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4- and 6-pole brushless generators 
6-15 kV, 50/60Hz, 5-55 MVA 
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The GBA type synchronous genera tor continues the 
tradition by ABB of building rugged high voltage 
4- and 6-po/e machines. 

The extensive experience in 
difficult environments have contrib
uted to an exceptionally reliable 
design. GBA type generators and 
motors operate in paper and pulp 
industry, onboard offshore plat
forms, in oil refineries, in air sepa
ration plants, in power utilities and 
in many other demanding applica
tions. They are installed in ice cold 
northern countries as weil as in 
the soaring heat of the tropics. 
Special attention has been paid to 
corrosion protection systems and 
materials selection for ali the 
relevant environments. 

The GBA design concept makes 
very efficient use of the active 
material employed, resulting in 
optimal performance with good 
economy and an exceptionally low 
total weight. The vacuum pressure 
impregnated (VPI) stator core 
forms an essential part of the 
mechanical structure for the 
complete machine, thereby further 
limiting the need of non-active ma
terial. 
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Computer aided design enhances 
the possibility to tai/or make the 
electrical characteristics of the 
GBA generator to the specifie need 
of the grid system - within the 
concept of a standard design. 



The attractive priee of a 4-pole 
generator often makes it competi
tive to a direct driven 2-pole 
machine even when the cost for a 
reduction gearbox is taken into 
account. Turbine or engine speeds 
can thereby be selected for optimal 
performance and the gear will take 
care of the speed adaption. 

Computer aided design is em
ployed for the GBA concept which, 
in combination with the flexibility of 
a modern cornputerised production 
planning system, introduces 
unique possibilities to adopt each 
unit to special requests for electri
cal characteristics. We may, as an 
example, vary the synchronous re-

The Han il Fibre plant in South Korea, 
manufacturing synthetic fibres, have installed 
a geared steam turbine unit driving an 18.3 
MVA GBA-generator. 

The pressurised f/uidised bed (PFBC) coat fired 
combined cycle plant at Vartan, near Stockholm City, 
is equipped with a GBA genera tor. The genera tor is 
a/sa used as a frequency contra/led synchronous 
motor for starting of the plant. 
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actance of the machine within wide 
limits, thereby adopting the ma
chine to demands for high voltage 
stability or in other cases, reduce 
the short circuit loadings in the 
power supply system by increasing 
the transient reactances. 

High utilisation of active material 
gives a law weight ta output ratio 
-as requested for example by the 
offshore industry. 
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The GBA high voltage generator has been designed to meet the 
most stringent demands from the modern utilities and industry. 

Special emphasis has been placed 
on designing a machine with good 
mechanical stability. The box
shaped machine base design allows 
the stator core with windings to rest 
dîrectly on the foundations, thus 
ensuring that ali static and dynamic 
forces are transmitted directly into 
the foundation. 

A combination of short distance 
between the bearing centres and 
rigid bearing supports placed under 
the centre of each bearing, mini
mises the level of vibration. Tradi
tional sleeve bearings of split type 
design are employed. The bearing 
liners are easily replaceable. 

The rotor is of salient pole design 
running below the first lateral critical 
speed with a safe margin. A very 
high thermal capacity is character
istic for this rotor design. 

Proper bracing of stator coi/ ends by 
glass fibre rope, that have been 
subjected to vacuum pressure im
pregnation with epoxy resin (VPI), 
gives an exceptionally rigid stator 
winding- that wilf'withstand short 
circuit conditions. 

To a void shaft currents both bear
ings are insu/ated and a disconnec
tabfe earth strap is connected to 
one. The bea ring liner can be re
placed easily. 
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Oynamic and static forces are transferred direct/y 
into the foundation. 

CD Salient pole rotor 
® Laminated stator core with slots for cooling air 
® High voltage stator co ils 
® Cylindrical sleeve bearings 
@ Shaft mounted fan (2 off) 
® Box-shaped machine base 
(J) Brushless exciter 
@ Water/air cooler (ICW 37 A81) 
® Drip tray for condensation water 
@ Terminal box 
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The GBA stator design is utilising the unique MICARE)(FJ c/ass F 
insulation system combined with vacuum-pressure impregnation. 

Form-wound coils have their 
straight sections formed under the 
influence of heat and pressure. 
This ensures that the coil fits 
exactly into the stator slot. 

lndividual coils are subject to 
high voltage and surge testing prior 
to and after insertion into the 
stator. The winding is wedged and 

braced to withstand the consider
able electromagnetic forces that 
might occur at operational distur
bances. 

