. 

At the bottom of the cabinet are the connections for batteries and mobile 
power supply units. 

In the middle and at the top of the cabinet are the load-switchable circuit 
breaker assemblies of different sizes for the outgoing load circuits installed on 
three 100 x 10 mm eu clips. As an option, each outgoing load circuit can 

'able 9.6. Configurations of the control board A42. (See also next page) 

48 V Systems 60 V Systems 

:onf. switch I 2 3 4 5 6 7 8 9 10 II 12 
S3 position: 
(Standard con£.) 

'onf. switch 
S3 position: 0 13 14 
(can be modified 
via a personal 
computer PC) 

attery disconnection no yes no yes no 

lisable charge characteristic y n y n y n y n yes 
(y: yes, n: no) 

ontrol charge characteristic * * * * 
SV2 and SV2 SVI SV2 SVI 

ignal for 'RF mains fault' mains fault 
signal (Nst) 

ignal for 'all' RF- SV2 SV2 and mains fault signal (Nst) 
'RF mains fault' 

ignal for 'RF off' SVI SVI 

ignal for 'last' RF-'RF off' SVI SV2 SVI 

ignal for 'RF fault' SVI 

ignal for 'fault' at fuse SVI 

emote control not active 

(V) 24C 62.0 30C 73.0 

vervoltage threshold (V) 25C 64:0 31C 75.0 

(V) 24C 44.0 30C 57.0 

ndervoltage threshold (V) 25C 46.0 31C 58.0 

attery emerg. shut off (V) 24C 42.0 30C 53.0 

(V) 25C 44.0 31C 55.0 

15 
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Table 9.6. (Continued) 

Remarks and explanations to Table 9.6: 

Conf. switch 
S3 position: 

3 and 4 (48 V Systems) settings for compact power 
7, 8 and 9 (60 V systems) supply systems (eg. KS 40 I) with 

battery disconnection 

I and 2 (48 V systems) settings for power supply systems 
5, 6, 11, 12 (60 V systems) without battery disconnection 

5 as delivered condition 

13 (progr.) in general for valve-regulated lead-acid batteries 
(factory progr.: disable charging characteristic) 

14 (progr.) in general for liquid-electrolyte lead-acid 
batteries (factory progr.: enabling charging 
characteristic) 

15 spare and factory set up 

RF Rectifier module 
* The charging characteristic is activated for 120 minutes in the event of 
a power failure lasting at least 15 minutes 

be equipped with a shunt resistor with test jacks. The outgoing load circuits are 
installed on site. Permanently installed on the bottom bar are three size 00 circuit 
breaker assemblies without shunt resistors for the low-current loads such as the 
safety lights. 

9.3.4 Survey Diagram, Block Diagram and Functioning Principle 
of the Rectifier Module 48 VIl20 A (60 VIlOO A) 

Figure 9.22 shows the block diagram of the switched-mode power supply unit 
(rectifier module) 48 VIl20 A (60 VIlOO A), GR40 (see also Fig. 9.23). 

For the three-phases of the mains there is a separated functional unit of 
conversion from a.c. in a controlled d.c. supply. Such a functional unit contains 
every input including the supply side rectifier, surge voltage protective circuitry, 
boost converter and d.c/d.c. converter. After the output filter, there is a parallel 
connection of those circuits. Therefore there is a redundancy because in the case 
of only one of three units it is faulty or there is a phase cut of the rectifier 
module which is still in operation (with reduced power). 

The rectifier module GR40 can be controlled from a remote point via the 
floating control inputs of signalling interface X3 (SGST) or serial interface X4 
(SRST), (RS485). 

Setting the GR40 (e.g. trickle (float)-charge voltage as a function of number 
of battery cells) is carried out at start -up with configuration (mode selector) 
switch S2, which is designed as a rotary BCD (binary coded decimal) switch 
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, , I 

Fig. 9.18 Fig. 9.19 Fig. 9.20 

Fig. 9.18. Rectifier connecting cabinet GS400 48 V/600 A (60 V/SOO A) in the power 
system 400 (Photo by courtesy of Siemens AG) 

Fig. 9.19. Battery switching and d.c. distribution cabinet BV400 48 V (60 V)/12S0 A for 
the power system 400 (Photo by courtesy of Siemens AG) 

Fig. 9.20. A.c. power distribution cabinet NV400/630 A for the power system 400 (Photo 
by courtesy of Siemens AG) 

and is located behind the front panel on the board A5 (see also Fig. 9.24). The 
operating modes (trickle charge, recharge) are set via signalling interface X3. 

Power section. The input voltage is passed through a multi-stage input filter to 
minimize line-side EMC. Connected to the output of this filter is a rectifier for 
converting the a.c. voltage into a pulsating d.c. voltage. 

Each functional unit has a protective circuit current limiting circuit consisting 
of an IGBT (insulated gate bipolar transistor) to prevent the inrush current from 
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Mains 

NV 400 

L1.L2.L3.N L 1.l2. L3. N 
---Gs400! ---'Gs4°D"lI----'Bv4°Dl 

f--+-+-+------I A41 • • ::·.::::::::.:.·.·.·.l.·.: 
Optional: 

1-----+- SPSC 
1-------1'- Remote signals 

Load 
~-1 ~ Battery 1 

'----I r-11- Battery 2 

Fig. 9.21. Survey diagram power supply system 400. GRl. .. GRS rectifier modules GR401 
120 A (100 A), GS400 rectifier connecting cabinet, BV400 battery switching and d.c. 
distribution cabinet, NY 400 power distributor or power distribution cabinet, A41 signal 
board, A42 control board, SPSC Siemens power supply controller 

rising above the rated current. While the rectifier module is in operation, the IGBT 
protects the downstream components against overvoltage. The circuit meets the 
requirements of VDE 0160, ego a surge withstand capability of 2.3 x Orated. 

The function of the boost converter is to match the waveform of the a.c. 
input current to that of the a.c. system with the least possible harmonic content. 
The semiconductor switch is turned on and off so as to make the charging cur­
rent drawn by the link circuit capacitor sinusoidal. It is used to provide optimum 
efficiency for the circuit because most of the input current flows past the con­
trolling element to the d.c./d.c. converter. Operating at a switching frequency of 
50 kHz, the booster converts the rectified a.c. voltage into the continuous d.c. 
link voltage required for feeding the downstream d.c./d.c. converter. It operates 
as an autonomous unit which is suitably monitored and controlled. 

The function of the d. c./d. C. converter is to step down the link voltage gen­
erated by the boost converter to the d.c. output voltage level. At the same time 
it provides safe electrical isolation between a.c. and d.c. circuits. 
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---, 

__ .J 

Fig. 9.22 Block diagram of switched­
mode power supply unit (rectifier mod­
ule) GR40 48 V /120 A (60 V /100 A). (1) 
Regulation and monitoring, (2) display 
and control panel, Al input filter 
LF /HF and overvoltage protection, 
A42 control board (external) Load 

An Ie assumes the task of regulating and driving the switching transistors 
connected in a fully controllable bridge configuration. The transistors are switched 
at a frequency of 50 kHz to produce a regulated 100-kHz rectangular a.c. voltage 
on the secondary side of the transformer. A bridge rectifier then converts this a.c. 
voltage into the d.c. output voltage. The module's rated output power is obtained 
by connecting the outputs of the three functional units in parallel. 

The module has an LFILC-filter connected in the d.c./d.c. converter's output 
circuit to limit ripple as well as an RFILC-filter across its output to meet EMI 
requirements. 
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H1 H2 H3 H4 51 52 X5 X6 , 
0 0 0 0 D 15-~~,.J.."';~-1 +0 0 

1] --4 I- 4 -0 0 .. ,-
RECTIFIER RECTIFIER 2.23V/C 2.33V/C 

_J. A. 
9 ----->-T-<.---- 7 V A 

MODULE MODULE TRICKLE RECHARGE • 
FAULT OPERATION CHARGE 

Fig. 9.24. Controls, indicators and operating elements (on AS) of the rectifier module 
48 V/120 A (60 V/lOO A), GR40. HI, H2, H3, H4: LED light-emitting diodes, XS/X6: 
measuring points voltage (V)/current (A), (6 V [; 120 A, S V [; 100 A), SI: ON/OFF 
switch, S2: mode selector switch (behind the front panel) 
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Fig.9.25. Rectifier module GR 
40/120 A. Input current wave 
form at a.c. input voltage: 
400 V; d.c. output voltage: 
S3.S V; d.c. output current: 
120 A 

The module's output voltage is regulated by the individual d.c./d.c. con­
verters. 

Rectifier modules operating in parallel share current via a power bus. Routed 
via signalling interface X3, the bus feeds an average current rating to the regulator 
to enable each GR40 to provide its share of the total output current. The deviation 
between the separate, individual branches is therefore < 5% of [rated. 

The output of the rectifier module GR40 is short-circuit-proof The current 
limiting mechanism ensures that in the event of overcurrent the voltage is reduced 

Fig. 9.23. Survey diagram of rectifier modules 48 VlI20 A (60 V/100 A}, GR40. Al 
LFIHF filter and overvoltage protection, n, T2, T3 main transformers, A2 supply side 
rectifier, IGBT (insulated gate bipolar transistor) for the surge voltage protection, MOS­
FET boost sinusoidal controller, A35 d.c./d.c. converter (fully controlled transistor bridge 
circuit), A45 secondary-rectifier, HF filter, AS regulation and control board, A6 internal 
power supply, L20 output filter, C20, C2I, C22 HF filter, EIlE2 fan 

5 Remark: with regard to A2, A3, A4: All three phases may be used for the same com­
ponents which are then shown for one phase. 
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until the needed power equals the rated output power. In extreme cases (eg. short 
circuit across the tenninals) the output voltage is 0 V. 

Overvoltage on the d.c. side will inevitably lead to shutdown of the GR40. 
If the unit carries more than 95% of rated current and the output voltage reaches 

Table 9.7. Configurations of the rectifier module GR40 120 A (100 A) 

48 V Systems 60 V Systems 

Conf. switch 0 I 2 3 5 6 
S2 position: 
(Standard conf.) 

Conf. switch 4 7 
S2 position: 
Values as per 
default setting 
(can be changed 
via a personal 
computer PC) 

Number of lead- 24 25 24 30 30 
acid battery cells 

25 31 

Float (trickle) 53.5 67.0 
charging voltage 53.5 56.0 67.0 
2.23 VIC (V) 56.0 69.0 

Charging voltage 56.0 70.0 
2.33 VIC (V) 56.0 58.5 70.0 

58.5 72.0 

Rectifier mode 53.5 67.0 
(basic character- 51.0 51.0 62.0 
istic) (V) 56.0 69.0 

Overvoltage 
(fast) (V) 67.0 67.0 79.0 79.0 

Overvoltage 
(slow, single 64.0 64.0 75.0 75.0 
operation) (V) 

77.0 

Overvoltage 73.0 
(slow) with 62.0 62.0 73.0 
95% IN (V) 75.0 

Undervoltage (V) 44.0 44.0 57.0 57.0 

Output current (A) 120 100 

Remarks: 
In all of rectifier modules must set the conf. switch S2 to the same position! 
Conf. switch S2 position 0 as delivered condition 
S2 Position 8 : Spare (not used) 
S2 Position 9 : Address setting 

8 9 

1 1 
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62 V/73 V (at 48 V or 60 V Urated) the time-delay monitor effects maintained 
shutdown of the module (tdel = 500 ms). If the module delivers less than 95% 
of rated current, it is not turned off until the voltages reaches 64 V/75 V. 

A second, fast-acting monitor turns off the module at 67 V/79 V (tdel = 1.2 
ms). After a short pause the latter resumes operation. Should overvoltage of 
67 V/79 V occur once again within the next 10 seconds, the module responds 
with a maintained shutdown. 

In the event of undervoltage on the d.c. side, 'rectifier fault' is signalled, 
with the rectifier module remaining in operation. 

Temperature sensors protect the module components that are subjected to 
maximum thermal stress against overheating by reducing the output power or 
turning off one of the functional units ('rectifier fault' signal). 

Undervoltage or overvoltage on the a.c. side lead to instantaneous shutdown 
of the rectifier module GR40. Operation is automatically resumed after the fault 
has been removed. 

Failure of a phase will not lead to complete rectifier module failure but 
merely to a reduction in output power of 33% per failed phase and the issue of 
a 'rectifier a.c. fault' signal. 

The rectifier module (see also Fig. 9.24, Table 9.7) is configured by means 
of rotary switch (configuration switch) S2 which is located behind the front cover. 
Any other settings can only be made via a pc. 

Fine adjustment of the output voltages between the devices is not necessary 
since the factory settings have an accuracy of + 1 %. 

Figure 9.23 shows a survey diagram with pc boards of the rectifier module 
and Fig. 9.24 the elements of operation. For additional cooling two fans are 
inserted. 

9.3.5 Technical Data 

The principal technical data for the rectifier module types 48 V/120 A (60 V/100 
A), GR40 are listed in Table 9.8. 

9.4 Type 48 V (60 V, 67 V)/SO A and 100 A 

9.4.1 General and Application 

The transistor-controlled switched-mode power supply units 48 V (60 V, 67 V)I 
50 A and 100 A, WGS-U6 (slide-in unit), as shown in Fig. 9.26, serve for 
as rectifier modules for different types of telecommunications systems. Those 

6 Source: Gustav Klein GmbH & Co. KG. 
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Table 9.S. Technical data for rectifier modules 48 V/l20 A (60 V/100 A) GR40 

Mains input supply 

Voltage (V) 

Frequency (Hz) 

Current 
sinusoidal (A) 

Degree of radio 
interference 

D.C. output 

Operating mode 
or condition 

Rectifier modeb 

Parallel operation 

Float (trickle) 
chargingb 

2.23 V/cell 

Chargingb 

2.33 V/cell 

Rated direct 
current (A) 

Interference 

3 N a.c. 
400 

3 a.c. 
230 

1 N 
230 

(300 to 460) (173 to 266) 

50 or 60 (47.5 to 63) 

Limit class B (ENa 55022) 

Rated direct voltage (V) 
(tolerances for 1.5 to 100% rated current) 

Equipment voltage ~ load voltage 

48 V Systems 

51 b < ± 1% 

Settingb ranges: 

42 to 64 < ± 1% 
(56 V, 25 cells) 

42 to 64 < ± 1% 
(58, 5 V, 25 cells) 

120 

60 V Systems 

62b < ± 1% 

52 to 75 < ± 1% 
(67 V, 30 cells) 

52 to 75 < ± 1% 
(69, 5 V, 30 cells) 

100 

voltage (mV) ~ 1.0 (frequency-weighted with CCITT A-filter) 

Dimensions 
(HxWxD) (mm) 267 x 483 x 462 (~ 6 height units x 19 pitches x 462 mm) 

a Normal Europeans standards. 
b For settings and for the different number of lead-acid battery cells and for the rectifier 
mode see Table 9.4. 
C At rated a.c. line voltage, trickle charging voltage (25 or 30 cells), rated output current. 
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mmmmmmilmlllllill 
-

~..--------
Fig. 9.26. Switched-mode power 
supply (rectifier module) 48 V 
(60 V, 67 V)/ I00 A, WGS-U 
(Photo by courtesy of Gustav 
Klein GmbH & Co. KG) 

rectifier modules are used in compact power supply systems ranging from 150 A 
or 300 A 7 or in power supply systems ranging from 50 A to 2500 A 7. 

In general the systems which are described below are very similar to those 
in Sects. 9.2 and 9.3. 

9.4.2 Modes of Operation 

The rectifier modules 48 V (60 V, 67 V)/50 A and 100 A, WGS-U can be 
operated in the rectifier mode (see Sect. 3.1) or in the standby parallel mode 
(see Sect. 3.3). 

9.4.3 Survey Diagram of the Power Supply System 

The power supply system (see Figs. 9.27 and 9.28) contains: 

- mains switch panel or mains distribution switchboard, 
- battery and distribution panel and 
- rectifier connecting panel (see Fig. 9.29) each with a maximum of four rectifier 

modules. 

In addition the following are also available: 

- distribution panels and 
- compensators (only for 60 V -systems). 

In compact power supply systems the rectifier modules 3 x 50 A or 3 x 100 A may 
be found all with fuses, a.c. and d.c.-distributions, a battery and load connections 
accommodated within one cabinet (see Fig. 9.30). 

9.4.4 Survey Diagram and Functioning Principle 
of the Rectifier Module 48 V (60 V, 67 V)/SO A and 100 A 

Figure 9.31 shows the block diagram of the switched-mode power supply unit 
(rectifier module) 48 V (60 V, 67 V)/50 A and 100 A, WGS-U (see also 

7 As in the German Postal Administration Telekom Network (since January 1995 
Telekom AG). 



Re
m

ot
e 

si
gn

al
iz

at
io

n 

Bu
s 

ba
r 

.-
--

-
i 

d.
c.

 
L

--
--

11
--

-1
1 

vo
 I t

ag
 e

 
m

on
ito

rs
 

i . I I I 

B
at

te
ry

 Z
 

r--i
 

e.
g.

 
25

 c
el

ls 

Du
m

m
y 

lo
ad

 

T
 -

af
f 

fv
\ 

Y
-

Lo
ad

 
~
 

-B
at

te
ry

l 
~
B
a
t
t
e
r
y
Z
 

Lo
ad

 

-t
::

:}
..o

 

.-
--

' r 
M

ob
ile

 p
ow

er
 

su
pp

ly
 s

ys
te

m
 

I L.
 

• _
_

 ~at
ter

y. 
an

d 
d:s

tri
bu~

on 
pa

~e
_I

_.
 _

_
_

 ~
 

Fi
g.

 9
.2

7.
 S

ur
ve

y 
di

ag
ra

m
 o

f 
th

e 
po

w
er

 s
up

pl
y 

sy
st

em
 

I-
--

·-
-M

a
in

s 
s~
it
ch

 p
a
~
-
;
;
-
-
-
-
-
I
 

i 
M

ai
ns

 d
is

tri
bu

tio
n 

sw
itc

hb
oa

rd
 

i 
. 

ill 
M

ain
s 

fu
se

s 
lh 

. 
L_

L 
__

__
 ._

.L
._

.-
.J

 

r·
 

I I I I I I Re
ct

ifi
er

 c
on

ne
ct

in
g 

• 
pa

ne
l 

1 

lJ
:?
~a
_~
.~
 

I- · I I I · I Re
ct

ifi
er

 c
on

ne
ct

in
g 

• 
pa

ne
l 

n 
LE

~.
 4.

 la
~~
.J
 

N
 -0\ \0
 

en
 

~.
 

("
) ::r
 

S·
 

(J
Q

 ~
 

o 0
-

Cl
> '"C

 
o ~ .... en

 
e '"
0 

'"
0 ~
 

rJ
> 



9.4 Type 48 V (60 V, 67 V)/50 A and 100 A 217 

Q Q 

.. 

Fig. 9.28. Power supply system 48 V (60 V)/1600 A with battery and distribution panel 
2500 A (Photo by courtesy of Gustav Klein GmbH & Co. KG) 

Fig. 9.29). For additional cooling a fan is connected which increases the op­
erational reliability and life time of the components. This fan is designed for a 
long service life. 

The switched-mode power supply unit (rectifier module) uses the principle 
of pulse-width control. The output voltage (IU characteristic) is controlled at the 
primary side of the main transformer. 

At the start-up phase there is a current limited charging of the d.c. link circuit 
filter and so the current at the supply side is reduced to maximum of 1.2 x [rated· 

All rectifier modules can be part of the current balancing independent from 
the number of modules used for the mode of operation. Each rectifier module can 
have its own control, regulation and monitoring system with two digital displays 
for voltage/current measurement and three LED: operation, mains failure (not 
urgent), fault (urgent) are the operation states involved. 

9.4.5 Technical Data 

The principal technical data for the rectifier modules types 48 V (60 V, 67 V)/ 
50 A and 100 A, WGS-U are listed in Table 9.9. 
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Fig. 9.30. Compact power supply system 48 V (60 V)/300 
A (Photo by courtesy of Gustav Klein GmbH & Co. KG) 

Fig. 9.31. Survey diagram of switched-mode power supply unit 
(rectifier module) 48 V (60 V, 67 V)/50 A and 100 A, WGS­
U. 1 HF-filter, 2 mains contactor, 3 supply-side rectifier, 4 filter­
charging current limitation, 5 LF-filter, 6 filter-d.c. link circuit, 7 
power switching transistors with main transformer, 8 output recti­
fier, 9 output filter, 10 HF -filter 
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Table 9.9. Technical data for rectifier modules 48 V (60 V) 150A and 
100A, WGS-U 

Type 50 A module 100 A module 

Mains input supply 

Voltage (V) 

Frequency (Hz) 

Current (A) 

Degree of radio interference 

D.C. output 

Voltages characteristics (V) 

Rated direct current (A) 

Interference voltage (mV) 

",,230/400 + 10% 
- 15% 

50 ± 3% 

3 x 5.9 13 x 11.5 

Limit class B (ENa 55011) 

50A and 100A: 

48 V Systems: 

49.6 ± 1% 
53.6 ± 1% 
56 ± 1% 
67.2 

50 

60 V Systems: 

62± 1% 
67± 1% 
70± 1% 
84 

100 

;;i; 2.0 (frequency-weighted 
with CCITT A-filter) 

Dimensions (HxWxD)(mm) 221.4 x 483 x 440 265.9 x 483 x 440 

a Normal European Standards 

9.5 Power Supply Controller 

Reliable measurements, supervision and operation. The Siemens power supply 
controller SPSC408 (Fig. 9.32) enables remote supervision and maintenance cen­
ters to be set up for power supply systems (network management systems). 

Its future-oriented features allow the SPSC40 not only to supervise such 
systems but also to measure, record and indicate their operating data. 

The SPSC40 can be integrated into both new and existing power supply sys­
tems. Operation, maintenance and personnel costs are kept to a minimum through 
its ability to communicate fully with the power supply system; the efficiency and 

8 Source: Siemens AG. 
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~ I 

Fig. 9.32. Siemens power supply controller 
SPSC40 with display (Photo by courtesy of 
Siemens AG) 

speed of service is greatly enhanced through the detailed infonnation transferred 
between controller and power supply system. 

Infonnation about a variety of operating data (such as voltages, currents and 
operating temperatures) and about the operating conditions of the power supply 
systems and their infrastructure facilitate statistical evaluation and cost-optimized 
planning. 

Siemens power supply controller-overview, interfaces and service features: 

- Connection to control center for supervising several power supply systems, 
- connection for local PC for direct operation and interrogation, 
- load supervision - current and voltage recording, 
- battery supervision - current and voltage recording, 
- signal outputs - relays - control outputs, 
- operating panel connection (optional), 
- signal inputs for individual assignments - air conditioning, generating set etc., 
- fuse supervision, 
- temperature supervision, 
- interface for connection to equipment series 400, 
- connection to rectifiers series 10/12 and 
- connection to systems series 200. 

Function. The SPSC measures voltages, currents and temperatures. The measured 
values can be displayed on a LCD display (option) or interrogated locally with a 
PC or remotely via a modem. It is possible to specify which measured values are 
to be displayed as well as the text displayed with the measured value. Measured 
values can also be evaluated, i.e. it is tested whether the values exceed or is 
below a configurable limiting value. 

The following are possible: Displays on the LCD display, output with relay 
or semiconductor relay contacts. The results of the evaluation of measured values 



Power control center (PCC) Laptop for 
local operation 

Existing power 
supply systems 

Additional 
equipment 

Power supply 
system 
series 400 

Additional 
equipment 

Fig. 9.33. Operational area of the Siemens power supply controller SPSC40 

r·_·--· __ ·_·_·..., 

D GR40 
SGST 

A42 

Microprocessor 
Voltage Ul 
Current IB.Il 

Voltage 
Temperature 

Current External 
Temperature faults 

Status Status 

L._._._._._.J 

Remote 
signals 

Interface 
SRST I 
RS 485 

'----1 
I Display I 
L ___ ~ 

( Optional) 

SPSC 40 
Memory: 
3 days 

System 
configuration 

Power 
control 
center 
(PCC) 

Air condition 

Fig. 9.34. Supervision system of Siemens power supply controller SPSC40, control mod­
ule A42 and rectifier modules GR40/120 A, Interfaces: SGST Signal interface, RS232 
(SEST) Service data interface, RS485 (SRST) Serial data interface; PC Personal Com­
puter (e.g. Notebook) for local operation; GR40 Rectifier modules; A41 Signal board; 
A42 Control board; SPSC40 Siemens power supply controller; 1 Special connecting board; 
2 Public switching system 
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Input SPS[ 1.0 Output 

Voltage input r---- Measurement Action - Output voltage 
Current inputs I and Is event Output relay 

Temperature input 
Conditions Conditions 

GR - module output 
GR - module input V.24-PC - interface 
V. 24 - PC - interface V. 24 - modem - interface 
V. 24 -modem - interface LED 
Keys - input LCD 
DIP-FIX-justage History memory 

PSC - self test 

Clock, watchdog 

[onfig u ro t i on 

Fig. 9.35. Input- and output conditions of the Siemens power supply controller SPSC40 

can, for example, be used to operate undervoltage monitoring, overtemperature 
disconnection, etc. The controller also processes functions such as fuse testing, 
total current and maximum power value. The inputs and outputs can also be 
configured for these functions. A further task of the controller is to process a 
defined protocol which serves remote interrogation and fault indications via a 
modem. 

Control, supervision and remote operation is possible with the Siemens power 
supply controller SPSC40 (Fig. 9.33). 

Figure 9.34 shows the supervision system and connections between the 
Siemens power supply controller, control module A42 and the rectifier modules 
GR401120A. 

In Fig. 9.35 are shown the input- and output conditions of the Siemens power 
supply controller SPSC40. 

Features: 

Monitoring 
- voltage, 
- current, 
- temperature, 
- additional equipment (generating setlaircondition), 
- mains supervision, 
- rectifier supervision, 
- fuses, and 
- self test. 
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Processing 
- calculation: 
- output power/total current, 
- control function, 

temperature dependent voltage regulation, 
overvoltage cut off, 
batterytest, 

- reset function, and 
- test function. 

Alarming 
- according to the configuration: 

Local alarms on a display or/and relays and 
Remote with modem. 

Configuration 
- password, 
- voltage inputs, 
- current inputs, 
- temperature inputs, 
- alarms, 
- relay outputs, 
- functions, and 
- optional display. 

Operation with local PC 
- password, 
- actual system parameter, 
- history memory, and 
- configuration parameter. 

Operation with remote PC in the power control center (PCC) 
- password, 
- actual system parameter, 
- history memory, 
- configuration parameter, and 
- statistics. 

Technical Data: 
Feeding voltage 
Power consumption 
No-load power consumption 
Modem feeding 
Noise suppression 

40 ... 70 V d.c. 
~ 750 rnA 
150 rnA (typical) 
9 V/250 rnA 
Limit value class B EN55022 



Ambient temperature 
Dimensions (W x H x D) (mm) 
Weight 
Wall mounting or cabinet 

Inputs and Outputs: 
40 voltage measurement inputs 

2 temperature measurement inputs 
4 current measurement inputs 
4 current measurement inputs 
5 relay outputs (floating contacts) 
8 outputs (electronic switches) 
2 analog control voltages 
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0 .. .45 DC 
240 x 242 x 80 (without display D: 48) 
2 kg 

0 ... ± 75 V 
-15 DC ... + 60DC 
with 60 m V shunt 
0 ... ±20 rnA 
80 V/5:. 2 A; 60 W 
5:. 100 V/IOO rnA 
0 ... ±lOV/5rnA 



10 Thyristor Controlled Rectifiers 

At this point a selection of equipment will be described; they all employ the 
principle of phase-angle control. 

10.1 Type 48 V (60 V)/200 A 

10.1.1 General and Application 

The rectifier units (cabinet type assembly) serve to supply various communica­
tions systems such as EWSD, EWSP, EDX, EDS, KNS, ETS and EMS. Four 
rectifier units may be switched in parallel which thus cover the power consump­
tion of the communications system and the battery up to 800 A. 

The following rectifier units are essential: 

- 48 V (60 V)1100 A GR12 l and 
- 48 V (60 V)/200 A GR12 l (GR12l). 

Compared to the rectifier units GRI2, the rectifier units GRl21 have, additionally, 
a device for battery disconnection (battery undervoltage monitor A16 and battery 
disconnection contactor K I 0). 

For the units GR12N and GRI2lN the interference voltage can be reduced 
even further (from 2.0 mV to 0.5 mY) by increased output filtering. This can be 
achieved by mounting supplementary filter capacitors (P ABX using). 

10.1.2 Modes of Operation 

The rectifier unit can be used in the rectifier mode (see Sect. 3.1) or in standby 
parallel mode (see Sect. 3.3). 

10.1.3 Survey Diagrams of the Power Supply System 

Figure 10.1 shows a basic survey plan of a power supply system for a digital 
switching system EWSD. The example in the survey plan on Fig. 10.2 represents 
a power supply system with three rectifier units. 

1 Source: Siemens AG. 
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I Mains Emergency Ma generator 

Standby power , 
supply system 

Mains 
distribution 

------t-------------
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mains switch 
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inver 
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---- r-------1------_. __ .-
t 

Operation 

~ ~ 
Air condi-
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in distribution 

wer supply system 

EWSD - system 

Fig_ 10.1. Survey diagram for digital switching system EWSD 

Table 10.1 shows the allocation of the rectifier units and switching panels 
depending on the nominal current of the power supply system. The methods 
indicated of combining the devices are suggestions requiring the precondition 
that in each case one rectifier unit is intended for battery charging and, at the 
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Mains 
-------------------, 

7 
5 

f7--- -, 
. ~ I 

h 

FPE 

i 
__ oj 

Fig_ 10.2. Survey diagram for power supply system 48 V/400 A - standby parallel mode. 
1 Mains distribution switchboard, 2 to 4 rectifier units 48 Vl200 A GRI2 with regulation, 
control, monitoring and measuring, 5 battery with e.g. 25 cells, 6 communications system 
(load), 7 remote signalling, FPE functional earthing and protective earthing conductor 

same time, functions as redundancy. For reasons of safety, the total capacity of 
the batteries is divided into at least two groups; thus the number of needed battery 
panels is determined (at least two hours back-up time). Apart from the examples 
illustrated, further combinations (with devices for different current ratings) can 
also be effected. 

10.1.4 Survey Diagram and Functioning Principle 
of the Rectifier Unit 48 V (60 V)/200 A 

Figure 10.3 shows the survey diagram of the rectifier units GRl2 (GRI21). 
Module A16, together with the battery disconnecting contactor KIO, is integrated 
only into the units GRl2l. 

Power section. The a.c. supply voltage is fed via the input terminals V,V,W as 
well as via the mains contactor KI to the main transformer TI which performs 
the electrical separation of the communications system from the supply system 
and matches the level of d.c. voltage at the output of the thyristor set Al (fully 
controlled three-phase bridge configuration). Here, at this output, a constant, reg­
ulated d.c. voltage is available. The thyristor set Al performs the following tasks: 
rectifying and regulating the device output voltage. 
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+V3 +V2 tV1 
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+8 J-8 
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Lead -acid battery 
with e.g. 25 cells 
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Telecommunications system 
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F2 

ill F11 ! F12 

-v1 I-v2 

F111 

-V3 

Fig. 10.3. Survey diagram for rectifier units 48 V (60 V)/200 A GRI2 (GRI21). Al 
Thyristor set, A3 regulation module, A9 control module, All trigger pulse transformer 
module, A16 battery and thermo disconnection module, FPE function and protective earth-
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By means of the filters LI, L2, CI and C2 connected on the d.c. supply 
side the voltage is smoothed and the frequency weighted interference voltage is 
reduced below the maximum permissible level of 2 mY. Due to their ability of 
storing and giving off energy, these filters keep voltage distortions relatively low 
in cases of load surges. The measuring shunt R I records the actual current value 
I act for current-limitation and overcurrent-cutout. 

The battery is connected to -B via the battery fuse FI with the equipment 
for float (trickle) charging of the 2.23 V/cell or charge of the 2.33 Vlcell. 

For the purpose of testing a changeable load resistor can be connected be­
tween +V and -Z. F2 is a splitting strip (connector/disconnector). All rec­
tifier units of the system are connected via the - (Minus )-connection (com­
pare this with Fig. 10.2). The terminals V (consumer) serve to connect the 
communications system (load) for the small consumers. The output voltage is 
measured at the voltmeter PI, whereas the consumer current is recorded at the 
amperemeter P2. 

Regulation, control and monitoring. The auxiliary transformer T31 receives the 
a.c. line voltage and steps it down. T31 provides the auxiliary a.c. supply voltages 
and the synchronizing voltages for the regulation module A3. From here the 
trigger pulses are forwarded via the trigger pulse transformer module All to the 
thyristor set AI. In addition to the control units, such as the setpoint generator, 
voltage regulator, current limiter regulator and trigger set, the module A3 contains 
various supplementary and monitoring functions, for example: 

- light-emitting diodes (LED) for the indication of operation and malfunction, 
- current balancing, 
- mains monitor, 
- ripple contents monitor. 

