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INTRODUCTION
The operatlou of a slngle englne electrlc set is

qutte stralghtfonrard. When two or more electrlc
setg are operated ln parallel, the technlques be-
come more compllcated. However, an understand-
lng of the prlnclples and practlces descrlbed ln the
followlng pages should help the operator.

Mechanlcal and hydraullc goverrrors commonly
used with englne electrlc sets wlll be descrlbed.
Thelr operatlng characteristlcs durlng slngle uuit
and parallel operatlon wlll also be dlscussed, wlth
examples of varloue governor comblnatlons. EIec-
trlc.hydraullc and electnonlc governors are glven a
short descrlptlon.

Fundamentals of alternatlng current generators,
also called alternators, will be followed by des-
arlptlons of slngle unlt and parallel untt operatlon.
Thls wlU lnclude brlnstnC a unlt on the llne ln
parallel wlth others, transferrlng load to the ln-
comlng uult, and taldng a unlt off the llne. The
functlon of the voltage regulator ln the operatlon of
altemators ls descrlbed.

GOVERNORS
T5pes of governors and tlelr characterlstlcs.

Types

A Caterptllar Englne Electrlc Set ls gener-
ally furnlshed wtth one of the following tSpes
of governors:

Mechanlcal - approxlmately lfs speed droop -
(Frxed)

Woodwar"rl UG8 Hydraullc - Adjustable from 0%
to approxlmately 4% spedd droop

Woodwarrl PSG Hydraultc - AdJustable from 0%
to approxlmately 4% speed droop

Two types of governors that are belng used for
speclal appllcatlone are the electric-hydraullc and
electronlc govemors. These are adjustable fron
0% to approxlmately 4ls aped, droop.

Characterlstlcs

The governors llsted above lnclude ln thelr des-
crlptlon a value of speed droop. Speed droop ls de-
fined as the per cent cbange ln englne speed between
no load (hfgh ldle) and full load. Speed droop can
be calculated uslng the equatlon glven below.

NO LOAD FULL LOAD
S P E E D  S P E E D

X  t O O  =  %  s P E E o  D R O O P
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mechantcat governor
le shown ln Ftgure 1. The basic components are a
governor sprlng, a get of weights, and llnkage con-
nectlng these components to the englne fuel rack.
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ti" *"rrh,s are drlven by the englne thmq! gears
of an approprlate ratlo.

The englne speed contnol ts set for the deslred
englne speed. Tbls, in turn, compresses the gover-
nor sprlng and the fuel rack moves to a posltlon to
supply fuel to the engine. When the englne starts,
the welghts rotate. Slnce they are conetmcted to
move under the actlon of centrlfugal force, the
welghts move out as the englne speed lncreases.
Tbls actlon causeE the toee of the welghts to com-
press the governor epring further. Thls movement
continues until the centrlfugal force of the welghts
is ln balance wlth the force of the compressed
sprlng. When the welghts move out agalnst the force
of the governor sprlug, the fuel rack settlng ls re-
duced. The englne speed will stablllze at a value
where the spring force, wetght centrlfugal force,
and englne speed are ln balance.

An electrlc set englne ls customartly set at
'tHlgh Idle" speed when there ls no load on the alter-
nator. Altemators rated 1200 rpm, 60 cycles wlll
be used in the examples that follow. Flgure 2
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shows the speed droop characteristlcs of a BVo
mechanical govemor. In thls case, hlgh ldle speed
is 1236 rpm. Llne ?rA'r represents an ideal BVo
speed droop characteristic. Line rtBrt represents an
actual speed droop characterlstlc. Because of frlc-
tlon losses and limitations of materlals, a governor
speed droop characteristlc is never a straight line.
Thls ls one reason why the descrtpttons of speed
droop percentage include the word trapproximatelytt.

The ideal speed droop characteristlc figure of.37o
will be used ln tbls discussion.

At IVo load, the engine speed or alternator fre-
quency is 1037o of the rated value. Thls represents
61.8 cycles for a 60 cycle system. At 100% load
the englne speed or alterrrator frequency is 10070 of
rated value. Thls represents 60.0 cycles for a 60
cycle system. Speed characterlstics w111 be glven tn
per cent of rated frequency of the electrical system,
or in cycles, Llne ?rCrr of Ftgure 2 represents rated
speed or frequency.

A slmple mechanlcal governor cannot maintain
rated speed over the load range. Thls can only be
accogrpllshed wlth the use of addttional governor
components wbich wtll be mentloned ln the des-
crlptlon of hydraultc governors. The simple mech-
anical governor can malntaln constant speed lf the
Ioad does not vary. When load ls applled, however,
engine speed decreases and the centrlfugal force of
the governor welghts decreases. Therefore, the gov-
ernor sprlng ls opposed by, a smaller force aud
moves the fuel rack ln the dlrectlon to gtve the
englne more fuel to carry the load. The engtne
speed wlll then lncrease untll the force of the gov-
ernor weights agaln balances the force of the gov-
ernor sprlng. Figure 3 shows typical changes ln
englne speed, or alternator frequency when t/S toad,
ts added and then dropped for a englne electrlc set
wit^h 370 mechanlcal governor.

F I G U R E  3  -  T Y P I C A L  P L O T  O F  C H A N G E S  I N  E N G T N E  S P E E D  O R
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A hydraulic governor is capable of being ad-

justed to malntaln constaut speed over the load
range. This is called tflgochronoustr operatlon. Flg-
ure 4 shows a typical speed characterlstlc cuffe
when load is added and dropped from a engine-
electrlc set wittr lsochronous govenlor.

An isochronous governor ls more compllcated
than a slmple mechanlcal governor. A detalled des-
crlption of the pr{nclples of lsochronous governlng
is avallable from such companles as the Woodward
Governor Company.

Two other types of govemors belng used for
speclal appllcatlous are the electrlc-hydraullc and
the electronlc. The electric-hydraullc govemor has
baslc hydraullc governor components with electrlcal
components added. When a load change occurs, the
electrlcal circult senses the electrlcal change and
acts through the governor to change the fuel setflng
to malntain constant speed.

Mechanlcal and hydraullc goveraors sense a
change ln speed as a slgnal that load has been added
or removed aud that a change ln fuel settlng is re-
qulred (Figures 3 and 4). The electrlc-hydraulic aud
electronlc govemors sense load changes directly
and make a corresponding change ln fuel setflng,
thus keeplng the speed changes to a mlnlmum. The
above descrlptlon of the electrlc-hydraulic governor
pertalns to lsochrcnous governlng. These governors
can be adjusted for speed droop. However, they are
capable of being operated ln parallel when both are
adjusted for lsochronous operatlon. This is not the
case wltl the regular hydraulic governors. A bul-

letin from the governor manufacturer descr-lbing in
detail the operatlon of the electrlc-hydraullc gover-
nor ls consldered essentlal before any governor of
thls type ls placed lnto operation.

