Ql)

The equivalent circuit of this induction motor 1s shown below:
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(a) The eastest way to find the line current (or armature current) is to get the equivalent impedance Z .
of the rotor circuit in parallel with jX, . and then calculate the current as the phase voltage divided by the
sum of the series impedances, as shown below.
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The equivalent impedance of the rotor circuit in parallel with jX,, 1s:
1 1
Z. = ] =1 1 =1.318+ 70.386=1.374.16.3° Q)

+
j10Q 140+ ;021

JX ) Z,

The phase voltage 1s 208/+/3 =120 V., so line current [ 15

v, 120£0° V
R+ jX,+R.+jX, 010Q +j0210Q+ 13180+ j03860Q
I,=1,=780/-228°A

I, =1,=



(b)  The stator copper losses are

B =3I7R =3(78.0 A) (0.10 Q)=1825 W

(c) The air gap poweris P, =3I, B 3 R,
’ s

> . - R—\. . . - - . - . .
(MNote that 37, "R, 1s equal to 3I,"— | since the only resistance i the original rotor circwit was R, /s,
5

and the resistance in the Thevenin equivalent circuit 1s R_. The power consumed by the Thevenin
equivalent circuit must be the same as the power consumed by the original circuit.)

P =312 =3I R, =3(78.0 A)' (1318 Q) =240 kW
§

(d) The power converted from electrical to mechanical form 1s
P..=(1-5)P =(1-005)(24.0 kW) =22 8 kW
(e) The induced torque in the motor 1s

F
T. = AG = 24-{} kw - =12'}|’_4 N-ﬂ].

ind 9 :
@y (1300 t/min) 27 rad] 1 min }
Ir 60s

(f?  The output power of this motor 1s
Fyr=P Pt —Poe — P =228kW—-500W — 400W — 0W = 219kW

The output speed 15
My =(1-5) My =(1-0.05)(1800 r/min ) =1710 r/min

Therefore the load torque 1s
F, 21.9 kW
Tiua == 0= T =123 Nm
Pn (1710 r.-"rniu)[ T ]{ —
1r )i 60s

(g) The overall efficiency 1s

R, P
n=—"L x100% =—"— x100%
P, 3V, cost

219 kW

- x100% =84 6%
3(120 V)(78.0 A)cos22 8°

n

(h)  The motor speed 1n revolutions per munute 1s 1710 r/mun. The motor speed in radians per second 15

(27 rad (1 mi
@, =(1710 rmm)( im ]( 51;1111
LAr gL 5

J =179 rad's



Q2)
SoLuTioN The shlip at pullout torque 1s found by calculating the Thevenin equivalent of the mput circuat
from the rotor back to the power supply, and then using that with the rotor circuit model.
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(e}
X, (R+jX)  (j10Q)(0.10Q + 021 Q)
CR+j(X,+X,) 0100 +;(021Q+10Q)

o

=0.0959 + j0.2066 (2 =0.2278..65.1° Q3

TH



_ JXy V. — (j10Q)
R+j(X,+X,) ¢ 010 +j0230+100Q)

(120£0° V) =117.520.6°V

Vi

The ship at pullout torque 13

_ R,
\/RT_—:2 +[;X1'H +X:]2

S = 00709 ~0.164

T J(0.0959 Q) +(02066 Q +0210 Q)

Sﬂﬂ.‘;

The pullout torque of the motor 1s

-

V5
Do, [Rl-__: R+ (X + X, ) ]

3(1175 VY

T

max

T =

-

2(188.5 rad-"s}[D.GQSQ Q+\/[D.ﬂ959 Q) +(0.2066 Q +0.210 Q) }

T =210 N-m
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The Thevenin equivalent of the mput circuit 1s:

Xy (R+jX)  (j180Q)(0580Q +j0320Q)
TR+j(X,+X,) 058Q +j(032Q+180)

=0559+ ;0332 Q=0651730.7"0

TH

_ JXy V - (j18Q)
R+j(X,+X,) ° 058Q +(0320+180)

(26620° V)=261.1.8°V

TH



(a) If losses are neglected, the induced torque in a motor 1s equal fo 1ts load torque. At full load, the
output power of this motor 1s 75 hp and 1ts slip 15 1.2%, so the induced torque 1s

n,, =(1-0.035)(1800 /min ) =1737 r/min

(75 hp)(746 Wihp)

(1737 rl_mnj( 2T md}( lmm]
1r 60 s

=3076 N-m

Ting = Tiaa =

The induced torque 1s given by the equation
ViR, /5
EiJI5_'.-'|1||: |:[R'TH +R’2 "I;‘S}z + {XTH +X2 }2 :|

Tind =

Substituting known values and solving for R, /s yields

W (R, /5)

Tind = 2 2
Onee| (R + Ry /) + (X + X, ) |
3(261V)' R, /s
307.6 N-m= . :
(188.5 m¢-"s)[(ﬂ_559+ R, /sy +(0332 +D.386]']
57 0p3_ 205932 Ry/s