The enabling of the module regulation A3 is performed by the control module 
A9. During normal operation A3 supplies the trigger pulse transformer module 
All with +24 V (trigger pulse power supply). 

The control module A9 is equipped with a display and operation panel 
(LEOs for load voltage and device current, as well as momentary-contact control 
switches). The following control commands are forwarded from module A9 to 
regulation A3: 

- float (trickle) charging 2.23 Vlcell, 
- charging 2.33 V/cell, 
- initial charging up to 2.7 Vlcell . 

• 
Fig. 10.3. (Continued) 
ing conductor, Kl mains contactor, K5 power factor correcting network contactor, three 
contacts (on/oft), KlO battery disconnecting contactor, T1 main transformer, T31 auxiliary 
transformer, C3 power factor correcting network, Ll,L2, Ct, C2 output filter 
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The control module A9 also comprises various monitoring units, as for instance: 

- undervoltage monitor, 
- overvoltage monitor, 
- current monitor, 
- overcurrent cutout and 
- short circuit cutout. 

10.2 Type 48 V(60 V)Il000 A 

Figures 10.4 and 10.5 illustrate the thyristor-controlled rectifier type 48 VII 000 
A GRI2. 

10.2.1 General and Application 

As to application, compare the following with the corresponding explanations in 
Sect. 10.1 . Depending on the requirements it is possible to switch in parallel any 
number of rectifier units (usually up to 10 + I units). Besides the unit 48 VII 000 
A GRI2 there are also other variants such as 48 V /SOO A GRI2; 60 V/ lOOO A 
and 60 V/SOO A GRI2. Basically, these rectifier units are all built up in the same 
way (cabinet-type assembly) and they are set up together with battery switching 

Fig. 10.4. Rectifier type 48 VI 
1000 A GR 12 with doors open. 
(Photo by courtesy of Siemens AG) 
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Fig. 10.5. Rectifier type 48 VI 1000 A GR12, back view. 
(Photo by courtesy of Siemens AG) 

panels BFl2 2000 A or 1500 A. Additionally, one or two NF12 mains switch 
panels are required per system. 

10.2.2 Modes of Operation 

Here, too, the same modes of operation and processes as explained in Sects. 3.1 
and 3.3 apply. 

10.2.3 Survey Diagram of the Power Supply System 

Figure 10.6 shows as an example the survey diagram of a power supply system 
with five rectifier units and three battery switching panels. 

10.2.4 Survey Diagram and Functioning Principle 
of the Rectifier Unit 48 V (60 V)I1000 A 

Figure 10.7 shows the survey diagram of rectifier unit 48 V(60 V)11000 A GRI2. 

Power section. The power section of the rectifier unit 1000 A (500 A) GR12 is 
designed similar to that of the rectifier unit 48 V/(60 V)/200 A GR12 (see Sect. 
10.1 and Fig. 10.3). However, unit 1000 A GR12 has an exceptional feature 
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Fig, 10,6, Survey diagram of a power supply system for example the 48 V/4000 A system 
in standby parallel mode. 1 Mains switch panel 1000 A NF12, 2 to 6 rectifier units 48 
V/1000 A GR12 with regulation, control, monitoring and measurement, FPE functional 
earthing and protective earthing conductor, 7 to 9 battery switching panels 48 V 12000 A 
BF12, Ql battery switch, A81 fuse monitor, 10 lead-acid battery with e.g. 25 cells, 11 
communications system (load), 12 remote signalling 

compared to the unit 200 A, which is a double full-wave three-phase bridge 
configuration. The secondary side of the main transformer TI is divided into two 
separate windings: a star winding and a delta winding. This causes a phase shift 
of each of the two a.c. voltages by 30°. Thus, the system disturbance as well as 
the interference voltage at the d.c. output are diminished. 

Each of the two transformer windings feeds a thyristor set in full-wave three­
phase bridge configuration, with load-side filter elements to the common output 
switched in parallel. The unit 500 A contains the thyristor sets Al and A2, 
the variant 1000 A contains the thyristor sets AU, A1.2 and A2.I, A2.2. The 
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bridge circuits are synchronized by means of the regulation module, so that a 
symmetrical current input and a 12 pulse system perturbation may be expected. 
Compared to a 6-pulse circuit, this way of functioning thus eliminates the fifth 
and seventh harmonic on the line-side, so that only the eleventh and thirteenth 
are involved in any distortion of the supply, approximately 9% or 7.7% of the 
fundamental current. 

The d.c. output circuit of the unit 1000 A is built up in a less complicated 
way because here the circuit distribution is a part of the battery switching panel. 

Regulation, control and monitoring. In addition to the modules indicated in Fig. 
10.3 and Sect. 10.1, (i.e. the 200 A unit) the rectifier unit 1000 A (see Fig. 10.7) 
contains the modules A23 (12-pulse-regulation) and A21 (trigger-pulse trans­
former). Module A23 is used together with the regulation module A3 and allows 
a 12-pulse operation of the two thyristor sets in full-wave three-phase bridge 
configuration. 

Module A23 transmits trigger pulses via module A21 to the thyristor set 
(A2.1, A2.2) and receives, amongst others, the following functional units and 
monitors: 

- current balancing regulator (for current balancing between the two full-wave 
three-phase bridge configurations), 

- trigger set, 
- ripples contents monitor, 
- overcurrent cutout monitor and 
- short circuit cutout monitor. 

The trigger pulse transformer module A21 is designed similar to that of All. 
The second auxiliary transformer T32 is designed as T3l. 

10.3 Assemblies 

10.3.1 Regulation Module A3 

The regulation module A3 (Fig. 10.8, see also Fig. 8.12) is used for example in 
the rectifier unit GR12. The complete regulation for a thyristor set in full-wave 
three-phase bridge configuration (6-pulse) is housed in the regulation module A3. 
In addition, this module performs monitoring functions and also contains light­
emitting diodes which indicate operation and malfunction which in turn monitor 
the most important functions and signals (Fig. 10.9). 

10.3.2 Control Module A9 

The control module A9 (see Figs. 10.10 and 10.11) is used for example in the 
rectifier units GR12. It contains all the control and monitoring functions. The 
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Mains r T 31 ~Usyn. 

I r'-r-'-'--'-'-'-'-'-'-'-'-
I • t 

T 1 (i) ® CD 
I~ 

±1SV to A9 A}4'-i_ ...... 

Power I I 
section -~ 

,............L-J ~~1~~: bl.----------. 
Uconlr. 

A1 T All ~ @ - ® 

I I 
Pulse can· 

,~L,----'-l..J celling~ 
Synchr. clock tclock--T I 

I I 
i I : 

R1 ~locltoA3 ! 
LL-.---'---t---l .. ---l i C Uocl to A3 I 

I 
I 
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Load 

"Trigger- pu lse 
power supply + 24 V 

.--L......l.-~ 

® -
T 

locI -
T 

Z::.. V 171 

. A3 L._._._._._._._._._. 

Fig. lO.8a. Block diagram of the regulation module A3. T1 main transformer, T31 aux­
iliary transformer, Rl shunt-resistor, Al thyristor set, A3 regulation module, A9 control 
module, All trigger-pulse transformer module, A23 12-pulse-regulation module, Usyn syn­
chronizing a.c. voltage, Uact actual voltage value, Uref reference voltage value, Ucontr. 
control voltage, 1act actual current value, 1ref reference current value, KI mains contactor; 
1 Internal power supply: +/-15 V stab., + 10 V stab., +24 V not stab.; 2 mains mon­
itor (mains voltage supervision and phase cut supervision): Umains > 15% Umains-nom, 
Umains < 19% Umains-nom; 3 current balancing; 4 slope in characteristic (not used in 
GR12) for diesel generator-operation max. ±3%; 5 lact amplifier and matching; 6 current 
monitoring (no relevance in rectifiers GR12): I < 5 % 1nom and I > 95% 1nom; 7 cur-
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A 3 loet '-I Autom. 
062 parallel I A23 I circuit 
063 48V (60V) rectifier L _-.J breaker 

fMoL -------'--------T~~~r/oct 
A9 
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loet 

CD i 
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evaluation 

I and fault 

I storage 

Add., 
No odd. influence I i Uoct or odd. -Uoet Logic and 
or odd. - Uref 
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character. 

i storage 

Uoet rP-® ® Enabling current 

I balancing 
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loet CD · character. 
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A ± 15V 

From A3 
rent limiter regulator; 8 [ref value selector (set point device); 9 ripple contents monitor 
(The ripple contents monitor detects elevated, superimposed a.c. voltages as occuring for 
instance in the event of thyristor failure, trigger-pulse failure or trigger control set failure 
in the first filtering circuit. The monitor responds if the actual superimposed a.c.-voltage 
exceeds a certain fixed limit value.): I ~ max. 15% Inom or I ~ max. 25% Inom (ad­
justable); 10 characteristic control; II Uref value selector (set point device); 12 voltage 
regulator; 13 Usyn-filter 60°; 14 trigger control set with integrated circuits of trigger pulse 
generators; 15 7-kHz clock generator; 16 trigger-pulse amplifier; 17 pulse cancelling/pulse 
enabling; 18 rise; 19 Uact matching and adjustment 
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U,ontr 

Trigger pulses 

Fig. 10.8b. Phase shifting of the synchronization voltage and generating of trigger pulses. 
Usyn. a.c. synchronization voltage, Usyn.1 from transfonner T31, Usyn.2 after Usyn. 
-filter 30°, Usyn.3 input of trigger pulse generator, Ucontr. control voltage at the output 
of the voltage regulator or current limiter regulator or at the input of the trigger pulse 
generator 

A3 H 13 H 14 HB H7 

00 0 0 
Hll 

H3 Hl HS H6 H4 H2 0 
000000 

H10 H 12 H9 

00 0 

Fig. 10.9. Positions and functions of LED regulation module A3. HI to H6 Trigger pulses, 
H7 PI5 (+15 V) stab., H8 NI5 (-15 V) stab., H9 enabling, HI0 ripple contents monitor, 
HII trigger pulse cancelling (not used in GRI2), Hl2 mains monitor, H13 I < 5% loom . 
HI4 I > 95% loom no relevance for GRI2 

following are the main functions integrated into the control module: 

- operation of the unit, 
- characteristic control, 
- timing, 
- current and voltage indication, 
- monitoring functions and 
- signalling. 
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Fig. 10.10. Control module A9. (Photo by courtesy of Siemens AG) 

Figure 10.12 shows the display and operation panel with the light-emitting diodes 
of module A9. 

For rectifier units operated in the standby parallel mode with batteries it is 
also necessary to preserve certain control- and monitoring functions in cases of 
power failure. For this reason the internal power supply (1) of module A9 (see 
Fig. 10.11) operates not only with the line-voltage-dependent supply voltages PIS 
(+ IS V) and N IS (-15 V), which it receives from the regulation module A3, 
but also with the supply voltages N24 (-24 V) and N 10 (-10 V), fonned via 
in-phase regulators out of the load voltage (battery voltage). 

The shunt resistor R I located in the power section provides the actual current 
value of 30 mV up to 60 mV for the nominal current to the matching lact (2) 
(see Fig. 10.11). The actual current value 1 act is matched to the shunt resistors 
of the respective rectifier unit by means of auxiliary switches (DIP-FIX). 

In a rectifier unit, where the output voltage increases uncontrollably due 
to a defective control unit, the current consequently reaches excessively high 
value. During automatic operation this circumstance allows the elimination of 
the defective unit without influencing the other units operating in parallel. For 
this, the criteria overvoltage, 1 > 80% loom as well as automatic operation are 
evaluated and a (locked) shutdown of the respective unit is caused (current 
monitor 1 > 80% loom (3) (see Fig. 10.11» . 

In case the current limiter regulator on module regulation A3 is faulty, a 
two-stage overcurrent cutout (3) is provided additionally in order to protect the 
rectifier unit. During the selection of one of the two overcurrent cutout mecha­
nisms, either for 1 > 110% loom (delay approximately 100 ms) or 1 > 170% loom 
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r·-·-·-·-------, 
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Trigger pulse 
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(A3) 
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Fig. 10.11. Block diagram of the control module A9. 1 Internal power supply -10 V 
stab. and -24 V stab., 2 lac! amplifier and matching, 3 current monitor 1 > 80% Inom, 
overcurrent cutout 1> 110% and short circuit cutout 1> 170% loom, 4 current display 
(LED) 0 to 100 % loom, 5 voltage display (LED) 45 V to 60 V or 57 V to 72 V, 6 
undervoltage monitor U < 45 V or 57 V and overvoltage monitor U > 56 V, 60 V or 
68 V, 7 fault evaluation and fault storage, control of mains contactor inc!. switching on 
delay 1 to 15 sec., signalling, 8 logic control with characteristic control storage, mains 
failure duration measurement (charging instruction) 3,6 or 9 min and charging time 0 to 
9 h, 9 synchronizing of characteristic (charging time synchr.), 10 manual characteristic 
operation (buttons), 11 characteristic control with display, aIn application GR12 500 A 
and 1000 A additional ripple contents monitor (A23), bSignalling LED (top panel of 
the equipment) OPERA nON (H81) F AUL T (H85), cCharacteristic control to regulation 
module A3, dFrom parallel connected rectifier units (A9) 
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Fig. 10.12. Display and operation panel of the control module A9 with LED for certain 
functioning principles regarding states of operation on control module A9 for 48-V-units 
(24 or 25 cells of lead acid batteries). Remark: The rear side of the metal sheet is designed 
for 60 V operation (30/31 cells). H32l to H336 LED-voltage Vioad, H301 to H311 LED­
current Ioutput, S41, S42, S43, S44 control buttons with LED, S45, S46 control buttons 
without LED, S73 switch charging time 0 to 9 h 

(delay approximately 10 ms), the rectifier unit is shut down and the signalling 
system switched on. 

An eleven-step LED array H30 I to H311 serves as current display (4). Thus, 
the current range rating from 0 to 100% is covered in 10% steps. 

A sixteen-step LED array H321 to H336 serves as voltage display (5), so 
that voltages from either 45 V to 60 V or 57 V to 72 V may be indicated. 

If the load voltage gets below U < 45 V or 57 V the module has to release 
a corresponding message for undervoltage. The LED H95 indicates this visually 
by 'UNDER VOLTAGE' and starts the remote signalling. The delay interval of 
undervoltage monitor (6) is approximately 700 ms. 

If the load voltage exceeds U > 56 V, 60 V or 68 V, the unit is switched 
off and an 'OVER-VOLTAGE' message is released by means of LED H94 and 
a remote signalling is started. The delay interval of overvoltage monitor (6) 
amounts to approximately 300 ms. 

The following criteria are evaluated in the fault evaluation and fault 
storage (7): 

- U> 56 V, 60 V or 68 V for automatic operation simultaneously with [ > 
80% [nom, 

- [ > 110 % or > 170% [nom, 

- response of ripple contents monitor on module A3 (A23), 
- operation of an automatic circuit-breaker, 
- reference trigger-pulse, 
- reset, 
- remote reset and 
- operation of standby generating set. 

The selection of the mains contactor, too, is performed by this functional unit 
after expiration of a programmable switching on delay (adjustable from I to 
15 s). Thus, the switching on of the rectifier units can be staggered, so that 
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the inrush currents impose the smallest possible load on the mains or on the 
emergency generator. The trigger pulses are also enabled or disabled and the 
complete signalling or remote signalling mechanism is started. 

The logic control (8) processes the input signals of the manual characteristic 
selection and the signals of the mains monitor. It controls the characteristic curve 
memory and, during automatic operation, the supervision of the power failure 
interval and charging time. 

The characteristic control storages (8) serve to store the characteristics se­
lected by the control logic until it is altered by hand or automatically (charac­
teristic control changeover). There are three characteristic storages: for the 2.7 
Vlcell, the 2.33 Vlcell and the 2.23 V/cell. 

If the power failure lasts less than the programmable period of 3, 6 or 9 min 
(blocking time) the rectifier unit is reset to float (trickle) charging (normal oper­
ation) 2.23 Vlcell after mains recovery and a charge of 2.33 Vlcell is prevented. 
If, on the other hand, the outage lasted longer than 3, 6 or 9 min, the unit is 
switched to 2.33 Vlcell after mains recovery. The length of the charging period 
depends on the setting of the coding switch S73 'CHARGING TIME' which can 
be set between 0 to 9 hours (1 hour steps). Normally, the charging time is set 
between 1 to 9 hours. Only for systems with lead-acid batteries having fixed 
electrolytes i.e. valve-regulated lead-acid batteries (maintenance-free batteries) is 
charging prevented by setting the timer to 0 hours. 

When operating the power supply, the circuit of logic of the module has to 
be set in a specified state. For this, a reference trigger pulse generator is used 
(not shown in Fig. 10.11). 

In order to ensure that for parallel units operated in the automatic mode all 
rectifiers work with the same characteristic, the module controls A9 have to be 
interconnected via a synchronizing link. In this way, all units switch back simulta­
neously from charging the 2.33 Vlcell to the 2.23 Vlcell when the 'last electronic 
timing relay' on the A9 module in the rectifier units has expired (synchronizing 
of characteristic (9» (see Fig. 10.11). 

The logic control with characteristic control storage (8) is also influenced 
by the manual characteristic operation (buttons) (10). 

In manual operation, the automatism for the charging period and its startup is 
inactive. All specifications for this mode of operation must be entered manually, 
including the characteristics, which are set with the same buttons. 

- S41 2.23 Vlcell parallel mode/float (trickle) charging and 
- S42 2.33 V/cell parallel mode/charging. 

The characteristic up to 2.7 Vlcell (S43) for the initial charging of lead-acid 
batteries can only be set during manual operation, since the load must be discon­
nected for this due to the high output voltage; during automatic operation this 
characteristic is disabled. 

If the button 'AUTOMATIC' S44 is switched off, the units operate in the 
rectifier mode (LED in the button extinct). If the button S44 is on, there is 
parallel operation mode/automatic operation (LED in the button lights up). 
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The button S45 (,RESET') serves to unblock a locked shutdown of the unit 
in case an error occurs. The same effect can be achieved by applying a short­
term earth potential (M~ 0 V) to the remote input. If a constant earth potential 
(M~ 0 V) is applied at this input, the unit remains blocked. 

If the capacity of the standby generator is not sufficient for all power supply 
system units, the cut-in priority for the individual units during operation of the 
standby generator is set with the button 'MAINS ONLY' S46. This requires a 
potential-free contact (lock for standby operation) from the standby generator 
control for the corresponding operation of the rectifier unit (earth potential). If 
the button is ON, the unit can be switched on only for mains operation. If the 
button is OFF, the unit can be switched on for both, mains and standby operation. 

10.3.3 Trigger-Pulse Transformer Module All (A21) 

The trigger pulse transformer module A 11 (A2I) (not illustrated) is used for 
example in the rectifier unit GRI2. Trigger-pulse transformers T1 to T6 are em­
ployed for the selection of each thyristor. 

The primary winding of the trigger-pulse transformer carries a constant volt­
age of + 24 V (P24) through a dropping resistor. When operating the trigger 
pulse (having M-potential) this winding carries a current which generates a pulse 
of approximately 2 V on the secondary side and fires the thyristor via the cir­
cuit gate with an auxiliary cathode. Thus, the trigger-pulse transformer serves 
to match the trigger-pulse and for galvanic isolation of the regulation from the 
power section. Resistors, diodes and capacitors help to prevent the thyristors from 
being fired by external pulses. 

10.3.4 Battery- and Thermo Disconnection Module A16 

The battery- and thermo disconnection module A 16 (Fig. 10.13) is used for 
example in various power supply cabinets and thyristor-controlled rectifier units 
(e.g. GR12l). 

The battery cutoff contactor KlO together with A16 ( the battery undervoltage 
monitor) serves to protect the lead-acid battery of a possible final discharging 
voltage. 

If the battery voltage is lower than 42 V or 54 V, the operational amplifier Nl 
(not shown in Fig. 10.13) disconnects the battery from the telecommunications 
system via the Kil relay and KIO contactor. In this way, the battery is protected 
against deep discharging. With the potentiometer Rl6 the response threshold is 
set. 

In case the rectifier unit takes over the system supply again and if the load 
voltage exceeds 44 V or 56 V, Nl automatically reconnects the battery to the 
system via the Kll relay and KIO contactor. 

The thermo disconnection is intended for air-conditioned systems (e.g. con­
tainer). In order to protect the exchanges against too high temperatures the power 
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Fig. 10.13. Block diagram of the battery and thermo disconnection AI6 1 Reference 
voltage source, 2 internal power supply -24 V stab., 3 reference value potentiometer R16, 
4 battery undervoltage monitor, 5 relay circuit KII, 6 thermo disconnection, KIO battery 
disconnection contactor, * trigger pulse cancelling signal to all rectifier units 

supply (battery and rectifier unit) can be switched off via external temperature 
sensors. 

This thermo disconnection is activated by appropriate selection of the auxil­
iary switch Sl open, S2 closed (on the Al6 module) (not shown in Fig. 10.13). 
For a temperature of > 43°C the power supply is switched off and for a tem­
perature lower than 34°C it is switched on again, in case a line voltage exists. 

10.3.5 12-Pulse-Regulation Module A23 

The 12-pulse-regulation module A23 (see Fig. 10.14) is implemented in the 
rectifier units with 500 A and 1000 A nominal current (e.g. GRI2) together 
with the regulation module A3. It allows 12-pulse operation of the two parallel 
switched thyristor sets (fully-controlled-three-phase bridge configuration). The re­
quired three-phase voltages, shifted by 30° provide the two secondary windings 
(a star winding and a delta winding) of the main transformer TI. 

The operation mode of the module A23 is similar to that of the regulation 
module A3 (see Sect. 10.3.1). The only difference concerns the additional 30° 
phase shift of the synchronizing a.c. voltage. For this, the voltages provided by 
T32 are interconnected in a triangle configuration after the 60° filtering. Thus, 
the integrated trigger-pulse generators N200, N300 and N400 (not shown in Fig. 
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Fig. 10.14. Block diagram of the 12-pulse regulation module A23. 1 Internal power supply 
P (+ 15 V stab.), N (-15 V stab.) and P 24 (+ 24 V not stab.), 2 Usyn-filter 60°, 
3 phase shifting 30°, 4 lact amplifier and matching, 5 current balancing regulator, 6 trigger 
control set with integrated circuits of trigger-pulse generators, 77kHz clock generator, 
8 trigger-pulse amplifier, 9 ripple contents monitor, 10 pulse cancelling/pulse enabling, 
11 enabling, 12 overcurrent cutout (l > I 10% Inom, I > 170% Inom), A21 trigger-pulse 
transformer, A2 thyristor set, * shunt-resistor in the power section R21 (e.g. 1000 A GRI2 
rectifier units) 

10.14) of the trigger control set receive synchronizing voltages shifted by 30° 
compared to the trigger control sets on the module A3. 

The pulse enabling of the module A23 is linked with the pulse enabling of 
the regulation module A3. This ensures that either both regulations release trigger 
pulses, or that all trigger pulses are blocked. 

The same is valid for the ripple contents monitor. Should one of the two 
monitors (on the A3 or A23 module) respond, the pulses on both modules are 
blocked. 
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A 23 
HB H7 

o 0 
H3 Hl H5 H5 H4 H2 

000000 
Hl0 Hll H12 

000 H9 
o 

Fig. 10.15. Positions and functions of LED-12-pulse-regulation module A23. HI to H6 
Trigger pulses, H7 P15 (+15 V) stab. H8 N15 (-15 V) stab., H9 enabling, HlO ripple 
contents monitor, Hll on-indicator (normal operation), H12 overcurrent cutout 

Table 10.2. Technical data for rectifier type 48 V (60 V) I 200 A, GR12 (GR12l) 

Main input supply 

Voltage (V) 

Frequency (Hz) 

Fuse protection in mains (A) 
distribution switch board 

Degree of radio interference 

D.C. output 

Operating mode or condition 

Rectifier mode 

Parallel operation/float (trickle) 
charging (2.23 V/cell) 

Parallel operation/charging 
(2.33 V Icell) 

Initial charging 

Rated direct current (A) 

Interference voltage (mV) 

Dimensions (HxWxD) (mm) 

3 x 380/400/415 or 3 x 220/230 
+lO% - 15% 

50 or 60 ± 5% 

63 (at 220V) 
35 (at 380V) 

A (VDE 0878) 

Rated direct voltages (V) 
(tolerances for 1 to lOO% rated current 

48 V Systems 60 V Systems 

Equipment voltage for lead-acid batteries 
with ... cells ~ load voltage (except for 
initial charging with communications 
system disconnected) 

25 cells 30 cells 31 cells 

51 ± 62 ± 62 ± 
0.5% 0.5% 0.5% 

56 ± 67 ± 69 ± 
0.5% 0.5% 0.5% 

58.5 ± 70 ± 72.5 ± 
0.5% 0.5% 0.5% 

67.5 84 
( communications ( communications 
system disconnected) system disconnected) 

200 

~ 2 (frequency-weighted with CCITT 
A-filter) 
cubicle construction 2000 x 600 x 600 
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The actual current value lact on regulation module A3 serves as reference 
value lref for a current balancing between the two fully controlled three phase 
bridge configurations. For this, that value is compared to the processed actual 
current value on the A23 module . 

The d.c. control voltage supplied from the regulation module A3 is added to 
the error of the current balancing regulator and then fed into the integrated pulse 
generators N200 to N400 of the trigger control set (control voltage Ucontr. 2)' 

The module A23 contains an overcurrent cutout mechanism similar to the 
control module A9 (see Sect. 10.3.2). 

The LED on module A23 (see Fig. 10.15) have a similar function as those 
on module A3 (see Sect. 10.3.1, Fig. 10.9). The LED H13 and H14 are not to 
be found on module A23. The importance of LED (on module A23) is explained 
in detail below. 

10.4 Technical Data 

The principal technical data for the rectifier types 48 V (60 V)/200 A GR12 
(GR12l) and 48 VIlOOO A GR12 are listed in Tables 10.2 and 10.3. 

Table 10.3. Technical data for rectifier type 48 VIlOOO A, GR12 

Main input supply 

Voltage (V) 

Frequency (Hz) 

Fuse protection in mains 
switching panel (A) 

Degree of radio interference 

D.C. output 

Operating mode or condition 

Rectifier mode 

Parallel operation/float (trickle) 
charging (2.23 V/cell) 

Parallel operation/charging 
(2.33 V/cell) 

Initial charging 

Rated direct current (A) 

Interference voltage (mV) 
Dimensions (HxWxD) (mm) 

3 x 380/400/415 or 3 x 220/230 
+10% - 15% 

50 or 60 ± 5% 

250 (at 220 V) 
160 (at 380 V) 

A (VDE 0878) 

Rated direct voltages (V) (tolerances for 
1 to 100% rated current) 

Equipment voltage ~ load voltage (except for 
initial charging with communications 
system disconnected 
51 ± 0.5% 

56 ± 0.5% 

58.5 ± 0.5% 

67.5 (communications system disconnected) 

1000 

~ 2 (frequency-weighted with CCITT A-filter) 

cubicle construction 
2000 x 900 x 1200 



11 Magnetically Controlled Rectifiers 

11.1 Types 24V to 220VltOA to 400A 

11.1.1 General and Application 

Magnetically controlled rectifiers have been used in power supply systems for 
more than 40 years. 

A brief introduction to the new magnetically controlled rectifiers (see Fig. 
11.1)1 now follows. The main advantages of these rectifiers are 

- insensitive to mains power line input distortion, 
- good current waveform factor, 
- low disturbance feedback to mains power line (to draw a sinusoidal current 

from the mains with low conducted EMI), 
- very high input power factor, 
- low inrush current, 
- good dynamic response, 

I Source: Gustav Klein GmbH & Co. KG. 

Fig. 11.1. Magnetically con­
trolled rectifier e.g. type LGDM­
IU 48 V/ lOO A (left) with battery 
cabinet (right). (Photo by 
courtesy of Gustav Klein GmbH 
& Co. KG) 
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- short circuit proof, 
- low radio interference and 
- high MTBF. 

The magnetically controlled rectifier unit is very often used in unmanned mains­
independent power supply stations with transmission systems. 

11.1.2 Modes of Operation 

The rectifier unit can be used in the rectifier mode (see Sect. 3.1), standby parallel 
mode (see Sect. 3.3) or changeover mode (see Sect. 3.4). 

11.1.3 Survey Diagram of the Power Supply System 

Figure 11.2 shows a basic survey diagram of a power supply system with mag­
netically controlled rectifiers. 

During normal operation with mains supply available both rectifiers supply 
the communication system and the battery with float (trickle) charging in parallel 
mode. 

On power failure the battery is discharged and takes over the supply of the 
communications system without interruption. The voltage relay is deenergized 
and so the diode (5) bridged (see Fig. 11.2). 

Mains I rv or rv 3 

* 1 * 
L~ 3 L~3 

4 
--1 ~ u I ~ 17 5 

-if- 6 --c:::::J-

2 

Fig. 11.2. Survey diagram of the power supply 
system. (1) Rectifier 1, (2) rectifier 2, (3) de­
coupling diodes, (4) voltage dependent control 
of the battery contactor, (5) bridging diode, 
(6) lead-acid battery with e.g. 24 cells, 
(7) load 40 to 75 V 
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If one of the rectifiers is faulty (e.g. after a overvoltage on the output) 
the rectifier switches off automatically and the non-faulty rectifier increases the 
current and takes over the whole supply of the load. 

11.1.4 Survey Diagram and Functioning Principle 
of the Rectifier Unit 24V to 220V/lOA to 400A 

The rectifier unit 24V to 220V / lOA to 400A LGM-IU and LGDM-IU (see Fig. 
11.3) both use the magnetic regulation principle which keeps the unit to a large 
extent insensitive to mains power line input distortion ensuring low disturbance 
feedback to the mains power input. 

In addition to such inherent filtering capability a specially designed mains 
interference filter A4 is installed at the a.c. input side of the unit and an A6 filter 
at the output side. 

Magnetically regulated rectifier units consist of a transformer T1, a capacitive 
reactance (CI) and an inductive reactance (LI) (reactive impedance), two rectifier 
diodes VI, a control element A3, filter, output sensors, a control circuit Al and 

{~= 

L1 

+ Load 

Fig. 11.3. Survey diagram of mag­
netically controlled rectifier type 24 V 
to 220 VjlO A to 400 A, LGM-IU and 
LGDM-IU. Al Control amplifier, A2 
supervision, A3 triac (control element), 
Tl main transformer, C2, C3, L2 out­
put filter, A4,A6 HF interference filter, 
Ll, Cl reactance, VI rectifier, Kl 

d.c. output mains contactor, Rl measuring shunt 
resistor 
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a supervision A2. The a.c. input voltage is converted by the transformer to a 
voltage determined by the nominal d.c. output voltage, rectified by the diodes 
and filtered by a capacitor. The secondary side of the transformer includes a 
control winding which is loaded under the control of the control element. A 
capacitive and an inductive reactance are connected across the control winding, 
the inductive reactance being under the control of the control element. Cl and 
L 1 have been dimensioned so that, depending upon the value of the drive to the 
control element, the transformer can be loaded either inductively or capacitively. 

The construction and dimensioning of the input transformer are such that 
the input power factor of the rectifier unit is greater than 0.95 over a very wide 
load range despite the variable loading of the control winding (capacitive and 
inductive ). 

Together with the available inductance (choke integrated in the transformer), 
a voltage divider is formed from reactive elements, allowing the secondary volt­
age, and therefore the rectifier d.c. output voltage, to be regulated almost without 
loss. 

The control element is driven by the control circuit in such a way that a 
d.c. voltage, constant to within ± 1 %, is available at the output terminals. The 
a.c. input choke provides a good decoupling from the input supply line. To a 
large extent this prevents feedback of disturbances from the rectifier diodes into 
the a.c. supply so that very clean a.c. input current waveforms are obtained. 
The high attenuation in the other direction also protects the rectifier diodes from 
overvoltages on the a.c. input supply. The rectifier diodes are also unaffected by 
a.c. input voltages with undefined zero-crossing. 

This optimal primary current waveform enables the rectifier to be fed from 
a standby power supply without any restriction or additional equipment. 

Table 11.1. Technical data for magnetically controlled rectifier units 

Mains input supply 

Voltage (V) 

Frequency (Hz) 

Input current (A) 

Degree of radio interference 

D.C. output 

Nominal d.c. voltage (V) 

Constant voltage (V/cell) 

Rated direct current (A) 

Interference voltage (mV) 

LGM-IU: 220 ± 10 % 
LGDM-IU: 220/380 ± 10 % 

50 ± 5% 

3.1 to 130.0 

A(VDE 0878) 

24 to 220 

2.23 to 2.40 ± I % 
(lead acid) 

1.40 to 1.65 ± 1% 
(nickel-cadmium) 

10 - 400 

~ 2 (frequency-weighted with CCITT 
A - filter) 
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The integral input choke produces a large angie of current flow in the rec­
tifier diodes and they can thus be operated optimally. The resultant low input 
current increase contributes to the good efficiency achieved with this equipment 
technique. 