The electronic governor usually couslsts of the
followlng components:

Hydraullc Prrmp
Oll Reservoir
Hydraullc Servo-motor
Electrlc Control Cablnet



The hydraullc pump ts drlven by the englne. It
draws oil frcm the reservolr and delivers tt to the
hydraullc servo-motor. Servo-motor actlon ls ln-
itiated by a soleuold valve whlch ts operated by
power from the electrlc control cablnet. The servo-
motor moves the fuel rack to lncrease or decrease
fuel to the engtne as requlred to matntain the englne
speed at the value determlned by governor control
settings. The cabinet recelves slgnals from the
voltage, current, and frequency output of the alter-
nator. Electronic governors can be adjusted for
speed droop or isochronous operatlou, lncludlng op-
eration in parallel when adjusted for isochronous
operatlon. A bulletln from the governor manufac-
turer descrlbing the operatlon of the electronlc
governor ls essential before any governor of thls
type ls placed lnto operatlon.

PARALLEL OPERATION OF GOVERNORS

Parallel operatlon of mechanlcal and hydraulic
govemors wlll be descrlbed; the electrlc-hydraullc
and electronlc goverrrors wlll not be covered here.

When parallellng A.C. Generators, the engine
governors must have the same speed droop char-
acterlstics if the sets are to divlde the load in
proportlon to thelr ratlngs throughout the entire
operatlng range.

It ls very important that two baslc facts be-
understood concerning load dtvtsion between alter-
natore operating ln parallel. Flrst, the power sup-
plied to the alternator and thus to the load ls a
function of ttre englne, The englne governor settlngs
and the posltlons of the governor controls determlne
the amount of power delivered by'the englne and the
KW load carrled by the alternator. If the governor
control settlng ls advanced, the englne and alter-
nator wlll assume more KW load. Llkewise, de-
creasing the govemor control settlng will result in
a reduction of load on the unit. Any other units on
the line w111, conversely, elther reduce or galn load
at the same time, assuming no change in total load
or no change in the governor settlngs of the other
units has talen place. Second, the division of power
is not determlned by altemator excltatlon or termi-
nal voltage. The Power Factor at which an alter-
nator wlll operate when paralleled with other alter-
nators is determlned by lts excltatlon. For more
discussion on thls subJect, refer to the section on
Parallel Operatlon of alternators.

As mentioned prevlously, governors furnished
wtth Caterplllar Powered Electric Sets can be either
of two t1ryes, governors wtth fixed speed droop
(mechanlcal) or governors with adjustable speed
droop (hydraulic). The values of speed droop used
are commoriy TVo and IVo. Governors with adjust-

able speed dnoop can be adjusted so thelr charac-
terlstics match qulte closely the characterlstlcs of
governors with ftxed speed droop. The operating
characterlstlcs of the following combinations of gov-
ernors on paralleled electric sets w'i[ be descrlbed.

1. Two BVo mechanical governors.

2. One 370 mechanical or hydraulic governor and
one IVo (isochronous) hydraullc governor.

In the dlagrams that follow, the per cent of
rated load of one untt wlll be shown acnoss the
bottom. The system capaclty w111, however, be the
sum of the capaclties of the unlts operating in paral-
IeI. Percentage ls used in the general cases dis-
cussed. For any partlcular installatlon thls can be
converted to ldlowatts as shown in the following:

S e t A  - 1 0 0 K W - 1 0 0 %

S e t B  - 1 0 0 K w - 1 0 0 %

System - 2Q0 KW - 2A0Vo

Set C 60 KW - l00vo
S e t D  - 1 0 0 K W - 1 0 0 7 0

System - 160 KW - 200Vo

Example L - Two 370 Mechanlcal Governors.

The governor speed droop characterlsflcs of
these two unlts are similar. This is shown by lines
rrA" and 'fBr? colncldlng in Flgure b. If both unlts
are started, set for high ldle speed and paralleled
at no load, the system frequency will be 61.8 cycles
or L03Vo of rated frequency, As load is applled to
the system, the frequency wlll decrease along the
speed droop characterlstlc until the frequency at
full load ls 60 cycles.

Vo oF cycLEs
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If Untt A had been operatlng alone carrying full
load, the system frequency would be 60 cycles as
shown by Line 'rA'r at 60 cycles and 100% load.
Now, lf the frequency of Unit B is adJusted by the
englne speed control to be equal to that of Unlt A
and the circult breaker of Unit B ls closed, the
eystem would be operatlng under the following
conditlons:

1. Unlt A ls at 60 cycles and 10070 load.

2. Unit B is at 60 cycles and 0% load. The char-
acterlstic of the governor of Unlt B at this time
ls shown by the dotted line Bt.

In order for Unlt B to carry load, lt ls neces-
sary to advance the speed settlng of the governor.
If it is advanced to the full load positlon, the gover-
nor characterletlc of B wtll colncide wlth the char-
acteristlc of A. Slnce the load on the system was
L00Vo of. one unlt, no change was made tn total load,
and the avallable capacity ls now 200V0, the system
wlll operate tt 5070 load on each unlt, and 60.9
cycles for two ualts of equal capaclty (Point E).
For unlts of uuequal capaclty, the load wlll be di-
vided ln proportton to the ratlo of the capaclty of
each unit to the total capaclty, and the system fre-
quency wlll be determlned by the polnts on the gov-
ernor characterlstics correspondlng to these loads.
The frequency will be the same for both units slnce
paralleled alternators must , operate at the srme
speed.

If Unit A had been a 60 KW untt fully loaded
and a 100 KW Untt B was paralleled with tt and the
governor adJusted to the full load positlon, the final
load dlvtslon and frequency would be deterrlned
as follows:

a. System load - 60 KW

b. System capaclty - 160 KW

D  K W  R A T I N G  F O R  U N I T

lng Figure 5 for the govemor characterlstic of
the 100 KW unit and readlng up from the value
of load (37.5Vo to point F), we find the system
frequency to be 61.125 cycles.

dn d t r  ava l  Fc

1 0 :  - - - - 9 2 - - e r  s

102
o l

r 0 1

25 50  75  100

:!ili"^a:=Jr-,-frtTiJdik=tilix"?,hH'I""?"i1".tt_i;
Example 2 - One 370 Mechanlcal or Hydraullc Gov-
ernor and one QVo (Isochronous) Governor.

The characterlstlcs of the 370 governor (Unlt A)
ls shown by llue A of Flgure 6 and the character-
istlcs of the lsochronous governor (Unlt B) is shown
by line B. Only at full load, 60 cycles, do the
frequencles of the unlts have the same value. It ts
customary to operate a system of tht6 tlpe wlth a
system load greater than the capaclty of Untt A. In
thls way UDlt A carrles tts full load at 60 cycles
and the addltional load aud load swlngs are handled
by Unit B, also at 60 cycles. The system can
malntain constant frequency by thls method of oper-
atlon. The system descrlbed 1a sxnmple 1 cannot
malntaln constant frequency with load changes be-
cause of the speed droop characterlstlcs of the
governors.

