Induction Motors
Suggested Problems
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6-3. A three-phase 60-Hz induction motor runs at 715 r/min at no load and at 670 r/min at full load.
(a) How many poles does this motor have?

(b) What is the slip at rated load?

(¢) What is the speed at one-quarter of the rated load?
(d) What is the rotor’s electrical frequency at one-quarter of the rated load?

SOLUTION

(a) This machine has 10 poles, which produces a synchronous speed of
120 120(60 Hz
Moo = /. = ( ) =720 r/min
P 10
(b) The slip at rated load 1s
n_.—n _
s=—= " x100% :%x 100% = 6.94%

syne

(c) The motor is operating in the linear region of its torque-speed curve, so the slip at ¥4 load will be
5§ =10.25(0.0694)=0.0171

The resulting speed is

n, =(1-s) n,,. =(1-0.0171)(720 r/min) = 708 r/min

(d) The clectrical frequency at ¥4 load is

| =sf, = (0.0171)(60 Hz) =1.03 Hz
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W. Find the following values for full-load conditions:
(a) The shaft speed n

(b) The output power in watts

(c) The load torque 7, , in newton-meters

oad

(d) The induced torque 7.

1

. Innewton-meters
(e) The rotor frequency in hertz

SOLUTION

(a) The synchronous speed of this machine is

_l120y, _120(50Hz) o0

nsyuc P 2

Therefore, the shaft speed is
n,=(1-s) n,, =(1-0.05)(3000 r/min) = 2850 r/min

(b)  The output power in watts is 50 kW (stated in the problem).
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6-4. A 50-kW, 460-V, 50-Hz, two-pole induction motor has a slip of 5 percent when operating a full-load
conditions. At full-load conditions, the friction and windage losses are 700 W, and the core losses are 600
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(¢) The load torque is

p 50 k
Tioad = —— = 2W T ~167.5N-m
@n (2850 r/min)( T )( mm}
lr 60 s

(d) The induced torque can be found as follows:

P =P +PFP.,+P +P. =50kW+700W+600W+0W=513kW

conv ouT F&W core misc
P_ 513k
Toa == = > Wd ——=1719N-m
“n (2850 r/min)( ’i = ]( 6%““]
r S

(e)  The rotor frequency is
S =sf, = (0.05)(50 Hz) =2.5Hz
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A three-phase 60-Hz two-pole induction motor runs at a no-load speed of 3580 r/min and a full-load
speed of 3440 r/min. Calculate the slip and the electrical frequency of the rotor at no-load and full-load
conditions. What is the speed regulation of this motor [Equation (3-68)]?

SoruTioN The synchronous speed of this machine is 3600 r/min. The slip and electrical frequency at no-
load conditions is

n.. —n 3 -3
— e W 100% = 600 580><100‘%:.:0.56(%:»
3600

sync

fow =5, =(0.0056)(60 Hz) = 0.33 Hz

A}

nl

The slip and electrical frequency at full load conditions is

ns me - nn 3600 - 3440 )
S —_—sme ol 100% = 600 x100% = 4.44%

nsymc

/o =sf. =(0.0444)(60 Hz) = 2.67 Hz
The speed regulation is

_ 3580 — 3440
SR =2u "1 1009 = «100% = 4.07%
", 3440
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6-15. A 460-V 60-Hz four-pole Y-connected induction motor is rated at 25 hp.
parameters are

R =0.150Q R, =0.154Q X, =200
X, =0.852Q X, =1.066 Q
PF&'W =400 W ]Dmisc =150 W }Dcore =400 W

For a slip 0of 0.02, find

The line current /,

The stator power factor
The rotor power factor

The rotor frequency

The stator copper losses I,
The air-gap power P,

The power converted from electrical to mechanical form P

conv

The induced torque 7

ind

The load torque 7,

oad

The overall machine efficiency 7
The motor speed in revolutions per minute and radians per second

What is the starting code letter for this motor?

The equivalent circuit
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SorutioN The equivalent circuit of this induction motor is shown below:

L4

— X X Ry
Y 015Q 0.852Q N.066 ) 0154 Q)
' > -5
V, 20Q < fXu 3 Rz(' - J
7.546 Q)
.

(a) The easiest way to find the line current (or armature current) is to get the equivalent impedance Z,.

of the rotor circuit in parallel with jX, , and then calculate the current as the phase voltage divided by
the sum of the series impedances, as shown below.

4

— R /X JXF Rr
——— MWAN— Y Y Y ——— Y Y Y —AWN—
* 0.15Q ,0.852Q)
Vo,
.

The equivalent impedance of the rotor circuit in parallel with jX,, is:

1 1
L, = 7 " T =6.123+ j3.25=06.932.28.0° Q
+

-HUB.com /Xy 4 Jj208 7.70+,1.066 Uploaded By: anonymous
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The phase voltage is 460/ J3 =266 V, so line current /7, is

B v, B 266£0°V
4 R +jX, +R. +jX, 0150 +j0.852 Q+ 6.123 Q+ j3.25Q
[,=3552-332°A

]L

1

] L
(b)  The stator power factor is

PF = cos(33.2°)=0.837 lagging

(c) To find the rotor power factor, we must find the impedance angle of the rotor

X 1.066
0, =tan” ——=tan~ ———
R, /s

=7.88°

(d) The rotor frequency is

/., =sf,=(0.02)(60 Hz)=1.2 Hz
Therefore the rotor power factor is

PF, = c0s7.88°=0.991 lagging
(e) The stator copper losses are

P =31 2R =3(35.5A) (0.15Q) =567 W
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R,

(/) The air gap poweris P, =31,"—2=31 R,
s

R,
(Note that 37 °R, is equal to 37,>—2, since the only resistance in the original rotor circuit was R, /s,
A

and the resistance in the Thevenin equivalent circuit is R.. The power consumed by the Thevenin
equivalent circuit must be the same as the power consumed by the original circuit.)

