1) We are given:

3—phase
f =60Hz
n=1746rpm
a)
60 f 60 f
n=—=p=—-
n
p= 60-60 =2.06
1746

Since number of poles has to be an integer it is the closest integer which is 2.

b)

Synchronous speed : n, = @ = M

=1800rpm
g NN _ 1800-1746
n 1800

S

0.03

f. =s-f,=0.03-60=1.8Hz
d) Speed of rotor field:
n, =s-n, =0.03-1800 = 54rpm
Speed of rotor field with respect to stator structure :

5441746 =1800rpm (
Speed of rotor field with respect to stator field : o @

1800-1800 = Orpm



2) We are given:

3—phase
f =60Hz
p=3
s=0.03
a)
n, = @ = M =1200rpm
p 3

-n
S= Sn =n=n,1-9)
S

n=1200(1-0.03)
n=1164rpm

The rotor has same direction as rotating field as 0 <s <1 it is in motoring mode.

b)
f, =sf, =0.03-60 =1.8Hz
c)
n, =1200rpm
d)
n,, =1200rpm
e)

n; =s-n, =0.03-1200 = 36rpm (w.r.t. rotor structure)
N =N+N, =1164+36 =1200rpm (w.r.t. stator structure)

Ny, =N — Ny, =0 (W.r.t. stator field)



3) We are given:

3—phase
f =60Hz
p=3

s=-0.03

a)

n=(1-s)n, = (1+0.03)1200 =1236rpm
b)
f,=sf, =—1.8Hz
ng =n, =1200rpm
d)

n,, =N, =1200rpm

1) n; =s-n, =-36rpm
i) n, +n, =1236—36=1200rpm f

iii) 1200 —1200 = Orpm



4) We are given:

3—phase
f =60Hz
p=3
s=15

a)

n=(1-s)n, =(1—1.5)1200 =—600rpm

b)
f, =sf, =90Hz

ng =n, =1200rpm

d)

n,, =N, =1200rpm

1) n; =s-n,=1.5-1200 =1800rpm
if) n, +n, =—600+1800 =1200rpm

iii) 1200 —1200 = Orpm



5) We are given:

U, =208V
p=3

f =60Hz
m:0.5

2

a) n=1140rpm

i)

s=0 N p :@:&SO:QOOrpm
p

12001140
1200

=0.05

U :%:120V

ps \/5

U, =Ny, =%2120-60v (fors=1)
N, 1

fors=005=>U , =s-U , =3V
f,=s-f,=0.05-60=3Hz
iii)
n, =s-n; =0.05-1200 = 60rpm

ng =N, +n, =1140+60 =1200rpm \



b)
U, =208V
n =1164rpm
n, =1200-1164 =36rpm

n,—n _1200-1164

§=— ~0.03

n 1200 T
U, =28 _120v /f o
* 1
LA 164/
UpS:s-m-Upr:0_03.i.12027'2\/ ‘-‘.\
N, 0.5
f =s-f,=0.03-60=1.8Hz -
6)
R1 X1 -
aAvAY 2115 N
1
u1 g
Xm
a)

R = e _ 0152 _ 5 17603
2 2

:

% R'2/s

Ridc=0.152Q

—

» No load test: s=0, U, =460V, f =60Hz, |, =40A, P, =4.2kW



RNL X1

—WW
R
° Ugon =4—j_0=265.6v
3
UOph X
U
Ly = IOph = %%6 =6.64Q
0

P 4200
P,=3RyI{ =Ry ==5%=
0 NL "0 NL 3|§ 3402

Xy = X, + X, =JX2 —R% =6.58Q

=0.875Q2

» Blocked rotor test: s=1, U,, =100V, f =60Hz, 1, =140A, B, =8kwW

R1 X1 X'2
AMN—TIN T— u, =20 577y
Ibr \/§
Ubr %R’ Z, = Y — Sr.7 — 0410
I, 140

=
br

. . P
Rr =3Ri+R)) I, = Ry+R, = 2% =0.1360

R, =0.136-0.076 = 0.06Q

X, + X, =\Z2 —(R,+R}) =0.390

X+ X,

X, =X, =0.190

X =X, —X,=630Q

m



0.076Q j0.19Q j0.19Q

ANA— N

j6.30 % 0.06/s

u1

S

b) We are given:
U =460V, f = 60Hz, n=873rpm, 2p =8
Solution:

n =@=M:900rpm
p 4

S

n,—n 900-873

S

n 900

S

=0.03

R,
0.03

0.076Q jo.19Q j0.19Q

=2Q

j6.3q 20

(2+0.19j)-6.3]

Z,=0.076+0.19j + : _
2+0.19)+6.3]

=1.8+0.9)j=220.47rad Q

I :ﬂ— 265.6 =132.8/—-0.47rad A

Y7, 22047

Input Power :
P, =3U,l,cos@=3-265.6-132.8-cos(0.47 rad)

P, =94341.3W




Airgap Power :

N2 R
P, =3.(|2) 2
S
Thevenin equivalent circuit :
0.0760 j0.190 j0.190 Rth Xth X'z
AMNV—T 2115 —ANW N—1N

"

U1 — % R'2ls
j6.30 20

265.6- j6.3

.= _ = 248.7V
0.076+6.3j+0.19]

_ 6.3j-(0.076+0.19j)

th = - ==0.0717+0.185j =0.198/1.2rad
6.3)+0.076+0.19]

