ELEC 343, Assignment 6: Solution:

Do Study Problem: SP6.2-2 and SP6.2-3; SP6.8-4. and do the Example 6C (this will help you for the Lab-5!) and
Example 6D.
Textbook Chapter Problem(s): 15 and 21.

SP6.2-2. (a) The frequency of the rotor currents is

51; (= tg) = 2_17; [(2¢r)(60) - (0.9)(27r)(50)] =6 Hz
(b) From the rotor both appear to be traveling at w, — w,. Thus,
We — W = W — 0.9 w, = (0.1)(27)(60) = 37.7 rad /s, ccw.
(e) From the stator both appear to be traveling at w,, ccw; or 377 rad/s,

CCW.

SP62-3. (a) #(% — ) = (1 — 1.1)60 = 6 Hz.

We need not recognize a negative frequency here. Answer same regard-

less of the number of poles.

(b) For two poles, w, —w; =—0.1w, = 37.7 rad/s, cw. For six poles,
37.7

(%) 37.7 = s rad /s cw.
(c) [-g—-) Wy = 3—;1 rad /s, ccw.
SP6.84. (a) Z =r, +]jw, (Lis + Lms) = 20 + j (377)(0.025 + 0.3) = 20 + j122.5
.V 115 /o° 115 f0°
Le = —- Ls / S 0027 /8075 A

Z 20 +j1225  124.1 /80.75
(b) Z = (ry+r;) +jw, (Lys +Li; ) = (20420) + j (377)(0.025 +0.025) = 40 + j18.85

< Vi 115 /0° 115 fo°
== = = = 2.8 -'25.20
ST, +j18.85  44.3 /25.2 CEEA

15. From Example 6B with w, = 377 rad /s,

r, =0.531 0 r, =0.374 0
Xgs = Xjg + Xims Xy =X + Xing
= 2.29 4+ 26.2 = 28.49 () = 2.29 + 26.2 = 28.49 ()

Now, from (6.8-28) and (6.8-29),

/
Sm =1, G
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1

() Sm =0.374 {{4] [(26.2)* —(28.49)%)* + (0.531)* (4)(28.49)*

= 0.0845
wy = (1 — 0.0845)(377)(2) = 690.3 rad /s

Wy = (%){690.3} = 345.2 rad /s

U =

"'L;'|L~:~

3
(0.531)° + (28.49)? }ﬂ

(b) s = “'3”{ (26.2)7 — (28.49)%)2 + (0.531)% (28.49)?

= 0.0845

Wy = {%}{1 — 0.0845)(377) = 172.6 rad/s

(0.531)* + {%) (28.49)

(¢) s, =0.374
[i—-)[{zﬁ.z}” — (28.49)*}* + (0.531)* {%}(28.40)2

= 0.0845

o= leo

U = ()1 — musqs}(%—){aw} = £6.3 rad /s

(0.531)* + {3—&}—){23.49}2 2

(d) sm =0.374

('1":;]'")[{26.2]2 — (28.49))° ﬂﬂ’ﬂnzﬁtl}—n]{%'”}z

= 0.0859

2 1
wem = (5)(1 — 0.0859)(~)(377) = 17.2 rad /s

(0.531)% + (4)(28.49)* ]"z"

t2 [



21, (a) Ips= -
Neglecting the current flowing in Xy
Z=(r; +r) +3(X +Xi)
= (0.3 +0.15) + j (377)(1.5 + 0.7) x 1073
=0.45 + ]0.829 = 0.944 /61.5° §
. 110 /0°
I, = _Lo7 = 116.6 /—61.5° A
0.944 /61.5°
From (6.8-26},
3. . P X -
) (PG e Vsl
[rer + 50Kk = X X[+ (X 57,0
For a 60 Hz supply,
3
XM =l {E)Lmu
- (3?7)(-2;}{35 % 107%) =10.79 0
3 3 s
Xos = we (Lys + _E_Lms] = (377)[1.5 + (5"3(35)] x 10
= 20.36 N
v " 3 3 -3
xrr = Wy |:I"ll' + "2_ Lma) = [377)[6‘7 + {_2-}(35}] % 10
= 20.06 1
With s = 1,
2
B LEL (0.15) (1100
Te = ;
(0.3)(0.15) + (19.79)" — (20.36)(20.06)]* + [(0.15)(20.36) + (0.3)(20.06)]*
= 31.9 N'm
- V..
(b) I = 7

Z=r, +jX, =03+ j20.36
= 20.36 /89.2°

. 110 /0°
1, = A 5.40 /—89.2° A

" 90.36 /89.2°




Additional Problem:
Consider a 25hp, 3-phase, Y-connected, 220V line-to-line, 60Hz Induction Motor NEMA* Type B. The motor

operates at full nominal load and the following is known: input electrical power Fe,in =20.8kW ; output

mechanical power Pin,our =25HP ; stator phase current 145 = 64A(rms value) . o or shaft speed 1 =830rpm
Establish and/or calculate the following:

a) Number of magnetic poles Ir

b) Actual electrical frequency of the rotor currents Ir (assuming stator frequency fs =Te is 60Hz)

c) Input power factor pf as seen by the source
d) Mechanical (load) torque T

e) Motor efficiency 77[%] under the given load
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