In the system described ln thls example, tf the
load is less than the capaclty of Unlt A (whlch has
the 3% governor) and can be carried by Unit B,
(isochronous governor) UDlt A can be disconnected
from the system. If the load cannot be carrled by
Unlt B, the governor settlng of Unlt A can be re-
duced to glve a governor characteristlc such as At
so Unlt A wtll stlll carry the steady part of the load
and Unit B wlll carry the load swtngs. If the sys-
tem load is reduced to the polnt where Unlt A is
not operating at the 60 cycle polnt of lts governor
characterlstlc, Unlt A wlll try to motor Untt B and
the system frequency may be greater than 60 cycles.
The reason for using an lgochronous governor in a
power system is to maintaln constant frequency.

c. rhe 60 ** orrlo--$-99 * u* ** = 22. b KW
- 160 .t

S Y S T E M  C A P A C I T Y K W  L O A D  F O R  U N I T

d . 100 KW unlt wlll car 
60

rY 
160- 

x 100 KW = 3?.5 KW

The system frequency can be determined readtly
from step c or step d. The load carried by each

2 2 . 5  3 7 . 5unlt ls 
ff o" ffi whlch figures out to be

37,57o of the capaclty of elther unit. Again, us-

e .
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The precedlng 'dlscuselon 
and examples of gov-

ernor operatloD can be summarlzed as follows:

1 . The simplest governor comblnatlon for parallel-
ed electrlc sets ls to have a 3% speed droop
characterlstlc for each governor. If a constant
frequency from no-load to firll-load ls requlred,
one governor can be adJusted for lsochmnous
operatlon. Tbls ls called a rflead unlt'r.

In order for all paralleled unlts to accept thelr
fulI share of the load, the followlng governor
adjustments are requlred:

a. The saYne firll load speed.

b. The same hlgh tdle (no-load) speed ln the
case of mechanlcal governors or hydraulic
governors adjusted for speed droop operatlon.

c. Governor controls set to the blgh ldle post-
tlon so the full governor range ls avallable.

Operatlon of an lsochnonous govemor in parallel
wlth speed droop governors requlres the speclal
tecbalques descrlbed ln example 2.

Any number of electrlc eete can be operated ln
parallel. However, only one govemor of the
gnoup cau be adjueted for lsochronous operatlon
except ln the speclal cases of electrtc-hydraullc
and electronlc govemors.

ALTERNATING CTIRRENT GENERATORS
(ALTERNATORS)

An altenratlng current generator ls often re-
ferred to as an alternator. Thls uame ls used to
prevent confuslng A. C. generators wlth D. C. gen-
erators. A slmple, non-techntcal discusslon of aI-
tematlng currents and alternators cannot be very
comprehenelve, but lt ls hoped that alternator be-
havlor can be made to seem reasonable in the
non-rlgoroue explanatlons that follow. It may be
necessary to read thls materlal several tlmes for
complete understandlng.

If an electrlcal conductor (a wlre) ls passed
sldeways thr_ough a magnetlc fleld, a voltage is gen-
erated ln lt. If a clrcutt lncludlng thls conductor ls
completed, the generated voltage wlll cause a cur-
rent to flow. As sooD as current flow ls establlshed,
force ls requlred to move the conductor through
the magnettc fteld. Electrtcal power ls then de-
veloped from the mechanlcal work done durlng such
movement. This ls au alternator ln lts simplest
form (Figure ?). Conversely, lf some outslde source
of voltage causes a current to flow thpough a con-
ductor placed ln a magnetic fleld, force is required
to restrain the conductor from movlng. If the cou-

i T O R  I N  l T g  S I M P L E E T  F O R M .

ductor ls permltted to move agalnst a lesser force,
mechanlcal work ls done. Thie le the slmplest form
of a motor.

Flgure 8 is a cutaway view of an alternator.
In an alternator, the magletlc fteld ig establlshed
by causlng dlrect current to flow through coll A
wound ou part of the lron structure of the mag-
netlc path - usually, ln the larger machlnes, on
the rotatlng fleld or trrotor[ B. The dlrect current
ls generated by the belt drlven d.c. exclter F and
is supplled to the rotor through brushes bearlng ou
sllp rtngs G. Slnce voltage is geuerated whether
the conductor moves across the magnetic fleld or

FIGURE 8 _ CI,T-AWAY \/ IE\,v OF AN ALTERNATOR WITH A
B E L T  O R I V E N  D . C .  E X C I T E R .

3 .
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the fleld across the conductor, the rotor moves the
magnetlc fleld across arnature conductor C located
tn tle stator D. Amortlsseur bars E ln the rotor
pole faces have geveral functlons, one of whlch is
to improve the wave shape of the ou@ut voltage.
Tbls alternator has an lntegral statlc voltage regu-
lator H. Voltage regulators wlll be dtscussed later.
Flgure 9 showe a simpltfled schematlc of the alter-
nator plctured ln Figure 8.

F I G U R E  9  -  S C H E M A T I C  O F  A N  A L T E R N A T O R  \ ^ / I T H  A  B E L T
D R I V E N  D . C .  E X C I T E R .

When alternate north and south magnetic poles
pass a conductor ln the stator, as represented in
Flgure 10A, the dlrectlon of the voltage reverses

NEUTRAL CONNECTION TO

F I G U R E  I O A  -  S C H E M A T I C  O F  A N  A L T E R N A T O R  V \ , H I C H  W t L L
P R O D U C E  T H R E E  P H A S E  C U R R E N T .
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periodically and an alternatlng voltage ls generated.
The voltage will rlse to a mad.mum value ln one
directlon, decreage through zero to a llke ma:dm'rn
ln the other directlou, and then rlse ttrrough zero
to a maxlmum ln the lnttlal dlrectlon. This ts rep-
resented in Flgure 10B. The varl4tlon of voltage
from one maxlmum polut to the next ma:dmum
point ln the seme dlrectlon conatltutes a cycle.
Most altemators are deslgned and the epeed of ro-
tatlon so chosen that a cycle ls completed slxty
tlmes a second. In sone parts of the world flfty
cycle power ls used.

Frequency, number of rotor poles, and alterna-
tor revolutlons per mlnute are related as shown by
the followlug equatlou:

F P R P M=  t  *6 -

F - Frequeucy ln cycles per second
P - Number of fleld poles
RPM - Revolutlon per mlnute
60 - Sixty seconds per mlnute

For example, 60 cycle current wtll be produced
by a two pole altemator when rotated at 3600 RPM.

F =; .  #  
= 

?*  T39 = 6o cyc les

Llkewlse, 60 cycle cunent can be produced by
a four pole alternator turntng at 1800 RPM or by a
slx pole alternator tumlng at 1200 RPM.

