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Question # 1 (18 points) SHOW YOUR CALCULATIONS Lhp =746 W
T TA 3-ph, Y-connected, 7 hp, 220 V, 50 Hz, 6-pole induction motor has fhe following constants in
Qfphase referred to the stator:
LU [R=02940;  R=0.1440; X=0420;  x,-0209 Q  X,=11.040.
The total friction, windage and core losses, Fror, may be assumed to be constant at 403W, independent
of load. The motor is operated at rated voltage, rated frequency and a slip s=2%, Using the IEEE model
of IM, compute:
2| the motor’s speed, ny, m = 980 Lo
kW
P i
b- | the motor’s output pewer P, and output torque T, , <) —
'?:JLiI =31 N.m
kw
e [ tor developed P, and developed torque T, Fa=5.63
the motor developed power P, and develope que 1. Ty=548 N.m
Z,=52+/38 0
d. | The equivalent impedance seen by the source Z,, Z. = 644.15.0° Q
b ) i "
€. | the magnitude of the motor’s ammature current, |fa| and PF, Val = 19,74 A
= 1
£ | the motor’s power factor, PF. PF=0.810 ag
: 17— 85.8 %
£ | the overall motor efficiency 7,.
”m - (l _3) % ”j = (I _— 0.0‘2} » 1000 - 980
7% 746 fow 5633
60
5230+403 § _F 5633 ohe
P = o+ By = i =583 R = T, = O = 080
60
R ,
Hx x(_f +"’X2] 44.435.9° Q)
Z, =R+ jX 4o =52+j380=6. .
(_3. -I-J'(X._, +X'm]
5
ot 200 B 197423595 4= PF = c08(~35.9%) = 0.810 lag
g Z, 644/359°

P, =1/3x220x19.74 x c0s(35.9°) = 6.09 k¥

:Pm -Exlﬁ[}:ﬁis%
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The power input to the rotor of 2 440 V, 50 Hz, 6-pole, 3 phase induction motor is 2%
1.2 4 slip s = 4 %, caleulate :
% | the frequency of rotor currents, i f=2 Ha
b, | the rotor speed . n, =960 Ipm
€| the rotor copper losses, Py Poi= 800 W
d. | mechanical power developed P,, Pp=19.2 kW
® | the rotor resistance R: per phase if rotor current 1, is 65 A_ Ry=0.063 0
Solution
V=400V, f=50Hz, P=6, s=49%=0.04
P input rotor = P,g = 22 kw
a) Frequency of rotor current Sr=5xf=004x50=2 Hz
b) Synchronous speed fs = 120 £/ P = 120x50/6 = 1000 rpm
Rotor speed n,=(1 -§)n, = (I —0.04) x1000 = 960 rpm
¢}Rotorculoss P, =g Pag —Pon=0.04x20 = 0.8 kW = 800 W
@) Pgev = (1-5) Ppg = (1 -0.04} x20 = 19.2 KW = 19200 W
Of Py =Pag=P= (20-0.8)=19.2 kW = 19200 W
€) Let R, be the rotor resistance per phase, then
3 12"Ra= Peur = 800 > 3 (65)* R, = 800 ~> Ry =800/ (3 x 659 = 0.063 Q
2
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A 230.V, G-pole,

§ 3-ph, 50-1z
trequency, my ’ :

» ted voltage nnd ¢

131 939, 16 {he B

A led kW output and has a speed o
re 15 10% drop i)

» 20.1 hp induction motor drives o

constant torque load at rated

: 980 rpm and an efficiency of
- : 1 voltage and 5% drop in frequency while all motor lati
losses are negligible, enleulate: 4 . e rotationa

TR ——
e [ the motor'y slip in percent at rated load conditions. 51 =0.02 2 %
b, .
| e motor's developed forque 7} at rated load conditions. Ty=1462 N.m
5= 00,0235 2,35 4
c. | the motor's slip, speed and developed power at the new load 2
conditions, Hm2 = 928 pm
& L Panew =142 kw
Ed
Solution

V, =09%230=207 S: =0.95%x50=47.5 Hz
N, =120x50/6=1000rpm N, =120%47.5/6 =950 rpm

- [N,I -N,, )2 [1 noo-gscp] -

N 1000

2l

? z
LA W [@) x0.02=> 5, =0.0235

Tdafﬁf, g ==-J;2—fE xVZ X5 e 1% 507 5
N, =(1=5,)N,; =(1—-0.0235)x950 = 927.7 rpm
Th=Tp= T =iﬁi=ﬂﬁﬁa: = 2 x Fin

