
I
I
I

Paralleling
0enerating
Sets And
Systems

Typcol PmIIeI drooP cir'

ad it non uP of o attntrl

tmrrsfotmcr and Pam'
Wtiwmodute. The PmL
tclini module cotrsisu oJ a

na^ ro;lor.'a a suitch

conncctcd across thc ft'
,r-rt of o tmuformcr'.

Tfu wfuge rcgvbtor and

tumlteling mo dulc (uhic h

iraludas tfu ishtion ttzrlrs'

formet and Pamlleling'suritch) 
carrl the Basler

no del desigtation. Bdsbr

also olfer a comPlctz scbc'

tion oJ ametx t,s'Ls1offi'ers

Jor qstcm morcntng'

is parallel drooP while the other is

-i*-*t*"t- Uiing the IEEE desig'

nation, these rwo tyPes are ternect
ii".ti". dtooP' and "reactive dif-

ferential compersation," respectircly'

When reactive drooP comPensa-

tion is used, each parallel droop cir-

cuit is indePendent of the other' A

*"" pailel drooP circuit is made

,rp of 
" 

arrt aot transformer and

p'aralleling module consisting of a

ira*fo*-.t, burden resistor and a

switch connected across the trans'

io*.t prirnary which is the second'

ary of the current transformer' Ttris

#tcn shorts the secondarY of the

current transformer and burden re-

sistor the g€nerator is to operate in-

dependently of the paralleling gener-

ating sPtem.
itt. uott"g. across the burden

resistor is tectorially added o the line

tott na, producing an error signai to

.i. 
"ir,"g. 

regulator' This volt'age ir

"lso 
ptoio.iJnal in magnitude anl

has the iame Phas" as t're line cu-r'

rent through the primary of the cl'r'

,arr, ,r"nrin,t',tt' Whto the load is

"i""i, 
I-'|ower factol excitation will

t -"i"'unchanged' By adjusting the

sFtem voltage when the load Power

factor is unity, the approptrate error

co l inued on Page 16

Y Yhen generators are con'

nected in Parallel, a Parallel com-

oi*.tion circ,rit is required to assist

ihe uoluge regrrlaton in controlling

the genei"toireactive loads and to

achieve balance berween generators'

This circuit will cause the voltage

n:gulaor o incrcasc or decreasc field

.*?itation of the generator with the

lower or higher field excitation' re'

spectively. By controlling reactrve

loads, the parallel comP€nsauon crr'

cuit can .ii-itt"t. undesired circu'

lating currents.
Rcactive DrooP

C-onpcnsation and Rcactive

Dif fl ren tial C-omPcnsa tion

Of the rwo ft,rms of Parallel com'

pnsation ciraits, the mct o'ftEn sscd
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Edim/s Noe: Duting Baslet EIec'

triCs 25th Anauzl Power Cnntml

and Prlcicrrtion Cnnferencc' in 5t'

I-ouis, Mc^,6nc subje<t strrcd out as

bing not fullY unilentd znd z

,orrl ofPossible confusion in tle

Ixrwer generation industrY' A grczt

aut 
"i 

instruaion and di*usion

wat dqotd a PatalJcling anil SYn-

chrcaizing of Povet &nerzting

Sctl znd SPt -' Because of the

omplairy oI rhe subjrt, sPe da

not zllov Ptanting it as comPtc-

hensivelY zs it chould b' Thus' the

subject rril| b rcPararcd into two

^"jo, *^Poaenu, Paralleling of

el.nd"j Scrs znd SPrcmr dir

month, and SYnchronizing of Gen-

cnting *s aad SYstcms in chc May

I99l Gua For mot:- d'etaild iafor-
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lhr alieling tenerrting Sau. . .
sigr4l can be producert.