Using only electrolytic capacitors for d.c. output filtering results in a good 
dynamic response. 

In the case of a fault in the control circuit, the rectifier is still in operation, 
it then works like an uncontrolled rectifier. 

11.1.5 Technical Data 

The principal technical data for the magnetically controlled rectifier units are 
listed in Table 11.1. 



12 D.C.ID.C. Converter 

D.C'/D.C. converters are designed either as single-height or double-height power 
supply units or as complete built in equipment; they all deliver constant controlled 
(component) supply voltages. 

At this point a selection of the equipment will be described below. In general 
they all employ the principle of pulse-width control and use the single-ended 
forward converter circuit. 

12.1 Type 50 to 200 W 

The double-height d.c./d.c. converters 50 to 200 Wi (see Fig. 12.1) in SIVAPAC® 
construction operate, in general, on the single-ended forward converter principle 
(60 kHz, with pulse-width control). From an input supply of 48 or 60 V (40 to 
75 V), they produce an output voltage of 5, 5.4, 12, 24, 60 or 93 V (of either 
polarity). 

Some of those assemblies employ the single-ended fly back-converter prin­
ciple. The grip boards carry sockets for voltage measurement, a light-emitting 
diode (indicating operation) and a switch. 

I Source: Siemens AG. 

Fig. 12.1. Double-height 
d.c,fd.c. converter DCCCL 
(EZL) 5 V/25 A. (Photo by cour­
tesy of Siemens AG) 
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12.1.1 Application 

The d.c./d.c. converters can be used as decentralized power supplies to loads in 
48 and 60 V -communications systems as for example: 

- digital electronic switching system EWSD, 
- communications system ISDN, 
- data switching system EWSP, 
- optical broad-band systems, 
- communication network KN system (PABX), 
- electronic modular (telephone) system EMS (PABX) and 
- office telecommunications system HIe OM (PABX). 

12.1.2 Modes of Operation 

The d.c./d.c. converters are used for the rectifier mode or standby parallel mode 
(see Fig. 3.7). 

12.1.3 Survey Diagram and Functioning Principle 

The basic circuit of the double-height d.c./d.c. converters is shown in Fig. 12.2. 
The input is applied periodically to the transformer Tr through the input filter 

and the switching transistors (Power MOS-transistors T4/T6), transformed to the 
required output level, rectified by the diode G20 and smoothed by the output 
filter L2 and C27 to C30. The switching frequency is 60 kHz. The conduction 
period of the transistors T4/T6 is determined by the closed-loop and open-loop 
control. 

The output is controlled, short-circuit-proofed and monitored for undervoltage 
and overvoltage. 

Operation is indicated by a green light-emitting diode, which lights when the 
output voltage is at its rated value. 
The power section of the d.c./d.c. converter consists of: 

- combined input filter (h.f. and l.f.), 
- switching transistors T41T6 (Power MOS-transistors), 
- power transformer Tr, 
- rectifier diode G20, 
- free-wheeling diode G21, 
- output filter L2 and C27 to C30 and 
- current-measuring resistor R33 for current limiting. 

The transistors T4/T6 applies the voltage periodically to the primary winding of 
the transformer Tr. During the conduction period of the transistors T4/T6 current 
flows through the rectifier diode G20. The transformer Tr provides electrical 
separation and transforms the input voltage to the level required in the output 
circuit. In the non-conducting period the energy stored in the inductor L2 flows 
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Fig. 12.2. Survery diagram of 
a d.c.jd.c. converter (single­
ended forward converter). ES 
Remote control, AS common 
synchronized off command of 
many different d.c.jd.c. con­
verters. 

through the diode G21. The output voltage is filtered by the inductor L2 and the 
capacitors C27 to C30. Capacitors C32 to C34 are for EMI suppression. 

The resistor R33 is used to obtain the actual-current feedback signal in the 
input circuit and the transistors T4/T6 are thereby protected from overcurrent 
spikes. 

The auxiliary supply of 12 V is obtained from the input and stabilized by a 
control. 

The switching frequency of 60 kHz is produced by an integrated control 
circuit. The maximum switching ratio is 0.5. 

The integrated control circuit controls the output voltage. It performs the 
actual-reference comparison and effects the conversion into a corresponding pulse­
width controlled trigger pulse. If the voltage across the resistor R33 exceeds a 
predetermined value due to overload, the integrated control circuit reduces the 
conduction period. 
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The output voltage is monitored by the undervoltage and overvoltage monitor. 
In operation within the rating limits the green light-emitting diode on the board 
of the assembly is lit, the 'potential-free' contact is closed and a high signal is 
produced. If an undervoltage is detected at the output, it is indicated through 
the contact (relay contact opened) and by a low signal. If the rated voltage 
is exceeded by up to 40%, the output is switched off by suppression of the 
trigger pulses. The switched-off condition is maintained, since the auxiliary supply 
continues to be produced. The power section can be restored to operation by a 
brief application of the earth potential (> 50 ms) to the remote control input 
ES, or by switching the input supply off and on. 

A particular converter can be switched on and off by means of the switch 
S I, while the control point AS enables a number of converters to be switched 
off simultaneously. 

12.1.4 Technical Data 

The principal technical data for the 50 to 200 W d.c./d.c. converters are listed in 
Table 12.1. 

12.2 Type 750 W 

The built-in or wall-mounting equipment d.c./d.c. converter 7502 or 1000 W (see 
Fig. 12.3) operates on the single-ended forward converter principle (approxi­
mately 60 - 75 kHz constant, with pulse width control). From an input supply 
of 48 V (+ 20 % I -10 %), it produces an output voltage of 24 or 60 V (e.g. 
± 1%). 

2 Source: Gustav Klein GmbH & Co. KG. 

Fig. 12.3. D.C.ID.C. converter 1000 
W. (Photo by courtesy of Gustav Klein 
GmbH & Co. KG) 

The equipment 750 W is an example; the power range of this kind of d.c./d.c. converters 
is approximately 100 - 5000 W. 
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12.2.1 Application 

The d.c./d.c. converter can also be used with rectifiers 48 V and batteries as 
centralized power supplies to loads in 24 or 60 V communications systems. 

12.2.2 Modes of Operation 

The d.c./d.c. converter is used for the standby parallel mode (see Fig. 12.4, and 
also Fig. 3.7). 

In order to attain greater safety of the supply, several units can be connected 
in parallel. 

12.2.3 Survey Diagram and Functioning Principle 

The basic circuit of the d.c./d.c. converter is shown in Fig. 12.5. 
The d.c./d.c. converter is used to transform 48 V d.c. into 24 or 60 V d.c. 

The output d.c. voltage is galvanically separated from the input d.c. voltage. 
The output voltage is electronically regulated which means it is independent 

from load changes and variations of the input voltage. 
At normal operation an equal, stable distribution of the current occurs for 

all units (see Fig. 12.4). A decoupling diode V6/7 in the output of the converter 
prevents a feedback. 

Rectifier 

.-._---_. 
i . 
I . 

Power supply 
system 48V 

11-- Battery 

i~·V--·-==-·l 

2 ~3 ! 
~~ I 

'------+-_--+-1 i I 
L._._. o.utput 2~~~ __ .--.J 

Fig. 12.4. Standby parallel 
mode - parallel connection of 
d.c./d.c. converters 750 W (e.g. 
n + 1) 
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E _ 48V~;~~: E + 
~~-·-·-·-·-·-[-3/~ -""""9-~~ 

Hf---+---I~----+---tl1 H I 

[1 
lact. prim 

T2 T1 • 

• 

I 
.-1 

A2 

Fig. 12.5. D.CID.C. converter 750 W. 1 Auxiliary power converter (internal power sup­
ply) 2 x ± 12 V stab., 2 pulse-width control, 3 regulation, 4 voltage monitoring (output 
over- and undervoltage), 5 remote control, 6 remote signalling, E-IE+ d.c. input, A-/A+ 
d.c. controlled output, AI, A2 pc-board of power section, regulation, control and monitor­
ing circuit, A3 signalling board, A21/ A22 drive stage and protection circuit board, LED 
HI operation, LED H2 undervoltage, LED H3 overvoltage, 81 button reset 

Each d.c./d.c. converter incorporates an over- and undervoltage supervision 
in the output. At normal operation, overvoltage and undervoltage are signalled by 
LED's. For the remote signalization 'failure' a potential-free changeover contact 
is available. Additionally an external LED for 'operation' can be connected. 

The d.c. input voltage connects to the single-ended forward converter via 
the interference suppression filter CI to C5, Ll, AI) and the input filter (e.g. 
Cl, A2). The input voltage is applied periodically to the main transformer T1 
through the switching transistor VI, transformed to the required output level. 
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The output voltage is rectified V2!3, A2) and smoothed via a LC filter (Ll , 
C9, C14, A2). Small components can be used for the power transmitter and 
output filter because of the high switching frequency. The regulation dynamic 
is essentially better than with units using the conventional technique. Additional 
radio interference suppression devices are also available in the output (e.g. C 1 0, 
C12, C13, A2). An integrated circuit of pulse-width control (e.g. Siemens TDA 
4718) (2) (see Fig. 12.5) is used for the control of d.c./d.c. converter. 

The auxiliary voltage for the regulation and supervision is generated via 
the auxiliary converter (1) (incorporated as single-ended flyback (blocking) con­
verter). 

The output voltage is kept constant to ± I % within the load range of 
o - 100 %. From rated current (e.g. approximately 31 A) on the output voltage 
is controlled down so that the output current remains constant. 

Figure 12.6 shows an example of an oscilloscope picture measured at the 
output of pulse-width control (2) (see also Fig. 12.5) and Fig. 12.7 shows flow 
between the source and draining of power switching transistor VI at rated power. 

12.2.4 Technical Data 

The principal technical data for the 750 W (1000 W) d.c./d.c. converter are listed 
in Table 12.2. 

Fig. 12.6. Pulse-width controlled trigger 
pulse (output of TDA 4718) 

Fig. 12.7. Pulses between drain and 
source of transistor VI (approximately 
66.6 kHz ~ 1 period T ~ 15 J1.s) 
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Table 12.2. Technical data for d.c./d.c. converter 750 and 1000 W 

Input 

Rated direct voltage (Y) 

Degree of radio interferences 

Interference noise voltage (mY) 

Output 

Rated direct voltage (Y) 
(before decoupling diode) 

Rated capacity (W) 

Dimensions (H x W x D) (mm) 

48 + 20 % 
- 10 % 

Limit class B (VDE 0871) 

~ 1 (with A-filter) 

24±1% 60±1% 

750 1000 

316.5 x 446 x 252 



13 D.C.lA.C. Inverters 

At this point a selection of equipment will be described. 

13.1 Type 2.5 kVA 

In the pulsed modulated 2.5 kV A inverter module (WR201, see Figs. 13.1 and 
13.2) with transistor power section the principle of the forward converter (20-
kHz-pulse width control) is employed. From the 48- or 60 V input voltage (40 
to 75 V), a single-phase a.c. voltage of 220 V /50 Hz (60 Hz) is produced. 

13.1.1 Application 

The d.c./a.c. inverter modules serve to supply 220-V loads, such as 

- memories, 
- keyboard printer terminals and 
- printer 

in 48- and 60-V communications systems (e.g. system EWSD, text- and data 
switching systems as well as solar-power supplied loads). Generally, the units 
are housed in inverter connecting panels (e.g. AS 124, see Figs. 13.3 and 13.4). 

13.1.2 Type Designation 

The d.c./a.c. inverter modules are characterized as shown in Fig. 13.2. 

1 Source: Siemens AG. 

Fig. 13.1. D.C'/A.C. in­
verter module 2.5 kV A 
WR20. (Photo by courtesy 
of Siemens AG) 
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Rating code designation 
IOIN4175Z) 

Factory code 
designation 

( \ ,-------I'-----

G 60 E 220/11 W 2 R F G-FG OWR 20 

1 T T ~:;;;c;""t" 
HOUSing 

'-------- Factory designation 
'--------- Output filter 

'---------- Input filter 
'----------- Properties of characteristics: 

R ~ Regulation 
'------------. Output nominal frequency 

Z ~ 50 Hz I 3 ~ 60 Hz) 
'------------- Load type: W~ Resistive load 

I V ~ Distorting load, 
C Q Capacitive load, 
L ~ Inductive load) 

'-------------- Nominal output current in A 

'----------------- Nominal output voltage in V 
'----------------- Type of output current: 

E Q Sing Ie - phose a.c. current 
'------------------ Nominal input voltage 

'-------------------- Type of input current: 
G ~ d.c.-current 

Fig. 13.2. Type designation d.c./a.c. inverter module WR20 

13.1.3 Modes of Operation 

In general the d.c./a.c. inverter modules are operated in the standby parallel mode 
(continuous operation). 

13.1.4 Survey Diagram of the Power Supply System 

The connecting cabinet ASl24 (see Figs. 13.3 and 13.4) is equipped with a 
maximum of four (+ one spare) inverter modules 220 V/50 Hz (60 Hz) 2.5 kVA 
WR20. 

The d.c. input is connected with the fail-safe d.c. power supply system (rec­
tifiers and battery, as in Fig. 4.11). 

13.1.5 Survey Diagram, Block Diagram and Functioning Principle 
of the d.c.la.c. Inverter Module 2.5 k V A 

According to Fig. 8.28 in chapter 8 the input direct voltage UE (-40 to -75 V) 
passes through a filter (NF) which serves to reduce the interference voltage to 
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Fig. 13.3. Connecting cabinet AS 124 
equipped with two inverter modules 
2.5 kV A WR20. (Photo by Hans Gurnhalter 
and by courtesy of Siemens AG) 

the converter which is triggered by the regulator I at a constant frequency (20 
kHz). The sinusoidal reference voltage is rectified by a rectifier circuit and input 
to the regulator I as reference value VRM . The modulated converter voltage UM 

corresponds largely to a rectified mains voltage. Subsequently, using the polarity­
inverting bridge circuit, the output a.c. voltage VA (see Fig. 8.29) is formed from 
it; here the bridge control switches alternately the bridge branches S 1IS4 or 
S2/S3 at every zero crossing of the sine-wave generator. 

For ambient temperatures of up to 45 °C the d.c.la.c. inverter can carry a 
load of up to 2.5 kW (effective power) or 2.5 kV A 2 (apparent power) for a 
power factor of cos phi 0.7 inductive to 0.85 kapacitive. The current limitation 
is set to approximately 13.6 A. A loading which exceeds this value results in 
voltage drops, for a loading current of more than approximately 24 A, there is a 
disconnection of the device (i.e. by pulse disabling). 

When designing the systems it is important to keep the maximum current 
value of the load below the value of the current limitation. Otherwise, there is a 

2 The continuous rating of 2.5 kV A for 45° C is only valid with a purely linear load; with 
a distorting load (e.g. switched mode power supply units which are not able to draw a 
sinusoidal current from the input with low conducted EMI) a limitation of approximately 
1.5 kVA is required. 
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,------­
I 
I CD 

! G1 r ..l...-----'/I 

I 
I 
I 

d.c. input 
+ 40V - 75V 

---------, 

~ 

G5 

~ 
----~ 

Fig_ 13_4_ Connecting cabinet ASI24 for one to four inverter modules 220 V/50 Hz (60 
Hz) 2.5 kVA WR20. 1 d.c. distribution, 2 signal connector, 3 a.c. distribution, 4 signal­
ization: LED H81 operation, LED H85 fault, 5 remote signalization, 6 a.c. load, G I to 
G4 d.c.la.c. inverter modules 2.5 kVA WR20, G5 inverter 2.5 kVA WR20 (not connected 
i.e. spare equipment), A80 signalling board 

corresponding drop in the output voltage and when the value of approximately 24 
A is exceeded, the disconnection of the d.c./a.c. inverter unit is performed with 
automatic reclosure after the current decreases below this value. This is necessary 
in order to protect the semi-conductor; the device is protected against overload 
and short circuits. 

During normal operation and with automatic reclosure the device is running 
with 'softstart', which means that after operation the output voltage is increased 
slowly (during an interval of 0.8 s) from 0 to the rated value. The softstart with 
current limiting effect ensures smooth operation even for loads with higher current 
values. 

The modules of the d.c./a.c. inverter WR20 2.5 kV A and their interaction can 
be seen from the block diagram (see Fig. 13.5). 

Logic module AI. The circuits for signalling and monitoring as well as for logic 
and auxiliary power generation are housed on the logic module AI. The input of 
the module is located just above the filter of the trigger module A3 at the input 
voltage of 40 to 75 V. An auxiliary converter generates four output voltages, two 
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Module 2 Module1 

r·-·-·-·l ~--'t-__ -t-1r·-·-·-·l 
I, . Fit ter I 

i-t-----l LFI H F 1---....,....,.........,.""-+-1 

i ~ . 
I . 12V/-SV I 
i i- I i React. load T 1 I 
~._._._.~ L. ._._j 

±12V 

T3 

React. load 

Fig. 13.5. Block diagram of the pulsed, d.c.la.c. modulated inverter module 2.5 kV A 
WR20. UE Input d.c. voltage 40-75 V, UA output a.c. voltage 220 V/SO Hz (60 Hz), n, 
T2, T3 transformers, V 1 to V 6 power transistors, .. energy flow, - - -- - ... signal 
flow, ----> internal power supply, Al logic module, A2 regulation module, A3 trigger 
module 1, A4 trigger module 2, AS/l emitter module, AS/2 emitter module, A6 pulse 
circuit module, A 7 polarity inverting module 

of which supply the logic and trigger equipment on the input-side (+12 V, -5 V), 
whereas the other two (+ 12 V, -12 V) supply the output side of the inverter. 

Regulation module A2. The regulation module A2 comprises the components for 
the following functions: quartz oscillator, reference value generator, zero indica­
tor, voltage regulator and monitors. The circuits are at the level of the output 
voltage and are supplied with + 12 V and -12 V from the logic module AI. 

The quartz oscillator works with a fundamental frequency of 6.55 MHz (50 
Hz d.c./a.c. inverter) which is then divided into two operating frequencies of 
about 50 kHz and 50 Hz by means of binary counters. Out of the rectangular 50 
Hz voltage a sine-wave is generated with an active filter. The energy recovery 
equipment (reactive load converter) is synchronized with the 50kHz frequency. 
The rectified 50 Hz sinusoidal voltage is the reference value for the voltage regu­
lator. It is also used for the zero control of the polarity-inverting bridge circuit A7. 
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The regulation module performs the regulation and three monitoring functions: 
for overvoltage, undervoltage, and a thermic monitoring for polarity-inverting 
transistors. All results are evaluated here and then forwarded to the optocoupler 
of the logic control module Ai. 

Trigger module A3 and A4. The two trigger modules A3 and A4 are PCBs 
of equal electrical design. They contain all components for triggering the power 
transistors. The elements affected during the triggering process are housed on 
a common module beneath the rapidly switching power transistors in order to 
hold the switching paths short and thus ensure low induction. The PCB A3 
also comprises the elements performing the rectification of the feedback reactive 
current occurring with complex loading of the d.c./a.c. inverter. 

Emitter module A5/1 and A5/2. The emitter modules A5/l and A512 are located 
between the power transistor and the two trigger modules. Each of them contains 
six power transistors switched in parallel. Every PCB also houses the capacitor 
and the diode of the RCD circuit. The trigger module A3 and the emitter module 
A5/l as well as the trigger module A4 and the emitter module A512, including 
the corresponding power transistors and heat sinks, make up two modules. The 
electric isolation required for power transformation is achieved through the two 
main transformers TI and T2. The output power to be transformed has a value 
of 2.5 kVA and the switching frequency is of about 20 kHz. For the transport 
of energy there are two modules: the pulse circuit module A6 and the polarity­
inversing module A 7. 

Pulse circuit module A6. The pulse circuit module A6 contains all power diodes 
necessary for the rectification of the pulsating intermediate circuit voltage. For 
this, every branch of the intermediate circuit has two diodes connected in series 
and two free-wheeling diodes connected in parallel. Each of the six power diodes 
is connected to one varistor between anode and cathode, which ensures an equal 
distribution of the blocking voltage to all power diodes affected and thus leads 
to a symmetrical voltage stress. 

In addition, module A6 contains the elements needed for reactive current bal­
ancing (energy-recovery), for the power transistor control and the current limiting 
equipment. The transformer T3 is located in the energy recovery circuit. 

Polarity inverting module A7. A LC filter transforms the sine-modulated trian­
gular voltage into a sine-wave loop voltage which is forwarded to the polarity­
inverting transistor module on A 7. Apart from the Darlington transistors all other 
elements required for triggering are housed on A 7. The field effect transistors are 
introduced here as low-capacity elements. The sine-wave loop voltage is trans­
formed by means of the polarity-inverting transistors into a 50 (or 60) Hz a.c. 
voltage and passed on via a filter to the output of the inverter. 

In general, a complex load is to be expected. The energy stored in the 
reactive load distorts the form of the output voltage and impairs the distortion 
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Fig. 13.6a-c. Area of operat­
ion, regulator I and 2 of the 
inverter modules for different 
types of load. U A Output volt­
age, fA output current, a ohmic 
load (cp = 0°), b inductive 
load (cp = -90°), c capacitive 
load (cp = +90°) 

Table 13.1. Technical data for d.c.la.c. inverter module, 2.5 kV A WR20 

D.C. input 

Nominal voltage (V) 

Maximum input current approximately 
(at 40 V d.c. input voltage and 
rated load) (A) 

Conducted interference/ 
voltage (mV) 

RFI suppression 
(input and output) 

A.C. output 

Nominal voltage (V) 

Frequency (Hz) 

Rated capacity (continuous) (k V A) 

Displacement factor 

Total harmonic 
distortion factor (%) 

Dimensions (HxWxD) (rom) 

-48 or -60 (-40 to -7S) 

73 

~ 1.8 (in the range up to approximately 
I.S kV A, frequency-weighted 
with CCITT A -filter) 

10 kHz to 30 MHz 
as per VDE 0878/limit class B 

220 ± S% 

so ± O.S% (or 60 ± 0.5%) 
2.5 (at 45° Ca) 
1.5 (at 60° C) 

0.7 lagging to unity to 
0.85 leading 

~ 2.5 (at non-reactive load) 

118x660x370 

'For purely linear loads; for distorting loads reduced to approximately 1.5 kV A 
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factor. That is why a reactive load compensation is provided which is realized as 
reactive load converter feeding the excessive energy back into the input source. 
Figure 13.6 shows the basic voltage behaviour related to the type of load. 

13.1.6 Technical Data 

The principal technical data for the d.c./a.c. inverter module 2.5 kV A WR20 are 
listed in Table 13.1. 

13.2 Type 15kVA (3 X 5kVA) 

13.2.1 General and Application 

The three phase 15 kVA (3 x 5 kVA) d.c./a.c. inverter in the centre-tap cir­
cuit U-SFUIEK3 60V d.c. (see Fig. 13.7, illustrating the lOkVA type, and also 
Fig. 7.17) is used for example in communications systems, e.g. text- and data 
switching systems. 

Fig. 13.7. Inverter U-SFUIEK 60 V d.c./IO kV A. (Photo 
by courtesy of Gustav Klein GmbH & Co. KG) 

3 Source: Gustav Klein GmbH & Co. KG. 
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From the 60 V input voltage a three phase a.c. voltage of 360 V/60 Hz is 
produced. 

13.2.2 Type Designation 

The d.c./a.c. inverter is characterized as follows (see Fig. 13.8). 

13.2.3 Modes of Operation 

In general the d.c./a.c. inverter operates in the standby parallel mode (continuous 
operation) (see Fig. 4.10). 

13.2.4 Survey Diagram of the Power Supply System 

In addition to a fail-safe d.c. power supply system (±60 V) with rectifier and 
batteries, d.c./a.c. inverters 15 kVA (3 x 5 kV A) are also used (see Fig. 13.9 and 
also Fig. 4.10). 

13.2.5 Survey Diagram and Functioning Principle 
of the d.c./a.c. Inverter 15 kVA (3 x 5 kVA) 

Figure 13.10 shows a survey diagram of the d.c./a.c. inverter U-SFUIEK 60 V 115 
kVA (3 x 5 kVA) with static transfer switch. The principal function has already 
been explained as shown in Fig. 4.10. 

The electronic revert to mains unit (static transfer switch) supervises the in­
verter and the mains. The inverter is steadily synchronized as long as the mains 
frequency and voltage is within the permissible tolerance. At a failure of the 
inverter or at overload (consumer short circuit) an uninterruptible change-over to 
the mains is effected (Fig. 13.11). The static transfer switch operates automati­
cally (Fig. 13.12). 

U-SFUIEK 

T T Inherently short circuit proof 

L.== Regulating tolerance range ± 1 % (without E ± 3%) 

L...-_____ Inverter with regulating transformer(including final 
control element) 

'--------- Voltage-regulated 

L...-_______ Frequency - regulated 

'--------- Sinusoidal output voltage 

'------------ Converter 

Fig. 13.8. d.c./a.c. inverter U-SFUIEK 60 V d.c. / 3 x 5 kV A - type designations 
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n A n 

u v v v v v v 

~~ 
20ms 

Inverter. 1 Main;, 

Fig. 13.11. Changeover from inverter to mains supply (without interruption of the load), 
inverter off, type U-SFUIEK 15 kVA (3 x 5 kVA) 60 Hz 

~ n n n ~ 

V V V V V V V 

---JL 
20 ms 

Mains ./ Inverte~ 

Fig. 13.12. Switch-back from mains to inverter supply (without interruption of the load), 
inverter on, type U-SFUIEK 15 kVA (3 x 5 kVA) 60 Hz 

The inverter incorporates three thyristor centre-tap circuits, the rectangular 
a.c. voltages of which are proportional to the d.c. input voltage. The a.c. voltage 
is smoothed to a sinusoidal voltage by a stabilizer. 

In the centre-tap circuit the thyristors are fired alternately at a clock rate of 
60 Hz. The forced extinguishing from the thyristors is effected by commutation 
capacitors. Free wheeling diodes render circular currents possible as well as en­
ergy feedback in case a thyristor is blocked and thereby prevents high voltage 
peaks in the corresponding current circuit. 

.. 
Fig. 13.10. Survey diagram of the d.c.la.c. inverter U-SFUIEK 60 V/I5 kVA (3 x 5 kVA) 
(one phase circuit shown) with static transfer switch. L+, L- d.c. input (60V), LI,CI 
battery (input)-filter, KI inverter input contactor (inverter on/off), VI, V7, Vl3, V3, V9, 
VI5 thyristors of the centre-tap d.c.la.c. inverter circuit, V2, V8, VI4, V4, VlO, VI6 
series-decoupling diodes against a reverse discharging of capacitors C3, C4, C5; C3, C4, C5 
commutations capacitors, L6, L7, L8 commutations coils, V5, Vll, VI7, V6, VI2, VI8 re­
active current diodes, n, T2, T3 control transformers (magnetically controlled stabilizers), 
V20, V2I, V22 thyristor contactor 'inverter' of the static transfer switch, V23, V24, V25 
thyristor contactor 'mains' of the static transfer switch, T6, T7, T8 current transformers, 
N, Ll, L2, L3 a.c. output (360 V/208 V/60 Hz) 
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Table 13.2. Technical data for d.c./a.c. inverters U-SFUIEK 

D.C. input 

Nominal voltage (V) 24, 48, 60, 110, 220 + 20% /-10% 

Tolerable ripple feedback :;:; 5 (with input filter) 
to d.c. bus (% rms) 

RFI suppression Limit class G as per VDE 0875 

A.C. output 

Nominal voltage (V) 360/208 ± 5% (in general 220 
±5%) 

Frequency (Hz) 60 ± 0.5% (50 ± 0.5%) 

Rated capacity (continuous)(kVA) 15 (3x5) (in general 1.5 to 15) 

Displacement factor 0.7 lagging to unity to 0.9 leading 

Total harmonic distortion factor (%) :;:; 5 

Dimensions (HxWxD) (mro) 1800x 1200x700 

The battery filters L 1, C 1 limits the feedback of the inverter to the batteries 
and rectifier. 

13.2.6 Technical Data 

The principal technical data for d.c./a.c. inverters types U-SFUIEK, e.g. 15 kVA 
(3 x 5 kVA) are listed in Table 13.2. 



14 Static UPS Systems 

At this point the introduction and basic circuits of static UPS systems (as in 
Sects. l.7, 4.3 and 4.3.5) are recalled. A selection of the equipment will be 
described in Fig. 14.l. Different examples of types, series and power ranges of 
UPS-systems are listed in Table 14.l. 

14.1 Type 10 to 500 kV A 

The power range of the UPS system 40, 41 and 421 is 10 to 500 kVA (see 
Table 14.1). Figure 14.2 shows for an example a three-phase UPS system type 
42 (4233) with a rated output power of 330 kV A. 

14.1.1 Application 

UPS systems are employed wherever a fully-uninterruptible, independent and se­
cure power supply is required. 
A UPS system: 

- protects users from all types of mains disruptions, 
- bridges mains failures and 
- provides constant voltage with close tolerances for amplitude and frequency. 

Typical applications: 

- telecommunication systems, 
- DP equipment and systems, 
- process controls, 
- control centres, 
- drives in continuous production processes, 
- life-support systems in hospitals 
- air traffic control systems and 
- safety systems in power stations and many others. 

14.1.2 Modes of Operation 

The continuous mode of operation is used in the UPS system. 

1 Source: Siemens AG. 
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Fig. 14.1. UPS-System series-types 40, 41 and 42, exterior view (Photo by courtesy of 
Siemens AG) 

14.1.3 Overview 

System 42 UPS units are used for uninterruptible supply of three-phase loads. A 
UPS system consists of at least a UPS unit and a battery. To provide redundancy 
and/or to increase output two in the case of types 4212 to 4233 or up to four in 
the case of type 4250 or even up to eight UPS units can be connected in parallel. 

Features: 

- high efficiency (up to 94%), low thermal loading of environment, 
- UPS units up to and including type 4212 can be installed in the telecommuni-

cations system room close to the loads, thanks to DP-oriented design and low 
space requirement, 

- low noise level, 
- high reliability, 
- transistor inverter, 
- parallel operation possible to increase redundancy and/or system power rating, 
- excellent dynamics, 
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Fig. 14.2. UPS system 42 (4233) 330 kVA with 12 pulse rectifiers, single block unit 
with revert to mains unit, view of the interior of the equipment, covers removed. (Photo 
by courtesy of Siemens AG) 

- switched mode power supply load compatible by virtue of instantaneous value 
regulation, fast control response, 

- compact design, 
- easy to instal, 
- maintenance free, 
- attractive and informative control panel with LC display and membrane key-

board, 
- easy to operate, automatic operation, 
- menu-driven monitoring and diagnostic system, 
- interfaces for connection of personal computer, printer and modem (option), 
- interfaces for connection to networks (option), 
- the UPS units meet the specifications of all well-known computer manufactur-

ers and 
- world-wide service organization. 

Environmental considerations. The excellent efficiency of the equipment con­
tributes to energy saving. The unavoidable losses of modem converters are low, 
and so there is only a slight extra load on the air conditioning system. 

The latest state of the art and environmental protection legislation are taken 
into account at factories throughout the production process. 
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Quality assurance (QA). A comprehensive QA system ensures that all processes, 
from design and development through the construction, procurement and manu­
facturing to sales, installation and service, are fully covered. 

The QA system conforms to international standard ISO 9001. 

Frequency converter. The UPS units can also be used as frequency converters 
(conversion from 50 to 60 Hz or vice versa) with or without a battery. The 
information given in this description also applies when they are used in this 
way, but not to the static bypass switch (SBS) and service bypass functions. 

14.1.4 Survey Diagram and Functioning Principle 

Power and Electronics Section. The power section consists of five main compo­
nents: 

- rectifier for rectifying the mains voltage, 
- d.c. link circuit to which the battery is connected, 
- inverter which converts the d.c. voltage into a sinusoidal a.c. voltage, 
- static bypass (transfer) switch (SBS) (revert-to-mains unit) which can provide 

an immediate direct connection between the output and the mains feed and 
- service bypass (manual override) which can be used to isolate the UPS equip­

ment manually without interrupting the supplied load (from type 4222 to type 
4250 not part of unit). 

The SBS and the service bypass can be installed in a separate cubicle for certain 
plant configurations. 

Rectifier. A fully controlled three-phase thyristor bridge circuit (6-pulse type) 
with mains commutation choke L lOis connected to the mains via switch Q 1 0 
(Fig. 14.3). It converts the mains voltage into d.c. voltage. 

