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Chapter 17 Instructor Notes

The objective of Chapter 17 is to introduce the foundations for the analysis of rotating electric
machines. In Section 17.1, rotating electric machines are classified on the basis of their energy conversion
characteristics and of the nature of the electric power they absorb (or generate). Section 17.2 reviews the
physical structure of a DC machine and presents a simple general circuit model that is valid for both motors
and generators, including dynamic equations. Section 17.3 contains a brief discussion of DC generators.
Section 17.4 describes the characteristics of the various configurations of DC motors, both of the wound
stator and permanent magnet types. The torque speed characteristics of the different configurations are
compared, and the dynamic equations are given for each type of motor. The section ends with a brief
qualitative discussion of speed control in DC motors.

The second half of the chapter is devoted to the analysis of AC machines. In Section 17.5, we
introduce the concept of a rotating magnetic field. The next two sections describe synchronous generators
and motors; the discussion is brief, but includes the analysis of circuit models of synchronous machines and
a few examples. Circuit models for the induction motor, as well as general performance characteristics of
this class of machines are discussed in Section 17.8, including a brief treatment of AC machine speed and
torque control. Although the discussion of the AC machines is not particularly detailed, all of the important
concepts that a non-electrical engineer would be interested in to evaluate the performance characteristics of
these machines are introduced in the chapter, and reinforced in the homework problem set. The homework
problems include a mix of traditional electric machinery problems based on circuit models and of more
system-oriented problems. Problems 17.24-36 deal with the performance and dynamics of systems
including DC motors. These problems are derived from the author’s experience in teaching a Mechanical
Engineering System Dynamics course with emphasis on electromechanics, and are somewhat unusual
(although relevant and useful for non—electrical engineers) in this type of textbook. These problems are
well suited to a more mature audience that has already been exposed to a first course in system dynamics.
Problem 17.39 provides a link to the power electronics topics covered in Chapter 12. All other problems
are based on the content of the chapter.

L earning Objectives
1. Understand the basic principles of operation of rotating electric machines, their
classification, and basic efficiency and performance characteristics. Section 1.
2. Understand the operation and basic configurations of separately-excited, permanent-
magnet, shunt and series DC machines. Section 2.
Analyze DC generators at steady-state. Section 3.
Analyze DC motors under steady-state and dynamic operation . Section 4.
5. Understand the operation and basic configuration of AC machines , including the
synchronous motor and generator, and the induction machine. Sections 5. 6, 7. 8.

W
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Section 17.1: Rotating Electric Machines
Problem 17.1

Solution:

Known quantities:
The relationship of the power rating and the ambient temperature is shown in the table. A motor with

P, =10KW is rated up to 85°C..

Find:

The actual power for the following conditions.
a) Ambient temperature is 50°C .

b) Ambient temperature is 25°C.

Assumptions:
None.

Analysis
a)

The power at ambient temperature 50°C :

P.=10-10%0.125=8.75kKW
b)

The power at ambient temperature 30°C :

P. =10+10%0.08 =10.8kW

Problem 17.2

Solution:

Known quantities:
The speed-torque characteristic of an induction motor is shown in the table. The load requires a starting
torque of 4 N [N and increase linearly with speed to 8 N [ at 1500 rev/min.
Find:
a) The steady state operating point of the motor.
b) The change in voltage if the load torque increases to 10 N .
Assumptions:
None.

Analysis
The characteristic is shown below:
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Speed

|
1600

1400+
1200+
1000
800+
600
400
2001

a)
The operating point is:
N, =1425rev/min, T =7N0n
b)
From the following equation:
2
Tn(:_w - Vs,new

Tol d V

s,old

10 VW
= —=

2

:K2

7 | Vs
=K =1.195
ov, ., =1.195V

S, new s,old
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Section 17.2: Direct Current Machines
Problem 17.3

Solution:

Known quantities:
Each conductor of the DC motor is 6iN. long. The currentis 90 A. The field density is

52x10™Wo/in? .

Find:

The force exerted by each conductor on the armature.
Assumptions:

None.
Analysis.
H
F:lel:5_2X10—4\_/\_’?XLZX90x6inx0.0254m
in”~  (0.0254 m) in
=11.06 Nt
Problem 17.4
Solution:

Known quantities:

The air-gap flux density of the DC machine is 4\/\/0/ M* . The area of the pole face is 2 CMx4cm.
Find:

The flux per pole in the machine.