The subsequent vacuum pres
sure impregnation will further 
strengthen the bracing and insula
tion. The coil end bracing is de
signed to withstand a full 3-phase 
short circuit. 
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After the insertion and interconnec
tion of the stator windings, the 
complete unit is impregnated in a 
vacuum-pressure process (VPI) -
providing the most dependable 
insulation availab/e. 



The stator has a 3-phase diamond 
winding with 2 coi/ sides per slot. 
When the coils have been inserted 
they are locked with composite 
wedges. 

MICARE)(!Y class F insu/ation 
system provides a high quality 
insulation that copes effective/y 
with electrical, thermal and me
chanical stresses. 
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The stator coils have their straight 
parts formed to exact dimensions 
under influence of heat and 
pressure. An exact fit into the slots 
in the stator core is achieved 
-improving the performance. 



Typically the GBA machine is built with the protection form JP54, i.e. a total/y 
enclosed unit with an integral heat exchanger, or with flange connections for 
coo/ing air from the outside. 

If an air/water or air/air heat ex
changer is chosen, it will be 
located on the top of the unit. The 
GBA is a Iso, of course, delivered 
as an open drip proof machine with 
1 P23 protection, or wlth extra 
weather protection according to 
NEMAWP2. 

The air/water cooled machine 
has its cooler sections mounted on 
the top of the stator, however 
equipped with a drip tray to take 
care of possible condensation 

water. The cooler elements are 
mounted transversely with water 
connections on either side at the 
customers request. Tube plates 
and water headers are extended 
outside of the generator enclosure 
on both sides for extra protection 
against possible water leakage into 
the machine. Several hundred 
machines with this arrangement 
have been in operation for up to 20 
years with nothing but the best 
re suit. 
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Two 28. 75 MVA 
driven GBA 1120 
genera tors at Zuc/;. 
Geru my. Double a 
excl ·1ers are pro1 
redu tncy. 

·n turbine 
'1ronous 
·1, Ue/zen, 
!fer heat-
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The most common combinations of protection and cooling forms: 

IP54/ICW37A81 (TEWAC) 
Totally enclosed version with top 
mounted air/water heat 
exchanger(s). Extra cooler sec
tions for redundancy are possible. 
This version affords the best 
opportunity for quiet running and 
simple installation when cooling 
water is available. 

IP54/IC31 
Totally enclosed version where 
cooling air is ducted to and from 
the unit. This version may be used 
in hazardous environments where 
cooling air is supplied from a safe 
are a. 

IP23/IC21 
Open ventilated version with 
separate outlet duct for cooling air. 
With this version, the discharged 
cooling air can be diverted away 
from the machine hall. 

Other protection and cooling forms 
have been delivered by ABB on 
special request. One exemple is 
IP 54/IC 0161 (TECACA) for severe 
environments where cooling is 
scarce. 
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Every single GBA generator is subject to an extensive test 
programme be fore it is al/owed to leave the production facilities. 

Type testi~g is performed on new 
machine configurations to docu
ment their performance. The no 
load and short circuit curves are 
obtained. The no load losses are 
measured and a heat run perfor
med at zero power factor in 
addition to the routine tests. 

When the electrical characteristics 
for each type has been established, 
every consecutive unit is subjected 
to an extensive routine test program
me to confirm that it meets with the 
expected performance and that it is 
sound in ali respects. On the next 
page follows the main items of the 
standard test programme for each 
assembled machine. 
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The rotor assembly is dynamically 
balanced and an overspeed test is 
performed as standard. 

Final testing of the complete 
machine is performed in our test 
room be fore each delivery- at 
rated voltage, current and 
frequency. 



Ali stator winding coils are 
individually tested be fore 
assembly into the machine. 
Here the coils receive a high 
voltage test, an impulse test 
and the tan a is measured. 

Routine test programme: Type test programme: 

e Radial bearing clearance measurement e Routine test 

e Bearing control, axial clearance e No load curve 

e Air gap measurement e Short circuit curve 

e Control of the insulation e Load point, p.f.=O 

e Resistance measurement e No load lasses, p.f.= 1 

e Vibration measurement and balancing e Heat run test, p.f.=O 

e Shaft volt;: 1ge 

e Short cir( · 1it test 

e Noload! 

8 High volt Je test 

ln additio1 o these standard tests, 
optional h · :s may be performed on 
special request, e.g. to establish 
special characteristics like noise level 
or measuring waveform. · 
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A complete description of ali the QA
activities imposed on the ordered 
machine is collected in an Inspection 
and Test Plan. This plan also de
scribes materials tests and tests of 
individual components before the as
sembly. 
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The sa/lent pole rotor is equipped with single layer copper field windings 
designed for high current and low voltage to give high operational reliability. 