In order to diminish significantly the effects on the supply network, the 
220 kV A and 330 kV A units can be provided optionally with 12-pulse rectifiers. 
The 500 kVA units are always of 12-pulse design. The 12-pulse rectifier consists 
of two fully controlled 3-phase bridges which operate by mutually displacing 30° 
el. with the aid of a special transformer (similar to GRI2, see Sect. 10.2.4). 

Open and closed-loop control of the rectifier includes the following main 
functions: 

- software-controlled battery-saving automatic charger with IU characteristics 
and charge current limiting, 

- current limiting, prevents rectifier overload (important for multi-unit equipment 
with common d.c. link circuit), 

- reduced current limiting and sloping voltage characteristic for operation with 
a standby power supply, 

- controlled runup: slow rise in voltage and current, no power-up surges, 
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Fig. 14.3. Survey diagram of UPS system series 42 (80/120 kVA), other units have slight 
deviations (e.g. various switchgear combinations according to rating). Al Power semicon­
ductor module, consisting of thyristor controlled rectifier, transistor controlled inverter and 
thyristor switch (static bypass switch SBS), C20 d.c. link capacitors, C30 filter capacitors, 
K20 inverter contactor, K50 SBS contactor, LIO mains commutation choke, Lll smooth­
ing choke, QIO rectifier input switch, Q50 service bypass switch (manual), Q5I SBS input 
switch, T20 inverter output transformer, C,D battery connection, UI, VI, WI, NI rectifier 
power connection, U2, V2, W2, N SBS mains connection, U3, V3, W3, N connection for 
load, U4, V4, W4, N connection for parallel unit I) links, remote for separate SBS feed 
(units 10 kVA to 330 kVA) 
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- controlled current division for parallel operation of two rectifiers (dual-unit 
system with common d.c. link circuit) prevents uneven loads and 

- sequenced runup of the rectifiers for multi-unit system. 

D. C. link circuit. A filter circuit, consisting of choke L II and capacitor C20 
reduces the natural ripple of the d.c. voltage and eliminates any voltage peaks. 
The d.c. link circuit voltage is smoothed and the ripple of the battery current 
becomes very small. This protects the battery. 

The UPS principle is based on the fact that the d.c. link circuit voltage is 
maintained either by the mains or, if this fails, by the battery, within a range 
which allows the inverter to keep the output voltage constant. 

Inverter. The main components of the power section are the transistor bridge 
circuit, transformer T20 capacitors C 30. 

In simple terms this is a changeover switch, consisting of power transistors, 
which uses a switching cycle determined by the electronics to alternatively apply 
the individual phases of the transformer to the plus and minus busbars of the d.c. 
link circuit (compare Fig. 8.27, Chapter 8). 

The leakage inductances of the transformer, in conjunction with the capaci­
tors, form a filter circuit which produces a sinusoidal output voltage with a low 
distortion factor from the pulse train (Fig. 14.4a). 

Figure 14.4b shows a load changing of 100% and the a.c . output voltage. 
The output voltage is controlled by gating the inverter phases using pulse 

width (control) modulation (PWM) with supersine. Because of the high pulse 
frequency control can take effect very rapidly (instantaneous value control). Since 
this also actively affects the wave form of the output voltage, feedback effects 
from loads of non-sinusoidal currents (non-linear load) are compensated. 

The salient features of open and closed-loop control of inverters are as fol­
lows: 

- highly -dynamic voltage control « 5 ms). 

Fig. 14.4a, b. Oscillogram of output voltage (a) and (1), e.g. 100% load changing (b); (b) (1) 
output voltage of the inverter, (b) (2) load current. (Photo by courtesy of Siemens AG) 
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- current limiting: 
prevents equipment becoming overloaded, gives short-circuit protection. 

- frequency control: 
highly-accurate quartz-controlled natural frequency (tolerance: ± 0.1 Hz); 
soft synchronization without frequency jumps (0.1 Hz/s); 
wide synchronization range for load transfer in the case of unstable mains. 

- angle control: 
precise synchronization with the mains and with parallel UPS units; 
no compensating currents; 
no current surges during switchover; 
full mains redundancy; 
highly dynamic « 5 ms). 

- instantaneous value control: 
low output voltage distortion, 
even for non-linear load; 
high peak currents; 
highly dynamic ( < 5 ms). 

- pulse generation: 
constant monitoring of the switching status of power; 
transistors; 
no error pulses possible; 
optimum utilization of power section in borderline situations. 

- peak current recording: 
reliable protection of power section in the case of short circuits; 
rapid response of load fuses thanks to high r.m.s value of short-circuit current 
(square-wave current blocks). 

Static bypass (transfer) switch (SBS) (revert-to-mains unit). The thyristor 
switch and the contactor K50 are the main components of the SBS (see Fig. 14.3). 
The thyristor switch can accept the load current with no interruption. The con­
tactor then accepts the continuous current after about 50 ms. The 10 kV A and 
25 kVA units are designed without contactor K50. 

The SBS provides uninterrupted switching under the following circumstances: 

- inverter overloading, 
- short-circuit, 
- inverter fault and 
- when the inverter is switched off by hand. 

Open and closed-loop control, protection, monitoring and diagnostic, display 
and operation system 
The electronic components for open and closed-loop control, protection, monitor­
ing, display and operation are plugged into a subassembly rack and accommodated 
in function or component-related peripheral modules. 
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The main features are: 

- largely digital with microprocessors and microcontrollers, 
- separate actual values for SBS and for parallel units: fully redundant, 

highest possible reliability and operational integrity, 
- separate power supply for the SBS electronics, 
- SMD, multilayer and hybrid technologies and 
- industrial-grade electronics with high reliability and immunity to electromag-

netic interference. 

In addition to the modules necessary for unit functions an independent monitoring 
and diagnostics system is provided as standard. The LC display on the control 
panel gives comprehensive information on the equipment status and assists fault 
diagnosis. 

The system: 

- holds edited data for current measured values which can then be retrieved, 
- calculates the currently available battery bridging time using the characteristic 

curve method (takes account of charge state and present load), 
- provides statistics, 
- continuously stores analog and digital values, 
- records events occurring before and after a fault and 
- records faults and serves as an aid to diagnosis. 

The monitoring and diagnostic system contains a battery-backed process signal 
memory which continuously records numerous signals from the UPS unit. In the 
event of a fault the storage process continues for a few more cycles so that the 
events preceding and following the fault are recorded. 

The operating data stored can be read later. 
Other functions are available as an optional extra. The control panel display then 
offers: 

- display of unit and plant statuses, 
- selection of an automatic battery test and 
- display of other up-to-date measurements and derived variables. 

This option also allows a data report of an unit fault and a listing of measurements 
to be output via a printer interface. A further option enables the user to produce 
a thorough analysis on an IBM-compatible pc. 

Performance. This section describes the behaviour of the UPS unit in the sit­
uations which occur most frequently in practice. The equipment is designed so 
that the loads connected to it as well as the equipment itself are protected in all 
situations. Even extreme situations are safely dealt with. 

Normal operation 
Mains power available, inverter ON. The rectifier converts the three-phase mains 
voltage into a d.c. voltage which the inverter then converts back into a three-
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phase system in order to supply the load with constant current and frequency. 
The battery draws only a very small trickle charging current. 

The inverter operates synchronously with the mains, if mains voltage and 
mains frequency at the static bypass switch (SBS) input are within the defined 
limits (mains ready): 

- mains voltage 
- mains frequency 

UN ±1O% (adjustable) and 
fN±I% (settable to 2%). 

These values are determined by the loads placed on the mains. In contrast the 
UPS unit controls the output voltage with an accuracy of ± 1 %. 

Inverter OFF. The inverter can be switched off by hand. In units without SBS 
the load is switched off, but the rectifier is still on and continues to charge the 
battery. 

In units with SBS the SBS takes over the load current provided that the 
'mains ready' message is displayed (mains within tolerance range UN ± 10%; 
fN±I%I2%, SBS automatic mode). 

Fluctuations in mains voltage. The UPS equipment operates with no restriction 
to its rated performance data at deviations up to ± 10% from rated mains voltage 
UN (DIN VDE 0558). At UN -10% the battery charging voltage is still reached. 

The rectifier operates down to UN -15% without the battery being discharged. 
If the mains voltage drops below this value the rectifier switches off. The UPS 
equipment then behaves as it would be for mains failure. 

The SBS remains operable in the range UN±IO%. 

Mains overvoltages. The rectifier and SBS input of the UPS unit are equipped 
with noise suppression capacitors to ground and with varistors (overvoltage limiter 
with nanosecond response times) between phases and N. In conjunction with the 
LC filter in the d.c. link circuit this protects the unit from mains overvoltages. 

Mains frequency fluctuations. Mains frequency fluctuations of as much as 
fN± 5% have no effect on the rectifier. 

To take account of the demands made by sensitive loads the inverter only op­
erates synchronously with the mains within a range of f N ± 1 % (synchronization 
range). For larger fluctuations it changes over to self-clocked operation. The SBS 
is not ready in this case. Depending on the load tolerances the synchronization 
range can be extended. 

Battery operation 
Mains failure. battery discharging. If there is a mains failure the battery imme­
diately provides current for the inverter. The changeover to battery operation has 
no effect on the output voltage. The battery arrangement governs the duration 
of this state (bridging time). The bridging time is increased if the inverter is 
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operating with part load. The bridging time can also be extended by turning off 
noncritical loads. The available bridging time relative to the actual load can be 
interrogated via the LC display. 

If the final discharge voltage is reached before mains power is restored, the 
inverter switches itself off and a tripping signal for an external battery circuit­
breaker is output in order to avoid an exhaustive discharge and thereby damage 
to the batteries. The same applies to the electronics power supply. 

Restoration of mains supply, battery charging. After mains power is restored 
the rectifier starts automatically, supplies the inverter and simultaneously charges 
the battery. Rectifier start-up current surges are avoided by a controlled start with 
slow rate of current rise. Start-up takes place in about 1 s, according to load and 
the remaining battery capacity. The rectifier current is limited to 125% IN (factory 
setting). Provided that the static bypass switch SBS input voltage are within 
the permissible tolerances (f N ± 1 %, UN ± 10%), the inverter is synchronized 
with the mains supply (not applicable to units without SBS, or to frequency 
converters ). 

Battery recharging follows the IU characteristic. The automatic charging sys­
tem can be matched to the requirements of the given battery type by appropri­
ate setting of the charging voltage, trickle charge voltage, boost charge voltage, 
switchover of charging stages and charging current limit. 

Service bypass 
When the service bypass switch is actuated, an uninterrupted switchover of the 
loads to the mains supply is effected. The construction of the bypass is such that 
it is possible to work on the interior of the equipment while supply to the loads 
is maintained. The service bypass switch is supplied as standard on units with 
ratings up to and including 160 k V A. 

Special operating conditions 
Operation without battery. Despite the absence of buffering, the dynamic per­
formance data are adhered to during operation without a battery. 

Load unbalance. A 100% load unbalance is permitted. This means that in extreme 
cases one phase may be loaded with rated current while the other two are not 
loaded at all. Similarly, two phases can be driven with rated current while there 
is no load on the third. When this occurs, there are only slight voltage and angle 
deviations and so large single-phase loads can be connected. 

Non-linear load Modem equipment (such as computers with switched-mode 
power supplies with an exception of new switched mode power supplies such as 
those mentioned in Sect. 9.1 and converter-fed drives) is seldom 'mains-friendly'. 
It does not load the mains with a continuous sinusoidal current, but with a peri­
odic square-wave or pulse-shaped current. This can result in voltage distortions 
and subsequent equipment malfunctions. 
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Due to the particular control principle employed by the UPS 42 System (in­
stantaneous value control), such voltage distortions occur only to an insignificant 
extent. These UPS units can therefore be operated continuously up to their rated 
load with non-linear loads of this type. 

Dynamic load changes. Sudden changes in load can occur when individual loads 
or groups of loads are switched on and off. Because of the excellent dynamic 
performance of the inverter, load changes cause only insignificant short-duration 
changes to the output voltage. Even when there is a sudden 100% load change, 
the output voltage does not deviate by more than ± 4% from its rated value, and 
the recovery time is less than 5 ms. 

Overload, short circuit. The inverter can deliver 1.5 times the rated current (three­
phase) for up to 30 seconds while keeping to its rated output voltage. If this limit 
is exceeded, the current limiter regulator acts and reduces the voltage. 

If there is a short circuit in one of the load circuits, the inverter delivers a 
short-circuit current. 

The SBS combines with the inverter to optimize equipment performance 
under transient-load-peak and short-circuit conditions. The dynamic control ca­
pabilities of the inverter and the precise current and voltage monitoring circuits 
allow the mains to be connected briefly via the SBS in parallel with the inverter 
to utilize the high power of the mains. Control is so precise that no compensation 
current flows between the mains and inverter this occurs. 

The SBS provides uninterrupted switching in the following cases: 

- immediately on the inverter output voltage dropping below the UN - 10% limit, 
- immediately on the load current rising above 1.5 IN 

(inverter and SBS in parallel) and 
- after approximately 200 ms if overcurrent > 1.05 IN (adjustable). 

When the overload has died down or the relevant overcurrent protection device 
of the load circuit has been tripped, the unit automatically returns to inverter 
operation. 

Overtemperature. Critical UPS components are equipped with thermoswitches to 
provide protection against thermal overloading. A prewaming is given when the 
temperature first starts to rise. If the critical threshold is exceeded, the unit auto­
matically switches itself off and the SBS takes over to provide an uninterrupted 
supply. 

Since the ventilation system is of redundant design, failure of one fan does 
not result in failure of the UPS unit. 

Inverter fault. On tripping of the inverter by an internal monitoring circuit, the 
SBS instantly switches over the supply without interruption. If desired, the control 
can be set so that the SBS switches over to a 'non-ready' mains supply. 
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D. C. voltage fault in d. c. link. The d.c. link (and the battery) are monitored for 
over- and· undervoltage: 

- if the d.c. link voltage rises to 470 V d.c. the inverter cuts out instantly (signal 
and display: INV fault), 

- the battery undervoltage, prewarning signal is output as soon as the d.c. link 
voltage falls to 350 V d.c. (factory setting) and 

- if the d.c. link voltage falls to 300 V d.c. the inverter cuts out. The inverter 
starts up again when the voltage rises above 350 V (factory setting). 

Start-up under unstable mains conditions. When starting up the UPS unit, after 
a long break in operation, for example, the user should normally first start the 
SBS and then the inverter. The UPS can accept the load even if the mains 
frequency happens to be outside the inverter's synchronization range. In this 
event, frequency monitoring is temporarily switched off by hand until the inverter 
has accepted the load and has gradually adjusted the frequency to the rated value 
(this is important where motors are connected). 

The UPS unit can also be started directly from the battery with no mains 
power. 

Operation with standby power supplies. A standby power supply, such as a 
diesel generator set, generally cannot meet the requirements of sensitive loads. 
It is therefore good policy to signal to the UPS unit via an external contact that 
a standby supply is in operation. The static bypass switch is then locked out to 
avoid repeated synchronizing operations being set in train by generator frequency 
fluctuations. The inverter operates self-clocked. The rectifier current limit is cut 
from 125% IN to 105% IN (factory setting) and reduced still further if the rectifier 
input voltage falls (sloping voltage characteristic), due to loading of the standby 
supply, for instance. Stable operation is assured in this way. 

Standby supply start-up is facilitated by prolonging the rectifier ramp-up time 
(to about 10 s, depending on load and battery rating) and by sequenced starting 
of multi-unit UPS systems (time interval between one UPS and the next: 1.5 s). 

UPS Unit Variants 
Various types of UPS units are available which facilitate the supply of single and 
multi-unit systems, as well as the frequency converter operation (see Fig. 14.5) 

Multi-Unit Systems 
Principle. Multi-unit systems can be used in order to: 

- improve availability (redundancy) and/or 
- increase the power output of the system. 

To achieve redundancy, the system must contain at least one more unit than 
would be necessary for supplying the loads. The principle involved is that upon 
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Fig. 14.5a-d. UPS unit types 

Table 14.2. Different configurations of multi-unit systems 

USV type 4201 4202 4204 4206 4208 4212 4216 4222 4233 4250 
Rating (kVA) 10 25 40 60 80 120 160 220 330 500 

Maximum 2 2 2 2 2 4 4 4 4 
no.of units 

non-availability of a unit (e.g. because of maintenance, or a fault) the other unit 
or units continue to supply the loads without interruption. 

Multi-unit systems always consist of UPS units of the same rating which 
share the overall load. The most frequent variant is the two-unit system (Table 
14.2). 

Parallel operation. The concept of parallel operation employed in the UPS Sys­
tem 42 guarantees maximum independence for the individual units so that they 
do not adversely affect each other. It ensures that when faults occur the faulty 
unit is detected and switched off. This is achieved by: 

- precise parallel control of the inverters, 
- separate actual value measurement for the individual units, 
- potential-isolated signal traffic via optocouplers and 
- precise parallel control of the rectifiers. 

Batteries. The UPS units can be operated with either a common battery or with 
individual batteries, depending on requirements. For redundant systems individual 
batteries are recommended to achieve explicit segregation of the individual units. 
This variant also permits subsequent modular expansion. 

Integrated static bypass switch (SBS) service bypass. In two-unit systems, the 
SBS power modules of the two UPS units can be connected in parallel, with the 

8 
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SBS control and load current measurement equipment being installed only in the 
main unit ( ~ version (a)/Fig. 14.5). The integrated service bypass which is also 
in the main unit is rated for double the unit rating and is used in installations 
with unit ratings up to and including 160 kV A. 

In UPS units with ratings above 160 kVA, a service bypass has to be installed 
as an external device (see Fig. 14.8). The external service bypass (option) is fitted 
in a cubicle of its own to match the UPS cubicles. 

The use of a central SBS represents another way of installing a service 
bypass. 

Central static bypass switch (central SBS). Installations of more than two units 
are equipped with a central SBS. This also applies to installations intended for 
later expansion. Installations of this type have unit ratings of 120 kVA and up­
wards. 

Expansion capability. A UPS unit with integrated SBS (type a, see Fig. 14.6) 
can subsequently be expanded if necessary by the addition of a parallel unit (type 
b, see Fig. 14.6). In this way, either the UPS system rating can be doubled or 
the new unit can serve in a redundant capacity. This also applies, as appropriate, 
to systems without SBS (see Fig. 14.7). 

If future expansion is expected, a system with central SBS should be installed 
at the outset. Systems with central SBS can be expanded step by step to the extent 
allowed by the central SBS rating (see Fig. 14.8). 

Operator Control, Monitoring, Diagnosis 
Control panel. The clearly laid out control panel in the door (see Fig. 14.9) 
allows simple monitoring and operation of the UPS unit. An LED display on the 
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Fig. 14.6. Two-unit system with integrated SBS and integrated service bypass (for expla­
nation of abbreviations see Fig. 14.5) 
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left of the panel shows the UPS operating state at a glance (see Fig. 14.10). An 
LC display on the right can show information from the monitoring and diagnostic 
system. Warnings and fault indications are accompanied by an audible alarm. 

The controls are in the form of a membrane keyboard. To prevent operator 
errors the 'enter key' must be pressed after the inverter on/off command is input. 

Additional Equipment 
Remote control panel. The remote control panel allows remote control and mon­
itoring of the UPS system. The remote control panel is available with functions 
and design identical to the UPS control panel. Two optional interfaces are added 
for the UPS-unit where necessary. 

Battery cubicles with valve-regulated (maintenance-free) lead-acid batteries. 
Battery cubicles with valve-regulated batteries provide an economical, space­
saving solution since they fit in with the arrangement and design of the UPS 
units and are supplied ready for connection and can be sited in the immediate 
vicinity of the UPS unit. 

Other addition equipment. For the UPS unit: 

- exchangeable EPROMs allowing the UPS unit for display messages at the 
control panel in other languages, 

- PC software for monitoring and diagnosis (using MS Windows), 
- security service (remote monitoring) 
- increased degrees of protection (IP 21, IP 31) and 
- cubicles of different colours. 

12 13 1. 15 
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2 3 4 5 6 7 
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Fig. 14.10. Meanings of the LED symbols. 2 Rectifier supply present, 3 rectifier on 
(green)/fault (red), 4 rectifier operating, 5 rectifierlbattery operating, 6 inverter on (green)/ 
fault (red), 7 inverter operating, 8 battery switch on, 9 d .c. link undervoltage warning, 
10 inverterjSBS overcurrent, 12 SBS supply present, 13 SBS ready, 14 SBS blocked (red), 
automatic/mains operation (green), 15 SBS operating, 16 service bypass on 
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For the energy storage equipment: 

- NiCd batteries available as alternative, 
- batteries on racks, with accessories and 
- battery fuse boxes. 

Further equipment: 

- matching transformers, 
- filter cubicles and 
- mains and load distribution boards. 

14.1.5 Technical Data 

The principal technical data for UPS systems series 42 are listed in Table 14.3 
(see page 298). 
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Table 14.3. Technical data of UPS system series 42 (three-phases) 

Type 4201 4202 4204 4206 4208 4212 4216 4222 4233 4250 

No. of pulses 6 6 6 6 6 6 6 6 or 12 6 or 12 12 

A.C. input 

Rated voltage (V) 3/N '" 380, 400, 415 ± 10% 

Rated frequency (Hz) 50 or 60 ± 5% 

A.C. output 

Rated voltage (V) 3/N '" 380, 400, 415 ± 1% (stedy-state) with balanced load, 
± 3% with 100% unbalanced load (single­

phase), 
transient ± 4% for 100% load step change 

Rated frequency (Hz) 50 or 60 ± 0.1 % self-clocked, 
± 1 % or ± 2% (selectable) line-clocked 

Harmonic distortion S 2% (with linear load, single harmonic < 2%) 

Overload capability (three­
phase) 

D.C. link circuit 

1.5 IN for 30 s 
1.25 IN for 15 min 

Permitted range of cell 174 to 192 
numbers (lead-acid battery) 

Recommended cell 192 
number (lead-acid battery) 

Float (trickle) charge (V) 388 to 440 (voltage tolerance ± 1% ) 
voltage (adjustable) 

Charging voltage (V) 400 to 440 (voltage tolerance ± 1%) 
(adjustable) 

Final discharge (V) 307 
voltage 

UPS-unit 

Mode of operation continuous mode 

Multi-unit operation (units) 2 2 2 2 2 4 

Cooling boosted by built-in fans (F) 

Output rated power kV A 10 25 40 60 80 120 

Overall efficiency (%) 90.0 90.0 91.0 92.5 92.5 93.0 
(at 100 % load) 

Dimensions / (mm) (H) 1700 

4 4 

160 220 

93.2 93.5/ 
93.0 

4 

330 

94.5/ 
93.5 

1900 

~iji 650 950 1 1250 185012150 
650 850 

8 

500 

93.5 

12750 
11050 



15 Diesel Generating Sets 

An introduction to standby power supply systems (diesel generating sets) was 
presented in Sect. 4.2.1. 

In the event of failures of the a.c. line supply, batteries provide the necessary 
power to the telecommunication equipment. Air conditioning systems supplied 
from the a.c. line supply (to extract heat from the operating rooms) must remain 
operational during long a.c. line failures. 

This can only be achieved with the aid of automatically starting emergency 
generating sets which can then also supply the rectifiers and other important 
equipment. 

The design of the generating sets takes into account the fact that the generator 
must be suitable for supplying rectifiers. Emergency generating sets are manu­
factured to comply with quality specifications as per DIN, VDE and lEe, so that 
the power necessary to ensure the required high availability of the telecommuni­
cations equipment is guaranteed. 

15.1 Standby Power Supply System 
with Fully Automatic Mains Failure Control 

Fully automatic mains failure control cubicles l (see Fig. 15.1) are employed to 
safeguard the supply to consumers when the mains system fails. They contain 
the electric equipment required. In line with the amperage and/or environmental 
conditions available, mains failure systems are used as cubicles for wall-mounting 
or cabinets for floor-mounting. 

15.1.1 Motor and Generator 

This is composed of 

- air- or water-cooled diesel motor (see Fig. 15.2) with exhaust-sound-proofing 
installation (partly insulated) and air inlet and outlet louvers (motor driven), 

- daily fuel tank for up to 8 hours on wall bracket with filling pumps (manual 
and motor-driven), and fuel pipes, 

- three-phase synchronous generator, brushless with static voltage stability ± 1 %, 

nominal voltage e.g. 3x400 V/230 V; 50 Hz (60 Hz), (see Fig. 15.3). 

1 Source: Striiver KG (GmbH & Co.). 
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Fig. 15.1. Survey diagram of fully automatic mains failure control. 1 Mains monitor 
§ U, 2 mains contactor, 3 overvoltage protector, 4 thennal overcurrent release, 5 elec­
tronic short-circuit release, 6 generator over- and undervoltage monitor § U, 7 genera­
tor contactor, 8 automatic electronic control system, 9 load fuse connector/disconnector, 
10 amperemeter, 11 frequencymeter, 12 sevice running hour meter, 13 voltmeter, 14 starter 
battery charger, 15 manual start, 16 emergency stop 

15.1.2 Switchgear Control Cubicle 

This is composed of 

- switchgear for separate installation (floor/wall) with diesel control unit, 
- three contact fuse load-break switches for outputs to load, 
- fully electronic control unit with automatic stop/start, 
- with selectable operating mode: 

Automatic, 
Manual, 
Test and 
Off. 

- protection against transient overvoltages by means of protective equipment at 
the a.c. line connection, 
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Fig. 15.2. Water cooled diesel motor with generator. (Photo by courtesy of AD. Striiver 
KG, GmbH & Co.) 

Fig. 15.3. Three-phase synchronous generator, brushless with static voltage stability ± 1 %. 
(Photo by courtesy of Stamford A.C. Generators NewAge Internationals Company) 

- with overvoltage and undervoltage monitoring for the a.c. line, 
- phase sequence monitoring (clockwise rotating field) with indication, 
- settable transfer time following a.c. line failure and a.c. line return, 
- with overvoltage and undervoltage monitoring of the generator, 
- remote signals for a.c. line operation, generator operation, disturbance (col-

lective signal) and lack of fuel (daily tank and/or storage tank) via floating 
potential changeover contacts and 
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- floating-contact control contacts III generator protective equipment to control 
the rectifier. 

Operation. Fully automatic mains failure systems have the following basic func­
tions: 

- supply of consumer load entitled to mains failure supply by the mains system, 
- in case of mains fault or failure - automatic starting of the mains failure gen-

erating set, 
- reversing of consumer load from mains supply to mains failure generating set, 
- monitoring during operation and in case of fault or failure automatic shut-down, 
- when mains returns - delayed reversing of consumer load from mains failure 

set to mains supply 
(optionally direct, manual reversing), 

- follow-up operation of the generating set idling for cooling down, 
- shut-down, 
- possibility for test operation with manual connecting and disconnecting of load, 

with changeover to fully automatic mains failure operation in case of mains 
fault or failure and 

- possibility for manual operation with manual starting and manual connecting 
and disconnecting of load. 

The measuring equipment of the standard version is suitable for monitoring the 
generator under normal operating conditions. 

The monitoring equipment of the standard version is designed to include the 
following monitoring criteria: 

- starting fault, 
- lubricating oil pressure, 
- engine temperature and 
- overload/overcurrent 

Triggering of a diesel fault alarm will effect an immediate tripping of the gen­
erator contactor/breaker as well as the shut-down of the generating set by the 
engine stopping solenoid. 

Simultaneously, the visual and audible alarm will be triggered. Thermal over­
current releases and short-circuit fuses, or electronic short-circuit releases for 
currents of 63 A and upwards will secure the protection of the plant and the 
generator by rapid tripping of the generator contactor/breaker. 

Standard Equipment. 
Power section: 

- 1 mains contactor, 3-pole/mains circuit breaker with electric drive, 3-pole (for 
1000 A upwards), 

- 1 generator contactor, 3-pole/generator circuit breaker with electric drive, 3-
pole (for 1000 A upwards), 
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- 3 generator short-circuit fuses (up to 63 A), 
- 1 thennal overcurrent release and 
- I electronic short-circuit release (above 63 A)/Cu. bus bar/cable connections. 

Measuring section: 

- 1 voltmeter, 
- I voltmeter selector switch, 7 positions, 
- 3 ammeters, 
- 3 current transfonners (above 63 A), 
- I frequency meter, reed-type, 
- 1 operating hours counter, 
- I battery charging voltmeter and 
- 1 battery charging ammeter. 

Control and monitoring section: 

- 1 fully automatic electronic control system, 
- 1 control contactor for generator-mains reversing, 
- I hom relay, 
- I hom, 
- 1 operation relay, 
- 1 manual start blocking relay, 
- 1 electronic-controlled battery charging device 4 A for maintaining the battery 

charging condition (additional charging by set-mounted dynamo), 
- 1 set automatic cut-outs and 
- 1 emergency-off push-button. 

Starter and control section: 

- I starter (glow) key switch, 
- 1 glow control2 , 

- 1 preheating device2, 

- 1 starting relay and 
- 1 STOP-relay. 

Additional Equipment: 

- 1 fault alann fuel shortage, 
- 1 kW-meter. 

Additional equipment to VDE 0108: 

- 1 kW-meter, 
- 1 stronger battery charging device with IU characteristics, 
- 1 monitoring battery voltage. 

2If required. 
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Table 15.1. Technical data of fully automatic mains failure control system 

Operation voltage (V) 220/127--440/254 

Permissible voltage stability (%) 

Frequency (Hz) 

Rated currents (A) 

Ambient temperature 1 
environmental conditions CC/%) 

System 

+ 10 1 - 15 

50 or 60 

25-6000 

+ 35 1 90 reI. humidity 

Three-wire, three-phase a.c. with neutral point, 
3-pole main switching elements 

Additional equipment for automatic reverse synchronizing when mains supply has 
returned: 

- 1 key switch synchronizing 110, 
- 1 lamp synchronizing, 
- 1 quick-acting synchronizing device3 either 
- 1 synchronizing device4 , 

- I two point regulator4 , 

- 4-pole mains and generator contactors (breakers), 
- 4-pole mains contactor (breakers) enlarged electronic control system and 
- electronic control system in plug-in units, 
- electronic control system in memory programmable technique, 
- enlarged battery charging system, 8 or 16 A and 
- mains overvoltage controller. 

The principal technical data for the fully automatic mams failure control 
system are listed in Table 15.1. 

15.2 Mains Independent Island Power Supply System with Fully 
Automatic Alternating Operation 

15.2.1 Switchgear Control Cubicle 

General. Control cubicles5 for fully automatic alternating operation (see Fig. 15.4) 
are employed for the base load power supply to consumer supply systems which 
demand increased safety of supply. 

The power generating system consists of 2 or 3 generating sets of equal 
output which automatically take over the power generation at fixed intervals (for 
example every 24 hours). Should one of the sets fail, the second set will auto­
matically start and accept load. 

3 P:-:; 250 kVA. 
4 P; 250kVA. 
5 Source: Striiver KG, GmbH & Co. 
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Control cubicles for fully automatic alternating operation are available for 
wall-mounting or cabinets for floor-mounting depending on the amperage and/or 
environmental conditions. 

Figure 15.5 shows a mobile standby power supply system with a diesel 
generating set and control cubicle. 

Operation. Systems for fully automatic alternating operation will have the fol­
lowing basic functions: 

- supply of consumer load by the generating set selected as priority set, 
- automatic changeover of priority to the second set by adjustable time switch 

clock, taking over load by this set with momentary interruption of < 0.2 sec, 
- follow-up operation of the first generating set idling for cooling-down and 

shut-down, 
- in case of fault or failure affecting the set in operation, changeover of priority 

to the second set, automatic start and accepting load by this set, 
- manual change of generating set operation by priority push-button with mo­

mentary interruption of < 0.2 sec, 
- possibility of test operation of the second generating set for the purpose of 

maintenance while the first set is fed through to the consumers in automatic 
operation. 

- possibility of manual operation of both generating sets with manual starting 
and manual connecting and disconnecting of load. 

Fig. 15.4a. Control cubicle for fully automatic alternating operation. (Photo by courtesy 
of AD. Striiver KG, GmbH & Co.) 
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Fig. 15.4b. Control cubicle for fully automatic alternating operation. 1 Voltmeter, 2 fre­
quency meter, 3 ammeter, 4 voltmeter selector switch, 5 full automatic electronic control 
system, 6 signalling lamp-mains available, 7 signalling lamp-mains operation, 8 charging 
ammeter, 9 battery voltmeter, 10 operating hours meter, 11 priority push button with lamp, 
12 start switch, 13 emergency off 

The measuring equipment of the standard version is suitable for monitoring the 
generator under normal operating conditions. 

The monitoring equipment of the standard version is designed to include the 
following monitoring criteria: 

- engine fault, 
- lubricating oil pressure fault, 
- excess engine temperature, 
- overloadlovercurrent, and 
- fuel shortage. 
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Fig. 15.5. Mobile standby power supply system (diesel generating set with control cubi­
cle). (Photo by courtesy of AD. Striiver KG, GmbH & Co.) 