Py —%ﬂR =31 R, =3(35.5 A)’(6.123 Q) =23.15 kW
A)

(¢) The power converted from electrical to mechanical form is

P, =(1-5)Pg=(1-0.02) (23.15 kW)=22.69 kW

(h)  The synchronous speed of this motor is

120£, _120(60 Hz)

Mo = = 1800 r/min
P 4
5. =(1800 r/mm)(z’r rad}(l mmj =188.5 rad/s
’ I r 60 s

Therefore the induced torque in the motor is

P 23.15 kW

e (1800 r/min)(zz radJ(l mm)
lr 60 s

=122.8 N:m

Tind =
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(i)  The output power of this motor is

POUT = }Dcouv _}Dmech _}Dcore _}Dmisc = 2269 kW — 400 W — 400 W — 1 50 W — 2174 kW
The output speed is

n,=(1-s) n,. =(1-0.02) (1800 r/min)=1764 r/min

Therefore the load torque is

P 21.74 k
T = 2L = W =117.7 N-m

load — . X
, (1764 r/min)(zﬂ rad}(l mmJ
I r 60 s

(7))  The overall efficiency is

F, F,
n=—Lx100% = o x100%
Py 3V,I, cos0
21.74 kW

77 3(266 V)(35.5 A)cos(33.2°)

x100% =91.7%

(k) The motor speed in revolutions per minute is 1764 r/min. The motor speed in radians per second is

27 rad](l min

Ir 60 s
-HUB.com Uploaded By: anonymous
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o, =(1764 r/min)( J —=184.7 rad/s
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() The equivalent circuit of this induction motor at starting conditions is shown below:

L4

— A X R,
Y 015Q 08520 /1.066 2 0.154 Q)
V, 20Q < Xu
o

The easiest way to find the line current (or armature current) is to get the equivalent impedance Z, of the

rotor circuit in parallel with jX,, , and then calculate the current as the phase voltage divided by the sum
of the series impedances, as shown below.

L4

—_— R1 _/)(1 jX/: R/:
—  MA— VY YV ——— VY Y ——A——
T 015Q 0.852Q
V,
.

The equivalent impedance of the rotor circuit in parallel with X, is:

Z, = T 1 = 1 T =0.139+;1.013=1.023.£82.2° Q
_|_
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The equivalent impedance of the rotor circuit in parallel with jX,, is:

| |
L, = 7 | 7 =0.139+ j1.013=1.023.£82.2° Q

- -
X, Z, j20Q 0.154+ j1.066

The phase voltage is 460/ J3 =266V, so line current / ;1S

B V, B 266£0° V
o R +jX +R. +jX, S 0.15Q +0.852Q+ 0.139Q+ j1.023Q
I, =1,=14022-81.2°A

1

L

=7

The starting kVA of the motor is
S = V,1, = 3(266 V)(140 A) =111.7 kVA

start

The locked rotor kVA/hp 1s

111.7 kVA
kVA/hp = v =4.47
25 hp
Therefore this motor is Starting Code Letter D. To be obtained from NEMA Table
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6-17. If the motor in Problem 6-15 is to be driven from a 460-V 50-Hz power supply, what will the pullout
torque be? What will the slip be at pullout?

SorutioN If this motor is driven from a 50 Hz source, the resistances will be unchanged and the
reactances will be increased by a ratio of 5/6. The resulting equivalent circuit is shown below.

— A X R,
® MN \ AMA
' 015Q p.710Q 0.890Q  0.154Q
/ > l—s
V- /16.67Q§ AXu 2 Rz( - J
7.546Q)
.

The phase voltage must be derated by 5/6,s0 V, =2125V .
The slip at pullout torque is found by calculating the Thevenin equivalent of the input circuit from the
rotor back to the power supply, and then using that with the rotor circuit model.

X (R X)) (1667 Q)(0.15Q + j0.710 Q)

Ly = = _ =0.138+ j0.6822 Q=0.696£78.6° Q
R+j(X,+X,) 015Q + /(0710 Q+16.67 Q)

v - X, v - (/16.67 Q)
TUORAJ(X+X,,) T 015Q +j(0.710Q+16.67 Q)
-HUB.com Uploaded By: anonymous
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The slip at pullout torque is
R,
\/RTH (X + X, )
0.154 O
\/(0.138 Q)" +(0.6822 Q) +0.890 Q)

=0.0976

max

The synchronous speed of this motor is

120/, 120(50 Hz)
nSYJlC = P =

— (1500 r/mm)[z’_f rad}[l mm} —157.1 rad/s
Ir 60 s

=1500 r/min

sync

This corresponds to a rotor speed of

M = (1= Sae ) one = (1-0.0976) (1500 r/min ) = 1354 r/min

The pullout torque of the motor is

3VT2H

200, [RTH + \/R

Tmax

XTH+X)}

3(203 V)’

T =

max

2(157.1 rad/s){O.lSS Q+(0.138 Q) +(0.6822 Q +0.890 Q) }
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