The couductors of the stator, arranged ln colls,
can be so placed that the maxlmum voltage ln two
separate wlndlngs wtll be reached at dlfferent tlmes.
For lnstance, conslder agaln a mtor havlng one
north and one south pole as repreeented ln Flg-
ure 10A. A conductor (T1) at a glven polnt ln the
stator will have a 60 cycle voltage generated in lt
lf the rotor makes 60 revolutlons per secoud or
3600 rpm. Another conductor (T2), placed L20"
around the stator ln the dlrectlon of the rotatlon
wlll reach tts maxlmum at a Later time. If we con-
slder one cycle to lnclude 360 electrtcal degrees
(the passlng of one palr of north and south fleld
poles past a given polnt or conductor tn the stator),
whlch ln this example ls produced in 360 degree
rotatlon of the rotor, the second voltage will reach
lfs ng;Klmrrrn value 120" later than the first and may
be said to be lagging ttre flrst ln phase by 120 elec-
trical degrees. If a third conductor (T3) is placed
an addltlonal 120' around the stator, the three volt-
ages generated will differ ln phase by 120o, as
represented in Figure 10B. Thls ie the usual three-
phase voltage relationsbtp.

o

T

C O D E :  T 1  f 2 - - -  T 3 - - - - - -

F I G U R E  I O B  _  A C T U A L  P L O T  O F  T H E  T H R E E  P H A S E  C U R R E N T
P R O  D U C E D .

NEUTRAL CONNECTION



Manual Voltage Control
The alternator requires excitation of the rotating

field wlth d.c. power. This can be obtalned from
a small d. c. exciter generator as shown in Flg-
ures 8 and 9 or fr"om a statlc source of d.c. power,
one type of which will be mentloned later. Alter-
nators wlth rotating d,c. exclters will be couslder-
ed in the following description.

ALTERNATOR

R O T A T I N G  F I E L O

F I G U R E  T I  -  S C H E M A T T C  O F  A N  A L T E R N A T O R  \ , V I T H
D . C .  E X C I T E R  I L L U S T R A T I N G  H O \ i v  T H E  V O L T A G E
RHEOgTAT CONTROLE ALTERNATOR OUTPUT.

Figure 11 represents an alternator wlth rotatlng
d. c. exclter. The output of the alternator ls con-
trolled by the power available frpm the englne drlv-
ing lt and the magnetic strength of the alternator
rotatlng field. The englne governor controls the
englne power. The exclter output controls the mag-
netlc strength of the rotatlng fteld. The exclter
output ls contrclled by the magnetlc strength of the
exciter shunt field. The magnettc strength of the
exclter shunt fleld ls controlled by adjustment of a
voltage control rheostat, or varlable reslstance, in
the clrcult between the exclter armature and the
exclter fleld.

A slngle alternator operatlng at constant speed
wlll dellver a termlnal voltage wb,ich ts almost di-
rectly proportlonal to lts excitatlon or the magneflc
strength of lts rotattng fteld. When an alternator is
developing rated voltage on open clrcult, its excita-
tlon level ls a certaln value. ff it is desired to
raise or lower the voltage, the excitatlon must be
ralsed or lowered. When the excltatlon ls ralsed
there is more magnetLzlng power (or fteld current)
available than is requlred for generatlon of rated
voltage. Thls power must be expended in some
maDler. In the case of the single unloaded alterna-
tor tlls magnetlzing power ls expended in ralslng
the termlnal voltage. A very small part of it
changes to heat. If the excltatlon ls lowered from
the value requlred to generate rated open clrcuit
voltage, there ls a shortage of magnetlzlng power
and the voltage drops. It will require the additlon
of some magl.etlzing power to ralse the voltage back
to the rated value.

When an lsolated alternator developlng rated
open clrcuit voltage - wtth the excttation fixed at

the value required to develop thls voltage - has a
load circuit connected to tts terminals, the voltage
will cause a current to flow through the load. Thls
same current circulates back through the alternator.
Since all electrlcal clrcults exhibit resistance to the
flow of electrlc current, there will be a loss in
voltage in the windings of the alternator. This volt-
age drop will be proportional to the amount of cur-
rent flowlng and the impedance of the alternator
windlngs. Thls loss of voltage due to impedance
and current flow resembles the loss in voltage due
to a reduction in the magnetic strengtl of the alter-
nator rotattng fteld.

Impedance edsts in A.C. clrcults in the same
manner as reslstance exists ln D.C. clrcults. The
characterlstlcs of an lmpedance ls a comblnatlon of
resistance and reactance. In D. C. circults, the
voltage drop across a clrcuit ls equal to the current
ln amperes flowlng through the clrcult multiplled by
the reslstance in ohms of the circult, E = IR. In
A. C. clrcuits the voltage drop across a clrcutt ls
equal to the current in amperes flowtng through the
circuit multlplied by the impedance ln ohms of the
circult, E = IZ.

If the connected load ts not greater than the
rated load of the unit, the voltage can be returned
to rated value by increaslng the excltatlon of the
alternator. Thls ts done by reducing the reslstance
on the exclter fle1d. Thls results ln more exclta-
tlon ln the exclter. The exclter voltage lncreases
and more current flows through the alternator field.
This lncrease ln current causes an lncrease tn the
magnetlzing power (fleld current) of the alternator
rotor and, correspondlngly an lncrease in the alter-
nator generated voltage. The voltage will rise to-
ward the rated va1ue. Of course, more current will
flow through the load and the alternator as the volt-
age increases, but a settlng of the exciter fleld con-
trol can be made whtch wlll result tn the alternator
operatlng at rated voltage when connected to a load
if the load ls not greater than rated load.

If the exclter control should be advanced beyond
the potnt at whlch the lncreased excitatlon wlll com-
pensate for the voltage drop at the alternator ter-
mlnals, the voltage will rise past the rated value.
Thls lndlcates that too much magnettzing power ls
belng supplied to the alternator rotor. The excess
is expe:ded in lncreaslng the termtnal voltage.

Automatic Voltage Control

The changes ln the contrrcl of the exctter fteld
clrcult can be made to occur automatlcally by the
use of a simple automatic voltage regulator whlch
has a clrcult connected to the alternator termlnals
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as shown ln Flgure 12. Usually the alternatorvolt-
age ls used to energlze an electromagnet. The pull
of the electromagnet is opposed by a sprlng. Both
the maguet and the sprtng can act to move the con-
trol arm of a varlable reslstance element in the ex-
citer'field circuit. If the termlnal voltage decreases,
the pull of the electromagnet weakens and the spring
pulls on the control arm, movlng it in the dlrection
to decrease the reslstance ln the exclter fteld clr-
cult. Thls permlts the excltatlon of the alternator
to lncrease and the voltage lncreases. Conversely,
if the voltage ls too high, tle pull of the electro-
magnet increases and the control arm moves in the
dlrectlon to decrease the excltatton aud thus de-
crease the terminal voltage. The opposlng forces
of the sprlng and the electromagnet are ln balance
when the altemator voltage ls the value set by the
voltage level control.

Detalled descrlptions of varlous automatic volt-
age control arrangements tncludlng statlc regulators
(whtch conslst of electronlc clrcultry wlth no mov-
ing parts) are avallable from Caterpillar Tractor Co.

PARALLEL OPERATION

OF ALTERNATORS

The operatlon of one electrlc set ls not compli-
cated. Increase the governor setting and the speed
lncreases. Decrease the governor settlng and the
speed decreases. Increase the voltage level settlng
and the voltage lncreages. Decrease the voltage
level setttng and the voltage decreaseg. Wheu two
or more electrlc sets are connected in parallel,
maldng changes to governor or voltage regulator
settings glves entirely different results.