Assumptions:
None.

Analysis:
With B=4kG =0.4T =0.4Wb/m?, we can compute the flux to be:
¢ =BA=0.4x%0.02x0.04 =0.32mWb
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Section 17.3: Direct Current Generators
Problem 17.5

Solution:

Known quantities:

A 120V,10 A shunt motor. The armature resistance is 0.6 Q . The shunt field current is 2 A.
Find:

The LVDT equations.

Assumptions:
None.

Analysis
V, at full load is 120V and
E, =120+ (2+10)x0.6 =127.2V

Rf = @ =60Q
2
Assuming E, to be constant, we have:
I, =1; = ﬂ =2.1A
0.6 + 60
Therefore:
V, =127.2-2.1x0.6 =125.9V
Voltagereg. = 12592120 _ 0.049 =4.9%
120
Problem 17.6
Solution:

Known quantities:

A 20kW,230V separately excited generator. The armature resistance is 0.2Q . The load current is
100 A.

Find:

a) The generated voltage when the terminal voltage is 230V .

b) The output power.

Assumptions:
None.

Analysis.

If we assume rated output voltage, that is V, =230V , we have
a)

The generated voltage is 230V .

b)

The output power is 23 KW .

=20KW , we have

If we assume rated output power, that is Pout
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a)

The generated voltage is 200V .
b)

The output power is 20 KW .

If we assume E, =230V, and compute the output voltage to be:

V, =230-100x0.2 =210V
We have:
a)
The generated voltage is 210V .
b)
The output power is 21KW .

Problem 17.7

Solution:

Known quantities:
A 10KW,120VDC series generator. The armature resistance is 0.1Q and a series field resistance is
0.05Q .

Find:

a) The armature current.

b) The generated voltage.

Assumptions:

The generator is delivering rated current at rated speed.
Analysis

The circuit is shown below:

a)

b)
V, =120 +i,R, =124.17V
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Problem 17.8

Solution:

Known quantities:
A 30kW,440V shunt generator. The armature resistance is 0.1 and a series field resistance is
200Q .

Find:

a) The power developed at rated load.

b) The load, field, and armature currents.
¢) The electrical power loss.

Assumptions:

None.
Analysis
The circuit is shown below:
1f 1T,
o~ —_—

Lf | -
3
iL :M:682A
440
i =30 _5oa
200
i =704 A
a)
E, =V, +i R, =440 +70.4 x0.1 = 447.04V
P =E,i, =31.471KW
b)
i =62.8A
i =22A
i =704 A
c)

P =i:R +i{R; =1464W
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Problem 17.9

Solution:

Known quantities:

A four-pole 450kW, 4.6 KV shunt generator. The armature resistance is 2 Q and a series field
resistance is 333Q . The generator is operating at the rated speed of 3600 rev/min .

Find:

The no-load voltage of the generator and terminal voltage at half load.

Assumptions:
None.
Analysis:
For N =3600rev/min,w,, =377rad/sec:
3
i, = m =97.8A
4.6x10
3
= 40107 _ 13 A

I
333
i, =i, +i_ =111.6A
Using the relation:

E, =V, +i,R, =4823.2V

At no-load,

V., =E, —iaRa =4820.4V
At half load,

i, =489A

i =i, +i, =62.7A

a

V, =E, -i,R, =4810.7V

Problem 17.10

Solution:

Known quantities:

A 30kW,240V generator is running at half load at 1800 rev/min with efficiency of 85 percent.
Find:

The total losses and input power.

Assumptions:
None.

Analysis.
Pu= %rated load = 15kwW

At an efficiency of (.85, the input power can be computed to be:
3
p =110 15 sa7kw
0.85

The total loss is:
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P

loss

=R, - R

out

=2.647KW

Problem 17.11

Solution:

Known quantities:
A self excited DC shunt generator. At 200 rev/ min , it delivers 20 A to a 100V line. The armature

resistance is 1.0 Q) and a series field resistance is 100Q . The magnetization characteristic is shown in
Figure P17.11. When the generator is disconnected from the line, the drive motor speed up to

220rad/s .