R, =0.0717Q, X, =0.1850

TT0.07170Q j0.1850 j0.190

ANV T—1T l.-.z

248.7V % 2

i 248.7
27 2+0.0717+ j0.185+ j0.19

=116.44—- j21.35=118.382-0.18rad A

» Airgap power:
P, =3:118.38*-2=84083W

» Rotor copper loss:
P, =s- P, =0.03-84083 = 2522.5

» Mechanical power:



» Rotatinal losses:

» Output power:

» Efficiency:

7) SM: pg, =2

IM: py =3

P =(1—5)- P, = (1-0.03)-84083 =81560.5 W

P, =P, —3IR =4200-3-40°-0.076 = 3835.2W

Po = Py — Pror =81560.5-3835.2 = 77725.3W
p P 777253 (0,
P, 943413
n, =20 _ %09 _1800rpm =y s
Pswm
L L Jpp—
IM 3
Ny =N -
S= s(IM) IM —actual — 1200-1800 =05
Ny 1200
foug =5+ f =30Hz
P 1
P,=s-P, =P =-2=——=-2pu
2 ag ag S _05 p

I:)mech = (1_ S) Pag =-3 pu

P

in-SM

=3pu (Input of SM)



b)

3pu¢ pru

SM — IM

3 pu

Llpu

n, =1800rpm =n

IM —actual

Ny =—1200rpm (reversed)

nS(lM) - nIM—actual _ _1200_1800 _ 2
N, 1200

S=

f,=s-f =2.5-60=150Hz

P 1
P,=—2=—=04pu
M g 25 P

Pmech = (l—S) Pag = (1_25) -04=-0.6 pu

P.sw =0.6pu

0.6 pu 0.4 pu
¢ #

SM IM

¥1pu




8)

a)
p=4
60f 60-60
n, = ——=———=900rpm
p 4
n=(1-s)-n,=922.5rpm

b)
L I 1
| 10 mQ jw0.08mH=j0.03 | | 15mQ jw0.385mH=0.45 jw0.358mH=j0.135
W i i
| Il
| (|
: 480/3=265.6V : : é jw17.24mH={6.5 %0.035!9:-1.40
| Il
| I
| (|
| (|
| 1|
- ____ o

Feeder Machine

z < " 0.01Q 0.03jQ zZ1
VWA VWA VWA
Uz ¢ "

» From circuit (1) :

Z =0.01+0.03j+0.015+0.0145j +

Us

(2)

6.5j(~1.4+0.13))
6.5]—1.4+0.135]

Z =1.39./155°

Z,=7—(0.01+0.03)) =—1.27+0.418 j =1.337./161.78°

U,+U, =0=U, =-U,

Y

Z,=-U ==



I, = _ 2056 =173+81) =191/25°A
1.39/155°

» From circuit (2) :
U,=-U, =U +(0.01+0.03j) I,
U, =265.6+(0.01+0.03j)- (173+81}j)

U, =264.9+6) =265/1.3°V

c)
@ =25°= cos ¢ =0.906
P =3U I, cose =3-265.6-191-cos(25°)
P =137.9kW
d)
P =3RI?

I:)feed =3.0.01-191°> =1064W

P, =3-0.015-191* =1642W

cus

P, =P

out

+ Py + P,,. =140.6kW

P = (1~ 5)P,, =144.1kW

P, =P + P, =144.1+3=147.1kW

in m rot

P« 137.9

P, 1471

n

=0.939

77:



9)

/"
/’/
p=4
s=0.03
R, =0.02Q
- 60f _60-60 _ 900rpm
p 4
n, = (1—s,)n, =873rpm
w27 22788 _ g1 42rad /s
60 60
w, =27 = 2799094 95rad /5
60 60
3 U? R}
= th e

w, RI\?
S@m+f)+wm+£ﬂ

! !

R
s—>O=>Rth+?2>>Xth+X§ and?2 > Rip



2
:T:iu—ﬂhs
Ws RZ

2 2
_ i Uth Tl — iu—lthsl where R21 = Rext + RZO

T,=—=ths T=
S RZO S 21
EZS_OR_-H:RIHZEERQO ()
Tl Sl RZO Tl S0
n,—n, _900-600 _ .,

S:
' n 900

S

T, =K-n? (This relation is given in problem)

n .
”12 (substitude in (1))

2 2
R, = S 873 03340, 0470
s, © 6007 0.03

R, =R}, —R), =0.47-0.02 = 0.45Q

exX

10)



2p=4

U =460V

f =60Hz

s, =0.04
T =2.5pU

= sTmal><1,2 = 2

=0.0085
=0.1917

ST max1

S

T max 2

p 2

S

My =N, (1=, ) =1455rpm

b)

" 2 g2

max _ 7 mex for T=T,,=>s=1
T 2'STmax'S

s2 +1 : :
Tmax — _Tmax = Tstart — M = 092 pu
Tstart 2 ST max ST max +1




d)

T m

R+,
/ et

L)

R,
STmax = ) N2 1/2
[Rth +(Xth + Xz) }
2
R >0=R, = Xu R —0
"X+ X,
X, =>0=X,=X,—0
e R
max X2
1= R2 ;ReXt Rext = Xlz _Rz = R2
2 STmax
— R, =2110
STmaX =1
T,=T, =1pu.
Tmax stmax +312
Tl 2'sTmax'sl
2
stmameaxi(stmameaX\] _482
Tl Tl T max
=2
1,2 2
5, =4.79
s, =021

n, =(1-s,)n, =1422rpm



