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Question # 1 (6 marks) ABET Outcome /i Assessment
1. Assume that a manu ﬁl‘;'“nlu! Fl{s."[ has a “lr‘t‘("-i"hﬁw |'|'j.|ﬂ;]nl [_!C[Il.’,‘l’ﬂ“lr s ﬁllj‘lplj"iﬂg "WN‘Phase il‘lducﬁun

maolor tﬂl:l“llg IE“”*]“? at 2.4.kY “-.[h n Ii!.i':-l:““.: power fac’!u:r {}F “32 and Cmciﬁ“c}' ﬂrﬂpg3. Fiﬂd
=i S = 1173.9 kVA
] =_2824____A

the required kVA _lit_ll'lgiil:_i_}}‘_ﬁy of the generator i :
the magnitude of the required generator current /| to serve the IM load

&=

IL Assume that additional $00-hp load in the form of synchronous motor operating with a leading power factor
of 0.9 and efficiency of 0.93 has been added. Find

c. | the new required kV A capacity S, of the generator. Sgan. = 14445 kVA
the magnitude of the required new generator current |/,.| 1o serve = 1347.5

d. the IM and SM loads n [Gnew A &

¢. | the overall power factor PF,,.. PFee= 0944 lag

i

Solution:
Dol e LZOON I i e Ele o POOOR i g
N 093 PE, 082

0 — ___ 9626k
JEXVHXPFIM ngl‘u’l’x(}_gz
0,, = cos™'(0.82) = 34.9°,0,, = P,, tan(B,, ) =962.6k x tan(34.9°) = 671.5 kVAR

=2824 4

EETTY

W
L L il WA L ... =107.2 4

a isA Nsy 0.93 - = \EKV;X PFSH '\E:K 2.4V %090
0, = cos'(0.90)=25.8°, 0O,, =-P,, tan(0y,, ) =401k x tan(25.8°) =193.9 kVAR

P, =(Py + Py =962.6+401)k =1363.6 kW, 0, =0, +0y, =671.5k ~193.9=477.6 kVAR

0, =F,, tan(6,,) =6, = tan"( |§$?5J =19.3°, PF,_ =cos(8,, )=cos(19.3°)=0.944 lagging

Sou =2 3B puskva
PF,, 0944
P WKW _s4ns

T

I = —]
G J3xV, x PE,,  J3x2.4kV x0.944
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Question # 2 (10 marks) SHOW YOUR CALCULATIONS
tor has a synchronous

A 480-V, 60 Hz, 400-hp 0.8-PF-lcading six-pole A-connected merh.r?n:mirinmd(;gc and core losses for
reactance A; of 1.1 € and negligible armature resistance. lgnore its frichion. 3

the purposes of this problem.
. L i then fi
I. If this motor is supplying 400 hp at 0.8 PF lagging, Mi“ﬂﬂwm i

[ l.= 259 Al
a. | the magnitude and phase angle of the armature phase current 0= -36.9 o
Es= 384 v
b. | the magnitude of the induced phase voltage and the power angle 5= 364 T
c. | the developed torque T,= 2375 Nm—
Il. If E.is increased by 15 %, draw the new phasor diagram then find
B 2= 4416 v
d. | the new magnitude of the induced phase voltage and power angle 5 311 -
la= 227 A
€. | the new magnitude and new phase angle of the armature current = 241 ~
f. | the new motor power factor PF= 0913 lead lag
Solution:
Py, = Py, = 400x746 = 298.4 kW
P, 298 4KV =
fyis " = =449 A
LT AxV, xPF [3x480x0.8
a I, 449
Because the motor is A-connected, the corresponding phase current is [, = j.?: = oy =259 4

E, =V - jX,I, =480£0°-1.1290°x 259£ - 36.9°=384£ -36.4°V
This motor has 6 poles and an electrical frequency of 60 Hz, so its rotation speed is 1, = 1200 rpm
P 208.4x10°

T=955x—2=955x————=2375 Nm
g 1200 1.1

Ea =1.15% E;=1.15%384=441.6 V
. . ol s s . af 384 .
P,=P,=E,sind, =E,; 5ind, = 5, =smn E—nsmﬁ, =sin 2416 sin(-36.4) |=-31.1°

al

- V. -E, 480£0°-441.6£-31.1°

I, = =227£-24.1° 4
i 1.1290°

PF, =cos(-24.1°) =0.913 lag
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Question # 3 (S marks) SHOW YOUR CALCULATIONS

.\ power system. Th
A 208-V, Y-connected synchronous motor is drawing 40 A at L9 RApea 8 22'8: ﬁrﬁl 4 :
field current flowing under these conditions J; = 2.7 A. Its synchronaus aianac

I. Assume a linear open-circuit characteristic, find

it = -149 i
! 8. the torque angle &
e = . f;= iz A
1 b. | the field current required 1o make the motor operate at 0.8 PF leading 3
B s = -12.5 g
€. | the new torgue angle 4 in part (b)

11, Draw the phasor diagrams for both cases

Solution:

