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An induction motor develops 15kW to a load at a speed of 2950 rpm. Find
o~ e ———
"y ‘ j': 5@ / Hz
‘ the frequency of the stator current and number of poles ~
P= pﬂl/cs
2 . T T
/A 1.2 | the motor's slip s. s= . {6 :}/‘V;
x 3 : :
N | 1.3 | thedeveloped torque in the motor in N.m under these conditions. Tui= ¢ &. 55‘/ﬂm
(_/ “1.4 | the operating speed of the motor if its torque is doubled. Nm = / 7 Tpai
1.5 | the power that will be supplied by the motor when the torque is doubled. | Py = J kW
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Question # 2 (4 marks)—>» Ny = \Lg

- Yis @//

A 480-V, 4 pole, 60 Hz, 50-hp, three phase induction motor is drawing 60A at 0.85 PF lagging, The stator

copper losses are 2 I\W and the rotor copper losses are 700 W. The friction and windage losses are 600
Wand the core losses a are 1800 W. Draw the IM power flow diagram and find the following quantmcs

2.1 | The input power P}, T b/Q Y kW
2.2 | The air-gap power P, -@?8 gg/k’w
2.3 | The power developed Py Py=—32=%%7, ‘1|)V/
2.4 | The output horse power Py, Pou = ZZ2Z S o
2.5 | The efficieney of the motor 1 m= = ? ﬂ 7+ Z//
2.6 | The motor speed ny, =) 47 é UI/
2.7 | The torque developed Ty Ti= ) o A7 B'm/
2.8 ‘I—I.N. output torque Ty, Tow= Q c J 5 /Nm
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Oucstlontiii(lﬁ marks) /‘—D Ne = ) 8 ( L&
A 4060-V, 25-hp, 60 Ho, four-pole, w@ wound-rotor induction motor has the following
impedances in ohms per phase referred tg (he stator circuit:
R1=0.641Q Ry=0.3320) Xi=1.106 Q X2=0.464 © Xm=26.3 Q
The core loss is lumped in with the rotational Tosses. The fotal rotational losses are 1100 W and are

assumed to be constant, For

a rotor slip of 2.2 percent at the rated voltage and rated frequency, use the
IEEE motor equivalent cireuit to find the motor's s

>

“ e i
synchronous speed n, ng= \ Qo= rpm
rotor speed n,, =) Flo-. ﬁ’ . pm /
: Aefbor 2 hi= 1€ .97 A AN,
magnitude of stator current ;| and 3/ ail \ /
< . T = e 'S
PFy at the above slip ff=o .83 % 7 ~/
T v F = <f, LAY
Thévenin's equivalent voltage Vy, and Vi =254. 8§ Z/K
; . . 7o o Q
Thevenin's equivalent impedance Z, Zm=) 129 /&2
e : L= /8. TAGHLZ A
magnitude of rotor current |I| and LL-’)
. PF= & , - \
PF; at the above slip 5 L
P W= \ \ ’ ‘5 ?é kW
converted power P,y and ce ' / kW
n1 . e P Pg = } [ Y gg .
airgap power P, L N \J(
— Tai : m
developed torque Ty d 5 \ O
3.6 T = 8‘/ m
load torque T L 6_6- = ) t{’ ) L{
i = el -
the starting torque of this motor Ty Ty KT
3.7 . i ent II" [ “2:‘.[[ = L . A
magmludc of rotor starting curr 2st 2 L? Lo’ S
= o m
the maximum torque of this motor Ty Tax 3 _/J
3.8 - » N _— Rrmax = [L(‘{O \/ pm
the speed at maximum torque 27, s <
; = A i m
the new maximum torque of the motor Tumew | Tmamew 7
. . = W
3.9 | and the speed at which the n?axinmtl):]n ;ox’(}ue nov Wi = \0 \@o/ pm
g . o 1Q ubled, Tmax
occur, if the rotor lLSlStdl](ib 1s do ax —~ Nm
the new starting torque of the motor Ty, if the | Tpmew -\ol IV .
Y rotor resistance is doubled, 7w
3.11 | Plot the 7-Speed c/c for both cases.
; d o
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\R4.3 = Q’g‘”/"g“/'?//

Ve = 1,227
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Question # 4 (8 marks) %
The following test data were taken on a 7.5-hp, four-pole. 208-V. 60-Hz. design A, Y-connected IM
having a rated current of 28 A. Find the parameters (R;, X,. Ra, Xa, and Xy) of the IEEE model of the IM
and the rotational power loss P,,.

—_

DC Test No-load Test (/= 60 Hz) Lockcd—rotTr TCS(\(f:_ 15 HZ)P L
' Ip | P
| I/D(" il [DC I/nl Inl Pnf I/B" r
| 136V | 280A 208V 8.17 A 420 W 25V | 279A 9220 W |

Division of blocked-roter reactance for NEMA-design motors

A,D B C Wound Rotor
X, 0.5Xgr 0.4Xap 0.3Xgr 0.5Xpr RTZ'
X5 0.5Xpg 0.6Xzg 0.7Xgr 0.5Xgx

5 s
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A 460-V 100-hp four-pole A-connected 60-Hz three-phase induction motor has a full-load slip of 5 %, and
officiency of 92 %. and a power factor of 0.87 lagging, At start-up, the motor develops 1.9 times the full-

—

Joad torque but draws 7.5 times the rated current at the rated voltage.  This motor is to be started with a
reduced voltage starter. Find

5.1 | The full-load torque 7}, Try = ;7//5 ,//3/N111 Z?é —
5.2 | The tull-load current /. Ir i@%m I / ﬂ =
§3

the starting voltage Vi, that would reduce the starting | V= 3 EXE WVL .
T ¥ ~ b — CL7,

torque until it equals the rated torque of the motor A 2-£—= P=V

5.4 | the motor starting current I, drawn from the supply at

Iy = };// 4
the reduced voltage. . 87\

55 | the new starting T, torque if the motor is started at T, = O,[\ Nm
rated voltage using a 50 Hz source

T2 T TeL
5 = ) Te =/ 7

| . 9

P‘V{f = O C%’l
p/'/\.
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