(0559+R, /5)" +0.516 |
[(0559+R, /5)’ +0516]=3552 R, /s

[03125+1118R, /5+(R, /s) +0516]|=3552 R, /s

2
(i] —2_434(R3J+D_516=G
5 5

(£]=D.2346, 2.199
. S 4

R, =00082Q, 00770

These two solutions represent two sifuations m which the torque-speed curve would go through tlus
specific torque-speed point. The two curves are plotted below. As you can see, only the 0.077 Q) solution
15 realistic, since the 0.0082 () solution passes through this torque-speed pomnt at an unstable location on
the back side of the torque-speed curve.
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(b) The shp at pullout torque can be found by calculating the Thevenin equivalent of the mput circuit
from the rotor back to the power supply, and then using that with the rotor circuit model. The Thevenin
equivalent of the input circuit was caleulated in part (a). The slip at pullout torque 1s

s - R,
Ry (X + X))

S = 0.077 2 =0.0846

J(0.559 Q) +(0.332 0 +0386 Q)

The rotor speed a maximum torque 1s
Plpions = (1—5) 71, =(1—0.0846)(1800 r/min ) = 1648 r/min
and the pullout torque of the motor 1s
3V,
2e,, [Rm +JR§H +( X + XZ)ZJ

T =




3(261 V)’
T = =
2(188.5 md-"s}[ﬁ_iﬁf;‘ Q+(0.559 Q) +(0.332Q +0.368 Q) ]

Ty =373 N-m

(c)  The starting torque of this motor 1s the torque at sips=1. Tt1s

o ViR, /s
Y o (Rt R /s (X + X,)

3(261 V) (0.077 Q)
Tillli = 3 3
(188.5 m¢-"s)[(ﬂ_559+ 0.077 Q) +(0.332+ D_358)']

=933N-m

Q4)

S.14 (&) Prot =5m—3x&5’x%-4 = 465.78 W
(b) From no-toad test R, = 22% =o0.275
Vi= 22 =20V

Zy = ‘za; = /8.48 ¢
Ru = £22+ = 3 94

X = [18,48° - 3942 = /18.05%
X ¥ X = Xne = 18,050




From blocked - rotor test
RgL = 1239

Sx25%7 = 0 6667 852
R = 0.6667-027= 039678

Zgo= 2B - o024

Xer = [10623- 04667 = o0 7669Q
Xi =X = 038349
Xm = 18,05 - 03834 = 17. 6666 S2
Precise value for RY
R=RaL =R, = 06667 - 027 = 0.3967%

le= 0.3934 +|7.666T — X 03067 = o 405382
IT. 6667

Eﬁuivawnt Circuit ¢5
027 j0.3834 J)0.3834

L 0 4053
5
o— I
(c) ijieci' ing Xm, Sy= R _ 0. 4053
JRJJ + (xl"'x;Jz n/ﬂ-??'z-f-ar ?5’53!
= 0.4985

Maximum torgue occurs at 4.9.85% of Synchrauns speed
It is €las -D t‘/}.; waton
(d) Ra = 02053 _ 4,539

5 o. |
) 17.67 (4053 + ] 0.3834
}4"?55 + JI8 a; : =4.273.£21.83°

Z, = 027+j0.3834 +



208 /i3 _ -]
L= %273 z21.83° 28,104 £-21.85

P.= 3x120.1x28.104 x ¢o5 (-21.83°) = 9396. 8o w

Pag = 9396.800 - 3x 28.104"x0.2T = 8T57.045 W
Prmech = (i1-0.1)x8757.045 = 788/.34I W
Pour = Pohaft = Pmech = Prot = 7881.341- 465.78 = 7415, 561w

HP = i‘%iﬂ = 9.94 CHp)

Q5)

a.f _ P gives 60 = n
120 120

gives N =12-60 = 720rpm

b. Plug and chug...

Toax = — Vi 1= 4160 =38.8knt —m
20,[R, + R+ X2 | 2-3;7[0.8+\/0.82 2]
¢. More plug and chug
S; = R, -9z . 0.093=9.3%
" JRE+ XL 0.8 427
d. f, =sf, =0.093-60 = 5.58Hz
e.Atstart,s=1,(1-s)/s=0
_ V, V, .
ly=———>50 ||St| = ————— note, use line to neutral voltage to compute current
Req + Jxeq Rezq + Xezq
4160/y3 _ 4160 _, .

1| = -
s V12122 V543

f. Ty = ViR, gives 4000 = Vtzi gives V, = 2750V
o,R% +X2) T 2 27)
5

(Reducing voltage is a good way to limit both starting torque and starting current for induction motors.)



g. The small slip assumption is

377
VtzS . To,R, 4000-—-0.2
gives S= =

T= R VR 41602
a)sz t

=0.0035

n=(1-s)n, =(1-0.0035)-720 = 717.5rpm