Triggering of a diesel fault alarm will effect an immediate tripping of the gen­
erator contactorlbreaker as well as the shut-down of the generating set by the 
engine stopping solenoid. 

Simultaneously, the visual and audible alarm will also be triggered. Thermal 
overcurrent releases and short-circuit fuses for 63 A and upwards for electronic 
short-circuit release will secure the protection of the plant and the generator by 
rapid tripping of the generator contactor/breaker. 

Standard Equipment 

Power section of generator panels: 

- I generator contactor, 3-pole, 
generator circuit breaker with electric drive, 3-pole,6 

- 3 generator short -circui t fuses 7 , 

- 1 thermal overcurrent release and 
- 1 electronic short-circuit release8 

eu bus bar/cable connections. 

6900 A and upwards. 
7 up to 63 A. 
8 above 63 A. 
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Measuring section of generator panels: 

- I operating hours counter, 
- 1 battery charging ammeter and 
- 3 current transformers8• 

Control and monitoring section of generator panels: 

- 1 fully automatic electronic control system, 
- I control contactor for generator connecting, 
- I hom relay, 
- I hom, 
- I operation relay, 
- I collective fault relay, 
- I auxiliary relay AUT / TEST, 
- 1 priority selection push-button, 
- I priority relay, 
- I priority sequence relay, 
- I electronic-controlled battery interval charging device 4 A and 
- I set automatic cut-outs. 

Starter and control section of generator panels: 

- I starter (glow) key switch, 
- I glow control,9 
- I preheating device,9 

- I starting relay and 
- I STOP-relay. 

Measuring section of the central panel: 

- I voltmeter, 
- I voltmeter selector switch, 7 positions, 
- 3 ammeters and 
- I frequency meter, reed-type. 

Control section of the central panel: 

- I time switch clock and 
- I emergency-off push-button. 

8 above 63A. 
9 If required. 
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Table 15.2. Technical data 

Operation voltage (V) 
Frequency (Hz) 
Rated currents (A) 
Ambient temperature 1 

environmental conditions (0 C/% ) 
System 

Additional equipment: 

- 1 kW-meter,IO 

220/127-440/254 
50 or 60 
25--6000 

+ 35 1 90 relative humidity 
Three-wire, three-phase a.c. with neutral point, 

3-pole main switching elements 

additional equipment for automatic transfer synchronizing during generating 
set changeover: 

- 1 quick-acting synchronizing devicelo either 
- 1 precision synchronizing device, II 
- 1 two point regulator, II 
- 4-pole generator contactors/breakers,12 
- enlarged electronic control system (maximum 8 fault alarms), 
- electronic control device in plug-in units (version with flashing lights),12 
- electronic control device in memory programmable technique. 

Additional measuring, monitoring and operating devices, control of ancillary 
equipment, special class of protection and standard specifications etc. are avail­
able. 

Auxiliary panels for consumer load supply are available. The principal tech­
nical data for the fully automatic alternating operation control system are listed 
in Table 15.2. 

15.3 Fully Automatic Electronic Control System 

The control device l3 (see Fig. 15.6) performs all the fully automatic controlling 
actions required by an alternating operation of a mains independent power supply 
system (see Sect. 15.2). 

The control device for systems with public mains connections is very similar 
(see Sect. 15.1). 
- monitoring mains voltage, 14 

10 P ;;:;;400kVA. 
11 P > 400kVA. 
12for each generator panel. 
13 Source: Striiver KG (GmbH & Co.). 
14 Only for systems with public mains connections. 



3 4 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~[ill]~ITJ 
6 

~~ @][D00@]~[[]ITJ[!]@] 
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Fig. 15.6. Fully automatic electronic control system (compact automatic) in the application 
for alternating operation of mains independent power supply systems. Operation selection 
position: 1 LED-indication, 2 generator, 3 combustion engine, 4 fault alarm system de­
vice (activated), 5 generator voltage ON, 6 ON instruction engine, 7 AUTOMATIC * , 8 
TEST*, 9 MANUAL *, 10 OFF *, 11 generator contactor OFF-ON (manual)*, 12 genera­
tor contactor ON, 13 Horn acknowledgement/signal testing*, 14 fault acknowledgement*, 
15 engine start fault, 16 lube oil pressure fault, 17 excess temperature, 18 overcurrent, 
19 lube oil level low, 20 starter battery voltage low, 21 automatic circuit breaker tripped, 
22 fuel level low,23 fuel level high, 24 fuel storage tank level low 

* Button switch 

- automatic starting in response to mains fault or failure and monitoring of the 
generating set 14, 

- changeover of consumer load to the generating set, 
- delayed reversal of consumer load to the mains system when mains supply 

returns l 4, 
- diesel follow-up run and automatic shut-down, 
- possibility of test operation with manual connecting and disconnecting of con-

sumer load; transition to automatic mains failure operation in the case of mains 
fault or failure l4 and 

- possibility for manual operation by external starter switch with manual con­
necting and disconnecting of consumer load. 

All fault alarm circuits are operating with flashing light. The device is constructed 
for front-face mounting into a switchgear panel. 

Tactile bubble switches are available as operating elements and luminescent 
diodes for indication, mounted in a front plate, protected against dust and water. 

A main assembly contains all the functions and time circuits in digital C­
MOS control technique including command devices and connecting plugs. 
Separately arranged in the device are two further module plates containing the 
mains voltagel4 and generator voltage monitors. 

All fault alarm circuits are available in plug-in module technique form. The 
device is also available with the following modifications: 

- extension to 10 fault alarm functions, 

140nly for systems with public mains connections. 
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- remote starting automatic without mains voltage monitor (an example is shown 
in Fig. 15.3). 

- additional devices for fault alarm extensions for any number of fault alarms 
and 

- fault alarm functions with coding to open-circuit or closed-circuit system. 

The principal technical data and available settings for the fully automatic control 
system (as in mains failure control) are listed in Tables 15.3 and 15.4. The flow 
chart (programme sequence plan) of the same device is shown in Fig. 15.7. 

Table 15.3. Technical data 
Battery voltage (V) 
Ambient temperature (0C) 

Permissible variation of 
supply voltage (V) 

12 or 24 d.c. 
- 20 to + 65 (operation) 
- 30 to + 85 (storing) 

10 - 32 (static) 
6 -100 ( < Is) (dynamic) 

Meas. voltage and frequency mains· (V If) 380/220 -416/240; 
50/60 
208/120 - 2401138 ; 
50/60 

Meas. voltage and frequency generator (V/f) 208-240 ; 50/60 
280-416 ; 50/60 

·For voltages < 208 Vor > 416 V use separate matching transformers 

Table 15.4. Available settings 

Function Setting range Setting by factory 

Delayed release (s) 6-16 12 

Starting time (s) 1-15 5 
Start interval time (s) 1-15 5 
Preglowing time (s) 0.2-7 3 
Closing delay generator 

circuit breaker (s) 0.5--6 2 
Tripping delay generator 

circuit breaker (s) 1.5--6 2 

Reversing gap generator/mains 
(mains/generator) as required (s) 1 

Mains failure time lag (s) 0.2-3.5 2 
Reverse switching time (s) 20-100 60 

Follow-up cooling run (s) 130-800 180 

Stop time diminishing (s) 6 
Stop time (s) 20-35 25 
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Fig. 15.8. Fuel flow diagram. 1 Pipe 10 xl, 2 pipe 28 x 2.75, 3 filter, 4 strainer, 5 vent 
pipe, 6 float switch, 7 level indicator, 8 service tank, 9 diesel engine, 10 return valve, 
11 valve, 12 hand pump, 13 from barrel, 14 vent pipe, 15 level indicator, 16 storage tank, 
17 tank cap, 18 pipe 22x2, 19 pipe 28x2, 20 electro-pump 

.. 
Fig. 15.7. Flow chart for the operation selection 'AUTOMATIC' of the fully automatic 
electronic control system (example of mains failure control). tl Mains failure time lag, 12 
starting time, t3 start interval time, t4 release time for pressure monitoring, t5 connecting 
time lag gen. circuit breaker, t6 switching off time lag gen. circuit breaker, 18 reverse 
switching time, f9 follow-up running time, flO stop time, UN mains voltage, UMIN min. 
permissible mains voltage, nziind firing speed, UG generator voltage, USoll permissible 
generator voltage, Z number of starting intervals, MS engine starting fault (starting failure), 
P lube oil pressure fault, T lack of temperature, J overcurrent 

** Possibly necessary glow programme not considered 
*** Fault alarm during emergency operation warning signal only! 
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10 

---$-------- 1+--------0 

Fig. 15.9. Lubrication oil diagram. 1 lube oil tank, 2 tank vent, 3 electro-pump set, 
4 filter, 5 oil level regulator, 6 shutoff valve, 7 flexible hose, 8 oil pan, 9 flow switch, 
10 diesel engine 

15.4 Fuel Distribution System 

Figure 15.815 shows a fuel diagram of a system with one diesel engine, service 
(day) tank and storage tank. 

15.5 Lubrication Oil Distribution System 

Long service intervals of up to 1500 running hours can be reached by following 
this system (Fig. 15.915 ). The fresh oil from the lubricating oil tank automatically 
changes that already used in the diesel engine. 

15 Source: Striiver KG (GmbH & Co.). 



16 Special Features 
for Transmission System Power Supplies 

In considering power supplies for long-range transmission systems it is necessary 
to distinguish between the following: 

- power supply systems in telecommunication towers, 
- power supply systems in ground communications stations and 
- power supply systems independent of mains supplies. 

Radio link stations and repeater stations often have to be built in places where 
public mains supplies are not available. For these situations there are power 
supply systems which are independent of mains supplies, constructed in shelters. 
These can be hybrid systems, consisting, for example, if a wind generator and a 
solar generator together with a diesel generating set and a battery. 

16.1 Power Supply for Radio Link Apparatus 

Since telecommunications towers (Fig. 16.1) are particularly vulnerable to light­
ning, special measures have to be adopted in connection with the power supply 
systems for earthing and lightning protection (see Chapter 18). As regards the 
energy source, there are installations operating in the standby parallel mode. 

The power supply system (standby parallel mode) is usually installed in a 
building adjacent to the telecommunications tower. 

Power supply for transmission systems for small until medium power range 
consists of: 

- a.c. distribution panel, 
- transistor controlled rectifier modules, 
- d.c. distribution panel and 
- batteries. 

Power supply for transmission systems for large power (e.g. 100 kW) consists 
of: 

- a.c. mains distribution switchboard or mains switch panel, 
- thyristor controlled rectifier units, 
- battery switching panels, 
- distribution panels and 
- batteries. 
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Fig. 16.1. Telecommunications tower. (Photo by courtesy of Siemens AG) 

The basic circuit of a d.c. fail-safe power supply system is shown in Fig. 
16.2. 

The principal components are 

- standby generating set (NEA), 
- rectifiers. 
- lead-acid batteries (B 1, B2). 
- battery switching panel with control unit BS and 
- d.c. distribution board with lightning protection assemblies. 

For the sake of security, at least two rectifiers and two batteries are provided. 
In normal operation power is obtained from the supply mains. In the event of 

a supply failure the rectifier switches off and the battery takes over the load with­
out interruption. At the same time the standby generator is started automatically; 
it provides power after a few seconds and the rectifiers switch on again. When 
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Fig. 16.2. Basic circuit of a power supply system for telecommunications towers (standby 
parallel mode) 

the mains supply is restored the standby generator is shut down. The rectifiers 
supply the power to the loads as well as charging current for the battery. 

The power is distributed by the battery switching panel BS through fuses. 
The battery switching panel is linked to the d.c. distribution board by a screened 
cable, which runs from the power installation building to the tower through a 
metal conduit. The distribution board, on the equipment floor of the telecom­
munications tower, carries lightning protection assemblies and also caters for the 
power distribution to the rack rows. Here the current is distributed to the individ­
ual items of transmission equipment from distributor units with automatic circuit 
breakers via d.c./d.c converters. 

16.2 Power Supply for Ground Communication Stations 
for Telecommunications Satellites 

Ground communication stations represent a special type of radio link installation. 
They are supplied with a.c. from an uninterruptible power supply system (UPS) 
(Fig. 16.3). In normal operation the inverters draw their power through rectifiers 
from the supply mains and, in the event of a supply failure, from a battery 
connected to the d.c. link. To increase the reliability and/or the power of the a.c. 
power supply the inverters are used in a half-load parallel arrangement or an n+ 1 
operation system. In addition a revert-to-mains unit (static transfer switch STS) 
is provided, which on overload (a short-circuit, for example), or in the event of 
failure of both inverters, transfers the loads without a break to the mains (see 
Sect. 4.3.5 and Chapter 14). 

To guarantee continuous operation of the earth station a power supply system 
consisting essentially of the following main parts is available (see Fig. 16.4). 

- standby dual diesel-generator power plant, 
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Fig. 16.3. Ground communication station for telecommunications satellites. (Photo by 
courtesy of Mr. Alfhart Amberger and Siemens AG) 

- a.c.-uninterruptible power supply (a.c. UPS) and 
- a.c. distributions. 

The main components of the diesel generator power plant are: 

- two diesel-generator sets, 
- two diesel-generator control modules, 
- switch gear with load distribution, 
- fuel supply system and 
- engine lubricating oil supply system. 

The standby diesel-generator power plant consists of two diesel-generator sets 
with its control modules which work in a sequence switching operating mode 
within intervals of 24 hours. This means that in the case of mains failure the 
diesel-generator set which is selected as a first priority set will start and take 
the load. If the mains outage period is longer than 24 hours the running diesel­
generator set will stop and the second diesel-generator set will start and take the 
load until mains recovery. The mains monitoring control timing for start and stop 
commands are adjustable. If one of the diesel-generator sets is stopped, in case 
of failure the priority switching equipment is then overriden. 
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Fig. 16.4. Survey diagram of a power supply system for telecommunications satellites 
ground station. (Source: Siemens AG) 

Fault monitoring circuits for supervision of the diesel-generator sets are pro­
vided. 

The switch gear contains a sufficient number of load circuit breakers for 
connecting the generators, several pieces of diesel auxiliary equipment, the a.c.­
UPS power supply, air conditioners and supply of generators and equipment 
within the building. 
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Fig. 16.4. (Continued) 

Each diesel engine contains all the necessary components such as the day tank 
stand equipped with electric and manual operated fuel pumps and the necessary 
valves and fuel pipes (see Fig. 15.8). The day tank has a capacity for 12 hours' 
operation at full load. An outdoor storage tank, mounted above ground level 
with a capacity for at least 7 days' operation at full load, equipped with all the 
necessary armatures and fuel pipes for connection to the day tank is available. 
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For maintenance-free operation of each diesel-generator for say 168 hours 
the engines are equipped with enlarged oil pans and suitable oil filters. For oil 
change the drainage valves and outlets are easily accessible. 

A.c.-UPS systems are installed where a fully-uninterruptible independent and 
secure power supply is required. One or more UPS-units are provided. They work 
in a redundancy parallel operating mode. The concept of parallel operating mode 
in the UPS system 42 (see Chap. 14) guarantees maximum independence for the 
individual units. It ensures that when faults occur the faulty units is detected and 
switched off. The remaining unit takes the load without interruption. 
The main components of the UPS system are: 

- the rectifier for rectifying the mains voltage, 
- inverter which converts the d.c. voltage into a sinusoidal a.c. voltage, 
- a static bypass switch (SBS) which can provide an immediate direct connec-

tion between the output and the mains feed, 
- service bypass (manual override) which can be used to isolate the UPS equip­

ment manually without interrupting the supplied load and 
- a battery system which has a capacity to cover the connected UPS load for 

at least 15 minutes in case of mains fault. 

The a.c. distributions are equipped with suitable magnetic air circuit breakers. 
Fuse load circuit breakers are provided at the inputs of the distributions. Voltage 
is indicated by signal lamps. All live parts of the distributions are covered. 

16.3 Mains-Independent Power Supply Systems 

As previously mentioned, radio link stations and repeater stations, if they are 
located where no public mains supply is available, must be provided with mains­
independent power supply systems (Figs. 16.5 and 16.6). 

In contrast to standby power supply systems, mains-independent power sup­
plies in these circumstances signify small, continuously operating local 'power 
stations' (primary power sources). 

16.3.1 Primary Power Sources 

Primary power sources for use at operating locations are considered in the fol­
lowing paragraphs (see Table 16.1). 

Diesel generating set systems. In power supply systems for stations with power 
sources with > 1000 W generally diesel generating sets are used. 

Continuously operating diesel generators. In systems employing diesel genera­
tors, two or more diesel sets operate in rotation on a continuous basis in con­
junction with rectifiers and parallel-connected batteries. 
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Fig. 16.5. Mains-independent-radio re­
peater station with (from right) equip­
ment shelter with air conditions system, 
tower, shelter with dual diesel generating 
set 2 x 20 kVA and storage tank. (Photo 
by courtesy of Siemens AG) 

Fig. 16.6. Mains-independent power supply system with dual diesel generator set in a 
shelter. (Photo by courtesy of Siemens AG) 
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Particular features of this mode of operation are: 

- maintenance is only necessary at weekly intervals, or every two or three 
weeks, since each generator set (without special provision) can only continue 
in operation for about a week and 

- an a.c. supply is available. 

Diesel generators with battery mode. The diesel generators charge the batteries 
alternately in a relatively short time. The diesels run for only a few hours a day, 
while the loads are supplied continuously from the battery (see Fig. 4.5). 

Particular aspects of this mode of operation are: 

- the maintenance intervals are extended to months. The battery capacity has 
to be significantly larger than in the systems mentioned previously, 

- the diesel fuel consumption is relatively low and 
- a.c. supplies are available if required. 

Steam turbines. The low-power steam turbine operates with a closed steam circuit 
and can be fuelled with liquefied gas, natural gas, diesel oil or kerosene. The 
turbines are used either individually with batteries or in the parallel mode with 
or without batteries. 

Thermoelectric generators. Thermoelectric generators comprise a large number 
of thermoelectric elements which convert heat into electrical energy; they thus 
contain no moving parts. The greater the temperature difference between the hot 
and cold sides, the higher is the efficiency. The output power of thermoelectric 
generators is strongly dependent upon the ambient temperature. 

A number of units can be connected in parallel to form a larger system and 
can be used with or without a battery. 

Solar generators. The solar generator converts solar energy directly into electri­
cal energy. It consists of a number of solar modules (see Fig. 16.15), each of 
which contains a large number of solar cells; these are protected from mechanical 
damage on the light-sensitive side by special high-transmission glass with a low­
reflection surface. On the back of the module, a moisture barrier is provided by 
a plastic-laminated aluminium sheet, which at the same time assists heat dissipa­
tion. Optimum forms of solar modules and generators for particular requirements 
can be assembled by connecting cells in series and parallel. 

Solar cells. A distinction is made in regard to the use of solar energy between di­
rect and indirect utilization. Direct utilization is represented by photothermal solar 
technology and by photovoltaic (photoelectric) technology. The short description 
that follows is confined to the latter. 

Solar cells are large-area semiconductor diodes which convert energy from 
the sun (global irradiation ;:; direct and indirect light) directly into electrical 
energy. The basic material principally used for the manufacture of solar cells is 
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silicon. Different types of solar cell are made respectively from monocrystalline 
silicon (mainly used at present), from polycrystalline and from amorphous sili­
con. There are also solar cells made from cadmium sulphide/copper sulphide or 
gallium aluminium arsenide. 

Further explanation will relate to the monocrystalline silicon solar cell. 
Figure 16.7a shows the arrangement of layers in the solar cell. The incident 

sunlight generates charge-carrier pairs in the differently doped silicon semicon­
ductor material, so that as much of the radiation as possible is captured. The 
proportion of the light that is reflected is kept low by an anti-reflection layer 
(a rough surface). The carrier pairs are separated by the space-charge zone; the 
electrons drift to the front, the holes to the back of the cell. This gives rise to 
the open-circuit voltage UL . The short-circuit current of a circular solar cell of 
monocrystalline silicon with 100 mm x 100 mm as an example, is over 3 A with 
an incident irradiation of I kW /m2 (Fig. 16. 7b). The photoelectric current is pri­
marily dependent upon the irradiated area of the cell and the intensity of the 
incident light. The open-circuit voltage is about 0.5 v. The cells are provided 
with tinned contacts. 

1 

I j j I I I j II 
~2 

4 0' 

6 @... 

a 

3 

5 

7 

L 
UL 

J+ 

Fig. 16.7a, b. Layer construction of a solar 
cell (a), solar cell (b). 1 Solar global radia­
tion, 2 metallization (front), 3 anti-reflection 
layer, 4 N-silicon (:::::: 0.3 JIm), 5 PN junc­
tion, 6 P-silicon (:::::: 350 JIm), 7 metallized 
back, UL photovoltage (open-circuit voltage). 
(Photo by courtesy of Siemens AG) 
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Figure 16.8 shows the typical current/voltage characteristic of a solar cell. 
Depending on the voltage or current required, solar cells are connected in series 
and parallel arrangements to form solar modules or generators. 

The current/voltage characteristics of a solar generator are shown in 
Fig. 16.9; those in Fig.16.9a are based on a constant cell temperature (Tc = 
60°C) and various irradiation levels, while in Fig.16.9b a constant irradiation E 
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2.01---------_ 

1.6 

1.2 

0.8 
AM (air moss) 1.5 

OA 
Irradiation intensity E = 1 kW/m2 
Cell temperature Tc = 25'C 

Fig. 16.8. Current/voltage character­
istic of a solar cell 
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is assumed and the characteristics are drawn for various cell temperatures. Full 
utilization of the power capability of the generator is possible if it is operated at 
the point of maximum power (MPP) for every irradiation level and temperature. 
For this purpose an additional MPP controller is required in the control system 
of the d.c./d.c. converter associated with the solar generator. 

A battery must be provided to cater for the hours of darkness and for sunless 
days. 

In present technology, it is possible to use solar generators economically for 
stations with approximately up to 500 W power requirements in latitudes with 
average-to-good sunshine (Fig. 16.10). 

Wind-generator systems. The wind generator consists of a generator coupled to 
a rotor or a turbine. There are several forms of construction: 

- the Savonius rotor is noted for its robust construction and easy starting. It 
has a vertical shaft and its operation is not dependent upon the direction of 
the wind; the power obtainable is small, 

- the Darrieux turbine is simple in construction, has a vertical shaft, operates 
dependently of wind direction and has a high efficiency. It is not self-starting 
and 

- horizontal-shaft turbines are used in considerable numbers. Because of the 
experience gained from them, this pattern is today the most highly developed. 
The turbines are characterized by high efficiency. 

Favourable locations for wind generators are mountain ridges, open plains and 
coastlines or funnel-shaped valleys (Fig. 16.11). If long periods of operational 
time are required it is necessary to observe the wind values at the predeterminated 
location if planning a wind driven generating system. 

The fuel cell must be mentioned in this connection. It is not yet normally 
used these days in alternative power supply systems. 

50.-----------------------------------------, 
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Fig. 16.10. Examples of average yearly variation of solar radiation intensity 
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Fig. 16.11. Examples of average yearly variation of wind velocity 

The idea of using fuel cells originates from the year 1930. Development has 
been pushed ahead in the last twenty years primarily from the point of view of its 
use in electric vehicles, in space and for small power stations. Fuel cells work, 
for example, with hydrogen and oxygen. The fuels can be fed from pressure 
storages, the quantity of fuel stored being matched to the desired operating time. 
Fuel cells can also function as reversible units by the addition of electrolyzers, 
i.e. as when charging a battery water can be decomposed into hydrogen and 
oxygen, which are then available again when there is a need for energy. 

16.3.2 Solar Power Supply Systems 

Photovoltaic power supply systems (Figs. 16.12 and 16.13) are designed to feed 
low power electrical consumers, such as transreceiving and relay stations in places 
where there is no (or inadequate) local power supply. These systems chiefly 
consist of the following elements: 

- solar array to convert solar radiation into electricity, 
- charging controllers to adapt the output of the solar array to the demands of 

telecom equipment 
- storage battery to store surplus electricity generated during the day and to 

feed the telecom equipment at night or during short periods of bad weather. 

Solar Power Control Cubicle. The solar power control cubicle as shown in Figs. 
16.13 and 16.14 contains all the necessary installations for the management of 
energy from the solar power generator via its charging controller to and from the 
storage battery, and to the telecom equipment. 

The charging controller, the storage battery and the telecom equipment 
are connected via fuses to a common battery busbar. Measuring instruments are 
provided to indicate the battery voltage, and the telecom equipment's current 
consumption. A special bidirectional ampere-hour counter indicates the charge 
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Fig. 16.12. Solar generator of a 
mains-independent power supply 
system. (Photo by courtesy of 
Siemens AG) 

or discharge current to or from the battery and monitors the battery's state of 
charge. 

A voltage monitoring unit monitors the voltage at the busbar and, should 
this either fall below 44.4 V or rise above 58.3 V a respective signal will be 
transmitted to the control room. 

Charging controller. In order to adapt the solar modules' output to the demands 
of storage battery and telecom equipment, a charging controller is necessary. Ac­
cording to the battery's state of charge represented by the voltage at the busbar, 
the charging controller transmits energy from zero to the full range of energy 
offered into the system and so prevents any overcharging of the battery. The 
controllers contain integrated protections against surges from atmospheric over­
voltages. Output terminals of more than one controller may be connected to the 
common battery busbar. 

Method of operation. The voltage at the battery busbar is determined by the 
supply and demand of energy and the charge of the battery. If the solar modules 
offer more energy than is needed by the load, the difference will be fed into the 
battery. If the battery charge is low, the voltage at the busbar will be determined 
by the battery. The charging controller will not permit the cell voltage to rise 
above 2.33 V, and the charging current will then be determined by the battery. 
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--------, 
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P3 V ~--~----~-4~------~~------~ 

L __ _ 

BZ B1 V3 VZ V1 

Fig. 16.13. Survey diagram of solar power supply. 1 Solar generator/solar modules (e.g. 4 
in series), 2 array connecting box with decoupling diodes, 3 solar power control cubicle, 
4 remote signalling, AI, A2, A3, A4 charging controller (voltage regulator), AS d.c. 
voltage monitor, BI, B2 battery 1,2 (24 cells), P4 ampere-hour counter, VI, V2, V3 load 
(transmission system) 

This ensures fast charging of a low battery and prevents overcharging as well. 
If the solar modules can not supply sufficient energy for the load, the difference 
will be drawn from the battery, which then will determine the voltage. 

A voltage monitor will send out a signal in case the battery voltage should 
fall below 44.4 V. 

Ampere-hour counter. A special bidirectional ampere-hour counter (programmable 
type) is installed to monitor the battery's state of charge. The display shows the 
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Fig. 16.14a, b. Solar power control cubicle with controlsystem for solarenergie, distribu­
tion, Ah-counter and three solar power regulators with a total power of 3600 W. (Photo 
by courtesy of Siemens AG) 

actual current and capacity of the installed battery. The ampere-hour counter 
sums up the charge that has gone into the battery and subtracts the charge 
that has been taken out. The ampere-hour counter indicating 'zero' represents 
a fully charged battery. At a certain discharge condition, which is programmable, 
a relay will be activated and a signal can be issued. The lamp 'relay on' 
will light up to indicate this state. In order to compensate deviations from 
varying load/unload factors or other irregularities the ampere-hour counter will 
automatically reset to full charge when the battery voltage attains 53.5 V or 
2.23 V per cell. 

The button 'reset' allows the ampere-hour counter to be reset to full charge 
by hand. 

Fault signalling 
Voltage monitoring unit. A voltage monitoring unit monitors the voltage at the 
busbar. Should this voltage either fall below 44.4 V or rise above 58.3 V respec­
tive signals are transmitted. 

Ampere-hour counter. The ampere-hour counter will send out a signal to the 
control room if the battery has been discharged to an extent previously set at 
the counter. The lamp 'relay on' on the counter itself will also light up. Both 
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signals will disappear if the battery has been charged again sufficiently by the 
solar power generator. 

Storage batteries. Stations are equipped with valve-regulated (maintenance free) 
batteries of such type as 'Sonnenschein' dryfit A600. The main technical features 
of these batteries are: electrolyte immobilized in a gel, internal recombination, 
long life, high energy density and a high discharge circle rate as required for 
solar-power stations. Each station is equipped with two battery banks of 24 cells 
of 350 ampere-hour of a type such as 50 PzV350. 

Solar power generator. Solar electric module features are: 

- silent operation, 
- sunlight as 'fuel', 
- high power density, 
- easy installation, 
- rugged, durable construction, 
- simple, reliable operation, 
- easy to expand systems, 
- low maintenance, 
- no moving parts to wear out and 
- no environmental pollutants. 

These features are shown in such solar modules as the M 55 type (see Fig. 16.15). 
One solar module contains 36 monocrystalline silicon solar cells embedded in a 
soft transparent plastic (ethylene vinyl acetate) and is covered by a sheet of low 
iron tempered glass. This protects against corrosion and moisture and has superior 
light transmission, UV stability and electrical isolation. 

The cells are textured and have an antireflection coating. Multiple redundant 
contacts provide a high degree of fault tolerance and circuit reliability. Cells 
within a module are electrically-matched for increased efficiency. The rugged an­
odized aluminum frame is designed for exceptional strength. Side rails with mul­
tiple mounting holes allow for easy installation. The tough, multi-layered polymer 
backsheet is used for environmental protection, resistance to abrasion, tears and 
punctures. Two junction covers with lids are designed for easy field wiring, safety 
and environmental protection. Wired-in bypass diodes reduce the potential loss 
of power from partial array shading. The charging voltage is achieved with as 
little as 5% full sunlight, resulting in more usable power available everyday. 

One module has a typical load voltage of 17.4 A, an open circuit volt­
age of 21.7 V, a load current of 3.05 A, a short-circuit current of 3.4 A, 
and a rated power output of 53 W pl. Sets of four solar modules connected in 

1 Wp Watt peak = Peak power under standard test conditions: 
Air mass AM= 1.5 
Irradiation intensity E=1000 W/m2 

Cell temperature Tc=25°C 
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Fig. 16.15. Monocrystalline solar module M 55. (Photo by 
courtesy of Siemens AG) 

series will match with the input data of the charging controllers. A connecting 
box is installed to connect the individual strings of modules to the cables via 
decoupling rectifiers. The terminal block which houses the string of modules 
contains easy to open terminal jumpers in order to disconnect individual strings. 
A reverse current into the solar modules is prevented by a diode in each con­
troller. Up to 4 x 4 modules may be combined to form an array that is supported 
by a structure made of hot galvanized steel. One or more arrays may be used, 
depending on the energy demand of the installed telecom equipment. 

Figure 16.16 shows the current-voltage characteristic of solar-module M 55. 

16.3.3 Passive Cooling System 
A natural-convection cooling system enables the temperature in the shelters to 
be restricted to a suitable level, even in hot temperatures (see Figs. 16.17 and 
16.18). 

The principle of natural-convection cooling depends upon the different spe­
cific densities of a liquid at different temperatures; the specific density of a liquid 
is reduced by heating and increased by cooling. 

The cooling fluid in the system absorbs the heat generated by the radio link 
equipment in the internal heat exchanger (1); the heated fluid flows upwards to 
a tank (2), from which the cooler fluid descends to the heat exchanger. During 
the day, so long as the external temperature is higher than that of the tank, no 
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acteristic of solar module M 55 
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Fig. 16.17a, b. Operating principle of the passive cooling system. 1 Internal heat ex­
changer, 2 tank, 3 external heat exchanger 

cooling fluid can flow to the external heat exchanger (3). Only when the external 
temperature falls below the temperature of the tank at night does the fluid ascend 
to the external heat exchanger, where it is cooled and then descends again. The 
cooling system thus operates entirely by virtue of the losses in the shelter, and 
requires no additional power. 
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Fig. 16.18a, b. Shelter with passive cooling system (a) for 150 W powerless after test in the 
climatic test chamber (b) 



17 Grounding and Potential Equalization 

Grounding (earthing) embraces all the means and methods whereby conducting 
parts are connected to earth through a grounding system. 

Potential equalization means 'bonding' to eliminate potential differences be­
tween conducting parts. In telecommunications practice, potential equalization is 
mostly at earth potential. 

The system of grounding and potential equalization must: 

- prevent the occurrence of dangerous contact potentials and effect the discon­
nection of the faulty circuit l in the event of faults in any electrical equipment 
and installations, 

- ensure the undisturbed operation of all central and decentralized functions of 
the telecommunications system, 

- provide a sufficiently low ground resistance for all systems (e.g. signalling) 
that use earth as a return conductor, 

- ensure the electromagnetic compatibility (EMC) of the system, 
- be suitable for screening electronic equipment and 
- assist in reducing the effect of lightning strokes, particularly in high telecom-

munications buildings. 