S - X1, =12020° - 0.8.£90°x 40£0° = 1242 = 13.9°F

CDS“‘F o= -ll—nt = dl = 5“ A
cos0, *' 08

E =V - X1, =120£0°-0.8£90°x50£36.9° = 147.5£ -12.5°F
by

E:": --'-:Ir~=£f-:-)¢,|'”
"t 'frl : [;'“

P =r.=1,cos =/ ,c0s0, =1, =

147.5
124

x21=>{,=)24
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Question # 6 (10 marks) SHOW YOUR CALCULATIONS

The single phase equivalent circuit of a 3-phase, 4-pole Y-connected induction motor with nrfglig?h]ﬁ
armature resistance is shown below. The machine is connected to a 3-phase voltage source With line-
neutral voltage of 200 V and a frequency of 400 rad/s. The motor reaches maximum torque at a rotor speed
of 160 rad/s. Reduce the circuit into its Thevenin equivalent and determing:

ﬁ- l the motor’s slip at maximum torque Smax = 0.2
b. | the maximum developed torque Twax= 48 Nm
€. | the rotor resistance Ry= 0.8 Q
d- | the starting developed torque Ty= 18.5 Nm
E-_ _ﬂm starting rotor current Ly = 39.2 Nm

j2.50 i2 @ iz a iz
+ V00O +

. R2
200 v j10 Q R2 1eov ry

Solution:
2 2
0y =%, :X400=209 rad /s

i, = (1= 8, )0, =Iﬁﬂ:{I-.sm,)x!ﬂﬂ:&[l—s“l}=%=ﬂ.3=sm, =02

Maximum Torque occurs when T =|j(2+2)]=4
5,

= X, = 10 L i
Vv -__j[j.l',-i-.l'w]xi' ——J_Ulhm}xzuuzu =16020°V
_ XXy o 10xj25
L= TK X T s 10
R
r =Y, S WLl SO S S
o, T , 200 47 +4
R, +—= +[J¢’rJIi +Xz)'
2 2
m;=3lmx l : =3x]ﬁﬂ XL_|=4EMH
20, R, +yR:+(X,+X,) 2x200 g
_Rf—=1;{z+21|=4=-nz=4xﬂ.2=u_an
smu
3?2 R, 3x160° 0.8 3x160°
T (5= = ool =300 T+ 200 "
O Ry (X )’ ; 00v2
e Val SEES L TS

Ry + R +(Xy + X3 J08) +(4)
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Question # 5 (12 marks) SHOW YOUR CALCULATIONS

i to determine itg
= Al tion motor has been tesmd. (
A three phase, 20 hp, 440 V, 60 Hz, Y-connected, class-A md“cblle. it ke

parameters. Readings from machine tests are provided in the ta
of this motor.
Hz) |
Test Voltage (V) Current (A) Power (W) Fr eque;{;‘:y (Hz)
No Load 440 9 3750 o
| Blocked Rofor 62 24 1800
DC Resistance 25 34
= 0.368 Q
- A D B C
e i - 04X 0.3X;
e X, D.SXBR “HABR =LBR
e o o % 0.5Xgr 0.6Xzr 0.7Xgn
A= 0.533 Q
A 23.1 Q
Prac= 3660 W
Solution:
Ro» Lfvee) . Lf2S\.0.2c2
7(35e) - 5(3 ) o
=} 2
nelabional ﬁﬂ? = ?’fm Er « 3350 - (3](‘1")(0.555') - 3660W
.
Qat g%‘r = 3750 . 15.4320
il afe)

Zegt, = Vet w R D HpEn.
ﬁi:n.l .-E,f'?)

X,,; E '474:11' Rnl.f * r.’{-"e's.mc}’: (15-4?_,2)‘ - 23634 8L

. = E]z A T——
[}
oy, (3)t2¢)

Zey = Vo s 62 . LSS

QT-_E.. 3B (24)

- . .
b1 NZ,' - Roy = ANltgar- Loyst - 0868
W ow e §
| R =X, _é. (roeé) = 0.52380
Xm = %og-X, = 23.034- 0533 - 2310

k= R, -R, - 10439-036% = O6FY S
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pestion # 4 (7 marks SHOW YOUR CALCULATI ONS )
ting at rated conditions has an

: F era
A 3-phase, 230 V, 50 Hz, 100 hp, 6 pole, Y-connected induction motor op or loss = 2.8 kW,
cfficiency of 91% and draws a line current of 248 A. The core loss = 1.7 kW, stator copp
and rotor conductor loss = 1.55 kW. Determine:

kW
= 8198
a. | the input power absorbed by the motor Pin =
=5l A Po= 77.48
b. | the air gap power 3
e f)r = 15.“3 kw
¢. | the developed power L
w980 rpm
d. | the rotor speed
7 Pl= 0830 lead Ing
the maotor’s PF =
= 7399 m
f. | the fill-lond developed torque Ta
Solution:
F 100 = 746
P, =—"-=———=81.98kW

P, =P —P,,=.7148-1.55="17593kW
P, 155
P.=sP o=s5=-22=—"=0.0
oz = 80 "= T 7748
9
n, = 120;’( = e = 1000 rpm

n, =(1-s)n, =(1-0.02)x1000 =980 rpm

3 3
T =81.98x10!=0‘33mag
3,1,  3x230x248 98.80x10
P 3
T, =9.55x 1t =9.55x T2 = 9.55x 74210 _739.9 Nim
n n 1000

L) m
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