The field windings are fed with the 
correct DC~current from the brush
less exciter through the rotating 
diode-bridge rectifier to give the 
desired voltage at the current load. 
The field winding DC~current can 
be controlled by changing the 
stator current of the exciter. 

The exciter and the rectifier 
consist of one unit. The exciter is 
designed as a synchronous gen~ 
erator with the armature in the 
rotpr and DC-winding in the stator. 
Ali windings have temperature 
class F insulation. The exciter rotor 
is mounted overhung onto the 
main shaft outside the non-drive 
end bearing. No separate bearings 
are therefore required. The main 
shaft is provided with a hole in its 

centre for the cables from the 
exciter to the field windings. 

The exciter is typically provided 
with cooling air from the main 
machine. The exciter rotor circu
lates the cooling air over the 
exciter and discharges it back to 
the main machine. 

Most GBA generators are 
equipped with the standard option 
of a pilot exciter of permanent 
magnet type (PMG). The PMG is 
mounted on the main rotor immedi
ately outside the main exciter and 
will then supply the automatic 
voltage regulator with the neces
sary power. 

The PMG can be adopted for 
most types of automatic voltage 
regulation systems. 
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Al/ components in the exciter are 
easi/y accessible by simply 
removing the end panel. Seen here 
is a/so the rotor of the optional pilot 
exciter (PMG). 



The terminal box can be located on 
either side of the machine. The box 
is as standard arranged for cable 
entry from below. On request an 
extra large terminal box may be 
supplied, with ample space for al/ 
the necessary measuring 
transformers, star point connection 
etc. As an alternative, separate line 
and neutra/ cubic/es may be 
arranged on opposite sides of the 
machine. 
The terminal boxes are al/ 
designed to minimise the risk for 
short circuit faults by careful 
installation, involving taping of 
stress canes to a void electrical 
field concentrations, proper bracing 
to minimise the risk of graduai/y 
destroyed insulation and by the 
selection of the minimum creepage 
distance and clearances to match 
the rated voltage. 

GBA type generators are designed 
to run at a high Joad factor for a 
large number of years and permit 
certain incidences of abnorma/ 
working conditions. Monitoring 
deviees may reduce the incidences 
of abnormal working conditions 
dawn to a minimum, but despite 
the monitoring, e/ectrica/ and 
mechanical faults can impose 
unacceptable conditions and 
protective re/a ys are needed to 
quickly disconnect the machine 
from the grid or initia te a complete 
shut-down of the unit. 
No international standards exist 
regarding the extent of the 
protective systems for genera tors in 
the GBA sizes. What is common 
practice varies between the 
different countries and applications. 
ABB recommend that static relays 
with law power consumption in the 
measuring circuit are used accord
ing to the schematic diagram 
shawn here. 
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Our GBA genera tors are so/d al/ over the world by ABB sales 
companies in their respective country supported by expertise from the 
production site in Sweden. 

The development, production and 
marketing of synchronous genera
tors and motors are concentrated 
mainly to Finland, Sweden and 
Switzerland, though resourceful, 
local manufacturing is at hand in 
France, ltaly and Brasil. 

This concentration to certain 
units will help to ensure that the 
most midern production resources 
can be urilised to hold down costs 
and will also help consolidate our 
leading position in this field. 

Advanced R&D programme 
Seing our customers you also gain 
access to a Research and Devel
opment programme that can only 
be carried out by a specialised and 
profitable business. Moreover, this 
investment is expanded by other 
R&D done within the Asea Brown 
Boveri group of companies. 

ABB will stay in the forefront of 
modern technology with our goal 
set at bringing the most modern 
and energy efficient products to the 
market. 
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Local service shops 
ABB synchronous generators are designed and built to 
operate troublefree year in year out in the ardous envi
ronments in industry. But some inspection and main
tenance is still required to ensure a continuous un
disturbed operation. For this purpose ABB has its own 
or sub-contracted service shops employing some 2000 
people in 35 countries. These service shops have faci
lities so that any problem can be looked after locally, 
saving valuable time and cost, ensuring your process 
is kept running. 

15 



ABB Motors and Machines 
Machines Division 
SE-72i 70 Vasterês, Sweden 

Tel:+ 46 2i 34 20 00 
Fax:+ 46 21 18 78 4i 
Telex 40720 abbva s 
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