A distinction is made between grounding for protective purposes and grounding 
for functional reasons (see Fig. 17.1). 

17.1 Protective Grounding 

In telecommunications practice the term 'protective grounding (earthing)' denotes 
the measures which in power engineering may be referred to as 'cut-off protec­
tion' against indirect contact (see Chap. 18). 

As the term 'protective grounding' conveys, the grounding of the conductive 
housings of power equipment is intended to prevent the appearance of dangerous 
contact potentials. This is achieved, on the one hand, by potential equalization 
through the ground conductor and, on the other by disconnecting the faulty equip­
ment. In the event of an insulation failure, a short-circuit current flows in the 

I DIN 57 100NDE 0100 and DIN 57 800NDE 0800 in Gennany are especially applicable 
for the protection of persons and equipment. 
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Grounding (earthing) 
and potential equalization in 

telecommunications technology 

I 
I 

Functional Protective 
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I I I I 
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potential reduction completion safety of property 

I I I I I 
Functional and protective grounding (earthing) 

Fig. 17.1. Grounding (earthing) and potential equalization 

connection to the ground conductor, which causes either a fuse or an automatic 
circuit breaker to operate. 

Equipment with a protective ground connection is classified in, VDE 0106 
as protective class I equipment. Such equipment may be used with supplies in 
the following categories: 2 ) 

- TT supply system (protective grounding), 
- TN S supply system (neutral grounding), 
- TN C S supply system and 
- IT supply system (protective line system). 

In the IT supply system, in most cases, the neutral point of the three-phase 
supply is grounded directly. Equipment in protective class I is grounded directly 
or through a ground conductor. Fault current flows back to the power source 
via earth. Disconnection is effected either by a fuse or, preferably, by a fault 
current-operated protective circuit breaker. 

In the TN supply system the neutral point is usually grounded directly. Equip­
ment in protective class I is grounded directly through a connection with a cross­
sectional area of at least 10 mm2 or through a protective conductor to the PEN 
conductor (formerly neutral earth conductor). Fault currents flow back to the 

2 These symbols are used by international agreement to describe the grounding of supplies 
and loads (see Chap. 18). 
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power source mainly through the PEN conductor. To prevent the PEN conductor 
from assuming a dangerous contact potential in the event of its being broken, it 
should be grounded at as many points as possible, particularly at the entrance to 
the building. For the overall resistance of the supply system to ground, a value 
of 2 n is adequate. Disconnection depends upon a fuse. Fault current-operated 
protective circuit breakers are acceptable in a TN supply system as a means of 
improving the disconnection characteristics. 

The IT supply system is operated without a ground connection. Protection 
depends entirely upon potential equalization. IT supplies are not widely adopted, 
and are only used in special circumstances, where disconnection is not acceptable 
(e.g. hospitals). 

The voltage drop to ground permitted by the protection arrangements in a 
TT supply system should not exceed 50 V a.c. 

These protective measures cannot be applied beyond a certain load power 
level, because the necessary ground resistances cannot generally be achieved eco­
nomically. This limitation does not apply when fault current-operated protective 
switches are used. The ground resistance RE can in this case be significantly 
higher, depending upon the trip current (~ 10 rnA to I A): 

RE = permissible contact potential (V) = UB 
fault current (A) IF 

(see Table 17.1). 

Higher powers in the medium-voltage range are in any case supplied through 
a transformer. A local TN supply system is then provided on the low-voltage 
side. Potential equalization represents an effective extension of 'protective dis­
connection arrangements'; it is prescribed at every house lead-in as the 'main 
potential equalization', and connects the PEN or ground conductor PE via the 
potential equalization busbar, to the foundation ground, the metal structures and 
the lightning ground. 

A 'supplementary potential equalization' is prescribed, in addition to the main 
potential equalization, if the conditions laid down for automatic disconnection 
as a protection against indirect contact cannot be met. Supplementary potential 
equalization requires the bonding of metal structures, reinforcing bars in rein­
forced-concrete structures, etc., to all conducting parts of fixed equipment that can 
be touched simultaneously. This equalization corresponds to the functional and 
protective grounding that is normally provided in any case in telecommunications 
systems (see Sect. 17.3). 

Table 17.1 indicates the maximum earth resistance for protective grounding. 

17.2 Functional Grounding 

As is well known, signal circuits in telecommunications engineering are often 
arranged as single-wire circuits with a common ground return. This offers tech­
nical, but primarily economic, advantages. This common signal ground return 
uses, within the telecommunications system, the mesh network of reinforcing 
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mesh, rack suites and the grounded 48 or 60 V distribution system. Because of 
the interconnected areas of all the grounded parts (hence the alternative term, 
area earth, as opposed to the radial ground), the result is a mesh network with 
low impedance, which gives rise to very low potential differences with both 
d.c. loading and a.c. loading up to the high-frequency region. It thus meets the 
requirements for use as a potential reference plane. The ground is necessary in 
order to stabilize the reference potential in relation to the surroundings, to protect 
against corrosion and to make use of the ground as a return conductor between 
geographically separated telecommunications installations. Common return paths, 
however, introduce the possibility of interference, especially from power circuits. 
Nevertheless, the use of ground returns in conjunction with single-wire circuits 
and signal circuits is widespread - e.g. between exchanges in local telephone 
networks. With the introduction of digital exchange systems (e.g. the EWSD 
system) the use of ground return signal paths is avoided by using PCM links 
between exchanges. 

A further reason for grounding telecommunications systems is the reduction 
of interference. External interference can, for example, be reduced by the equal­
ization of potentials or by diverting voltages to ground. This kind of interference 
reduction embraces also the suppression of overvoltages resulting from atmo­
spheric effects or from the effects of power circuits. To enable the requirements 
of the functional ground to be met, the ground resistance must not exceed a cer­
tain maximum value (Table 17.1). If the necessary low values are not achieved, 
a loss of quality may result. This relates especially to noise pick-up and message­
switching performance. 

With increasing ground resistance, the introduction of noise deteriorates the 
signal-to-noise ratio. 

The message-switching characteristics are adversely affected in systems with 
three-wire communications traffic, where the ground serves as a return conductor 
because of signal asymmetry. In this case current in the ground connection pro­
duces a voltage drop which is in opposition to the exchange voltage. This can 
lead to malfunctions. 

An increase in the ground resistance by one step (Table 17.1, functional 
grounding) is acceptable if truly symmetrical signal processes are employed, with 
or without unbalanced ground relationships in the junction or exchange lines. For 
digital trunks a ground resistance ~ Ion is required regardless of the size of 
the system. 

17.3 Functional and Protective Grounding 

The ground resistance, from the point of view of the operation of a telecom­
munication system, must not exceed a certain value (see Table 17.1, functional 
grounding). This value is usually significantly lower than that required for protec­
tive grounding. The telecommunications equipment is grounded either through the 
power supply conductors or by means of a separate functional ground conductor 
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FE (functional earth). Because of the low pennissible voltage drop, these conduc­
tors usually have a large cross-sectional area and can therefore be extended to a 
combined functional and protective ground (see Table 17.1). The functional and 
protective ground is used e.g. in the Gennan Postal Administration Telekom Net­
work (since January 1st, 1995: Telekom AG) for all exchange and transmission 
installations and often in installations outside Gennany as well. 

This method of grounding has the following characteristic features: 

the functional and protective grounding are combined in one conductor or 
conductor system, 

- all conducting parts that require grounding for protective or functional reasons 
are connected to the functional and protective earth connector FPE (ground 
plane), 

- through the connection of the grounded positive conductor to the racks, the 
rack structure in telecommunications equipment becomes part of the grounding 

o ,--"51" 
I 
I . 

B 

r-+-Es=2":------l 
~L1 

[1 

[2 

Grounding point of 
telecom m un i cations 
power supply 

"L"~-N 

Fig" 17.2. Functional and protective grounding (earthing) of a teleconununications system 
(in accordance with VDE 0800 Part 2). A Grounding main conductor, B teleconununi­
cations equipment, Cl, C2 teleconununications operating circuit: grounded conductor C2 
connected to FPE and the reference conductors of the teleconununications equipment, D 
teleconununications power supply: the nominal direct and alternating voltages may ex­
ceed 120 V and 50 V respectively, Ll, N power circuit, S fuse. Illustrated connections 
to grounding main conductor A: 1 Protective conductor (PE) of interior installation or 
potential equalization conductor of building, 2 teleconununications ground, 3 foundation 
ground, 4 conducting sheath of teleconununications cable, 5 reinforcement of building, 
6 conducting water pipes in building, 7 heating system, 8 lightning-protection ground, 9 
functional and protective earth conductor (FPE) 
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B 
5i-·_·_·1 

r---+-t:=::r-

C1 

.---+-_--'C3 

-r:r-I db L1 , ..... j---N .C . 

Fig. 17.3. Functional and protective grounding, with an additional ground conductor, of 
a telecommunications system (in accordance with VDE 0800 Part 2). Cl, C2 Telecom­
munications operating circuit, grounded conductor C2 insulated and not connected to the 
reference conductors of the telecommunications equipment, C3 additional ground conduc­
tor, not carrying supply current, connected to FPE and the reference conductors of the 
telecommunications equipment. For A, B, D, Ll, N, S, see Fig. 17.2. 

system and assumes the protective grounding function for power system loads 
in protective class I. Then the ground conductor PE (protective earth) of the 
power system is not connected and 

- the housings of the power supply equipment - e.g. rectifiers, mains switch 
panel and battery switching panel - are similarly bonded to the grounded pos­
itive conductor. The grounding connection is provided by the FPE conductor 
between the grounded conductor in the power supply system and the ground 
main conductor (ground bus). Also effected at the ground main conductor is 
the matching to the protective devices of the supply system (see Sects. 18.1.1 
to 18.1.3). Thus, for example, the PE ground conductor of the house wiring 
and the potential equalization conductor of the building are equally connected 
at this point (see Figs. 17.2 and 17.3). 

17.4 Selection and Design of Grounds and Grounding Systems 

The choice and design of the grounding (earthing) system is determined by 
the requirements placed upon it and the local conditions. The components of 
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a grounding system are: 

- the actual ground (a ground electrode or groundly metalwork, pipes, etc.) 
which conducts current into the ground, 

- the grounding main conductor, to which the ground and the parts of the in­
stallation that are to be grounded are connected, 

- the grounding conductors (or potential equalization conductors), which connect 
the parts of the installation to the grounding main conductor. 

17.4.1 Types of Grounds 

In the case of a newly-erected building, the electricity supply undertaking will 
provide a foundation ground. This should be connected to the main potential 
equalization system and can be used for protective and functional grounding 
purposes. To the extent that the resistance of the foundation ground does not 
meet the requirements, additional grounds have to be provided. 

These grounds may take the fonn of surface grounds (ground bands), vertical 
(strip) grounds or a combination of both. 

Also these types of ground, pipe and cable networks, provided that they 
consist of conducting material and are laid in contact with the ground, function 
effectively as grounds because of the large area which they cover; it is then a 
question of soc aIled 'natural ground'. Included in this category are the metal 
sheathing of telecommunications cable and water pipelines, but not gas pipelines; 
these may be used only within buildings, and only for potential equalization. For 
small telecommunications systems the water main (or the heating pipes connected 
to it) is frequently an adequate functional ground. 

In recent times the use of metal pipeline systems and cable sheathing has 
become progressively less common. Water pipes are often of plastic material, 
and lead-sheathed cable has mostly been replaced by communications cable with 
plastic covered aluminium sheathing. For these reasons, the Gennan Postal Ad­
ministration Telekom Network, for example, specifies a foundation earth for new 
telecommunications installations. 

By foundation ground (earth) is meant a conductor which is embedded in the 
foundation level of a building, and therefore makes a large-area contact with the 
ground; it is incorporated as a closed ring in the external foundations and consists 
of galvanized steel strip. In general, foundation grounds provide sufficiently low 
ground resistances. 

Surface grounds consist of galvanized steel strip or rod, and are generally 
installed at a depth of 0.5 to 1 m. The length of these grounds depends upon the 
necessary ground resistance; they can be arranged as radial, ring or mesh earths, 
as well as straight. Radial grounds should have equal divisions; more than three 
branches (with an angle not less than 60°) are not recommended because of 
mutual interference. 

Vertical grounds can be installed at a depth of up to 30 m, depending on 
the subsoil; they consist of rod, tube or profiled bars and are driven into the 



17.4 Selection and Design of Grounds and Grounding Systems 345 

ground as nearly as possible vertically; their length depends upon the necessary 
ground resistance. If several vertical grounds are necessary (in order to obtain a 
sufficiently low ground resistance) a separation of at least twice the length of an 
individual electrode is desirable. 

Plate grounds were fonnerly often employed. They entail a greater expense 
than other types of ground and will not be described here. 

17.4.2 Grounding Main Conductor 

In the simplest case, the grounding (earthing) main conductor consists of a ground 
terminal on the equipment. In small or medium-sized systems a ground busbar 
of copper, brass or galvanized steel is used, whose length and cross-sectional 
area are chosen in accordance with the number of grounds and conductors to be 
connected to it. 

The most effective fonn of grounding main conductor is represented by the 
grounding ring main conductor, which is installed in the basement or the ground 
floor of buildings containing extensive telecommunications systems. The metal 
sheaths of cables, conduits, water and heating pipes and the like are connected 
to the grounding ring main conductor by the shortest paths. 

Because of its cross-sectional copper area of at least 50 mm2 (usually 95 
mm2), the grounding ring main conductor has a very low resistance and effects a 
potential equalization in respect of all potentials acting upon it, external as well 
as internal. 

The grounding main conductor may also be installed close to the telecommu­
nications system in a storey of a high office building, in which case the connection 
to the ground line of the power system - assuming that one is provided for func­
tional and protective grounding purposes - is made at the floor distribution board 
of the low-voltage supply. 

17.4.3 Grounding and Potential-Equalization Conductors 

Certain stipulations should be noted in regard to the installation of ground con­
ductors, particularly their cross-sectional area (Table 17.2). 

In most cases ground conductors are used for potential equalization for func­
tions associated with communications operations in that they provide a practically 
unifonn reference potential within the telecommunications system. This is partic­
ularly the case when one pole of the power supply line is also used as a ground 
conductor over long distances. 

This kind of ground is illustrated in Fig. 17.2. 
In transmission practice it is customary to ground the equipment by means 

of a separate conductor, which is kept free of power supply currents (Fig. 17.3). 
By virtue of the exclusive use - in this case - of d.c./d.c. converters, 'galvanic 

separation' is achieved between the power supply and the communications equip­
ment, which is especially advantageous in high buildings susceptible to lightning. 
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Table 17.2. b Minimum cross-sectional area of functional earth conductor FE (according 
to VDE 0800 Part 2A") 

Current rating of 
overcurrent protection 
device (A)' 

Up to 35 
Up to 50 
Up to 80 
Up to 125 
Up to 200 
Up to 250 

Minimum cross­
sectional area of 
PVC isolated 
copper conductor 
(mm2 ) 

2.5 
4 
6 

10 
16 
25 

Current rating of 
overcurrent protection 
device (A)' 

Up to 400 
Up to 500 
Up to 630 
Up to 800 
Up to 1000 

Minimum cross­
sectional area of 
PVC isolated 
copper conductor 
(mm2 ) 

35 
50 
70 
95 

120 

aThe overcurrent protection device is not in the ground conductor path, 
bTable 17.2 is used if, via the use of the FE or FPE conductor in the case of normal 
operation, (no fault) flow current supply. 

In dimensioning the ground conductor C3, however, it is necessary to check 
whether, in the event of a ground short-circuit, the resistance of the fault path 
is such that the fuse can be relied upon to rupture in an acceptable time (5s). 
In systems such as that shown in Fig. 17.2 this check is not necessary, because 
the ground conductor C2 carries the power supply current, and therefore has the 
same cross-sectional area as the conductor C 1. 

From Table 17.2 the cross-sectional areas can be chosen according to the cur­
rent rating of the operative overcurrent protection device. This will be explained 
with reference to Figs. 17.2, 17.3 and 17.4. 

In the event of a ground short-circuit fault on conductor Cl in Fig. 17.2, 
the fault current would flow through the fuse S 1, through conductor C 1 to the 
fault location in the communications equipment B and back to the power supply 
through conductor C2. The conductor C2 must therefore be specified in con­
formity with the fuse SI. In the case of a ground short-circuit fault after fuse 
S2, the ground conductor concerned has, of course, only to be dimensioned to 
correspond to the fuse S2. 

If a ground short-circuit fault occurs on the conductor Cl, not the commu­
nications equipment B but to a part of the building (not shown) - a grounded 
rack, for example - the conductor shown as FPE between the grounding main 
conductor and the power supply equipment carries the ground fault current, and 
so must be dimensioned in conformity with fuse S 1. 

The cross-section of conductor C3 in Fig. 17.3 is specified in accordance 
with the larger of the two fuses SI and S3. 

Figure 17.4 shows the variation range of fuses in accordance of Table 17.2 
and dependent from the lengths of the supply conductor, the permitted lengths 
of FE- or FPE-conductor. 

The explanation of examples of grounding systems in telecommunications 
and power supply systems respectively FE- and FPE-conductors are presented in 
Figs. 17.5, 17.6 and Table 17.3. 
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Fig. 17.4. Dependent from the lengths of the supply conductor J, the permitted lengths of 
FE- or FPE-conductor 2,3 variation range of fuses in accordance of Table 17.2. (Source: 
Siemens AG) 
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Fig. 17.5. FE- and FPE-conductors in power supply systems (Source: Siemens AG). J 
Domestic power area, 2 telecommunications with power supply system, 3 mains switch 
panel, 4 rectifier unit, 5 FPE-conductor, 6 grounding main conductor of the supply entry, 
7 collective grounding main conductor 

In the case of short circuit to ground the FE- or FPE-conductor must be able 
to take over the hole short circuit current. This is the reason why if there is a 
short circuit the cross-sectional area of the FPE-conductor must be calculated in 
direction of the next larger fuse of the current distribution circuit. 
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230 V a.c. 
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Fig. 17.6. FE- and FPE-conductors to and in telecommunications systems (Source: 
Siemens AG). 1 Example of FPE-conductor, the grounded positive conductor is additional 
used for protective reasons, typical used in d.c. supply circuit in telecommunications sys­
tems like digital switching systems EWSD, 2 example of separated FPE-conductor which 
is kept free of power supply currents, typical used in d.c. supply circuit of transmissions 
systems like PCM, 3 a.c. supply circuit (e.g. socket-outlets and lighting circuits), 4 po­
tential equalization conductor, 5 battery- or d.c. - distribution panel (48 V /60 V d.c.), 
6 FPE-conductor of the power supply system, 7 collective grounding main conductor, 8 
equipment of transmission systems, 9 equipment of switching systems, 10 constructions 
parts of the telecommunications system, e.g. cable grid, 11 mains distribution switchboard 
NVT 

Table 17.3. Coordination of cross-sectional area of protective earth conductor PE to cross­
sectional area of outer conductor (according to VDE 0100 Part 540/11.91) 

Cross-sectional area of outer conductor of 
the system 
S 
(mm2 ) 

S =< 16 
16 < S = < 35 
S > 35 

Minimum cross-sectional area of protective 
earth conductor PE 
SPE 

(mm2 ) 

S 
16 
S/2 

Table 17.3 is used, if via the use of FE- or FPE-conductor in the case of normal operation 
(no fault) flow current supply 
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17.5 Design Pointers for Grounding Systems 

In designing a grounding system it is necessary to detennine whether the ground 
that is available for the connection of the main grounding conductor, such as 
a foundation ground, lightning ground or cable sheath, has a sufficiently low 
resistance. This entails measurement. Inasmuch as these considerations arise be­
fore the building construction begins, an estimate has to be made, for which the 
specific ground resistance must be known. 

17.5.1 Specific Ground Resistance 

The specific ground resistance can vary greatly according to the depth at which 
the grounding electrode is buried; it also depends upon the composition of the 
soil, its degree of dampness and the temperature. Figure 17.7 shows values of 
specific ground resistance PE that can be used to estimate the resistance of a 
ground electrode. In each case the lower values relate to damp ground conditions. 

17.5.2 Measurement of Specific Ground Resistance 

The specific ground resistance PE is quoted in ohm-metres. Special ground­
measuring equipment is used to detennine it; this usually employs the voltage­
balance method. A measuring current is caused to flow in the ground by means 
of a ground electrode and an auxiliary ground electrode. The voltage drop in 
the ground resistance is compared with that across an adjustable resistor. The 
measurement is made using a.c. (e.g. from a hand generator) to avoid errors due 
to polarization which could occur with d.c. Probes are required to measure the 
voltage drops (Fig. 17.8). 

The value of the resistance between the probes S( and S2 can be measured 
on the balancing resistor 3. 

Concrele 

Moor land , pea I 

Arable land, cloy 
.~ 

Sandy soi l. maisl 

Sandy soi l, dry 
" 

Siony soi l 

Grovel 

Lime 

10 
fl [ -

Fig. 17.7. Specific ground resistances PE in various ground conditions 
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-..-J.-- e 

/ 

Ez 
Auxiliary ground 

electrode 

Fig. 17.8. Arrangement for the 
measurement of soil specific re­
sistivity. 1 a.c. source (generator), 
2 transformer, 3 balancing resis­
tor, 4 null detector, E1, E2 current 
electrodes, Sl, S2 voltage probes 

The mean specific ground resistance PE is given by: 

PE = 2rreR 

where 
R = measured resistance (r.!) 
e = probe distance (m) 
PE = mean specific ground resistance (r.!m) up to a depth equal to the probe 

distance e. 

Four ground spikes are driven into the ground at equal distances in a straight line 
with its mid-point at M. Measurements are made initially with a distance e of I 
m. For further measurements the distance of the spikes is increased in steps of 1 
m with the same mid-point M. If the value of ground resistance PE so measured 
is constant with varying probe distance, the soil is homogeneous. If PE increases, 
the resistance of the deep soil strata is higher, and vice versa. 

A rapidly falling value of resistance indicates that the water table has been 
reached. 

In large towns lower values of specific ground resistance than are accounted 
for by the constitution of the soil are often obtained. The reason for this is the 
large number of conductors, such as water pipes, cables, foundation grounds etc., 
laid in the ground. 

17.5.3 Measurement of Grounding Resistance 

The grounding equipment described is also suitable for measuring grounding re­
sistances. This measurement, of practical importance, is carried out with the aid 
of an auxiliary ground electrode and a probe. 

As in the measurement of specific ground resistance (see Fig. 17.8) a mea­
suring current is passed between the ground electrode and the auxiliary electrode, 
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and the voltage drop is determined by means of the probe. To obtain reliable re­
sults, the probe must be applied outside the areas of high potential gradient sur­
rounding the ground and auxiliary ground electrodes, in which large variations of 
potential occur as a result of the proximity of the electrodes or non-uniformity 
of the soil. It is therefore necessary first to establish the size and shape of these 
areas by exploratory measurements. 

Beyond the surrounding areas of high potential gradient the potential is ap­
proximately constant (neutral zone, reference potential; see Fig. 17.9). The probe 
is then moved in steps of about 5 m, beginning at the ground electrode, to­
wards the auxiliary electrode, and the measurements are plotted on a curve. The 
ground resistance is obtained by drawing a straight line parallel to the horizontal 
axis through the point of inflection. The lower part of the curve then gives the 
resistance of the ground electrode. 

\ Grounding electrode 
\ / 
" I / ........... ---i-----/ 

R[ 

1..0 
Q 

3.0 
2.5 

HE 

----1---- 20 m ----I 

Area of high 
potential gradient 

\ Auxiliary groUnding/ 
\""electrode HE / 

"--- ./ --- ~ 

2.0 t-----:;;;...r-----<;>---t-"''-----'----

1.5 
1.0 

0.5 
o 

Point of inflection 
m 

Measuring region 

of probe (neutral zone) 

Fig. 17.9. Variation of resistance obtained from ground resistance measurement. E Ground 
electrode, S probe, HE auxiliary ground electrode, RE ground resistance at particular lo­
cation, SI to S4 locations of probe in measurement sequence 



352 17 Grounding and Potential Equalization 

17.5.4 Calculation of Ground Resistance 

Rule-of-thumb formulae for calculating ground resistances are given ill 

Table 17.4. 
The formulae are valid so long as the specific ground resistance is constant 

along the length of the ground electrode. In the case of vertical electrodes this is 
often not so. For the purpose of a preliminary calculation, with a known specific 
ground resistance PE, the vertical ground electrode may in this case be considered 
as divided into sections 1 m long. The resistance of one section is then equal to 
the specific ground resistance PE at the relative position. 

The total resistance of a vertical ground is obtained by adding the conduc­
tances of the individual sections. 

Thus the ground resistance is given by: 

1 1 I 1 -=-+-+ ... +­
RE PEl PE2 PEn 

The relationship holds for d.c. and low-frequency a.c. 
With impulse (lightning) currents, the impedance of an extended ground 

electrode (> 30 m) can be considerably increased. From this point of view a 
number of short electrodes connected together are more satisfactory. 

The resistance of a combined ground can be calculated sufficiently accurately 
for practical purposes by first determining, in the case of a vertical electrode and 
a surface electrode coupled together, their separate resistances, but taking into 
consideration only a part of the conductance of the surface electrode. To this end 
the length of the surface electrode is reduced to half the length of the vertical 
electrode. The total resistance RG is then calculated as: 

The resistance of a foundation ground is given approximately by the formula 
for the ring or mesh electrode (see Table 17.4), according to the nature of the 
foundations, if the value of A is taken as the area enclosed by the foundation 

Table 17.4. Ground resistances obtained with various kinds of ground electrode. 
RE ground resistance (0), 
I length of ground electrode (m), 
D diameter of ring electrode or equivalent circular area (m) (equivalent diameter) 

= 1.1304, 
A area enclosed by ring or mesh electrode (m2 ) 

Type of ground electrode 

Vertical electrode 
Surface electrode 

Formula Type of ground electrode 

Ring electrode 
Mesh electrode 

Formula 
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ground. If the resistance of the foundation ground is not sufficiently low, it must 
be supplemented by a vertical or surface ground electrode. 

The question of which kind of ground electrode to use can only be decided 
from a knowledge of the subsoil. Given a relatively homogeneous soil, the cost 
of grounding with vertical or surface grounds is about the same. 

In most cases, however, vertical grounds are more economical, because the 
deeper soil strata are generally of higher conductivity. For the same ground re­
sistance, a vertical ground needs to be only about half the length of a surface 
ground. 

Surface grounds are useful when the subsoil is stony or rocky, when the 
specific ground resistance increases with increasing depth, or when it is necessary 
to extend the area of the grounding system because of an expansion of technical 
equipment and buildings. 

In mountainous country, surface grounds frequently offer the only possibility 
of installing a grounding system. 

17.6 Protection against Overvoltage and Interference 

An aspect of grounding previously mentioned in passing is its role as an impor­
tant part of the measures adopted by way of protection against overvoltage and 
interference. 

The introduction of electronic devices and systems increased the demands 
made upon overvoltage protection. 

Since that time it has been necessary to adopt a comprehensive, coordi­
nated protection system against overvoltage; it embraces the overall and specific 
protection of the conductor system, constructional features in the design of appa­
ratus and the incorporation of grounded parts of the building, such as reinforcing 
steel, structural steelwork, lightning protection systems, etc., in the total ground­
ing scheme. 

If this system of grounded parts is sufficiently fine-meshed, it can also be 
used as a screen to enhance EMC (electromagnetic compatibility). By the term 
EMC is meant here the limitation of emission of electromagnetic interference and 
immunity to external fields (e.g. radio and broadcasting). 

Through the interference path, the source of interference is coupled to the 
affected apparatus either 'galvanically', inductively, capacitively or by radiation. 

There are three possible ways of reducing interference when necessary: 

- reducing the interference at source - e.g. by suitable suppression of relays or 
contactor coils, 

- reducing the degree of coupling; this can be done, for example, by screening, 
modification of wiring layout, etc., 

- increasing the immunity to interference of the system; this may, for example, 
be achieved by circuit techniques, such as the incorporation of voltage-limiting 
components. 
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At this point the grounding and potential equalization is being considered primar­
ily as part of the means of reducing interference. It is, however, worth consid­
ering briefly the sources of interference and the methods of increasing immunity 
to interference. 

17.6.1 Overvoltage Sources 

External conductor networks. Overhead lines are by their nature the most fre­
quently affected by atmospheric discharges. 

More numerous than overvoltages due to close discharges (a direct stroke 
on the conductor or flashover in nearby apparatus) are those caused by remote 
strokes. In the case of mains cables these are strokes in the medium-voltage or 
high-voltage system, or they can be produced in any conductors by lightning dis­
charges between two clouds. The overvoltage spreads from its place of origin in 
both directions with the speed of light. The magnitude of the transmitted voltage 
is determined by the insulation level of the conductor system. In the event of a 
lightning stroke on a low-voltage conductor, a flashover to ground will occur on 
the nearby insulators. In low-voltage networks and overhead telecommunications 
cables, overvoltages higher than 10 kV occur but rarely. 

Telecommunications cables laid in the ground are affected by power systems 
as well as lightning strokes. 

A lightning stroke raises the potential of the ground at the striking point rela­
tive to a remote ground. If a cable route passes through the area of high potential 
gradient at the location of the stroke and the cable sheath, in the course of the 
cable run, is in contact with the remote ground, a transient current flows in the 
sheath. Through the inductive effect of the lightning current and the capacitance 
of the conductors, voltages are also induced in the cores of the cable. Depending 
upon the magnitude of the potential difference between the cable sheath and the 
cores, the result may be breakdowns or even destruction of the cable. 

Particularly frequent is interference with telecommunications cables from the 
indirect effect of lightning - i.e. through the effect of lightning discharges parallel 
to the cable route. 

In relation to interference from power systems, electric railways should be 
particularly mentioned; in these, a portion of the operating current returns to the 
transformer or rectifier substation through the ground. As a result, the sheaths 
of telecommunications cables laid in the vicinity of the railway installation can 
assume a proportion of these currents, which give rise to interference and over­
voltage of longer duration. 

Short-duration interference (of 0.1 to 1 s duration) with high-voltage tran­
sients is produced mainly by short-circuits in power systems. 

The overvoltages in the cable cores are also dependent upon the construction 
of the cable. 

Conductor networks within buildings. Because of the smaller area covered by 
conductor networks within buildings, and the screening effect of modem concrete 



17.6 Protection against Overvoltage and Interference 355 

structures, consideration is principally directed at this point, leaving aside direct 
lightning effects, to interference caused by the switching of currents. 

Every conductor possesses an inductance which depends upon the length 
of the conductor, its geometrical arrangement and the magnetic properties of 
the surrounding materials. Every change in current produces a voltage in the 
inductance of the conductor which opposes the applied voltage. The magnitude 
of the voltage depends upon the rate-of-change of current and the inductance. 
When a short-circuit occurs, large current variations are caused by the rupture of 
the fuse, and high overvoltages are consequently produced. Overvoltages of up 
to 230 V have been measured in 60 V telecommunications systems where the 
arrangement of the conductors is not satisfactory. Even in well-laid-out systems 
with low inductance, considerable overvoltages still occur; e.g. the following 
typical levels were measured in a 60 V system (before the fuse): 

- rupture of a 10 A rack fuse: 150 V, duration 0.4 ms, 
- rupture of a 63 A rack row fuse: 130 V, duration 0.7 ms. 

Significantly higher overvoltages occur as a result of short-circuits in 220/380 
V systems. The following average overvoltages were measured in tests on low­
voltage systems, according to the fuse rating and the length of cable between the 
distribution transformer and the short circuit: 

- 10 A fuse: 2 to 7 x nominal voltage, 
- 35 or 100 A fuses: 1.5 to 4 x nominal voltage. 

The overvoltages measured with the lOA fuses were surprisingly high: the reason 
lies in the rapid current interruption in these fuses. 

Overvoltages do not occur only on d.c. or a.c. power supply conductors; they 
are also produced on signal conductors and ground conductors through inductive 
effects or 'galvanic' coupling. 

Through the grounding of one pole of the d.c. power supply (e.g. +60 V) 
for functional reasons, this is connected at many points to structural parts of 
the telecommunications installation, and hence to grounded structural parts of 
the building. If the building is struck by lightning, components of the lightning 
current may flow in the grounded power supply conductors and, as a result of 
the voltage drop across the impedance of these conductors, give rise to potential 
differences between parts of the telecommunications system. 

At the same time, the lightning current may induce voltages in ungrounded 
signal conductors. The magnitude of these voltages depends upon the extent of 
the conductor loop. Widely ramified conductor systems are therefore especially 
affected. 

17.6.2 Interference in Telecommunications Systems 

Telecommunications installations must be protected against interference voltages 
deriving from the conductor network. Limiting values for acceptable interference 
levels were given in VDE recommendations at a very early stage (from 1920). 
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The pennissible limits in regard to risk from power installations are contained in 
VDE 0228 Part 1. 