In order for two alternators to be operated in
parallel, several conditlons must be met. They are:

1. Same nu:nber of phases.

2. Same phase rotatlon.

3. Same frequency.

4. Same voltage.

5. Same voltage droop.

As dlscussed tn the sectlon on governors, lt ls
not necessary for the mechanical or hydraulic gov-
ernors to have the same speed droop. However, lt
ls necesgary for all the governors of unlts being
paralleled to have 3/e speed droop except one. Tbis
one governor can have 070 speed droop and be used
to control the frequency of the system. The paral-
Iellng operation ls performed wlth the assletance of
a s5rnchroscope or s;mchronlzlng llghts to show when
the frequencles of the altenoators are the same.
Wlth the s5rnchroscope, paralleling ls perfomed
with the polnter, ln a vertical posltlon. Wtth syn-
chronizlng lights, parallellng ls perfolrred when the
llghts are dark. Refer to the Operatlon and Matn-
tenance Instmctlons for the electrlc sets betng
paralleled for more detalls.

When alternators have been paralleled at no load
and no operations have been performed except clos-
ing the clrcult breaker, the machlnes are t{loaflugtt

on the llne wtth no power belug transferred elther
between them or to a load. When a load ls connect-
ed to the system, power ls supplied from the paral-
Ieled units. If they all have the same rattng and
governor speed droop characterlstlcs, the load will
be dlvided equally among them. Any differences iu
kllowatt loadlng should be equalized by adjusilng the
governor controls. To lncrease the kilowatt load
on a unit, the governor control should be advanced
farther ln the dlrection to lncrease speed. To de-
crease the load, the control should be moved in the
direction to decrease speed. For small movements
of the governor control, the change ln system fre-
quency wtll be negltgible ot zero. However, changes
in kllowatt load among the engines may be apprecl-
able. To insure balanced kllowatt loading of several
electrlc sets, a separate kllowatt meter for each
one ls extremely helpful.

There is a misconceptlon that an alternator op-
eratlng in parallel can have lts kilowatt load changed
by changlng lts excltation or magnetlzltg power. It
seems loglcal that if the voltage level control setting
is lncreased there wtll be an lncrease tn kilowatt
Ioadtng of the alternator in a manner slmllar to
that e>cperienced when an alternator is operating by
itself. This is not true.



If the magnetizing power of an alternator ls ln-
creased beyond the value requlred to malntaln the
voltage of the alternator at the same value as the
system voltage whlle the alternator ls dellverlng
the amount of power deterulned by the englne gov-
ernor settlng, the excess magnetlzlng power goes
out frpm the alternator lnto the system as MAG-
NETIZING POWER. Thls fact shows up as an ln-
crease in amperes belng furulshed by the alter-
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nator. Flgure 13. There ls no lncrease ln kllowatt
output slnce the ldlowatt output ls determlned by the
governor settlng. The alternator power factor ls
lowered. (Power Factor ts brlefly descrlbed below.
For a detalled descrlptton, refer to the addendum on
page 15.)

Three-phaee power ln a purely reelstlve clrcult,
such a.s one havlng only lncandeecent lamps or heat-
ers, ls deftned as the product of volts, amperes and
a constant. As an equatlon, thls would be stated as
Watts = V x A x 1.732. Three-phase power ln a clr-
cutt havlng resletance and lnductance, Buch &s one
havlng lamps and motors, ls deflned as the product
of volts, amperes, a congtant, and power factor. As
an equation, Watts = V x A x 1. 732 x (P.F.). The
power factorof a aystemvarles between 1.0 (untty)
for a system \rlth all reslsta.Dce and no lnduotance
and 0 (zero) for a theoretlcal system wlth all tn-
ductance and no reeletance. If there were guch a
tblng as a perfect lnductance wlth no reslstauce,
no power would be requtred to clrculate amperes
through the system. Thts ls shown by the equa-
tlon W = V x A .x 1.?32 x (0). If the major
portion of a load ls reslstlve aud a small por-
tlon ls lnductive, the equatlon mtght look llke ttrls:
W = V x A x 1.732 x (.8). Most induction motors
operate at a power factor near .8 when loaded near
thelr rated horsepower. If a load operates at a pow-
er factor less than unlty, lt lndlcates that there ls
some lnductance in the load. Thls lnductance re-

qulres magleflzlng current. Thls magnetlzlng cur-
rent ls necessary to fom a magnetlc fleld, but lt
does not contrlbute dlrectly to the performance of
useful work. The best example of tbls ts the squlrrel
cage inductlon motor. Thls motor has no separate
excltatlon source to form a magnetlc field so tt
draws magnetizlng or reactlve a^mperes from lts
power source to forn a magnetlc fleld. It also
draws actlve amperes to transfom into shaft horse-
power fmm rotatlon of lts rotor.

The ratlo of aetlve amperes to total amperes is
the same as the power factor value. Actlve and re-
actlve aynperes are not slmply added to get total
emperes. The mathematlcs entalled are beyond the
scope of thls presentatlon. The ammeter ln the
altemator swltch-gear shows the value of amperes
reeultlng from aotlve a.nd reactlve amperes flowlng
at the same tlme.

Returntng to the paralleled altemator, lf the
magaetlzlng power of an altemator ls lncreased be-
yond tbe value requlred for the alternator to dellver
power to the system at the power factor value of
the load, the excees magnetlzlng power flowe lnto
any other alternators supplying the system and, as
a result, thelr exclters reduce thelr excltatlon or
magnettzlng power slnce THERE IS ONLY ONE
TOTAL VALT]E OF MAGNETIZING POWER RE.
QUIRED FOR Al,[Y ONE SYSTEM. Thle value le
flxed and ts detemlned by the power factor of the
load. A11 alternators ln the system should share
lt proporttonately.

The method used to control the magnetlzlng power
of an alteraator ls called "trroltage droop'f. It has
been e:rplalned prevlously that speed droops ln gov-
ernors 1g used to dlvtde the kllowatt loadlng of
engine-drlven alternators. An englne that tends to
speed up and carry more than lts proportlonate
share of the load wtll then tend to slow down aDd
drop ttrls lncrease ln load or conversely, an englne
whlch tends to drop part of lts proportlonate share
of tle load will, wlth a goverrror havlng speed
droop, tend to speed up and agaln plck up lts pm-
portlonate share of the load. Also, remember that
active power (I(W) loadtng ls deterrlned by the gov-
ernor settlng a.ud the regulator controls reactlve or
magnetlzlug power. If an alternator should lncrease
Its magrretizlng power ln excess of lts proportlonate
share for the system, lt ls uecessary to reduce the
exclter output of thle unlt to bring lts level of mag-
netlzlng power back to the proper value.