mﬂ] mml ‘F::II nmi wl

B DN Ne 9217 _ o5 9277 0w 14iw
BTN = = TN, TN, 980 T 980

1
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A 1492 kW, unity power factor 3-ph, star-connected, 2300 V, SG,HZ_’ 2.'?01%.3?“‘:&0“““3
motor has a synchronous reactance X; of 1.95 €/ph. The field excitation 1 ali]us;:ed to the
1.4 | value which would result in unity power factor at rated load. As'summg alls losses are
negligible, draw the phasor diagram at this load condition and compute:
= .16 rad/s
4. | the motor’s rotor angular speed @, D=l
|E,| = 1515.5 v
b, | the magnitude of the generated phase voltage |E,| and rotor
angle & §=-28.8
¢. | the maximum developed power P,,,. which this motor can P = 3006 kW
deliver, i
== N.m
d. | the maximum torque Ty, which this motor can deliver. T max = = 9855 |
Solution
Srated-3ph = 1492 kVA, Srated-1pn = 1492313 =497.3 kVA
Von = 2300/43=1327.9 V, = [;=497.333 x1000/1327.906=374.5 A
e [l 20 x 50]
i, 2 2NN e
) 60 60 60
|E|=\P? +1- X =4132791° +374.5x1.95 =15155 V
p =E'V=1515‘5x132}"9=1G32kWﬁpﬁ
max gk X 1.95
p 3BV _3XISISSXI32TY o0y
s AR X 1.95
Prsp _ 3E-V__3x15155%13279 _ oocc pvo
Towsmh = = X, 314.16x1.95
4 I ‘
& LY,
E,
4
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-
'elory takey 60 v =
1.5 | 1o be it leg i Aaty lf’ggjﬂg Wy
. Cal 'lif I. 0 raise the OVery)) png 7 factor of 6. from 1 kV. A synchy -
CUiafe: cr f'actc):' o 09 Fagr Hn Tonous motor 1S
- 88ing when the motor jg taking 200
!IICI‘I.:‘II\—H——
n, cone o POWER B reacetive By =
magnitude of {he lnadd currcntr'}‘ﬂif:;ro povier, Oy, and the L= 360 kW
» 1. 4aken by the Joad, OL= 480 kVAR
e “‘*————_________ =315 A
the system total re; -
b | ihe magniludu:f: Fi';t}]ur::]nwcr* P, and reactive power, 0, and Py =560 kw
supply, € current, /; supplied by the power | Qe =270.7 kVAR
e =327 A
. : P =200 kW
¢ motor's e i
c. power factor .If-:}'f'] r:::‘t.;’c ;’;ugg:f:ddma?tl}:c pﬂwer,me, e | Geei2d KVAR
iy itude o1 the current, [,
™ PFn=0691  lag  lead
Ml =152 A
4. | 1s the motor over- or under excited? over excited  under excited
Draw the power triangles to fllustrate vour solution.
Solution:

PFy=cos(p)=0.6 = ¢=36.9°— sin(p) = 0.8

Sp. =600 kVA, Pp = S;xcos(p)= 600k=0.6 = 360 kW, @, = S;xsin(p)= 600kx0.8 = 480 KVAR
P =200kW, Q) = S;xsin(p)= 600k<0.8 = 480 kVAR

P, = Py + P, =(200+360) =560 kW

f’Fowmy= GUS([I) =09 lag == 25.3“,

@, = B, xtan(a) = (360 + 200)k » tan(25.8°) = 560k x 0.484 = 270.7 kVAR

Q. =0, -0, =(480-270.7)k = 209.3 kVAR (capacitive)

g, = tan™ % = tan”[g—%) =46.3°= PF, = cos_i46.3°) =0.691 leading

P. 200
1
= On = 209.3x10 =1524 or
" fIxV, xsin(8,) 3x11x10° xsin(46.3%)
3
TN v izl =1524
" 3xV, xcos(8,) 3 x11x10° % c0s(46.3°)
P
(17 Qu
& S
- ] .'l QI

A \
_,,"’ !
- 1
-t 1
- - o S L T [}
P, P,
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Question # 2 {12 points) SHOW YOUR CALCULATIONS \

A three-phase, —Hﬁl_]“_‘h', Y-connecied, cylindrical-rotor synchronous motor has o synchronous reaciance of §
{phase and a neglipible armature resisiance, The combined rolational losses {friction and windage plus core

loss) amouat to 5 kW, The highest excitation voltage possible is 4350 V. The motor delive
i . IS an oul
hp te a mechanical load connected (o its shaft. outpul of 400

Part 1: If the ficld current is inereased to give the maximum excitation voltage, find:

3. | the power developed by the motor s, Py=3034 W
b. | the lorque angle &, d=-1.7
i _ =435 A
* | the magnitude of the motor’s armature current J, and PF. PF=0968 log lead
d. | the motor efficiency ¥q. o= 984 o5
© | the maximurn developed power Py, at the above excitation vollage. Pine: = 2262 MW
400x74
FeoFutly= [—% + 5]ur =(298.4+5)=303.4 kW
Vi, |x|E
p, Yl ;o = A0 din(s) = 226210 sin(d) = 303.4x10°W
¥
= gin(B) =002 g7
2262
; JF-E _4 60/4/320°-4350/3£-7.7° _ .52 +14.5° = PF = cos(14.5%) = 0.968 leading
X, - B£L90°
P, = P, =fiV,1, cos(0) = /3 x 4160 43.5x 0,968 =303.4 kW =
n =100 = 289 100 = 98.4%
=" P 4
Py = L in(007) = 226210° =2,262 K
Part II: If the field current is r:du-cmil without changing the load, find: i
th maximum developed pojver Pu, which the motor will remain in E W
a. 53::;.:“1@ {stable operation). Ilustrate your solulion using Power- Py =303.4 ‘ k
Angle curve. Fon= 3369 v
b. | the smallest excitation volage E, and torque angle & ?E-L;]ff!i ¥
<t smalicat | =3032 A
c. | the magnitude of the armature curreat £, and PF at the sma PFagio Uig lead
excitation voltage of part {c) 5 AR
E =
d. | 1he reactive power Q.. absorbed/supplied by the motor- -
o NalxlEal il_ﬁ__“"glfﬂ*‘—‘ = 034K = || = 5835 Vi 2 [En| =3369¥
depar ;

Xl B 0™

7 -E, _4160/4320° ~583.3/3£=90° _ 1025 /1§20 = PF = cos(82.5%) = 0.139 lagging
f- = jA" = 8.700°
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