Find:
The terminal voltage.

Assumptions:
None.

Analysis
From the figure, for |, >0.5 A w=200rad/sec

E, =401, +100

For w =220 rad/sec , we have:
E. _100+401,
220 200

Therefore,

E,

_220
200

Forno load, |, =1 . Therefore,
110+441, =1011,
01, =1.93A

The terminal voltage is:

V=1R, =193V

(100 +401,) =110 + 44 ,
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Section 17.4: Direct Current Motors
Problem 17.12

Solution:

Known quantities:

A 220V shunt motor. The armature resistance is 0.32Q . A field resistance is 110 Q. At no load the
armature current is 6 A and the speed is 1800 rpm.

Find:

a) The speed of the motor when the line current is 62 A.

b) The speed regulation of the motor.

Assumptions:
The flux does not vary with load. Assume a 8 N [ brush drop.

Analysis
a)
1800 = 220-2-6(0.32)
K.@
=K, 9=0.12
On = 220-2-6(0.32) = 1657 rpm
K@
b)
%reg = 1800 —-1657 x100 = 8.65%

1657

Problem 17.13

Solution:

Known quantities:

A 50hp,550 VoIt shunt generator. The armature resistance including brushes is 0.36 Q . Operating at
rated load and speed, the armature current is 75 A.

Find:

What resistance should be inserted in the armature circuit to get a 20 percent speed reduction when the
motor is developing 70 percent of rated torque.

Assumptions:
There is no flux change.

Analysis
T=Kyda=1,=0.7(75) =52.5A
_ 550-75(0.36)

n =K, pnp =523
R K. a?"r
0.8ng = M: 0.8%523 =550 -52.5R;
Ka@
ORr =2.51Q

Rygg =2.51-0.36 =2.15Q
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Problem 17.14

Solution:

Known quantities:
A 100KW, 440V shunt DC motor. The armature resistance is 0.2 Q and a series field resistance is

400Q . The generator is operating at the rated speed of 1200 rev/min . The full-load efficiency is 90
percent.

Find:

a) The motor line current.

b) The field and armature currents.

¢) The counter emf at rated speed.

d) The output torque.

Assumptions:

None.

Analysis

At n=1200rev/min, w,, =125.7rad/sec, the output power is 100 hp = 74.6 KW .

From full-load efficiency of 0.9 , we have:

P =746 _ 82.9kw
0.9

n

a)
From P, =i Vg =82.9KkW, we have:
3
 =329XI0 g4
440
b)
i =021 1a
400
i, =187.3A
9)
E, =V, —i,R, =402.5A
d)
— Pout —
T,, =-% =593.5N [n
a)m
Problem 17.15
Solution:

Known quantities:
A 240V series motor. The armature resistance is 0.42 Q and a series field resistance is 0.18Q . The
speed is 500rev/min when the current is 36 A.

Find:
What is the motor speed when the load reduces the line current to 21 A.
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Assumptions:
A 3VOItS brush drop and the flux is proportional to the current.

Analysis:

500 = 2403 -36(0.6)

K.@
= 240-3-21(0.6) _

21
(5 )0431)

= K,p=0431

893rpm

Problem 17.16

Solution:

Known quantities:

A 220VDC shunt motor. The armature resistance is 0.2 Q. The rated armature current is 50 A.
Find:

a) The voltage generated in the armature.

b) The power developed.

Assumptions:

None.
Analysis
a)
E, =V, -i,R, =220-50%0.2 =210V
b)
P=Ej, =210x50=10.5kW =14.07 hp
Problem 17.17
Solution:

Known quantities:
A 550V series motor. The armature resistance is 0.15Q . The speed is 820 rev/min when the
current is 112 A and the load is 75hp.

Find:
The horsepower output of the motor when the current drops to 84 A.

Assumptions:
The flux is reduced by 15 percent.

17.12



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 17

Analysis

_2nn(T

33,000
5 = 2m820)T

33,000
T=K,@d,=4804 =K @112)= K, p=4.29

T, =4.29(0.85)(84) = 306.2 Ib CIft

o 550-84(0.15)

=T =480.41b [t

n =973rpm
0.85(0.65)
HP, = 2m(973)(306.2) _ 56.7hp
33,000

Problem 17.18

Solution:

Known quantities:

A 220VDC shunt motor. The armature resistance is 0.1Q and a series field resistance is 100Q .
The speed is 1100rev/min when the current is 4 A and there is no load.