The lncrease ln magnetlzlng power shows up as
an lncrease in Ilne amperes so the use of a clrcult
sensltlve to line urmperes should furnlsh the neces-
sary control. Thls clrcult should act to reduce the
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magnetlzlng level of the alternator as the line am-
peres increase. Slnce, for an indivldually operating
alternator, thls would cause a decreage in voltage,
the clrcuit ls called a 'Voltage droopr? circult. It
generally operates as follows: An increase ln ltne
amperes causes a voltage to be generated ln the
secondary of a current transformer. This voltage
is added to the alternator voltage lmpressed on the
regulator. The regulator senses the increase in
voltage and acts as though the alternator terminal
voltage is too high. It reduces the magnetizlng
power of the exclter fteld by reduclng the exclter
voltage and correspondingly reductng the power to
the alternator field and the magnetizing power of
this field. Slnce the voltage of a paralleled alter-
nator cannot change, but must remain the same as
the bus voltage, the reduction in magnetizing power
acts only to reduce the magnetizing amperes being
furnished by the alternator. Conversely, if the mag-
netizing power of the alternator ls too low, this cir-
cuit acts, within its capacity, to cause the voltage
regulator to increase the magnetizing power of the
paralleled alternator so it will be furnishlng its
share of magnetizing power to the system. A volt-
age droop adjustment causing a BVo to 870 drop in
voltage from no load to full load at rated power
factor is usually required for satisfactory divislon
of ampere loading. The largest amount of droop
that can be tolerated by the load should be used to
insure stable operation.

Voltage droop circults can mistakenly be con-
nected in reverse. In this case, the voltage from
the current transformer secondary subtracts from
the voltage of the alternator terminals. The regu-
lator acts as though the alteraator voltage were too
low and increases the magnetizing power of the
alternator. This causes the ampere output of the
alternator to become excessive. The increase in
amperes acts to increase the voltage subtracting
from the alternator voltage impressed on the regu-
Iator and the regulator continues to act to increase
the magnetizing power of the alternator. Tbis power
can increase to the limit of the capacity of the ex-
citer. The current can easily exceed the rating of
the alternator. The circuit should always be checked
against the regulator manufacturer,s instructions.
Proper connection of the voltage droop circuit can
also be checked when the alternator is loaded in-
dividually in the process of adjusting the amount of
voltage droop prior to paralleling the alternator. U
the voltage falls when a load having a lagging power
factor is connected to the alteruator, the droop cir-
cuit is connected properly. If the voltage rises, the
circuit is connected improperly. Reversing the wires
at the current transformer primary or secondary
will usually correct the situatlon. Returning to the

paralleled alternator, when the voltage droop is ad-
justed to control the ampere output of the alternator
so the magnetizlng power delivered by the afternator
to the load wlll not exceed the proportionate value
for the alternator, then the power factor of the aI-
ternator output will be the same as the power factor
of the load.

If the alternator should furnish more than its
share of magnetlzing power, its power factor would
be lower than that of the load. ff it furnlshed less
than its share, its power factor would be btgher
than the power factor of the load. Nodce that
things seem to be backward in the above statement?
This happens because power factor decreases as
magnetizing power increases, and vice versa. It ts
possible to have a paralleled alternator operate at
such a low magnetiztng level that magnetizlng pow-
er must flow into lt from tle system in order to
keep the alternator voltage at the eame value as tle
bus voltage. In tltls case, the alternator is sald to
be operating at a leadlug power factor. By defini-
tlon, an alternator delivering magneflzlng power ls
operating at lagglng power factor whereas an alter_
nator recelving magnettzlng power ls operating at a
leading power factor. Also, by definition, a motor
rqceiving magnetizing power from its power source
is operating at a lagglng power factor whereas a
motor deliverlng magnetlzing power to lts power
source is operating at a leading power factor. Thts
latter case is somewhat rare and is represented
by a synchronous motor operaflng with tts magneti-
zlng level higher than that requlred to furnlsh only
the magnetlzing power required to keep the motor
in synchronism and carry its connected load. Lead-
ing power factor motors require speclal deslgn
characteristics for whlch a premlum prlce ls usu-
aIIy charged.

In onler to cause the paralleled alternator to
deliver power to the system, the englne govenror
control must be advanced so the engine will tend to
speed up. Thls operailon has already been des-
crlbed in the sectton on govenrors. The englne-
alternator combinaflon will not actually speed up.
The alternator rotor will advance several elec-
trical degrees from the no-load posiflon. Tbls ad-
vance is made wlth respect to tle neutral or center
of the north and south poles of the rotating mag-
netic fleld. The alternator rotor condnues to rotate
ln synchronism wlth the rotating field produced in
stator by virtue of its being connected to the system.
As the govemor is advanced, the alternator will
start to deliver power. It will also deliver mag-
netizing power if the system requires it. When the
governor control has been advanced to the hlgh idle
position, the unit ls capable of delivering power
over lts full range from no-Ioad to fult-Ioad depend-
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lng on the requlrepents placed on lt by the system.

The governor speed droop characterlstlc acts to

cause the engine to dellver its proportionate share

of the load. If the engtne tends to take more load,

it w111 tend to slow down and drop thls addltional

load. If the engine tends to drop some load, it will

tend to speed up and take some load. It requires

some imagination to visualize these operations and

understand them. Also, the alternator voltage droop

characteristlc acts to cause the alternator to deliver

its proportionate share of magnettzing power to the

system and the load. If the alternator magnetizlug

power tends to rise above its proportlonate value,

the voltage droop clrcult acts to decrease the mag-

netizing level of the alternator to its correct value.

If the alternator magnetizlng power tends to fall be-

low its proportlonate value, the voltage droop cir-

cult acts to increase the magnetlzlng level of the

alternator to its correct value.

Most electrlc power stations have llmited ca-

pacity so consideration must be glven to the llmi-

tatlons of the installation. These limitatlons lnclude

sltght varlatlons ln frequency and voltage, and

llmtted power. Under these conditlons, changes ln

load wlll result ln small changes ln frequency as

govenrors operate along their speed droop charac-

teristlcs and small chaages ln voltage as regulators

operate along their voltage droop characterlstlcs.

The sudden appllcation of large blocks of load wtll

cause dips in frequency and voltage' The size of

these blocks of load must be checked against the

capaclty of the system slnce too large a load sud-

denly applled can cause the system voltage to dip

low enough that some loads may be disconnected

automatlcally by low voltage protectlve devlces.

Aleo, slight dlscrepancles lu the adjustment of gov-

emors or voltage regulators can result in frequency

being htgh or low, voltage being high or low, load

unbalanced, or unequal dlvlslon of amperes between
generators. A full complement of switchboard ln-

strurnents lncludlng voltmeter, atnmeter, kllowatt

meter, aud frequency meter for checking each gen-

erator ls extremely helpful ln balanclng the opera-

tlon of paralleled alternators. This ls particularly

true for a power plant with more than two gener-

ators operating at any one tlme.

Under the condltlons described above, an englne-

alternator untt will automatlcally follow the load

variatlons and continually deliver lts proportionate

share of the load requirements. A small amount of

practice by an operator coupled with a study of the

various operating steps and thelr effects on each

other, qrill build confldence and bring understandlng

of the equipment to the oPerator.

LOAD TRANSFER AND DISCONNECTION OF

PARALLELED ALT ERNATORS

When two or more electric sets are operating

in parallel and it is known that the total load will

be less than the capacity of all the units and will

not cause an overload if the number of paralleled

units is reduced by disconnecting one or more units,

the load can be transferred to an adequate number

of units and the others disconnected from the load.