The error signal, suPPlied to the
, 'roltage rcgulator, controls the excita'

tion level of the genentor. When the

g€nerators are paralleled, the rcgu-

lator responds to this small increasc

io scruing'roluge by rcducing excita'

tion to the generator field which will

produce a droop in the g€nerator
output noltage. The amount a gener'

ator s)6tem will drooP can be ad'
justed by the burden resistance and

the current transformer ratio.
Most generators, Paralleled with

rcactirre droop compersation, a're set

to op€rate with maximum drooP.
The burdeu resistor is adjusted for
maximum resistance or maximuro
rrcltage acrws the resistor to allow the
most dfective control of circulating
currents. Setting the burden resistor
for a q6tem voltage drmp of less than
three percent may result in the regu-
lator and paralleling circuit being
unable o control cirnrlating oursnts
satisfactorilv.

Voltage rcgulaton with single'
phasc rnsing provide approximately
eight percent maximum droop while

three phasing rnsing regulaton pro-
vi& approximately six perc€nt. Whcn
generatont are paralleled, but have

different typc sensing, care must be

taken to compensate for seruing dif'

fercnces using the adjustable burderr

resistor. Wherr a lagging Power factor

load is increased, the bus voltage will

droop by an increascd amount' If a

leading pow€r factor load is increased,
the bus voltage will increase.

In order to Prevent the voltage

from increasing or decreasing with thc

load power factor, anothqr cirmit in'

tercorrnecting the crrrrent fandormers
of the individual regulaton, can be

used. Cross-current compensation
(reactive differenri al compensadon)
allows operation in parallel without

voltage dtoop causcd by the
signd.

If one gcnerator .rssumes more

reactive load thaa the other, the line

and current transformer rcondary
current will increase, the voltage
across the burden resistor will in-
crea.!€, the e*citation will bc rcduced
in that pafticular generator by the
voltage regulator and the line cur-
rcnt will decreasc. An increasc in
current through the cros-current
connect loop, causcd by the imbal-
ance of the first g€nerator, will de-
velop a voltage across the sccoud
generator's burden resistor opposite
in polarity to the normal voltage of
the sccond generator's clurent trarut'
former. The opposite polarity will
causc :ul increasc in line voltage,
causing the parallel generating syr-
tem to balance itself out.

For the reacti'rc differentid com'
pensation to perform properly, all
current traruformers must be con'
nectd into the cross-current loop.

They must have the same ratioc in

order to properly cancel the voluge
across the burden resistor. When dif'

ferent size generators are paralleled,
continued on Page 18

When genemton of dilferent mtings are pamlleled, cur:e.l.l tmtuJonnen oJ drfJerent mtios are.used..to step doun the different line

cut-rents to a standard nominol seindary curtent. Droop opemtion is shoum on the lelt, reactin difJerention competsation on the

nght. With reactivc differentiat conpensation, the burdin risistor should be adjusted only a nr,all dmount to maintain ptoper control

oj circulating cunrniind, to d.ecreasc the curte,rrt imbalance of the cunent trartsformet loop. Baslet wltage regulalors and pmlleling

rnodules feature built-in isohtion tmnsformen for cross-Current compensation.
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current.

taralleling 0eneratinl Scts. ..
thelr current trarufcrrmers must give

Jpproximately the sanc -condary
degree phar difference with the bur-
den resistor voltage. If i t cannot be
determined which generator lines are
phasc A, B, and C, the paralleling
current traruforraer should be placed
on the generaror phasc that does not

luPnll_-sensing voltage to the regu-' lator. If the regulator is set-up rith
tlre generator for three.ph* *roirrg,
the current transformer must te
placed on rhe B phase.

The polariry.or-..rio., of the cur-
rent transformer determines whether

*.g*.Trn are paralleled correctly
if the phase rotition is undeter'-
minable. If the current transformer
is connected incorrectly, the gener-
a.tor voltage will not droop but will
rise 

_under inductive Qaggr+ pQ load.
If cross-cunent comperuation is

appl-ied, the cross-curreni connecting
loop should be left open at one poini
untl l prop€r parallel operation is
achieved with parallel droop com-
pensadon.