Find:

E and the rotational losses at 1100 rev/ min .

Assumptions:
The stray-load losses can be neglected.
Analysis.
Since N =1100 rev/min corresponds to (w =115.2 rad/sec , we have:
i.=4A
Iy = ELUS 2A
100
i =i —i, =2A
Also,

E, =200-2x0.1=199.8V
The power developed by the motor is:
P = Bn — Feopper _loss
=200x4 - (22 x100 +22 x0.1)
=399.6W
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Problem 17.19

Solution:

Known quantities:

A 230VDC shunt motor. The armature resistance is 0.5 and a series field resistance is 75Q . At
1100 rev/min , P =500W . When loaded, the current is 46 A.

rot
Find:
a) The speed P,,, and Tg, .

b) i,(t) and w, (t) if Ly =25H,L, =0.008 H and the terminal voltage hasa 115V change.

Assumptions:
None.

Analysis:

i, =2%-307A
75
i, =i, i, =42.93A

a

w,, =117.3rad/sec

Atnoload, 117.3 = ﬂ, therefore,
K.@

K,0=1.96
At full load,
_ 230-0.5%x42.93

K.@

m

The back emf is:

E, =230-0.5%42.93 =208.5V
The power developed is:

Po, = E,l, =8.952kW

The power available at the shaft is:

P, =P, - P, =8952-500 = 8452W
The torque available at the shaft is:
T, = Fo = 721N
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Problem 17.20

Solution:

Known quantities:
A 200VDC shunt motor. The armature resistance is 0.1 Q and a series field resistance is 100Q . At
955rev/min with no load, P, =3500W , the line currentis 5 A.

rot
Find:
The motor speed, the motor efficiency, total losses, and the load torque when the motor draws 40 A from
the line.

Assumptions:
Rotational power losses are proportional to the square of shaft speed.

Analysis

The copper loss is:
—i2 2 —
Popper =17 Ry +1;R, =400.9W
The input power is:
P, =5%200 =1kwW
Therefore,

P

rot

+ Py =1000-409 =599.1W

at @, = 271% =100rad/sec.

Also, E, atno load is:
E, =200-3%x0.1=199.7V
K.9¢=1.997

When ig =40 A with i; =2 A and i, =38 A,
E, =200-38x0.1 =196.2V

w,, = E, =98.25rad/sec =938.2 rev/min

m

The power developed is:
P=E|_,=196.2x38=7456W
The copper loss is:
Poper =11 Ry 2R, =544.4W
The input power is:
P, =40x200 =8kwW
And
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Py, = 7456~ 202 x 5091 = 6867.4W
100
268674 _ oo i
98.25

Finally, the efficiency is:
eff = F;i = 85.84%

in

Problem solutions, Chapter 17

Problem 17.21

Solution:

Known quantities:

A 50hp,230V shunt motor operates at full load when the line current is 181 A at 1350 rev/min .
The field resistance is 17.7 Q . To increase the speed to 1600 rev/min , a resistance of 5.3Q s cut

in via the field rheostat. The line current is increased to 190 A.

Find:

a) The power loss in the field and its percentage of the total power input for the 1350 rev/ min speed.
b) The power losses in the field and the field rheostat for the 1600 rev/min speed.
¢) The percent losses in the field and in the field rheostat at 1600 rev/ min  speed.

Assumptions:

None.
Analysis
2)
|, = 20 130
17.7

P, =(230)(13.0) = 2988.7W
P _ 29887
Pm

=—=0.072=72%
(230)(181)
b)
| (= i =10A
(17.7+5.3)
P, = 102(17.7) =1770W
P: = 10%(5.3) =530W
c)

P, =(230)(190) = 43,700W

%P, = 413777(;)() x100 =4.05%

% Py =ﬂ><100 =1.21%
43700
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Problem 17.22

Solution:

Known quantities:

A 10hp, 230V shunt-wound motor. The armature resistance is 0.26 Q and a series field resistance is
225Q . The rated speed is 1000 rev/min . The full-load efficiency is 86 percent.

