ELEC 342: Electromechanical Energy Conversion and

Transmission

Homework 5

Solution of the Assignments

Assignments

P 5.2):

A three-phase, 5 hp, 208V, 60 Hz induction motor runs at 1746 rpm when it delivers rated output
power.

(a) Determine the number of poles of the machine.

(b) Determine the slip at full load.

(c) Determine the frequency of the rotor current.

(d) Determine the speed of the rotor field with respect to the
(1) Stator.
(ii) Stator rotating field.

Solution:

(@) {20F | [74¢
P

(20 X €6 ___’y

P =4
(b) Ns .= Eﬁ’iﬂ. = /806 rpm ‘
s 1800 — 1746 = 0.03
1860

(c) f. = 0-03 x &0 - /-8 Hy

) ) 1866 rpm
i) © vpm
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P 5.3):

A 3¢, 460V, 100 hp, 60Hz, six-pole induction machine operates at 3% slip (positive) at full load.
(a) Determine the speeds of the motor and its direction relative to the rotating field.
(b) Determine the rotor frequency.
(¢) Determine the speed of the stator field.
(d) Determine the speed of the air gap field.
(e) Determine the speed of the rotor field relative to
(i) the rotor structure.

(ii) the stator structure.

(iii) the stator rotating field.

Solution:
(&) 002 = 1200 -n ng = 12026y - 200 Nprvn .
200 ! 3

N = llé4 rprm — dvwelion pome an (e

hol—a':P-uAﬁ» -?-J&

(b --F,_:o'ozxé-o = ],g-p,3 :

(€) 1200 Fpw

() (2 00 hp v

(e (i) Ny = 0°3x 1200 = 246 P — d"‘wba—m /3 e
anr W kstoy waobhion .

Ui) 200 h%v\n .

Gy o0 hphva
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P 5.14):
The following test results are obtained for a 3¢, 280V, 60Hz, 6.5 A, 500 W induction machine.
Blocked-rotor test: 44V, 60Hz, 25A, 1250 W
No-load test: 208V, 60Hz, 6.5 A, 500 W

The average resistance measured by a dc bridge between two stator terminals is 0.54 ().
(a) Determine the no-load rotational loss.
(b) Determine the parameters of the equivalent circuit.
(c) What type of induction motor is this?
(d) Determine the output horsepower at s = 0.1.
Solution:

(4) Prot =5oo—3x6.5‘xo—'25f = 465.78 W

(6) From no-load test R, = 25% =027%
Vi= %’g = 120.1V

Zu = /Zoél = 18.48 @

Ra = -3-5-;9-2——51- = 3.94%

Xne = [18.48°— 3942 = 18.05Q
XitXm = Xn. = 18.050

From blocked - rotor test
Re. = L2209

Txz5i = 0.6667 42
R, = 0.6667—-027 = 039678

Zg= 2B = o529

Xev = [1.01622~ 066672 = o0 7669Q

X\ =X = 038348

Xm = 1805—- 03834 = 17. 6666 S
Precise value -for' RY

R=ReL-R, = 06667 - 027 = 0.3967Q

/' 0.3934 +/7. 6667
R: 173‘1;557 X 03967 = 0 4053 G2
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Eguiva.lent’ Circuit (s
027 jo0.3834 J)0.3834

. ‘D 0.4053
Vi jitér 3 3
O i
(c) NeJleofi/Zy Xm, Sy== Ri _ 0. 4053
- R+ (atx')? No27%+0, 7668%
= 0.4985

Maximum torgue occurs at 49.85% of Snchrouns gaeec/
It is clasm - D t’/)u. woton

(d) ‘§—2 = 0045’53 = 405382
Z, = 027+ j0,3834 + J/767(4053+jo.3834)

4.953 + ji8.05 =4273£21.83°
208 /43

L= 27522185 = 28.104£°21.83°

P,= 3x120 1x28. 104 x cos (-21.83°) = 9396 807 w

Pag = 9396.807 - 3x 28.104°x0,2T = 8T57.045 W

Pech = (1-0.1)x8757.045 = 788/.341 W

Poe = Pinaft = Pmech = Prot = 788(. 341 - 465.78 = 74/5. 561w

HP = -&f,%@ = 9.94 CHp)
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P 5.15):

A 3¢, 280V, 60 Hz, 20 hp, four-pole induction motor has the following equivalent circuit para-
meters.