Current Transformer Selection
Wherr generaton of ditterent kVA

are paralleled, each currenr trans-
forrner used to parallel them should
ilp,ply approximately the same sec-
oncay current. For best match, se-
lect a current traruformer ratio that
will provide the closest possible cur_
rent to a qpical 5A and 25 VA maxi-
mum burden ransformer. Matching
current transformer ratios with line

currcnt o provide a nominal second.
ary current ourput is a detail that
murt not be overlooked.

If the line current falls berween
the primary ratings of rwo current
transformers, the current ransf,ormer
wit-h the higher primary current
raring should be selected.

Paralleling Different
Size Generaton

,. 
For droop operation, the droop

adjustment is used so that.ach g.r_
erator droops a like amount at its
ratcd load. Then, the generaton can
be paralleled and each gynerator can
be adj"s1g6 to carry its proponional
share of the reactive load.

For generators paralleled with
reactive differenti al compensarion,
equal currents are needed to cancel
opposite currents so that no droop
rn1 

lh: generating s)'srem is preseni.

fhir- 
ir accomplished by sctiing the

burden resiston at maximum tis-
tance and then adjusting the resistor
across the current transformer with
the smallest secondary current to a
lower resistrttce.

.. .Pd* ryl3g. regulaton and par-
allding modules fearure a buitt-in iso-
lation traruformer for cross-current
compensation. The isolation trane-
fonner is necessary to prcyent the

fTi"S circuit of the rcgulaton from
being paralleled by the cross-current
connections befween generators. *

In addition to havir:g compatible
current transformer rattc-. all gen-
erators must have the same burden
resistor setting in order to balance
the generator sptemi reacdve load,.

All generators musr be tied into
the cross-current loop for the s)6rem

!o 
p.d.9lo properly. It is viiually

impo.ssible to parallel with an infrnite
bus (uriliry). If the cross-currcnr con-
nected s)rsrem is paralleled with the
uriliry ouside the cros-current loop,
a switch contact installed 

"t "rr"poi-"r 
i_" the loop may be opened,

and all g€nerators will opeiate in
droop mode. For compliance with
most safety codes, a ground connec-
tion is placed on the CT secondary.
Only one ground can be irutalled on
the loop.

Some mearu of isolation be*reen
the regulator sensing circuit and the
current transformer circuit must be
used wirh crm-ctrrrent compe.nsadon.
Basler rcgulators and paralleling cir-
cuirs include isolation traosforiners
to effectively isolate the cross-current
loop from the input voltage circuit
of the regulator.

The Currrnt Transformer
Unit-Parallel Switch

A switch, placed on the second.-
ary of the current transformer to
shon circuit it and the burden resis_
tor, will negate any sigaal to the
generator. The sryitch in the ..Unit,,
p"ti?ol allows the g€nerator ro oper-
ate independently of the p"ri l l . l
generating sysrem without voltage
droop.

If a unit-parallel swirch is to be
added. exrcrnally to a paralleling cir-
cuit, leads to the shoning sfttch
should be as short 

", 
por.ibl..

Note: When op..aiing with the
reactive differential compensation
circuit, the unit parallel ssiich should
be an auxil iary contact on rhe main
Serrerator brealer. This contact should
be closed and the CT secondary
shoned when the m.in generator
breaker is open.
Current Transformer placement

On Unmarked phases
The current transformer can be

connected to any phase of the gen-
erator as long as the syrtem uoLg.
is taken from.the. appropriate l i ie
volrage to marntain a 90 electrical

Reactive dilferenttbl compenntion connectionfor pmlleting genemtort The rGloop must haue al! genera
bus) uhirh i, -.^.L,,-.':?:,ti:d ::,'o,'!' Ioop' If foralleling with the uttllity (ttnfintttebus)' whlch is nearlv imbossibre wilh rhis ,on{"r/ion, a switch contact t*,"i/)"!r"i'i,

loint 
tn 

the lgol may be'opened,, and, all genemrorro,;tt opemte in droop mode. A ground,cottnection (only one) is placed on the"CT ,rrond,ory.
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