If the interference levels exceed the limits, or if atmospheric overvoltages 
have to be allowed for, protective measures are necessary (in accordance with 
VDE 0845); these may be: 

- in the case of conductor networks, a suitable choice of cable routes to avoid 
proximity, 

- the use of cables or conductors of lightning-protected construction, 
- the use of isolating transfonners, 
- the use of overvoltage suppressors (surge diverters). 

With the change to switching systems with central electronic control and elec­
tronic digital systems, the question of EMC has become serious. 

In the peripheral circuits such systems operate with signal levels of ±12 V, 
and in the processors with ±5 V, at speeds in the high-frequency range e.g. 
5 MHz. Transient overvoltages on ground and signal lines thus lie, in tenns of 
voltage and frequency, in the operating range of the signal sequences of the 
system, and can therefore lead to errors in signal processing. 

Measures must accordingly be adopted to make the system immune to inter­
ference. 

These are principally design features, such as the disposition of conductors, 
potential equalization, screening and the incorporation of overvoltage protection 
devices. 

The fundamental problem area in digital systems is not so much in the control 
of the interference on the live power supply conductors and ungrounded signal 
leads - this can be achieved by means of suppression circuits and screening­
as in the effect on the grounding system. It must be ensured, for example, that 
transient currents due to the discharge of overvoltage suppressors (surge diverters) 
do not induce voltages in the grounding system of such a magnitude as to cause 
signal-processing errors. Precautions against interference are described below. 

Limitation of overvoltages by overvoltage protection devices. To protect against 
externally derived overvoltages which could affect the telecommunications sys­
tem, voltage-limiting components must be provided. The classical overvoltage 
protection device is the spark gap, originally an air spark gap - in modern prac­
tice a gas-discharge surge diverter (arrester, overvoltage suppressor). This is a 
suppressor in which two electrodes are mounted with a small separation in a 
capsule filled with an inert gas. When an overvoltage occurs, the voltage across 
the suppressor first rises to the triggering level, without a significant flow of cur­
rent. Ionization of the gas in the discharge path leads to a breakdown between 
the electrodes, and consequently a highly conducting connection ( < 0.1 n), such 
that the voltage across the suppressor is brought down to the arc burning voltage 
of 10 to 15 V. At the conclusion of the discharge process, the suppressor reverts 
to the non-conducting condition. A disadvantage of gas-discharge surge diverters 
is that the triggering voltage depends upon the rate-of-rise of the voltage. 
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When gas-discharge surge diverters are applied to power conductors, trig­
gering may lead to a follow-up current through the surge diverter to ground. 
Such diverters may not therefore be used on a supply with a short-circuit current 
greater than 0.5 A or an operating voltage greater than 20 V without an appro­
priate means of current interruption; this purpose may be served either by fuses 
or by (series-connected) varistors. 

To suppress overvoltages below the triggering level of the gas-discharge 
surge diverter, it may be combined with other voltage-limiting devices. For this 
purpose a number of components are available, e.g.: 

- metal oxide varistors, 
- surge-suppressor diodes (transient-absorption zener diodes), 
- zener diodes. 

Metal oxide varistors are voltage-dependent resistors with symmetrical charac­
teristics. 

A block of sintered zinc oxide, with an admixture of other metal oxides, 
is mounted between two contact plates. The voltage dependency is due to the 
variable contact resistance between the sintered oxide crystals. The resistance 
(> 1 Mn) collapses very rapidly « 25 ns) to values in the region of 1 n. 
Metal oxide varistors are used in combination with gas-discharge surge diverters 
for primary protection, while specific protection is afforded in the circuits by 
means of suppressor diodes or zener diodes. 

The characteristics of overvoltage protection components are compared in 
Table 17.5. 

As an example of 'graded protection' with various components, Fig. 17.10 
shows the protection scheme against lightning interference for an exposed teleme­
try cable. The gas-discharge surge diverter, as primary protection, absorbs the 
main energy associated with the overvoltage, while the following combination, 
consisting of a varistor and a suppressor diode, clips the voltage wavefront up to 
the point where the gas-discharge surge diverter triggers. 

In this connection, the diverter valve should be mentioned. This consists of 
a combination of a spark gap and a varistor and is used, for example, to protect 
mains supplies against the effects of lightning strokes. 

17.6.3 Design ofthe Distribution Network for EWSD Systems 

In conventional switching systems one common line (main load line) serves 
to distribute current to all the equipments in a room. From this line, lines of 
smaller cross-section, branch off to the rack rows (branch load lines). Because 
of the reduction in cross-section, fuses are inserted into the branches. In this 
distribution system, if the installation has to be extended, work has to be carried 
out on the live main load or branch load lines. Undervoltages or overvoltages 
caused by fuse blowing as a result of short-circuits or ground faults, which cannot 
be avoided in this kind of work, affect the whole distribution system. Under 
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U 
12 600 600 600 
kV V V V 
10 500 500 500 

8 400 400 400 

6 300 300 300 

4 200 200 200 

2 100 100 

0 20 40 lls 60 t 0 lls 2 0 lls 2 0 fls 2 

L=1011H L = 1011H 

Gas - discharge Metal oxide Suppressor 
surge diverter varistor diode 

- -- -

Type Sl- C 150 SIOV -S14K25 1 N 5645 A 

Peak discharge current up to 50 kA 1 kA 0.2 kA 

Response time < 500 ns <25 ns '" 1 ps 
depending 
on du/dt 

Fig. 17.10. Example of graded protection with voltage-limiting components 

unfavourable conditions an operational breakdown of the electronic system is 
then possible. To limit the incidence of operational failures of the system due to 
short-circuits in the distribution network, therefore, the power distribution for the 
EWSD system has to be arranged in a fundamentally different way (Fig. 17.11). 
Each cubicle row has its own feeder. A choice of two standard cross-sections (95 
and 150 mm2 ) is available. To facilitate the laying of cables for the purpose of 
extensions, feeder cables with fine-strand cores are used. To keep the d.c. voltage 
drop within acceptable limits, up to four cables can be connected in parallel. 

To minimize the overvoltages which can be produced by the blowing of a 
lOA fuse, the distribution network must be so arranged as to introduce the lowest 
possible impedance. This is achieved in the case of the positive line by means of 
large surface-area return conductors, and in general through close proximity of the 
positive and negative conductors. In addition, the total combination of the 2.2 mF 
capacitors incorporated in each of the system cubicles effects a useful degree of 
suppression. The separate power circuit for each cubicle row also affords good 
decoupling. The voltage dip caused by the blowing of a fuse affects principally 
the associated current-carrying negative line. 
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Fig. 17.11a. Grounding and potential equalization in a telecommunications building for 
EWSD systems (Source: Siemens AG). MDF Main distribution frame, O&M operation 
and maintenance centre, PE protective earth conductor, FE functional earth conductor, FPE 
functional and protective earth conductor 
For Fig.17.11b see page 362 
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17.6.4 Design of Grounding, Potential Equalization and Lightning Protection 
for EWSD Systems 

Internal system provisions 
To ensure undisturbed operation of all the central and decentralized functions 
of the system, and for the purposes of screening, a potential reference plane 
is necessary, which also permits no appreciable potential differences within the 
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Fig. 17.11b. Grounding the cable runwayls. BV Battery and distribution cabinet, KS Com­
pact power supply, 1 metal cable runwayls screwed directly to the planar cable shelf and 
to the power supply system or connected by 2 x 16 mm2 gnye cables, 2 do not route cable 
runwayls through fire barriers; use 2 x 16 mm2 gnye cable for such connections, 3 connect 
cable runwayls to the grounding conductor at least 1 x with 16 mm2 gnye cable 

plane as a result of pulse currents (fuse-blowing, atmospheric overvoltages). In 
former systems the design of the potential reference plane was characterized by 
cross-connection of the grounded positive lines with the rack structure and the 
floor reinforcing mesh. In the case of digital systems, because of the compact 
construction that is possible and the consequent high heat loss per unit area, a 
false floor is sometimes provided in the exchange room for air conditioning; since 
this is consequently available also for the cabling, the floor mesh in its structural 
form would not be effective in respect of the cabling. The electrical function of 
the mesh as significant part of the potential reference plane cannot, however, be 
dispensed with. 

To fulfil the electrical function of the floor mesh, a large-area conducting 
network of aluminium strips is laid in the double floor. 

Each system cubicle is connected to this grounding screen. A grounding 
network of typical dimensions can limit the potential difference produced by a 
peak current of 1 kA (straight across the area of the exchange room) to less than 
10 V. This is the highest value, according to experience, that can result from 
interference in earth cables from atmospheric discharges. 

Figure 17.12 shows the relationships that apply on the occurrence of an 
overvoltage due to an atmospheric discharge. The current that flows as a result 
of the triggering of a gas-discharge surge diverter is divided according to the 
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impedances of the conducting paths represented by the main distribution frame 
(MDF)-system-power supply equipment - ground and the main distribution frame 
ground. The voltage drop due to the peak current in Z2 (cable tray between 
the main distribution frame and the system) is applied to the subscribers' or 
junction lines, while the impedance Zl (the grounding line to the main distribution 
frame) determines the overall magnitude of the overvoltage. This means that these 
connections must be made with the minimum impedance. The main distribution 
frame must therefore be provided with multiple grounds. The cable trays between 
the main distribution frame and the system or between parts of the system must 
be bonded with low-resistance area joints. If the cables have to pass through 
walls, and it is not possible to carry the longitudinal tray members through, wide 
copper strips must be provided for electrical connection. Where they enter the 
exchange room, the trays should be connected to the grounding network over a 
broad area. 

With the interconnections described a substantial uniformity of potential in 
the d.c. area will be achieved. This is a prerequisite for the two-way connection 
of the screens of distribution cables in order to utilize their attenuating properties. 

To make further use of the attenuation of the grounding network, the con­
necting cables must be laid directly on the metal sheets; in addition, the cable 
runs must lie within the area of the network. To the extent that in large installa­
tions individual cables are laid above the cubicles (e.g. bus connections) a cable 
with a braided screen must be used for this purpose. 

Provisions in the building 
The erection of lightning-protection systems is covered by VDE regulations 
DIN 57185NDE 0185 Parts 1 and 2; these have replaced the previous general 
lightning-protection regulations (published by the lightning conductor construction 
committee, ABB). 

Lightning-protection systems installed in accordance with the former ABB 
recommendations ensured protections only for persons and against fire. 

The design of lightning protection described below takes into consideration 
both the 'normal' building protection and the additional measures necessary for 
the protection of electronic systems. 

Lightning conductor installation. On flat roofs, or on the ground under ridged 
roofs, lightning conductors should be erected at a regular spacing of about 0.6 m. 
A conducting roof curb, in conjunction with the closely interconnected network 
of lightning conductors, affords the best distribution of the lightning current to 
the diverter discharge cage. 

Diverters. In steel-framed concrete buildings the individual stanchions of the 
outer walls are included in the earthing system and used as diverters. To this 
end it is necessary to weld the vertical reinforcing bars or girders. Where this is 
not possible from considerations of strength, 10 mm galvanized steel rod should 
be laid with the reinforcement of the reinforced-concrete pillars and bonded. The 
distance between the diverters must be less than the distance between floors. 
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Fig. 17.12. Essential representation of conditions on overvoltage. 2L Line imped­
ance, 21 impedance of ground conductor between main distribution frame and grounding 
main conductor, 22 impedance of cable tray between main distribution frame and sys­
tem, 23 impedance of positive conductor between system and power supply installation, 
24 impedance of negative conductor between system and power supply installation, 2 5 
impedance of FPE conductor between power supply installation and grounding main con­
ductor, MDF main distribution frame, TS subscriber circuit, SV power supply installation 

In framed buildings with wider spacing, additional diverters should be intro­
duced into the brick bays of the walls. For horizontal potential equalization the 
reinforcing bars of the floors and ceilings must be bonded to the vertical divert­
ers. The same applies to the reinforcing bars in the foundations; these should be 
carefully welded or tied with binding wire to the individual mats. 

Foundation ground. A foundation ground should be laid in the footings of the 
outer walls. The reinforcing bars of the reinforced-concrete stanchions must be 
bonded to the foundation ground. For connection to the external lightning conduc­
tors terminal lugs should be brought out at the spacing of the diverters. Terminal 
lugs should also be provided for the internal grounding ring main conductor. 

Grounding ring main conductor. For the lowest floor of the building a grounding 
ring main conductor through all the rooms is recommended. The ring main takes 
the form of an insulated copper conductor of 95 mm2 cross-section. 
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To this conductor, for the purposes of potential equalization, are connected 
metal piping systems (except gas pipes), ventilating ducts, cable trays and the 
conducting sheaths of the external cables. 

To avoid introducing potential differences in these external conductor systems 
into the building, where the risk from lightning is high they should, as far as 
possible, be brought into the building at one point, where the sheaths can be 
connected directly to one another and to the grounding ring main. 

Screening. Insofar as precast reinforced-concrete parts or conducting cladding 
panels are used for outer walls and included in the grounding system, a screening 
attenuation of about 20 dB is to be expected in the broadcast radio-frequency 
range. This attenuation is sufficient, on the one hand, to meet the requirements of 
the interference limit class A or B and, on the other hand, to render the EWSD 
apparatus, for example, immune to an external field of more than 3 Vim. 

Brick-built outer walls or bays between concrete stanchions, at least in the 
vicinity of telecommunications apparatus, necessitate additional screening. This 
can be achieved with suitable metal cladding, or else the separation between the 
diverters must be reduced to about 1.2 m. 

The diverters should be joined at roof level through the lightning rods and 
at ground level through a ring main. 

In special cases an equipment room can be lined with copper foil as a re­
trospective measure. 

In larger installations, accommodated in separate parts of the building, the 
connecting cable must be installed with adequate protection. The cables should 
be laid either in steel conduit, in ducts with conducting linings or in reinforced­
concrete cable ducts. In each case, at the point of entry into the building, the 
screen (conduit, reinforcement) must be connected with a large-area contact to 
the grounding system of the building. 

The ground lines of the exchange and transmission apparatus and the power 
supply equipment should be connected to the grounding ring main in the basement 
by the shortest route. Since with the desired dense network of diverters the close 
proximity between the diverters and the system cannot be avoided, the potential 
reference plane of a system larger than 20 m in height should be connected to 
the diverters. 

With the measures described, substantial potential differences within a build­
ing are avoided. Cables entering the building from outside, however, are con­
nected to a remote ground. If the building is struck by lightning, its potential can 
be raised by the voltage drop in the grounding system. 

For telecommunications buildings, which are particularly susceptible to direct 
lightning strokes because of their position and height, an especially low ground re­
sistance is desirable; in addition, the cable cores should be protected by diverters. 

Since mains supply cables also represent a remote ground in the event of a 
lightning stroke, the ungrounded conductors must be protected by diverter valves. 
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17.6.5 Special Requirements for Lightning Protection 
in Telecommunications Towers 

Usually the power supply installation for the transmission system is in the op­
erating building beside the base of the tower, and the very long power supply 
conductors introduce the risk of induced overvoltages. 

A lightning stroke on a telecommunications tower produces a large voltage 
drop in the steel reinforcement. The overvoltage thus produced in the cable may 
damage the input circuit of the d.c./d.c. converter. 

To avoid this, the following protective measures must be adopted: 

- the d.c. cables between the operating building and the base of the tower are run 
in a metal tube. This tube, which is 'galvanically' connected to the reinforce­
ment of the tower and the operations building and also, via a specially formed 
cable duct in the operating building, to the battery switching panel, ensures 
that the tower and the building, including the power supply system, are always 
at approximately the same potential with respect to ground (Fig. 17.13); 
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To d.c./d.c. converters 
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Fig. 17.14. Lightning-protection assembly for d.c./d.c. converters with and without 'gal­
vanical' separation 

- the d.c. power supply conductors between the battery switching panel in the 
operating building and the operating floor in the telecommunications tower are 
in the form of screened cables. The screen of the cable is connected by the 
shortest route to the structural metalwork of the switching panel, to the steel 
tube in the cable duct and the base of the tower, and in the operating floor to 
the floor mesh. 

By these expedients the ground resistance is reduced considerably. 
Overvoltages which exceed the permissible level in spite of the measures 

described above are limited on the operating floor by means of a lightning­
protection assembly. 

In the case of d.c/d.c. converters with 'galvanic' separation, adequate protec­
tion is obtained if the two lines are balanced with respect to ground; interference 
voltages between the positive and negative poles are then sufficiently small. This 
balancing is achieved by the capacitors COl3 and COl4 (Fig. 17.14). 

For the protection of converters without 'galvanic' separation, the positive 
pole should be connected to the functional and protective ground within the 
exchange wiring. Additional protective measures therefore have to be applied 
to prevent an unacceptable rise of voltage between the negative pole and the 
functional and protective ground; these take the form of a capacitor (CO 12) and 
a number of varistors (ROlO) connected between the positive and negative lines. 
In this arrangement the capacitor limits the high-frequency component of the 
interference voltage while the varistors limit the low-frequency component which 
represents greater energy. 

It is possible, as a result of the polarity of the interference voltage, for the 
polarity at the input to the converter to be reversed. The possibility that the input 
transistors may be destroyed before the varistors respond cannot be ruled out; a 
diode (VOl 1 ) is therefore provided as additional reverse-polarity protection. 
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To avoid accidents from electrical causes, the rules for the prevention of ac­
cidents of the professional association', the VDE regulations (e.g. DIN 57 
100NDE 0100) and all other safety rules should be observed. 
The VDE regulations are divided into: 

- equipment regulations, for the manufacture of equipment, 
- erection regulations, for installation, etc., on site, 
- operating regulations, for operation and maintenance of equipment or instal-

lations. 

Decisive factors affecting the magnitude of the consequences of an electrical fault 
are the current level, the duration of the effects of the current, the current path 
and the nature of the current. Mains alternating currents with a magnitude of 
more than 50 rnA are particularly dangerous if they persist for more than 0.1 s 
and the current path includes the heart. 

The regulations pertinent to protection against dangerous body currents 
should be strictly observed. 

The corresponding measures are divided into: 

- protection against direct contact. These measures should prevent contact with 
live parts, 

- protection against indirect contact. These measures should protect against dan­
ger arising from contact with conducting parts, referred to as 'bodies', which 
may become live under fault conditions, 

- protective low voltage or functional low voltage. This method rests upon the 
operation of circuits at voltages of not more than 50 V a.c. or 120 V d.c. 

Working on live parts or systems represents an especial hazard. Such work is 
therefore not permitted. Exceptions are possible if the installation cannot be made 
dead and only qualified personnel are working on it (VDE 0105). 

Protection against direct contact 
These regulations should prevent the inadvertent touching of live parts, specifi­
cally through the 'insulation' and 'covering' of such parts. 

The requirements for insulation (test voltage, leakage currents, etc.) are laid 
down in the relative equipment specifications. Covers must comply with creepage 

'For example, in Gennany: VBG4 (electrical equipment and systems). 
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distance and air-gap requirements and must not anywhere permit the ingress of 
a hand. 

In rooms through which unqualified people may pass, covers must be such 
that they can only be removed with the aid of tools. 

Less onerous conditions are permitted in electrical operating locations. Thus, 
for example, a cover is adequate which protects against inadvertent contact and 
can be removed without tools. 

In locked electrical operating locations, protection against contact may be 
completely dispensed with. However, such relaxations are only permissible when 
these special operating locations comply with all the requirements stipulated by 
the VDE regulations. 

Protection against indirect contact 
In electrical installations, parts which in normal operation carry no voltage with 
respect to ground (e.g. housings) may become dangerous contact potentials in the 
event of faults. A means of protection for indirect contact is therefore necessary 
(formerly known as 'protection against excessive contact potential'). 

Protective measures against indirect contact are required in installations and 
equipment with voltages in excess of 50 V a.c. or 120 V d.c. with respect to 
ground. 

On the other hand, no protective measures are required in relation to indirect 
contact in installations and equipment: 

- with voltages below 50 V a.c. or 120 V d.c. with respect to ground (protective 
low voltage or functional low voltage), 

- with voltages up to 250 V with respect to ground in public supply mains 
equipment for electrical energy and power measurement, 

- in domestic installations with insulating floors, where no coincidental contact 
with grounded water, gas or heating equipment is possible, 

- with alternating voltages below 1000 V and direct voltages below 1500 V 
for steel or reinforced-concrete poles, metal conduits and metal cases with 
insulating coatings, metal conduits for the protection of multiple conductors 
or multi-core cables, and sheathing or armouring of conductors and cables, 
so long as the cables are not laid in the ground. 

Protective measures for indirect contact may be classified as follows: 

Protection by disconnection or indication 

- Disconnection by overcurrent protection device:2 

TN S supply system (neutral earthing), 

2 Supply systems in which protective measures involving protective conductors are used 
are designated by two basic letters. The first letter indicates the relationship to ground of 
the power source: T direct ground connection: I insulation. The second letter indicates the 
relationship to ground of the loads: T direct ground connection: N direct connection to star 
or neutral point. The meaning of the additional abbreviations is: S separate; C common. 
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TN C S supply system, 
TT supply system (protective earthing), 
IT supply system (protective-line system), 

- disconnection by protective switch: 
fault voltage--operated (FU) protective circuit breaker (not described), 
fault current-operated (F I) protective circuit breaker. 

One of these protective measures is a prerequisite for the use of equipments in 
protective class 1.3 All such equipments are provided with a ground connection. 

Protection without disconnection or indication 

- Protective insulation (protective class 113), 

- equipments with protectively insulated parts, 
- protective isolation. 

Equipment in protective class II can be used on any supply system. 

Protective low voltage and functional low voltage 
It is stipulated that it must not be possible for the voltage on the low-voltage 
system to exceed 50 V a.c. or 120 V d.c. This necessitates the use of specified 
power sources and the observance of regulations covering the arrangement of 
circuits (e.g. isolation from higher-voltage circuits; see Section 18.2.3). 

In general, protection against direct contact can be dispensed with if the 
nominal voltage does not exceed 25 V a.c. or 60 V d.c. 

Safety measures instructions 
Before starting work very important is to observe properly the correct sequence 
of the five safety measures: 

1. disconnect from power, 
2. protect against reconnection of power, 
3. check whether power is off, 
4. grounding and short-circuiting and 
5. cover, or prevent access to, adjacent live parts. 

In all technical documentations like troubles shooting manuals, description 
and operating instructions remarks to the safety regulations can be found e.g.: 

3 Protective classes I and II are defined in several VDE specifications - among others. VDE 
0106 and VDE 0804. 
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Hazardous voltages are present in this electrical 
equipment during operation. Failure to properly main­
tain thet equipment can result in death, severe personal 
injury or substantial property damage. 

- maintenance shall be performed only by qualified personnel, 
- always de-energize and ground the equipment before maintenance, and 
- use only authorized spare parts in the repair of the equipment. 

Example 2: 

Elevated voltages are inevitably present at specific points in this electrical 
equipment. Some of the parts can also have elevated operating tempera­
tures. 

Non-observance of these conditions and the safety instructions can 
result in personal injury or in property damage. 

Therefore only trained and qualified personnel may install and main­
tain the system. 

Example 3: 
Attention! 

Before putting the devices into service, the correct position of the modules, 
plug-in connections, screw-connections and terminal connections has to be 
carefully checked. 

Instructions for measuring on printed circuit boards (PCB) 
Measuring and testing operations have to be effected very carefully, as distorting 
the voltages or causing a short-circuit may lead to the destruction of the com­
ponents. Therefore, any work on PCBs has to be carried out in a de-energized 
condition as far as possible. Furthermore, it is important to know that even for 
a switched-off device the filter capacitors can still be energized. ThIlS, before 
starting work the existing automatic circuit breakers must be cut off. 
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Before starting the measurement, the measuring leads have to be connected 
first in order to avoid short circuits during their application. Then the device can 
be powered up. 

All voltage data wave forms relate to a measuring effected between the in­
dicated test point and the reference voltage of the switch. 

If the measuring is performed with an oscilloscope, attention has to be paid 
to the fact that no ground potential is carried into the circuit via the measuring 
leads. Therefore, a totally insulated oscilloscope (no earth on ground) must be 
used, or the oscilloscope has to be connected via an isolated transformer to the 
mains. 

When exchanging modules an adjustment to the device in question is neces­
sary. 

The modules are equipped with circuits for example using the CMOS­
technique, which can be destroyed by electrostatic discharge; for this reason, 
corresponding protective measures (ESD rules) have to be observed. 

18.1 Protection by Disconnection or Indication 

Bodies4 which do not form part of the functional circuit may, as a result of insu­
lation failure, assume a potential relative to ground or to other conducting parts, 
referred to as the contact potential UB (Fig. 18.1); this can drive a dangerous 
current through the human body. 

Common to all protection methods relying on disconnection is a protective 
conductor PES (protective class I). The protective conductor connects the body 
to ground (see, for example, Fig. 18.5) or with the PEN conductor.6 

In the event of a fault, the fault current is carried from the body by the pro­
tective conductor. The disconnection must be so affected that the supply voltage 
is removed as quickly as possible. 

All bodies must be connected to the protective conductor. The terminal for 
the connection of the protective conductor is distinguished by the symbol @ 
(DIN 40 011). To prevent rupture of the protective conductor, it must have a 
certain minimum cross-sectional area (depending upon its length and the rating 
of the fuse which precedes it). In the case of flexible lines it should be contained 
within the common sheath and coded green/yellow. Structural parts may be used 
as protective conductors if they fulfil the requirements as to cross-sectional area, 
provided that the protective connection is not broken by the removal of structural 
parts and the connection remains highly conductive with the passage of time. 

4 Bodies, in the terminology of the VDE specifications, are touchable conducting parts of 
an installation which are not live in normal operation (e.g. equipment housings) 
5 The designation SL was formerly used for this 
6 The PEN conductor combines the functions of the neutral conductor N (formerly desig­
nated Mp) and the protective conductor PE. The description 'Nulleiter' (,zero or neutral 
conductor') (SLIMp) was formerly applied to the PEN conductor 
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Fig. 18.1. Fault voltage UF and contact poten­
tial UB with a non-insulated floor. E Refer­
ence ground, RB operating ground resistance, 
RE sum of ground resistances 

The fault voltage UF is the voltage that ap­
pears between a body and the reference ground, 
or between bodies, in the event of a fault. By 
contact potential UB is meant that part of the 
fault voltage that can be embraced by the hu­
man body. 

In telecommunications equipment, the insulation between power circuits and 
accessible conducting parts must be specified for a test voltage of 1.5 kV (in 
accordance with VDE 0804 for equipment in protective class I). For functional 
reasons one pole of the d.c. supply line - usually the positive pole - is directly 
grounded. From the point of view of the functional efficiency of the system, 
this line should not introduce more than a certain voltage drop. Depending on 
the current level and the length of the line in question, this can lead to large 
cross-sections. 

Since the conductors thus grounded are connected together in each rack, 
through the rack structure, for example, the result is a very low-resistance 
(grounded) conductor network. Hence this 'area ground', apart from its oper­
ational function, is also applied in general to protective purposes, in that the 
enclosures of equipments in protective class I are bonded to the rack struc­
ture. The whole system is designated as functional and protective grounding (see 
Chap. 17). This represents a generic term for all protection measures based on 
disconnection, and should not be confused with the special protective measures 
associated with the TT supply system (protective grounding) in accordance with 
DIN 57 100NDE 0100 (see Sect. 18.1.2). 

By virtue of the functional and protective grounding, telecommunications 
systems can be designed in standard form, irrespective of the protective measure 
of the public mains supply. The coordination with the various protective systems 
is effected centrally at the grounding main conductor. 

In the following Sects. 18.1.1 to 18.1.4, the power system protection mea­
sures according to DIN 57 100NDE 0100 are compared with the corresponding 
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implementation of the functional and protective grounding scheme in accordance 
with VDE 0800 Part 2. 

18.1.1 Protective Measures in the TN Supply System 

The TN system corresponds to the type of supply in which neutral grounding 
was formerly applied; it refers to the most widely used protection method. In this 
scheme all bodies are connected, either directly or through a special protective 
conductor PE, to the PEN conductor (formerly the neutral conductor). TN S 
supply system see Fig. 18.2 and TN C S supply system Fig. 18.3. The connection 
to the protective line ensures that all accessible parts are at the same potential in 
the event of a fault to frame in any equipment. The short-circuit current to which 
it gives rise causes the preceding fuse to operate and thereby to disconnect the 
circuit from the supply. 

The following time-delays are appropriate for this purpose: 

- 0.2 s for socket-outlet circuits of up to 35 A current rating, 
- 5 s for all other circuits. 

To ensure that the potential of the PEN or protective conductor deviates as little 
as possible from ground potential, this conductor should be grounded at numerous 
points to the public distribution network, particularly at the point of entry into 
the building. 

When a protective measure is applied to a TN supply system with a separate 
ground conductor PE in accordance with DIN 57 100NDE 0100, a connection 
should be made between the PEN conductor terminal at the connection point 
of the incoming low-voltage mains supply and the grounding main conductor 
of the telecommunications system (Fig. 18.3). The cross-sectional area of this 
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Fig. 18.2. TN S supply system (formerly neutral grounding), Regulation VDE 100 part 
300 or international regulation lEe 364 part 312.2, in the hole supply separate neutral­
and protective earth conductor. (Source: Siemens AG). 1 Power source (distribution trans­
former, generator), 2 distribution supply network, 3 load system, 4 in the hole distribution 
supply network at every point of house entry connection box must the protective con­
ductor be grounded, Ll, L2, L3 outer (voltage supply) conductors, N neutral conductor 
(formerly Mp-conductor), PE protective earth conductor 
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2 3 
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Fig. 18.3. TN C S supply system- Combination of common neutral- and protective con­
ductor in a part of the supply (Source: Siemens AG). 1 Power source (distribution trans­
former, generator), 2 distribution supply network, 3 load system, 4 in the hole distribution 
supply network at every point of house entry connection box must the protective con­
ductor be grounded, 5 only permitted if connection cross-sectional area ~ 10 mm2 , 6 a 
connection between N- and PE-conductor is after the distribution in N- and PE-conductor 
not permitted, Ll, L2, L3 outer (voltage supply) conductors, N neutral conductor (for­
merly Mp-conductor), PE protective earth conductor, PEN combinated special neutral and 
protective conductor (formerly zero conductor) 

- VDE regulation VDE 100 part 300 or international regulation IEC 364 part 312.2 

connection must be the same as that of the PEN conductor of the incoming 
feeder, but in any case at least 16 mm2 (copper). Further connections between 
the PEN conductor and the telecommunications grounding system (the functional 
earth) at other points in the building are not permitted, because they would 
introduce the risk of interference in the telecommunications system. The separate 
earth conductor PE is connected to the PEN conductor only at the point of entry 
into the building; it is thus also connected to the grounding main conductor of 
the telecommunications system through the required connection. 

Figure 18.4 shows the connection of the power supply system to different 
kinds of mains systems. 

In the case of connection to a medium-voltage supply through a trans­
former substation in the region of the telecommunications system, the low-voltage 
grounding system of the substation (installed in accordance with DIN 57 100/ 
VDE 0100) should be connected to the grounding main conductor of the telecom­
munications system (Fig. 18.4c). 

Only a single connection is permissible between the directly grounded star 
point of the low-voltage side of the transformer substation and the telecommunica­
tions grounding system. The cross-sectional area of this connection must be such 
that the overcurrent protection device connected in the feeder to the telecommu­
nications power supply or to the power system loads in the telecommunications 
racks operates in the event of a fault to frame or to ground in the feeder. To 
this end the cross-section should be specified in accordance with VDE 0800, but 
it must in any case be at least 16 mm2 (copper). 



~----------------~FPE 

c I .. TN -S-Supply system ! -. 
Fig. 18.4a, h. Connection of the power supply system to different kind of supply systems. 
(Source: Siemens AG). a Mains infeed: low voltage system with TN-supply system. b 
Mains infeed: low voltage system with TT -supply system. 1 Power source (distribution 
transformer, generator), 2 distribution supply network, 3 house connection box, 4 inter­
section to telecommunications system, 5 grounding main conductor, FPE functional and 
protective earth conductor, Ll, L2, L3 outer (voltage supply) conductors, N neutral con­
ductor (formerly Mp-conductor), PE protective earth conductor. c Mains infeed: medium 
voltage system ~ I kV with TN S supply system. (Source: Siemens AG). 6 Mains in­
feed: medium voltage system ~ 1 kV, 7 transformer substation (above 1 kV) in the area 
of the telecommunications system, 8 potential equalization of transformer substation 
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18.1.2 Protective Measures in the TT Supply System 

The protective measures in the TT supply system (protective grounding) entail 
the direct connection of bodies to ground or grounded parts, so that, as with the 
TN supply system (see Sect. 18.1.1), the supply is disconnected by overcurrent 
protective devices in the event of an insulation failure (a direct breakdown to 
body). In the example shown in Fig. 18.5 the faulty circuit must be isolated 
by the fuse Fl. In a TT supply system one line of the power supply is di­
rectly grounded, which means that the fault current flows through the ground. 
The contact potential UB may not exceed a level of 50 V a.c. To this end the 
ground resistance RE (in ohms) must be calculated according to the following 
relationship: 

UB RE ::;; -- h 

Nowadays the protective device is generally the FI protective circuit (see Sect. 
18.1.4). If overcurrent protective devices are used, disconnection is required ad­
ditionally in the neutral line. If this is not possible, a 'supplementary potential 
equalization' is used; its requirements are fulfilled in telecommunications systems 
by the functional and protective earth (see Sect. 17.3). 