R =0.120Q R,=0.10Q
X, =X, =0250
X, =10.00

The rotational loss is 400 W. For 5% slip, determine

(a) The motor speed in rpm and radians per sec.

(b) The motor current.

(c) The stator cu-loss.

(d) The air gap power.

(e) The rotor cu-loss.

() The shaft power.

(g) The developed torque and the shaft torque.

(h) The efficiency.

Use the IEEE-recommended equivalent circuit (Fig. 5.15).

O— .
Bir : gap
FIGURE 5.15 IEEE-recommended equivalent
circuit.

Solution:

@) Ng = L:xfg = /800 rpm Ws= /79:—’—):21T= /188. 5 rudy/sec

n=(1-s)ns=(1-0.05)*1800=1710 rpm w,=(1-0.05)*188.5=179.1 rad/s
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1, iz Jo3s  )az5

(b)

. . . Jiox (2+4)0.25)
Z =al2+jo25+Re+)Xe = 0.42+)0.25 + 2 +jio.25

= QI2+j025+1.9538 + 08517 = 2.1314 £23.5533° %2

Re = 1.9538, Xe = 08517

- 1201 = _ o

(€Y P, = 3x (56.3479)°x 0.12 = 1143,0309 W

(d> P, = 3x120.1X56.3479 x Cos (-23,5533) = /186/0. 9794 W
Paj =Ps —P, = 17467. 9485 W

ey P, = 5&5 = 0.05x17T467.9485 = 873. 3974 w

() Prech = (1-5) Paj = 16594. 5511 W
Pshapt = Pmech — Protational = 16194 5511w

9 T= o o ITHTHE _ 9) 4500 pm

/88.5P /188.5
_ _Bhatt 16194551
Tshaft = o5 5~ = L6022 = 859127 N.m

_ P
ch) Eff = —l—;;"-‘i'ﬁ'- = 93702 X 100% = 8702
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P 5.17):

A 3¢, 460V, 60 Hz, six-pole induction motor has the following single-phase equivalent circuit
parameters:

R, =020 X, =1.0550
R, =0.281 X,=1.0550
Xm=3390Q

The induction motor is connected to a 3¢, 460V, 60 Hz supply.
(a) Determine the starting torque.
(b) Determine the breakdown torque and the speed at which it occurs.

(¢) The motor drives a load for which Ty = 1.8 N - m. Determine the speed at which the motor
will drive the load. Assume that near the synchronous speed the motor torque is propor-
tional to slip. Neglect rotational losses.

Use the approximate equivalent circuit of Fig. 5.14b.

X, X% X 0 X%
o———
i I
1 I¢\ R, 2 |
|
i R
R, x. : y
|
L
o &
Pag—‘—>|
(a) (b)

FIGURE 5.14 Approximate equivalent circuit.

Solution:

(&) 1, a2 Jjlos5 jlLos5

0.28

/200
ng = -’-‘3-0-3"—9—9— = (200 rpm Wsyn = g5 X2M = /25 66 rad /g,

265.6%*
Tes = 3 X028 = )00 7 N.m.
st 72566 X (o.48r+ C2.11)* 7
oo 5_5 L '-J—;-l'\ﬂ_ ”'\,"_5 B l"':';U _ 7 é{; i;%

%.J;I"vl ,Fi+lh + :| x H, - R‘\ \ -‘_—J Xl —‘5 'Q He = f\) =02 Bh=hy = .09 : - r_ B [
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ELEC 342

ygo -
- 3x (=) pm ]
|} T \ 61‘“‘]“ _ J - ° :362??)?6
’ o s L A mmam% 0.2 [ 028 Q ggﬁngg)ﬂJ'/a
ek 0T+ Qe X2 )] BN
!

0.2%

Rz - = 0.132l

c) Approximate Solution

5- /7 (C) Af/ﬂl""ﬁiwu«*e Setieydon
Te: ':S'h_v‘z' Rz/;

Wsyn (R, + Pefs)t + (X, +X2) ©
Mosey T = [.8 M m

S’ A Very Speece 7‘0(/7(_,‘,1
2D The Sy S A€ alse he vewrs, Spewfl
K
= ?L- doMWes R. 4 ‘L, el X7 -
\/‘IL pz/_s V'l
T e o - i /
€ Tt TR T Ton RS T60/3.8:S

So, av vVery Smwee Torgeces CSEIR) | tha T"’V‘?,ac'*.?éxfa
| € Lerion coe po AP 10 ,f e feal a3

