ET 332b
Ac Motors, Generators and Power Systems

LESSON 13 INDUCTION MOTOR MODEL
EXAMPLE

LEARNING OBJECTIVES

After this presentation you will be able to:

Draw the per phase circuit model of an induction
motor

Correctly place motor parameters on the circuit model
Reduce the circuit model and solve of stator and rotor
currents

Compute the motor power and losses

Compute motor torques
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Example 13-1: A 60 Hz, 15 HP, 460 V, 4-pole wye connected induction
spins a mechanical load at 1778 RPM. The motor parameters given in ohms
refered to the stator are:

R, =0.18 =0.20
=1.15 =1.23
Xy = 40 Ry, = 317

Total mechanical power losses (friction, windage and stray) are 170 W

Find: a.) the motor slip; b.) the motor line current; c.) the apparent power
the motor draws from the system; d.) active power drawn by the motor; €.)
motor power factor; f.) total electric power losses of motor; g.) shaft power
and torque; h.) efficiency

Lesson13_et332b.pptx

EXAMPLE 13-1 SOLUTION (1)

Per phase circuit model

L3

ST

Zn Zp

x,-400

f=60 Hz Number of poles : P=4 n = 1778 RPM
PrwtPstray = L7TO0W
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EXAMPLE 13-1 SOLUTION (2)

Find the motor slip
cq MotaR SLIP

G
Ne-Ne  ngs 120§ 12a(Gokz)

e 4
<" 1Roo RPM

_ 8oo- 1178 :
S 180

b} MOTOR LINE CLRRENT — WYE ConnecTEDd  I)° Lo
Redule CiRCwrT

R 0.2 . 5l28
Z,° ——tgXet gane ¥

2, le.3adty le23se= 14,91 432

S=

Ng

EXAMPLE 13-1 SOLUTION (3)

-

ZP: 4,11 Q;el/th Use Farmulag S‘wfwn P(‘eru,ijW{

_L -J-\ ™ .__L_
F e phm Kmifa Lz» ana ¢
J = 14207 /24.89°

S (A2 + 0,003/ 0 +0.825 (%
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EXAMPLE 13-1 SOLUTION (4)

Find Z;, to find the phase current in the stator

i 2= 0.8 t7l.I185 = [ 1eq/801®

X1
[N/ T
A%

i : 2,7 1164 fanr ¢ 14.207/29.85"°
H 2,7 14.985 [ze87°

< R. CURR ELT
- +Z l\ STATO
-ZM Zl P N Vie | 4V | 265.6V
&I': g, = Ve R
265.6£0° L:E\: 17.842 [~28.87°

17 14.885.,28.57°

EXAMPLE 13-1 SOLUTION (5)

CY) Apparent Powe~ S,

B VT VU, T¥ =3 (aeoe)(11.8/428.57 Va
(S, qzic/zmse Vﬂ |

C‘) Adt’vex Powtp Motor Doanos p\‘n

P, V?vulg Cosé CE angle hetween Vand T
O 22.5%°
B2z (9¢9) (12.093) cos ( 26.67)
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EXAMPLE 13-1 SOLUTION (6)

Find the power factor and the total power losses

P 12,98
_ = 087
<) Fe'Sn T 2w 8 Lag

‘r) 7-0+G4’ PLC\ES Rator G,nd qu:@o:-

R
poite B IR R T

NEED I, AND &y

E,® t!EP Zp= 1207 /2.8
T2 17893 LBSTA

EXAMPLE 13-1 SOLUTION (7)

Compute the rotor induced voltage

£ 2(17.8942.67) (1. 207 (24 3%7)
£, 253.5 /30y

Value almost equal to phase voltage

T Er I835/3
Find the rotor current e TN
from the value of E, and 2 2, 1c.41/43°

the rotor impedance, Z, IZ"’ 1S 447 :..G’A?‘A

Power loss formula Pm;? E514 ‘?C,* pc“"‘e
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EXAMPLE 13-1 SOLUTION (8)

: 2, 3y
R ST 3T}, ¢ 8
P 3(54a) Co.2d) + (108 (2. l)

P [43. 2w + 1719w t CoBw
LA3s
, F"_Msc 231w

3083.8)°
N s

6’) S'Ina{% Pawer Ol-n& Tomr.;e,
3(9)&, 35 ey (-0

Pmecl.: S Q.0l22
9mc&l\: “,Zq?.qw

= -8 = 420w 11128.4W
Paete® Preat f}@g}m{ DAz =1l

[SHP
> ;H,f?_g.qw ¢ NEAR RATED
shalit ~ e JHp

EXAMPLE 13-1 SOLUTION (9)

S) SHAFT ToequE (1b-6)

Panlt® 11,1282W
7.4 (Piets) 2 1a4(q 1224 W)
Ts!«a&" N Ty RPM

Tt 4406 (XEsY
h) PP 11128.4W
P 12,48¢w

Nn= L’,‘_Zﬁ_\ﬁ)—xmo% = §9.13%
2,48¢ W

n
oh_: ?::Xm /o
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APPROXIMATE EQUIVALENT CIRCUIT

Approximate Equivalent Circuit - move magnetizing branch

J¥ e
] R
- IR - B!
]
+ =l 1 Re
Im Tee E)
RN Reo

Stator impedance is usually small so there is little voltage drop across Z,
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APPROXIMATE EQUIVALENT CIRCUIT

Adjusting the values of R, and R, affect T
Rz 5
_ 2112 <Y

Ng

Tp

! Rz ) .
R+ | +(x4+x2)°

Above equation derived from approximate equivalent circuit
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END LESSON 13 INDUCTION MOTOR MODEL
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