An example of the protective measures in a TT supply system in telecom­
munications installations is shown in Fig. 18.6. Telecommunications installations 

"~~==3-----~---------Ll 

"~~==3-----+-~-------L2 

"~-;==3-----+-~~-----L3 

, 

I 
I 

I 
I 

QR' ~R' 

--N 

Fig. 18.5. Principle of protective measures in 
the TT supply system. R8 Operating ground re­
sistance, PE protective line, RE ground resis­
tance 
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incorporating functional and protective grounding can be connected without any 
special precautions to TT supply systems that comply with DIN 57 100/VDE 
0100. 

If there are ground conductors (PE) for other power loads in the vicinity 
of the telecommunications installation (in the same room), they also may be 
connected directly to the grounding main conductor instead of the functional 
and protective ground. The cross-sectional area for this purpose should be in 
accordance with VDE 0800 Part 1. 

The neutral conductor N associated with a TT supply system must not be 
connected to the functional ground of the telecommunications system (see DIN 
57 100/VDE 0100). 

18.1.3 Protective Measures in the IT Supply System 

In the IT supply (protective-line) system, to prevent the occurrence of excessive 
contact potentials, all bodies are connected together and to the accessible con­
ducting parts of the building, pipe systems, etc., and to grounding electrodes in 
the case of grounded supplies (no diagram). 

A detailed explanation of the protective measures in the IT supply system is 
omitted here, since the arrangement is only used in special supply systems - in 
hospitals, for example, in which it is not acceptable to interrupt the low-voltage 
supply immediately on the occurrence of a fault. 

3 
.... _T------~r---------~--------------._-----Ll 
.... -;--------~---------+-.--------------~-----L2 
.... -;--------+----------+-+~------------~-----L3 
~---+------_T--------~-+~~--------~~---N 

r------+-+-r;-1---------~~---PE 

7 -=-8 

Fig. 18.6. IT supply system" (fonnerly protective grounding). (Source: Siemens AG). 1 
Power source (distribution transfonner, generator), 2 distribution supply network, 3 load 
system, 7 grounding of the power source (functional grounding), 8 grounding system of 
the load, FI fault current-operated protective circuit-breaker, Ll, L2, L3 outer (voltage 
supply) conductors, N neutral conductor (fonnerly Mp-conductor), PE protective earth 
conductor 

"Regulation VDE 100 part 300 or international regulation lEe 364 part 312.2 
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18.1.4 Fault Current-Operated Protective Circuit 

In the fault current-operated (F I) protective circuit, a fault current-operated pro­
tective circuit breaker (switch) opens automatically on the occurrence of a fault 
current in excess of its rated current (the circuit being interrupted within a period 
of not more than 0.2 s). 

The basic mode of operation of the fault current-operated protective circuit 
breaker SS may be explained with reference to Fig. 18.7. 

All the a.c. lines to the equipment to be protected are passed through a sum­
ming current transformer. In the absence of a fault (not illustrated) current flows 
from the main conductor Ll through the fuse, fault current-operated protective 
circuit breaker and the load, and returns completely to the neutral conductor. 

The current-transformer core is not magnetized, since the magnetizing effects 
of the currents cancel. No voltage, therefore, is induced in the secondary winding 
of the transformer and the protective circuit breaker is not tripped. 

If an insulation failure occurs in the protected equipment, the fault current 
h flows through the earth to the star point of the supply transformer (Fig. 18.7). 
The current that flows to the load is larger than the return current by the amount 
of the fault current. This difference produces a magnetic field in the core of the 
current transformer, which energizes the relay of the protective circuit breaker. 

"~~==3---------~------ Ll 
"~~==3----------r------L2 
"~-E~~-------+------L3 

II 
---N 

- ~-

Fig. IS.7. Principle of fault current-operated 
protective circuit (shown with fault current 
flowing) 
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If the fault current reaches the rated value, the relay operates and the protective 
circuit breaker trips. The circuit is then broken by the opening of the contacts. 

Modern fault current-operated protective circuit breakers trip very rapidly 
(~ 0.03s) in the event of a fault. With high-sensitivity types, operating on, for 
example, 30 rnA fault current, it only requires an 'grounded' person to touch a 
live part to cause the protective circuit breaker to trip. 

Figure 18.8 shows an example of a fault current-operated protective circuit 
breaker in a telecommunications system. 

When a fault current-operated protective device is used, the neutral conductor 
N of the low-voltage mains supply must not be connected to the grounding system 
of the telecommunications installation behind the protective circuit breaker, since 
it would in that case by-pass the circuit breaker and render it ineffective. The 

~Ll~ __ ~ ___________________ 1_0 __ ~ ____ ~ __ ~ __ ~-. ____ 11 ____ Ll 
~LZ~---r~ ____________________ r-____ ~ __ +-__ ~-+ ____ .-__ LZ 
~L3~ __ ~+-'-__________________ ~ ____ ~ __ +-__ ~-+ ____ +-__ L3 

~'~N~---+-+-+~------------------4-'-____ ~~~~~-4-+ __ ~~_N 
~PE~---r+-+-r-----------------~----~+-+-r-~-+-r--~~PE 

7 

. 
~----------~----------+-------~-~:I 

5 

I 
I 
I 
I 
I 
12 
I 
I 
1 

Fig. 18.8. Survey-grounding telecommunications systems at different supply systems. 
(Source: Siemens AG). 1 Grounding bus bar of the power supply system, 2 the func­
tional conductors of other power loads near the telecommunications system are possible 
to connect to the protective earth conductor PE or to the functional and protective earth 
conductor FPE, 3 overvoltage protectors, 4 if TT supply system is used, the load must 
be connected via fault current-operated protective circuit-breakers F /, 5 grounding main 
conductor, 6 power supply system, 7 main distribution frame MDF, 8 telecommunications 
equipment, 9 intersection to different supply systems, 10 telecommunications systems, 11 
other power loads near the telecommunications system, FPE functional and protective earth 
conductor, L- negative bus bar, L+ positive bus bar, Ll, L2, L3 outer (voltage supply) 
conductors, N neutral conductor (formerly Mp-conductor), PE protective earth conductor 
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earth conductor PE for other power system loads in the vicinity of the telecom­
munications system should be connected to its grounding main conductor. The 
cross-sectional area must be in accordance with VDE 0800 Part 1. 

The fault current-operated protective circuit can also be used to obtain im­
proved tripping in TN supply systems. 

18.2 Protection without Disconnection or Indication 

Protective measures without any disconnection device relate to equipments which 
have no protective conductor connection; they are 'intrinsically safe'. Protection 
in this case depends neither upon an effective potential equalization nor upon 
disconnection of the deranged circuit. 

18.2.1 Protective Insulation 

The regulations covering 'protective insulation' (protective class II) indicate the 
measures to be adopted in equipment and in the construction of electrical instal­
lations in order to ensure protection against excessive contact potential through 
insulation. 

In protectively insulated equipment, protection depends not only upon pri­
mary (basic) insulation; additional, or at least increased, insulation is required 
(Fig. 18.9). No connection is provided for a protective conductor. 

Such an equipment must have a housing of insulating material which encloses 
all metal parts, apart from those such as nameplates, screws, rivets, etc., which 
must, however, be isolated by extra insulation. 

If for functional reasons a metal housing or accessible metal parts are un­
avoidable (e.g. a chuck on a hand-drill), these parts must, without exception, 
have 'double insulation' (basic plus additional insulation) from live parts. The 
insulation must not become ineffective in the event of the breaking and springing 
apart of wiring. 

----f::::::::3------..- --- 11 

--t::::::::~----1---------L2 

---1="'1------11------ L3 

----- N 

Fig. 18.9. Principle of protective measures by pro­
tective insulation. J Protective insulation, 2 load 
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The leakage current must not exceed 0.5 rnA in telecommunications equip­
ment (VDE 0804) or 0.25 rnA in domestic equipment (VDE 0700 Part 1). 

Protectively insulated equipment must be marked with the appropriate symbol 
[g (in accordance with DIN 40 014). 

The statements above refer to telecommunications and domestic equipment. 
Protective insulation can also be applied to the construction of systems with 
equipments which are accommodated within an installation from the outset. In 
this case several further requirements apply: 

- parts that are conducting, but not live, within the protectively insulated hous­
ing must not be connected to a protective conductor inserted or looped into 
it, 

- the protectively insulated housing must not at any point be pierced by con­
ducting parts in such a way that a voltage can be introduced, 

- unused access openings should be closed in such a way that a tool is necessary 
to open them. 

The requirements listed above do not, however, preclude the possibility of loop­
ing a protective conductor into protectively insulated equipment so long as the 
associated live conductors are carried with it (e.g. in protectively insulated dis­
tribution boxes including protective conductor bars). 

18.2.2 Equipment with Protectively Insulated Parts 

Equipment with protectively insulated parts, in accordance with VDE 0804, are 
also to be found in communications engineering (Fig. 18.10). 

This equipment is similar in construction to that with protective insulation 
(protective class II) - see Sect. 18.2.1. Unlike protectively insulated equipment 

Mains supply 
e.g.230V 

r--------- -------, 
I 
I 

I 
I 
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-.-~ 

Te lecomm un ica Ii ons 
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OV 

Fig. IS.10. Power supply equipment with protectively insulated parts. Insulation test volt­
age: - - - - At least 2.5 kV between mains and telecommunications circuits or between 
mains and frame (double insulation), * 1.5 kV between mains and PE, - ... - ... - 0.5 
kV between PE and frame, accessible metal parts (frame) 
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it has, a protective conductor connection or protective conductor, and must not, 
therefore, be classified as protectively insulated equipment. 

The protective conductor in this case is for the purpose of EMI suppression 
or screening, or is required for following equipment in protective class I. 

In this equipment the following conditions must be met: 

- telecommunications circuits and any accessible conducting parts (frame) con­
nected to them must be insulated from the protective conductor and accessible 
conducting parts connected to it for a test voltage of 500 V, 

- the protective conductor must be coded green/yellow and its connecting ter­
minal marked with the symbol @ in accordance with DIN 40 011, 

- equipment with protectively insulated parts must not be marked with the sym­
bollQ] of DIN 40 014. 

The same requirements apply to protectively insulated parts of equipment as to 
the whole (see Sect. 18.2.1). 

Equipment with protectively insulated parts may have accessible conducting 
parts and an accessible conducting enclosure, which are not part of the protec­
tion arrangement against excessive contact potential (by indirect contact). The 
following should be observed for such parts: 

- if the parts referred to possess a connection terminal for functional grounding 
or potential equalization, it must be marked with the frame symbol rh in 
accordance with DIN 40 016, 

- instead of the functional ground, a functional and protective ground (in ac­
cordance with VDE 0800 Part 2) may be connected to this terminal, 

- conductors used to interconnect accessible conducting parts of the frame must 
not be coded green/yellow. 

18.2.3 Protective Low Voltage and Functional Low Voltage 

Protective low voltage or functional low voltage refers to protective measures in 
which the circuit operates with a rated voltage of up to 50 V a.c. or 120 V d.c.; 
hence an excessive contact potential cannot arise as a result of an insulation fail­
ure. The protective low voltage may not be obtained by means of series resistors, 
autotransformers or voltage dividers, but only through safety transformers (pro­
tective isolating transformers) complying with VDE 0551 (Fig. 18.11) or from 
motor generators with separate windings, diesel generators and electrochemical 
power sources (e.g. secondary batteries). With these power sources are included 
certain electronic equipment in which the voltage at the output terminals does 
not exceed the permissible level, even under fault conditions. The disposition of 
the circuits must be such that the low-voltage circuits (e.g. 24 V) are reliably 
separated from higher-voltage circuits. If a point in the circuit is grounded for 
functional reasons, the system is classified as functional low voltage (e.g. the 
supply to a communications system at rated voltages of 48 or 60 V). 
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18.2.4 Protective Separation 

Fig. 18.11. Principle of protective measures by 
protective low voltage and protective isolation 

By protective separation is understood the 'galvanic' isolation of an operating 
equipment, also as shown in Fig. 18.11, but with a rated voltage of up to 1000 
V, by means of an isolating transformer. 

In the event of a fault to the body, protective isolation prevents the occurrence 
of a contact potential derived from the supply mains between earth and the faulty 
operating equipment. 

Protective isolation is only effective so long as no ground fault occurs on the 
secondary side, e.g. through damage to cables; it is applied in telecommunications 
engineering mainly in mobile systems, such as military equipment or broadcasting 
vans. The advantage lies in the fact that the equipment can be operated without 
dependence upon the kind of protective measures embodied in the supply mains, 
making it unnecessary to provide an earthing system with defined characteristics 
at the point of installation. 
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amplifier (operational amplifier) 148 
angle 71,74, 132, 137, 139, 140 
boardA42 199,203-205 
characteristic 140 
device 309 
engineering 144 
equipment 147 
moduleA9 231,232,235,240,242-244 
procedures 131- 135 
processes 158 
section 155 
system 171,310 
voltage 157-159,240 

Control cubicle 
for automatic alternating operation 

304-306 

Subject Index 

solar power 329 
Control systems in power supply devices 

144 
closed-loop 144-148 
open-loop 144-146 

Controlled object 147, 148 
Controlled rectifier 144, 155, 156 
Controllers 151 (see also rectifiers) 
Converter 

d.c/d.c 255-264 
flow 165-169 
flyback 169,170 

Cooling system 334-336 
Correction factor (battery) 106 
Critical voltages 20, 23 
Cubicle technique 51 
Current-limiting regulator 158, 159 

D regulator 151 
D.C'!A.C inverter 144,172-174,265-279 
D. C.! A. C. inverter module 265 

U-SFUIK 272-279 
WR20 265 - 269 

D. C. controller circuit 140, 141 
D. C.!D. C. conversion 140 
D.C.!D.C converter 144,165-172,255-264 
D. C. fail-safe power supply 317 
D. C. input voltage 12, 13 
D. C. operating modes (D. C.) 32 

battery mode 32 
changeover mode 40-45 
changeover mode with voltage gates 49 
floating mode 33,34 
parallel mode 32 
parallel mode with end cells 51 
parallel mode with floating charge 50 
parallel mode with reduced battery 

cells 51 
rectifier mode 32 
standby parallel mode 32-40 

D. C. power supply systems, number of battery 
cells 105 

Data switching power supply 274, 275 
Decentralized power supply 12 
Decoupling diode 46 
Delta voltage 69 
Design of batteries 88, 105 -111 
Deviation 150,151 
Diesel generating sets 299-315,319, 

322-325 
continuously operating 322 

Diesel motor 299-315 
fuel diagram 314 
lubrication oil diagram 315 

Digital switching system 226,227 
(see also EWSD) 

Dilute sulphuric acid 78, 88 
DIN battery-type designation 88 



Subject Index 

Diode 131 
Direct Voltages 20 

critical 20,23 
energy transport 20 
ideal 25 
lead-acid batteries 20 
operating 20 
rated 20 
superimposed alternating 24 - 26 
tolerance 20 

Discharge, individual cell voltages 125 
Discharging voltage 81 
Discontinuous regulator 151 
Distortion factor 24,71 
Distribution system 28 
Diverters 363 
Dynamic response 160 

Earthing 14,337-367 
neutral 369 

Electrical equipment and systems 
VBG4368 

Electrochemical processes 78 - 80, 10 1 
Electrode design (nickel cadmium battery) 

fibre plates 102 
plastic-bonded 103 
pocket plates 102 
sintered plates 102 

Electrolyte stratification 98 
Electromagnetic compatibility 14,353 
Electromotive force 80 
Electrostatically sensitive devices 14 
EMC (see electromagnetic compatibility) 
Emitter module A511 and A512 270 
End-cell technique 51 
Energy 

source 4 
storage 5,78-127 
transport voltage 12,20 

Error 150,151 
ESD 14 

rules 372 
EVVSD 28,30,226,227,357,360-363 
Explosion proof plug 95 
External conductor networks 354 
Extraneous voltage 24 

Fail-safe power supply 317 
FE-conductor 346, 346 - 348 
FI circuit breaker 370,377,379-381 
Fibre plates 102 
Filter 155 

capacitor 27 
circuits 75, 77 
sections 26 

Final control element 137, 146, 148 
Final discharge voltage 82, 83, 107 
Firing delay angle 132 

Flame-trap Plug 95 
Float charging 83 - 85, 89 
Float-voltage check 114 
Floor stillage 126 
Flow converter 165 
Fluctuations in supply 69 
Flywheel diesel converter system 59 
Forward converter 165, 167 -169,255 
Foundation ground 344, 352, 364 
FPE-conductor 342,343,346-348 
Frequency 

control 131 
fluctuations 70 
modulation 131 

Fuel cell 328 
Fuel diagram 314 
Fully controlled circuit 136, 137, 139, 140 
Functional earth 342, 346 
Functional grounding 341- 343 
Functional low voltage 370,383 
Fundamental frequency 71, 72 

Gas-discharge surge diverter 356, 357 
Gas-drying plug 94 
Gelled electrolyte 95 -101 
Generating sets, diesel 299 - 315, 319, 

322-325 
Generator 

diesel 6, 15 
rapid standby system 57 
set point 156 
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solar-powered 7,15,324,325,329-334 
synchronous generator 57 
thermoelectric 7,324,325 
wind-driven 7,15,324,328 

GR12 rectifier unit 226,228-230,232, 
233,237,248,249 

GR121 rectifier unit 226,228,230,248, 
249 

GR20 rectifier module 181-186, 188, 192, 
195, 196 

GR40 rectifier module 176-181,201, 
206-214 

Grid plates 88 
GroE 88, 93, 94 
Ground 

bus 343 
busbar 345 
communication station power supply 

318-322 
conductor 343,374,378 
resistance 340,341,349-352 
terminal 345 

Ground electrode 
mesh 352 
ring 352 
surface 352 
vertical 352 
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Grounding 337 - 367 
conductor 344,345 
main conductor 344,345 
ring main conductor 364 
system 353 
telecommunication system 380 

Grounding resistance 
calculation 352 
measurement 350, 351 

Half-wave rectifier 129, 132 
Harmonic 

current 71, 74 
oscillations 70,71,72 

Hybrid power supply systems 14 

I regulator 151-153 
Ideal direct voltage 24, 25 
Immediate standby system 60 
Initial charging voltage 85 
Input module A I 189 
Inspection battery 121 
Installation battery 127 
Insulation 381-383 
Interference 

in telecommunications systems 355 - 357 
protection 353 
source 353 
voltages 24, 355 

Internal resistance 94 
Inverter 4, II, 13,62-64,67 

circuit 141 
d.c./a.c.144, 172-174,265-279 
in centre tap circuit 142 
modes of operation 142 
pulse 172 
type 15 kVA (3 x 5 kVA) 272-279 
voltage control 142 

Inverter module 
U-SFUIEK 272-279 
WR20 265 - 269 

Island power supply 56, 304 
Isolating transformers 356 
IT supply system 338,339,370,378 

Lead-acid battery 78 -10 I 
acid density 80 - 82 
capacities 82 
charging 78-80,83-86 
charging voltages 20 
chemical process 78 - 80 
design 88,89,91 
DIN designation of type 88 
discharging 78 - 83 
discharging voltage 81 
internal resistance 94 
open-circuit voltage 80 
rated voltage 81 

self-discharging 83 
standby time 105, 106 
valve-regulated 95 -10 I 
vent plugs 94 

Subject Index 

LGM-IU and LGDM-IU rectifier unit 
252 

Lightning 
conductor installation 363 
strike 365 

Lightning protection 
assembly 367 
in telecommunications tower 365 
systems 363 

Lightning-protected construction 356 
Linear regulator 163, 169 
Lithium primary battery 104 
Logic module 189 

Al 268 
Longitudinal regulator 163 
Low-pass filters 26,27 
Lubrication oil diagram 315 

Magnetically controlled rectifier 18, 
250-254 

Main conductor 343 
Mains 

disruption 65 
distribution switchboard 9 
failure control 311- 314 
supply 9 
switch panel 9,215 

Mains-independent 
hybrid power supply 15 
power supply system 304,309, 

322-336 
radio repeater station 323, 324 

Maximum power 328 
(see also MPP) 

Mean current 106 
Measurement 

grounding resistance 350,351 
on PCB 371 
systems for battery 120-127 

Measuring transducer 148 
Metal oxide varistor 357 
Microporous separator 90, 92, 94 
Mobile standby power supply 307 
Module 

12-pulse reguiationA23 235,246-248 
battery- and thermodisconnection A 16 

245,246 
controlA9 231,232,235,240,242-244 
regulation A3 231,235,238,240 
trigger pulse transformer All 231,235, 

245 
Monitor 189 
Monitoring 231,235 

battery 116 
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devices 5, 10 
Monitoring system 24 

battery 117 
Monocrystalline silicon solar cells 333 
Motor, diesel 299-315 
MPP 328,329 
Multi-block parallel system 59 
Multilogic monitor systems battery 117 

Neutral 
conductor 374 
earthing 369 
grounding 338 

Nickel-cadmium batteries 101-104 
application 103 
characteristic data 104 
charging 103 
construction 103 
design 103 
electrode design 102 
typeT 103 
typeTP 103 

Noise voltage 24 
Non-controlled rectifier 144 
Number of battery cells 105 

Overcurrent protection device 369 
Overvoltage 69,354-367 

limitation 356 
protection 353 
protection components 358, 359 
protection systems 356 
source 354 
suppressor 356 

OGi 88,91-93 
OGiE 91 
OGiV 100 
One-way circuit 129, 132, 133 
Open-circuit voltage 80 
Open-loop control 144-146 
Operating panel module A 7 193 
Operational amplifier 148, 149 
OPzS individual cell-batteries 

(or see tubular) 88,89 
data 108-113 
range of types 107, 108 
selection guide 107, 108 

Ordinal number 71 
Output voltage (d. c.) 157, 160 

P regulator 151, 152 
Panel 

battery and distribution 215 
mains switch 215 
rectifier connecting 215 

Parallel operating mode 32 
parallel mode with end cells 51 
with floating charge 50 

with reduced number of battery cells 
51 

Passive cooling system 334-336 
Passive standby operation 142 
Pasted plates 88,91-93 
PE conductor 348, 372, 374, 378 
PEN conductor 339, 372, 374, 375 
Phase-angle control 131,132,139,155, 

156 
Phase-angle method 142 
Phase-controlled rectifiers 18, 144 
Photovoltaic power supply system 329 
PI regulator 151, 154, 155 
Plante plates 88, 93, 94 
Plastic-bonded cadmium electrodes 103 
Plate ground 344 
Pocket plates 102 
Polarity inverting module A 7 270 
Potential equalization 337 -367 

conductor 343 
Power boards a. c 184 
Power converters 3,5 

a.c./a.c. converters 4, II 
d.c./d.c. converters 3,13 
externally commuted 4 
self-commuting 4 
step-up step-down ll, 13 

Power distribution system 28 
Power distributor NY 400 199 
Power failure 30, 36, 43, 77 
Power station 322 
Power supply 

availability 29,30 
central 10 
connecting cabinet 128 
decentralized 12 
for ground communication station 

318-322 
for transmission system 316-336 
island 56 
mains 9 
panel 182, 183 
reliability 29 
standby 9,53 
switching-mode 10, 166 
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Power supply controller SPSC40 220 - 223 
Power supply for data switching 274, 275 
Power supply system 7 -16, 228 - 230, 

233,234 
a.c. operating modes 53 
compact 182 - 225 
d. c. operating modes 32 
hybrid 15 
uninterruptible 14 

Power supply unit 
SVE40 176, 177 
switched mode 176 - 225 

Power transistor 163 
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Primary power source 6,322-329 
Printed circuit board 371 

measuring 371 
Process control 129-142 
Protection by disconnection 369 
Protection against 

body currents 368 
direct contact 368 
indirect contact 369 
interference 353 
overvoltage 353 

Protective 
class I 372,373 
class II 381 
conductor 372 
devices 5 
earth connector 342 
grounding 337,341-343,379 
insulation 381- 383 
line system 338 
low voltage 370, 383 
measures 369-384 
separation 384 
switch 370 

Protective circuit breaker, fault current-
operated 370,377,379-381 

Psophometer 24 
Public mains supply 69 - 77 
Pulse circuit module A6 270 
Pulse inverter 172 
Pulse method 142 
Pulse number 71 
Pulse-sequence control 131, 132 
Pulsewidthcontrol 17,131,132,165,173, 

263 
Push-pull forward converter 169 -172 

Radio interference, suppression 28 
Radio link station 322 
Rapid standby system 57 
Rated voltage 81 
Recombination Plug 95 
Rectification 137, 139 
Rectifier 3,10,13,67,71 

circuits 129 
connecting cabinet 199 
connecting panel 215 
controlled 144, 155, 156, 163 -165 
d. c. operating mode 32 
full-wave 129 
half-wave 129, 132, 133 
magnetically controlled 18,250-254 
non-controlled 144 
phase-controlled 18, 144 
thyristor-controlled 10, 71, 73, 75, 144, 

161,162,226-249 
transistor-controlled 10, 11, 144 
uncontrolled 18 

Subject Index 

with linear regulator 163 
with switching regulator 163 -165 
with transistor power section 163 -165 

Rectifier module 
GR20 181-186,188,192,195,196 
GR40 176-181,185,196,197,201, 

206-214 
WGSU 213,215,217,219 

Rectifier operation modes 10, 32 
changeover mode 10 
rectifier model0 
standby parallel mode 10 

Rectifier unit 
GR12 226,228-230,232,233,237,248, 

249 
GRI21 226,228,230,248,249 
LGM-IU and LGDM-IU 252 
switched-unit 185, 188 

Reducing diodes 37,38,40 
Regulated output voltage 168 
Regulation 189,231,235 
Regulation assembly 155 
Regulation module 

A2 269,271 
A3 231,235,238,240 
A6 191 

Regulator 148, 149, 151 
classification 151 
continuous 151 
current-limiting 158, 159 
linear 163, 169 
linear in rectifiers 163 
series 163 
switching in rectifiers 163 - 165 
voltage 156 

Repeater station 316, 322, 323 
Retroactive effects 74 
Revert-to-mains unit 62, 63, 65, 67 

UPS-system 287 
Ripple 25,27 

Safety measures 
instructions 370,371 
regulations 20 
rules 368 

Screening 365 
circuits 75 

Set point generator 156 
Shelter 336 
Signal boardA41 199 
Signal module A80 183 
Single block system 59 
Single-ended converter 168 

flyback converter 169 
forward converter 165 -168 

Single-phase a. c. 69 
Sintered plates 102 
SMR 10 
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Solar 
array 329 
cell 325-327 
generator 324,325,329-334 
radiation intensity 328 

Solar modules 331,333 
M 55 type 333-335 

Solar power supply system 
ampere-hour counter 331-333 
charging controller 330 
control cubicle 329-332 
storage batteries 333 

Specific ground resistance 350 
Stabilizing procedures 131-135 
Standby power supply 3 

system 9,299,319,322 
with inverters 62 

Standby time 105,106 
Star voltage 69 
Static UPS system 280 - 298 
Stationary battery (see also lead-acid) 78 

surveillance during float charge III 
Steam turbine 324, 325 
Stepped rack 126 
Storage of energy 5,78-127 
Supervision battery 116 
Suppression of current harmonics 74 -77 
Surface ground 344 
Surge 

dissipators 69 
diverter 356, 357 
suppressor diodes 357 

Surveillance of batteries 111-118 
Switched-mode 

power supply unit 166, 176-225 
rectifier units 185 

Switchgear control cubicle 300-309 
Switching regulator 163 
Switching transistor 167 
Synchronization 240 
Synchronous generator 299,301 
System conditioned final discharge voltage 

83,110-113 

TAZ diodes (see transient-absorption zener 
diodes) 70 

Telecommunication system grounding 380 
Telecommunications tower 316-318 

grounding system 366 
lightning 365 

Thermoelectric generator 324, 325 
Three-phase a. c. 69 
Three-phase bridge circuit 130, 136, 137, 

139,140 
Thyristor 19, 131-134, 136, 140 

phase-angle controlled 136 
power section 155, 156 
set 134, 136, 138, 155, 157 

Thyristor contactor in changeover mode 44 
Thyristor-controlled rectifier 71,73, 134, 

144, 161,224-249 
designation of type 161, 162 

Thyristor-controlled systems 131 
Thyristor set 

Al 231,234 
A2234 

TN system 338, 339, 374, 376 
TN C S supply system 338,370,374-376 
TN S supply system 338, 369, 374, 376 
Tolerance 

for a. c. supply voltage 69 
for direct voltages 20-24 

Tolerance range 160 
Transducer measuring 148 
Transformer 155 
Transient-absorption zener diodes 70, 357 
Transistor 

bridge input circuits 172 
bridge output circuit 173 
control 176,213 
controlled rectifier 144 
power section 144, 155, 162 
switching 167 

Transmission system power supply 
316-336 

Trickle charging 83-85, 89 
Trigger module A3 270 
Triggerpulse 134-136,157-159,240 

transformer 134 
transformer module A II 231, 235, 245 

Trigger set 132, 136, 141, 155, 157, 158 
TT supply system 338,339,376-378 
Tubular individual cell-batteries 

(seealsoOPzS) 105-113,128 
project planning data 108-113 

Tubular individual cell-batteries 
range of types 107, 108 
selection guide 107, 108 

Tubular positive plates 88, 89,91 
Twelve-pulse mains feedback 75, 76 
Twelve-pulse-regulation module A23 235, 

246-248 
Two-pulse circuit 136 
Types of ground 

combined 352 
foundation 344, 352, 364 
plate 344 
surface 344 
vertical 344 

Uncontrolled rectifiers 18 
Undervoltages 69 
Uninterruptible a.c. changeover mode 59 

immediate standby system 61 
multi-block parallel system 59 
single block system 59 
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Uninterruptible a. c. changeover mode 
static standby system 64 
static standby system with inverter 62, 63 
system with rotating converter 61 

Uninterruptible power supply (see UPS) 
UPS 322 
UPS multi-unit systems 282-295 
UPS system 14,59-68,280-298,322 

additional equipment 296 
battery charging 290 
battery cubicles 296 
battery operation 289 
d. c. link circuit 286 
d.c. voltage fault in d.c. link 292 
display system 287 
dynamic load changes 291 
electronic component features 287 
environmental considerations 283 
fluctuations in mains voltage 289 
frequency converter 284 
inverter 286 
load unbalance 290 
mains failure 289 
mains frequency fluctuations 289 
mains overvoltages 289 
mains restoration 290 
monitoring and diagnostic system 287, 

288, 294 - 296 
nominal voltage battery 105 
non-linear load 290 
normal operation 288 - 290 
open and closed-loop control 287 
operating states 288-291 
operation with standby supplies 292 
operation system 287,294,294-296 
operator control 294-296 
overload, short circuit 291 
overtemperature 291 
performance 288 
power and electronics section 284 
protection system 287 
quality assurance 284 
rectifier 284 
remote control panel 296 
series 281,282 
service bypass 290 
special operating conditions 290-292 
start-up under unstable conditions 292 

Subject Index 

static bypass (transfer) switch 287 
unit variants 292 

UPS system inverter 
fault 291 
features of control 286 
inverter OFF 289 

UPS-system series 282 
type 40 281 
type 41 281 
type 42 281,285,297,298 

Valve-regulated lead-acid batteries 95 -10 1, 
115 

Varistor 69 
metal oxide 357 

Vent plugs 94 
ceramic plug 95 
explosion proof plug 95 
flame-trap plug 95 
gas-drying plug 94 
recombination plug 95 

Vertical ground 344 
Voltage 

component supply 12 
drop 20,28 
energy transport 12 
gates 49 
regulator 156 

Voltage control in inverters 141 
phase-angle method 142 
pulse method 142 

Voltage-limiting components 359 

Wave shape 70 
WGSU rectification module 213, 215, 217, 

219 
Wind generator 324, 328 
Wind velocity 329 
WR20 inverter modules 

emitter A511 andA512 270 
logicAl 268 
polarity inverting A 7 270 
pulse circuit A6 270 
reguiationA2 269,271 
trigger A3 270 

Zener diodes 131,357 
(see also transient-absorption zener diodes) 
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