Tegprs. 8-S =828 -5 e
0 = PPN, 2.99x/0 O.0002 33

& 6—-/90(: prie ol e ﬂ$n: {7200 rpe

Nn= hg, (I-s) = |200-(1-2.99e-7) = |/ 39.6 TPM

c) Accurate (Correct) Solution
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ST CeD To=1.8Mm

Iu sfer(? Syerv-e 9 he reses)ome € Losjces = Te - TL :/-BV""’

Re caze R V., © Re /s
Te =3 w . 2 z
s (R +R/s) “+ (%K)
T FWsen - RZ/S e
% (o Pefs) (Ko ¢Ka)" Degive o = %o/s
3V,°

K4 i
(& ":-L) + [)(r *‘Xz) = o{ Twsgu

.,Lt-t 2P +IQ,2 -;[\A.{.)(?)z..l_—.s_v_':_- =&

T wosepn
i ‘SV(z |
4 +[Z R - T sk do+ R 'f(xl’f'x"z.)?':o
C— 5 o

b [
clz + bd +c =0 - Zaﬁolv‘-‘-—h‘c Cpceenpion (' J,!

v, 3-L65.58)°
h-2pk - . = B @B T E T o
R~ T 2 2-02= Tgmas o~ 90500

b A
C= R + (48N = 0.2% «(1.055 ¢1.0SS) = 7. 732

OL'L:.-______———-—-—-—L;:{.\/‘:*?QC—‘ lb*ﬁz_ﬂ
b - -z - (E'_-) -C

d, =33%35.072¢ d,= 0.0098
[Topen fenefe
g - Re L 2% - 000229 1
rTR 335.0726 A
P _ 0.2 _ :T A!_.. __-‘U-’JS
S'Z - ‘L'}_ - @.Oo‘fa - 53- 22?6‘ SZ l's

Texe S =S,= 0.000239
Speeet Nsyu = L200rpm. = (i-3)-Nsgn =1193.6 rpm
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P 5.20):

ELEC 342

A 3¢, 25hp, 460V, 60Hz, 1760 rpm, wound-rotor induction motor has the following equivalent

circuit parameters:
R;=0250, X,
R, =0.21, X,
Xm =35.00

The motor is connected to a 3¢, 460V, 60 Hz, supply.
(a) Determine the number of poles of the machine.

(b) Determine the starting torque.

(c) Determine the value of the external resistance required in each phase of the rotor circuit
such that the maximum torque occurs at starting. Use Thevenin's equivalent circuit.
Solution:

) h= (760 = [20xf0
P
P= 4069 — ¢
J
(L) V, = 46o R, X Xa
= —=— = 248§. X
s £5.59 |
Ra
14 Y, _—
35 ! " 3
Up, = —5
-2+ 3S & -
Ry Kb, — F0l
= 0.967T x 265.85% = 284.7%v =
Vi, ax
{
R+t\_ = 0.‘?47=x 6.28 = 0.23¢ 1 o —
X{-L\_ = li2n = X,
_ %00
Usy, = e xag = (88.494 rad. fgec.
2
Tet = —S 256'793_ X 6.2
188.496  (o0.23¢ +0.2)* + (l.2+1.1)*>
= 38.3] N.m
R / / / /
(c) = | = r_+t Reut _ Ra + Rext
Tmax, =

/o.zzq.“ + .2+ 1.1)*

/ .
Rext = 2:31- 6.2 = 2.1lna

2-31

Lt .
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Vih= — a ——V (5.45)
[RT + [X] +-X|'r|)_] .
If R < (X, +X.T.)2, as is usually the case,
XITI
l|’le1 ""-'X] +Xm [545&)
=Ky Vi f545]3;l
The Thevenin impedance is
T o= j—xm[Rl +J-X1,‘|
"R +i(X) + Xon)
=Ry, +J‘XLI1
[f‘R% < [X] +X|‘r|)2:
Xo \’
=K3iR, (5.46a)
and since X; < X,
X~ X [5.47)
1 Va R!
Tivech = th 5 —2 f554;l
Wsyn [Rth + !‘Fgfsj_ + [Xr.h +XI1}_ 5
Rf
ST = Y (5.58)
[th + (Xin +X5) )"
1 V2
Tonax = (5.59)
T 2wgn Ry, + [RE, + (X + X))