The following discussion is an explanatlon of the

actious of governors and regulators on engiue-

electric sets durlng load transfer and the discon-

nection of one or more unlts from parallel opera-

tion. This discussion will cover the gperation of

two unlts. If more than two unlts are operating' the

same princlples apply to the complete system.

If the system were initially started with the

unlts unloaded before beiug paralleled, the speed of

each engine would be rated speed plus speed droop

as show'n at points A and D of Figure 14. The

voltage of each rrnlf rveuld fs rated voltage plus

voltage droop as shown by points G and K. With

these conditions, the circuit breakers can be closed

to place the units in parallel. When the system is

loaded, the englne speed will follow the governor

speed droop characterlstics and the alternator volt-

ages will follow the regulator voltage droop charac-

teristics. With 5070 load on each unit, the engine

speeds (and the frequency of the system) will be as

shown by points E and F, and the voltage of the

system will be as shown by points L and M' At

full load on each unlt, the englne speed and the
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frequency of the system will be as shown by points
B and C and the voltage of the system wil1 be as
shown by H and J.

If it is known that the steady load on the system
. for a period of time wilt be 50Vo or less of the total

\.;/ capacity of the alternators, it may be desirable to
transfer the load to one unit and disconnect the
other unit from the system, In this case, the unit
still operating will be loaded to l00vo or less of its
rating. Note that in the preceding paragraphs, the
two units were paralleled with the governors at their
high idle settings. In order to transfer the load to
just one unit, for example Unit Two, the governor
control of Unit One is moved in the rrreduce speedil
direction untll the k.w. meter for alternator one
indicates zero k.w. In the event that there are no
k,w. meters for the installation, then the ammeter
for alternator one should show a mlnlmum indica_
tion which is not necessarily zero amperes. At this
point, Unit Two is carrylng aII the load and, if this
load is L00Vo of. the rating of the unit, the speed of
the system will tend to be at point C and the volt_
age of the system will tend to be at point J.

What has occurred in the above paragraph is that
the governor characteristic of Unit One has been
moved down to the points Ar and Bt (Figure 14) and
thls unit is floating on the llne, but carrying no k.w.
load; however, as the load was increased on Unit
Two, its speed followed the governor characteristic
Iine from point F to point C. ,As the load increased
on Unit Two, the voltage of the alternator tended to
follow the voltage droop characterlstic from point M
to point J. Also the voltage of alternator one tend_
ed to follow its voltage droop characteristics from
point L to point G. This tendency for the voltage
of the unloaded unit to rise as the k.w. load on the
unlt is reduced can result in an indication of am_
peres on the ammeter for alternator one even though
the unit is delivering no k.w. to the system. What
has occurred is that the voltage droop circuit of the
regulator has tended to increase voltage as the load
on the alternator is reduced. Thts is accomplished
by the exciter furnishing additional magnetizing
power to the generator. This magnetizing power is
ln excess of that requlred to maintain rated voltage
in the system and magnetizing amperes are delivered
to the system. These magnetizlng amperes are
shown by the indication of the ammeter for alter-
nator one. If this indication is a fairly small value
such as 20Vo or less of alternator rated amperes,
the circuit breaker for Unit One can be opened and
the unit discorulected from the system.

If the amperes indicated on the ammeter for al-
ternator one are greater thao. 20Vo of the alternator
rated amperes, or if the device for disconnecting

the unit from the system is a hrife switch, it may
be desirable to reduce the mapetizing amperes to
a much smaller value before disconnecting the unit
from the system. Thts ts accompllshed by reducing
the setting of the voltage level control of alternator
one. Turning the voltage level control in the direc-
tion to reduce the voltage will reduce the magnetiz-
lng power of the alternator and the voltage droop
characteristics of alternator one has been moved
down to the points Gr and Hr. Under these condi-
tions the engine is floating on the system as shown
by Ar and is delivering no power to the system, and
the alternator is floating on the system as shown
by G' and is delivering no magnetizing power to the
system. Under these conditions Untt One can be
disconuected with a mlnimum of dlsturbance to the
system and Unlt Two will be carrying the complete
load. If the voltage or the frequency of Unit Two
has varied from the desired values during thls oper-
atlon, they can be corrected by minor adjustments
to the governor and the voltage level controls.

SWITCHGEAR INSTRUMEI.{TS AND REGULATORS

Instrumentation used with alternators can vary
from none to very complete instrumentation. Sing1e
unit operatlon can be accomplished without instru_
ments. This is very common. The engine governor
is adjusted for the high idle speed which will result
in rated speed at full load. The alternator regulator
is normally adjusted for zero voltage droop. The
regulator voltage level control may be set for rated
voltage with a very precise regulator or for a
slightly higher voltage if there ls some inherent
voltage spread in the regulator characteristic. The
unit ls then connected to the load lines. As long
as the governor and voltage control settings are
not changed, the unit can be operated without
lnstruments.

Parallel unit operatlon cannot be accomplished
without instruments because of the necesslty of hav_
lng equal voltages and frequencies before the unlts
are paralleled. Minimum instrumentation would be
a voltmeter for each unit and a set of synchronizlng
Iamps. It is customary to pror,,lde an ammeter for
each unit as a check on the output of each unit. The
power output of each unit ls not indicated by the
ammeters slnce currents for kllowatts and mag_
netlzing power are indicated slmultaneously by the
ammeter. If the governor or voltage regulator ad-
justment is not correct, it is difficult to determine
which ls ln error and to make the proper adJust_
ment, particularly during operation. It is usually
necessary to remove the load, take the units out of
parallel, make the necessary adjustment, and re_
parallel the units. Addttional instrumentation makes
this unnecessary.

l 3



The tnstallatlon of a kllowatt meter for each
unlt is useful ln settlng govertor controls, partlcu-
larly when addfng or removlng unlte durlng contln-
uous operatlon of an electrlc plant. The kllowatt
meter lndlcates the power output of the unlt. By
varylng the governor speed control settlng, any unlt
can be made to furntsh any deslred amount of power
up to lts full ratlng. Loade can be dtvlded equally
between rrnlf,g ef the eame ratlng or propoitlonately
for unlte of dlfferent ratlngs. Kilowatt meters are
partlcularly usetul if the power plant ls operated
wlth a lead unlt adJusted for lsochronous operatlon.
The load on each unlt ls clearly seeu. Overloadlug
the eystem can be prevented by starttng addtttonal
unlts before changes tn totel load cause overloadlng
of the eystem.

Two other useful meters for power plant opera-
tlon are the power factor meter and the ldlovar
meter. The power factor meter lndlcates the power
factor of the power deltvered by an alternator. If
there ls not a set of load lnstruments, the power
factor of each alternator ls the same as the load
power factor tf all the alternator power factor
meterg lndlcate the same value. If these power
factor meters show dlfferent values, the magnetlzlng
power of the alternators ls not ln proportlon to
thelr ratlngs.

