LESSON 22: ACTIVE POWER
DIVISION BETWEEN
@ ALTERNATORS

° ET 332b

Ac Motors, Generators and Power Systems
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LEARNING OBJECTIVES

After this presentation you will be able to:

» Explain how active power load divides between
parallel alternators with equal governor droop

» Explain how active power load divides between
parallel alternators with unequal governor
droop

» Define isochronous governor operation

» Compute the load division and system
frequency of a load increase on parallel
generators.
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ACTIVE POWER DIVISION BETWEEN
ALTERNATORS

Governor droop determines the active power division between
parallel alternators

Load shifting requires changes in the To grid

mechanical power of each machine’s
prime-mover
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If Gen A wishes to take more
active power load, prime-
mover power must increase.

Gen B prime-mover power
must decrease or system
frequency will increase.

ACTIVE POWER DIVISION BETWEEN
ALTERNATORS

Example 22-1: Two alternators serve a 150 MW load in an isolated
power system and have identical governor characteristics

60 Hz
P, =0 MW Py =150 MW
To load
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ACTIVE POWER DIVISION BETWEEN
ALTERNATORS
If 50 MW change g
required, pick up 25 E
MW on Gen A g
Py =125 MW
To load
ACTIVE POWER DIVISION BETWEEN
ALTERNATORS
System frequency must remain at 60 Hz so Gen B must lower
its characteristic
Gen B lowers characteristic g@
. N{z 1T32 to reduce load by 25 MW %
60Hz |----- %v\A i—]—s}Y— -- %
P =100 MW
To load
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LOAD INCREASE AND SYSTEM FREQUENCY

If electrical load on system increases and there is no governor
control the system frequency falls

Adding load to a
system with similar
governor droops

Frequency (Hz)
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ISOCHRONOUS GOVERNORS AND
FREQUENCY CONTROL

Isochronous governors - This type of governor can maintain
constant speed for any level of output power.

: A
For isochronous governors —=0 2
Do
w
Gen B is isochronous g
=]
k=]
A Can only change loading A
Al B2 Az Bl by changing A’s
60 Hz T\T\T\ T B characteristic. Changing B
b ! | changes system frequency.
| i ' i Isochronous machine
0 o5 MW 50 MW 125 MW 150 MW takes load changes.
1) Py =25 MW, Py=150 MW P,=P,+Py=25+150 = 1756 MW G

2) P, =125 MW, Py =50 MW P;=P,+Py= 125+50 = 175 MW




POWER DIVISION IN PARALLEL
ALTERNATORS

Use similar triangle solution to find active power distribution in
parallel alternators

o GD:nt_frated
é Prated
z Af So
SR R R S fow ) fe A
1 : nl~ Trated _ 27
! =
APraLed : AP : Prated AP
0 Prated
Power kW EERNT f
. . L Fg A
Rearranging the speed regulation equation gives: GD= P—‘d =P

rated
Where: GD = governor droop

GSR = governor speed regulation

Af = change in f due to change in load

AP = change in load

From Similar Triangles
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Example 22-1: Parallel generators A and B share a total load of
300 kW at 60 Hz.

Machine Voltage Power GSR Freq Load
A 460V 500 kW  2.0% 60 Hz 100kW
B 460V 500 kW  2.0% 60 Hz 200kW

If generator A trips off line determine a.) frequency of
generator A b.) frequency of generator B c.) frequency of the
system
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EXAMPLE 22-1 SOLUTION (1)

Show system operation using power/frequency plots

fnl = frated +GSR 'frated

f,, =60 Hz+0.02-60 Hz fy=61.2Hz
f,=612Hz \ 5
f..4=60.0 Hz s
0kW 1500 kW s
—~ £ g
z g
b frated ——————————— t_}
o 1
El aiiaiatainaieel d et 1= = =7 foew
2 : oA 1 B
P AP, ! ! AP,
0 100kW 200 kW 300 kW
Power kW
After A trips off-line P, =0 and Pz=300 kW
AP,=AP;=100 kW
EXAMPLE 22-1 SOLUTION (2)
a.) For machine A
GSR-f ., Af,
Prated Apa _
AP, =100 kW A tripped off. Now delivers 0 kW i
0.02-60Hz _ Af, =
500kw 100 g

Af, =0.24 Hz

f, =60+0.24 = 60.24 Hz @

power input is not decreased.

Loss of electrical load causes speed to increase if mechanical
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EXAMPLE 22-1 SOLUTION (3)

b.) Since Gen A and B are identical, increasing electrical load
causes frequency to drop if mechanical power input is not increased

f, =60—0.24=59.76 Hz m

¢.) Only Gen B is on-line, so its frequency is the system frequency
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f,=59.76 Hz

Example 22-2: 500 kW 60 Hz 2300 V alternator is
paralleled with a 60 Hz 300 kW machine. Both have
governor speed regulation values of 2.43%. Each
machine carries 200 kW at a frequency of 60.5 Hz. If
total load increases to 500 kW determine:

a.) system frequency
b.) load carries by each machine
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EXAMPLE 22-2 SOLUTION (1)

Machines have unequal governor droops.

61.458 : 61.458 I
60.0

60.0 %
500 kW 300 kW <
60.5 Hy [y g~ — = = = - - — - - Define similar triangles g
----------------
AP, 1 A ‘
:‘_EAPa_’I B
0 P, =200 kW P. = AP.P
— Anew ™ ATTA
Power kW P = 200KW Ppoen=APp+Py
Increasing load causes machines to follow governor curves
EXAMPLE 22-2 SOLUTION (2)
For EACH MACHINT
GSE% I;rml@ti - »Q;F—
% AP
Pr‘u‘é@d _
T ths Cose AP E NF are un kawon §
Pratels™ 520 Ko fraiedg® {eled™ G0 H2 g
Prely =300 Kw GSR, = G3RR=00243 g
Safor MacvEA MACHIVE B
0.0243(CoNz) A 0oz43(6ora) _ s
= AR T aemuw DR
Sonkw A A 2o KW R
AP,= 34093 A AP, + 208.9¢ 1 A%
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EXAMPLE 22-2 SOLUTION (3)

ARt AR= mi
ﬂPf Change In S¢sem lsoad
(Sooxw-4mkw)= AF
AP HART 3920300 + 20871 Af 3 Sao-4w0kW
548697 Hg/kw MS: o kW
AL = 0182 Hz

Trcrease n lsad ~ 608
Ao SC L SN
(;; G,o,gupé.l?z_ugziéo.glx Hz
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EXAMPLE 22-2 SOLUTION (4)

QAPA Omc] QPE ‘(o:_mc) \(rom opljmw\ (‘elaﬂimskl'ﬁg

AP < 39293¢ A = 34293@@:&5 T G2.a14 kW
Apg;@os. "7@[&42'{&\»5(0' IR2Hz)= 37,694 KW
o
AR=lo Ko AR= AP+ AR
S5 ARz AF-AP,
ARy 31586 RW
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EXAMPLE 22-2 SOLUTION (5)

P e PRFALAS 200 kW + G241 KW
@Am: 762 414 Kw

%N@; %4 A= 200kw 7. 69RW

T = 23769 RW

Brew
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