LESSON 19 POWER FACTOR
CORRECTION USING
® SYNCHRONOUS MOTORS

ET 332b
Ac Motors, Generators and Power Systems
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LEARNING OBJECTIVES

After this presentation you will be able to:

» Explain how a synchronous motor can provide
reactive power to other electric loads

» Use circuit model and power formulas to find the
amount of reactive power a synchronous motor
must deliver to produce a given power factor

» Find the motor excitation voltage required to
give a desired reactive power
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POWER FACTOR CORRECTION USING
SYNCHRONOUS MOTORS

Overexcited motor supplied mechanical power to load and
reactive power to the inductive loads of system

Synchronous Condenser

Synchronous motor
designed for power factor
correction. No shaft.
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SYNCHRONOUS CONDENSER EXAMPLE

Example 19-1: 3-phase, 460 V 60 Hz system

Load 1: 6-pole, 60 Hz, 400 hp induction motor operating at 75%
rated output , Efficiency = 90% F, = 82% Laggin

Load 2: 75 kW delta connected resistance heater

Load 3: 300 hp 60 Hz 4-pole Y-connected cylindrical rotor
synchronous motor operating at 50% rated torque angle
of -16.4 degrees Efficiency = 95%X, = 0.667 ohms/phase

Find: a.) system active power load;
b.) power factor of the synchronous motor;
c.) system power factor;
d.) percentage change in synchronous motor excitation to
correct system power factor to 1.0;
e.) power angle for condition in part d.
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EXAMPLE SOLUTION

Find the input active power of all the loads using the load factor and
efficiency.

LOAD | LF2075 9:09a

P - (H00hp)(746w]np) (2:25)
1 Wi=mcries wo-q 5

B.7 298 carw  ITnduction moter
load & B T Resistive heater

Loa«AS Stjnd«(‘oAOuS tator
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L,E: 0:5 %:035

O = (3o} (24¢ w/hp) (2-5)

n3 0.9%
p’.'\S s ”7;7‘30 W %I
EXAMPLE SOLUTION CONTINUED
Find the total input power
PT: p:h[ + EHZ4PH3
Rr = 298,667 W + 75,600 W HIIZN%0wW
=441 957w ]
Answer Part a ‘?
Partb. F, of synchronous motor %5
K =0-667 2 fphase - _
s - / E‘F {‘.: _:BﬂL,
Se -led o 3T 510 (€)
R 2l ey g rmmeean)
Xs 3(2¢s.C)sin (=16 5°)
LoV _ 5,
Ve ﬁ\l.%._ = 2666V
)




EXAMPLE SOLUTION CONTINUED

— 1%, 56€.93
| - e e
,q(‘ 32656 Y (~5.2823)

|El® 295.3v
Ee = 299:3/-k&°
QememLQP
i, T 7wl
T (TN >"ZS: o. 46?&6_51‘

SalVE pR I To FIvD f
- = =z U -E =
v I X7 _Iicirjﬁ

p}nu.va/‘ of grmoture C’J-I’TBJ'\{
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EXAMPLE SOLUTION CONTINUED
Compute the value of armature current

265.6/¢ 3493 fle 4 z

0, 6T /990
(23.¢q Z"BS.ZQ_. 3_
O.4L7 f0 i

-
609 fs5.8 < T

CURRENT LEADS VOLTAGE
bg 35.°

Fp: cose @=F

G Qo&(i&%") 0-8(F LEAD) Ans b
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EXAMPLE SOLUTION CONTINUED

Part ¢. Find system power factor. Construct power triangles for all
loads

e. 798 cLIW
Loed | S ;_—. = 6.82 = 30,252 VA
|
FPfO'%Z
e R
% 2
Q,: \}ST P.M = N 343,282 - 24p cLaw?

Q,: 13,571 VARS

Loed 2 ohtj B 75,000 W

Q:O
Laa:ﬁ 3
F_ “ORI¥ Ph3 “?,?%OW B
-?rut:ﬁ preVLAU-S Sg: '—FI_'P—; < To.ri¥ z HZ)QQP VA

Calgulat &
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EXAMPLE SOLUTION CONTINUED

Find the reactive power produced by the synchronous motor

Qg VS5 - Py = ooy’

Q= -82830 VAIL,
LERDING Fp
CAPAQTIVE [FFFECTS

Sem Read § Reactive Pswens

B 298,¢67w @z 173,57 VAR

£, 75,000 W Qy:Q VAR

Iny

Pm&: 112,790 w Q?-, —szeao VAR
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EXAMPLE SOLUTION CONTINUED

Construct power triangles

Load 1

Load 3

173,571 VAR

Load 2

>

248,667 W 75,000 W

117,790 W

Pr’ 148 CCTW £ 75,000\ 4 (17 790 W
Pr=dat 459w

Qr= 113,501 - 8283ovAR
QFF o 141 VAR

o,z 441487 taf) 2,141 VA
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EXAMPLE SOLUTION CONTINUED
Find the apparent power of the total system

(ST(: \} B +Q2 = \421457> +90,7412

[s,|= 450,c8¢ VA

P 941 9STW (590,
l‘ﬁ: T _- _Wl—l eNSQ

1<y 45, LA VA

Part d. Find excitation of synchronous motor for system unity F,

o Lu\ltT\frFP' S\jnngnau motaer Mgt
S“PPlﬁ =979 | VARS extea 87,832 {\e,?‘;“

moter bperact e
S, 441447 %JO)G,M | VA
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EXAMPLE SOLUTION CONTINUED
Determine the required motor reactive power
Sg’ . Pa ﬂ& (el,\lgot%ﬂ'ﬂ A ALTE i“23,57.'d;'

gg - 799 ]‘7¢S {- 55.83° Total motor power phasor

Find power/phase \f
= ZL“;ZC_SL_E?“: 3,922 /588" g
it g
—_ — ¥k _ ‘
Sgp= \/T I, V; = phase voltage Y-connected
Vps 3% A5y
VA 25.8°V
EXAMPLE SOLUTION CONTINUED
Compute the armature current
a2 /558 < 2050/ z*
= %
e 922 [-553 % L = 3.3 s
lé&eég: =L =) = 5
1.7 2¢3.3 5e.8° ]
EcV,-IX% X,: 0.¢67 /8 :

Ec= 265.0(8 - 23.3¢ssa(o.ccrp)

Eg = voltage at the original operating point and F,

IEl-Eal |
ﬂ s 47272.6-349.3 w@% 2 ZOH?QA T—“’Cz"-be Gm%fe &-: -4
E( 399.2
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END LESSON 19