Assu.me an .80 power factor load and two unlts

on the llne. If UDlt One lndlcates . ?0 power factor
and Unit Two lndicateg .85 power factor, Untt One
ls dellverlng too much magnetlzlng power and the
excess ls causlng Unlt Two to operate at a higher
power factor; thls ls lndlcated by the power factor
of Unit Two belng greater th'n the load and the
power factor of Unlt One belng less than the load.
Power factor can be equallzed between the unlts by
reduclng the magnetlzlng power of Unlt One. Thls
ls accompllshed by reduclng the voltage level settlng
of Unlt One. The power factor of a paralleled unlt
ls lncreased by reduclng the voltage level eettlng of
Its alternator. The power factor ls decreased by
lncreaslng the voltage level settlng of an altemator.
The power factor of all other unlte ln the llne wlll
vary ln the dlrectlon opposlte to tbat of the unlt
belng adjusted. If the three-phase load ln a system
ls not balanced wtthln ten per ceut, the lndlcatlon
of a power factor meter may be ln error by approx-
lmately .05.

MagnettztDg power ls aleo called wattless or re-
active power. It can be measured by a reactlve
kilovoltampere meter. Thls meter ls slmllar to a
ldlowatt meter, but tt measures reactlve or mag-
netlzlng power lnstead of actlve power. Equal or
proportlonate lndlcatlons by KVAR (ldlovar) meterg
lndlcate equal power factors. Indlcatlons of KVAR
meters are not lnlluenced by unbalanced loads.

;
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POWER FACTOR, voltage, efficiency, KVA, phase,
amperage and KW. All these terms seem to have a spe-
cif ic mystery about them. They are terms whose defini-
t ions are generally misunderstood and often misquoted.
This lack of complete understanding is reflected in such
questions as, "If an A.C. generator is rated 24O volts
and 300 amperes at 0.8 power factor, why can't the
generator produce 240 volts and 300 amperes at 1.0
power factor?" Very simply, the answer to this ques-
tion is - the generator is capable of this outpur, but
it is possible the engine wil l not be set to deliver
enough horsepower to permit the generator to carry the
load at rated speed. To help clarify these terms and to
explain further the simple solution to this problem, let
us explore a typical engine generator setup.

Taking, for example, a naturally-aspirated, D342
Electric Set, we wil l investigate the characteristics of
both the engine and generator. In starting, we wil l
make a few assumptions and explain a few terms. First,
we will assume the generator to be )O/o efficient, which
is about an average for generator efficiency. fhis effi-
ciency indicates that if to0 horsepower were applied to
the generator shaft, only 90 horsepower could be ex-
tracted frorn the generator as electrical energy. The
1016 loss within the generator is due basically ro bear-
ing friction, windage, and heat losses. We can further
de6ne one horsepower as being equal to o.746 KV of
electrical power and that KW (kilowatts or 1000
watts)  is  equal  to  KVA (k i lovol t -amperes or  1000
volt-amperes) times the power factor.

The naturall l-aspirated D342 Electric Set is rated
100 KW at  1200 rpm. For  an engine to del iver  100 KW
frorrr a 9Of6 efficient generator, the following horse-
POwer ls necessary.

1 0 0
O.g  ,  . -746= 

149 horsepower

Now we have established that to produce f00 KW
from a 9o16 effi.cient generator, 14! horsepower will be
required. This does not include any capability for
overload.

The D342 N.A. Electric Set Engine, set for t236 tpm
high idle and tz00 rpm full load, has a factory rack
serting of 0.180. This produces a parallel operation
rating of 170 horsepower without fan. The engine is
then capable of driving a 9016 efficient generator with
the following rating (again without including any
capability for overload) :

I 7 0  x  0 . 9  x  0 . 7 4 6 = ,  t 4  K W

Actual ly, this engine is capable of powering a gen-
erator rated ^t l l4 KW. Standard generator rat ings
do not include a 114 K\W rating, so a 100 K\W gener-
ator wi l l  be used. This also gives the unit a capabil i ty
for small  overload.

The nameplate data for this sample generator are:

KVA 125 Amperes-  300-150 RPM -  1200
KW r  00  P.F .  -  0 .8
volrs - 240-480 cycles - ;o Phose - 3

Considering these i tems one at a t ime; f irst,  KVA is
equal to the rated voltage t imes the amperage t imes
I.732 (or ,6 - a constant required for three-phase
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FIGURE l - In lhe i l l ts t rnt iot t ,  note t l rat
lor  e i tber lcading or  ldgging pouer
lnctor  loads at  t ine (T ) ,  to l tage is  at  i ts
penk (A) and curent  is  less t l tan peak
( ) ,  KW (or t rne pouter)  is  tben rhe
result ol aoltage (A) times current ( ),
u ' l tercas KVA (or  dpparent  pou,er)  is
crltal to peak t'oltage timts pcak am-
pares,  Tberelore,  i t  can be seen tbat  KW
erltals KVA only at tni!7 pou'er lac!or
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generation) divided by 1000 (because KVA means
1000 vA).

Using the nameplate information, the KVA for this
particular three-phase generator would be:

Volts sta.at

As previously stated, KW equals KVA times power
factot. Therefore, the KW output of this generator
equals 125 x 0.8 or lOq K\Uf. One can readily see that,
at unity or 1.0 power factor, KVA would equal K\7.
Further investigation of power factor would reveal it
to be, "The ratio for expressing what part of the ap-
parent power (KVA) flowing in an AC circuit is true
power (KW)," or P.F.:KVKVA.

Power factor can be either leading or lagging de-
pending on the load. Figure 1. A leading power factor
can be caused by, an excessive amount of capacitors
connected to the load, a lightly loaded synchronous
motor, or an induction motor being driven by its load.
Lagging power factor loads are comprised mostly of
induction motors. Unity power factoi loads are com-
posed of electronic devices and resistance loads such
as lights and heaters.

Standard industrial generators are rated 0.8 P.F.
lagging since the average industrial load includes
motors and other equipment which operate at this
power factor. The maximum value for power factor is
1.0 and the minimum is 0.0. The most common value
range is from 1.0 to 0.8 (lagging). Leading power
factor information is also included here although it
will seldom be encountered in practice. The letters in
the column of the table labeled "GRAPH LINE" fur-
nish a cross reference between the tabulated data and
the information in the graph.'(Figure 2).

The table and its companion graph indicate how
power factor affects engine and generator loading.
Using the aforementioned engine, generator data and
performing the necessary calculations with the previous-

- l-
-

FIGURE 2-Chatt shou'ing bow pouter lactot affecls en-
gine and generdlor loadhzg.Tbe engine is rated 149 borse.
pouer at 1200 rpm, Tbe tbree-phase generator is rated 240
uolts, 100 dm|etes and. 0,8 pouer factor (lagging) at
1200 rpn,

ly' described equations, various
loaded conditions (including the
rated 0.8 lagging power factor)
have been simulated and plotted.
Now, with the aid of this graph,
it can be seen why the simple
solution could be given to the
original power factor question.
It can now be seen that:

1. At an1' power factor in ex-
cess of rated (in this case an1'-
thing over 0.8), the output of
the electric set is limited by' the
engine horsepower.

2, At an;1, power factor less
than rated, the output of the
electric set is limited by gen-
erator amPerage.
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