Find:

The effect on counter emf, armature current and torque when the motor is operating under rated load and

the field flux is very quickly reduced to 50 percent of its normal value. The effect on the operation of the
motor and its speed when stable operating conditions have been regained.

Assumptions:
None.
Analysis.
E. = K@n; counter emf will decrease.
V - E, .
| , = ——; armature current will increase.
I

a
T = Kd ; effect on torque is indeterminate.
Operation of a dc motor under weakened field conditions is frequently done when speed control is an
important factor and where decreased efficiency and less than rated torque output are lesser considerations.
V-1, V-1,
n=-——22-1000 =22
N Ko
V-Lr
nna/v = —
0.5Kg

Assume small change in the steady-state value of | ;. Then:

lr?ﬂ = OTS: Ny =2000rpm

new

Problem 17.23

Solution:

Known quantities:
The machine is the same as that in Example 17.7. The circuit is shown in Figure P17.23. The armature
resistance is 0.2 Q and the field resistance is negligible. N =120rev/min,|, =8A. In the operating

region, @ =Kl ;,k =200.

Find:
a) The number of field winding turns necessary for full-load operation.
b) The torque output for the following speeds:

L.nm=2n 3.n=n/2
2.n=3n  4.n=n/4
c¢) Plot the speed-torque characteristic for the conditions of part b.

Assumptions:
None.
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Analysis
in Example 17.7, 1, = 0.6 A, the mmf F is:

F =200%0.6 =120 At
For a series field winding with:
a)

I =i, =8 A, we have:

:%:ISturnS

Nseries
b)

n,, =120rev/min

w,, =12.57rad/sec

Eb :VS _ia(Ra + Rs)
Neglecting Rs, we have
E, =72-8%0.2=5.6V =k,0w,

5.6

k@p=—""=0446
#1057

From T =k;@i, and k; =k,
T =0.446x8=3.56 N in
By using @ = Ki, , we have:
E, = kKo, =Vs —1.R,
T =k, (Ki,)i, =k ki

From i :V—S,where K =k.k =36 . 0.056
R, +Kaw, §x12.57
And T U (;)2 , we have:
R, +Kw,
R,
Do Bt By (K Ty
T R+Koo R
K
o359
K
+
7T, = 35622 @y
3.59 +w,
I at Wy =2w, =25.12rad/sec,
T, =1.13N n

2. at Wy =3w,, =37.71rad/sec,
T, =0.55N [

3. at Wy =0.50,, =6.28rad/sec,

17.18
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T, =9.54N n

4. 4t Wy =0.25w, =3.14rad/sec,

Ty, =20.53N M
c)
The diagram is shown below:
50
T(N-m)
0
0 50

@(rad/sec)

Problem solutions, Chapter 17

Problem 17.24

Solution:
Known quantities:

PM DC motor circuit model; mechanical load model. Example 17.9.
Find:
Voltage-step response of motor.

Assumptions:
None.
Analysis.
Applying KVL and equation 17.47 to the electrical circuit we obtain:
dl(t
V(O Rila® L2 B o0
or
dig(t
L2 Ria®) Kapu m® VLO

Applying Newton’s Second Law and equation 17.46 to the load inertia, we obtain:

J% T(® Tioag® b
or

Krem!a(t Jth(t) b () 0

since the load torque is assumed to be zero. To derive the transfer function from voltage to speed, we use

the result of Example 17.9 with T,gqq = 0:
© K pum
m
by Ry (83 b) KypyKrpy

VL(9)

The step response of the system can be computed by assuming a unit step input in voltage:

K1pm 1
Ly Ry (83 b) KapuKrpm S

m(S)
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F(s)= Kiem l
(SLa + Ra)(SJ + b) + KaPM KTPM S
F(s)= Kpm
SILS +(Lb+ RJ)s+Rb+ KK, ]
F(s)= Kspwm
¢+ (Lb+RI)  (Rb+KK;)
JL, JL,
Set:
o (Lb+RI) _(RD+K.K)
JL, JL,
F(s)= Ktew = Krpw _ Kipum
> +ms+ 2 2 2 >
§S +ms+ 1] {(sz +ms+mj+n—m} {(smj +(n_mﬂ
4 4 2 4
For
F(s) ! f)y — —edvsinbt )
s[(s a)* b*] bbb,
where : = tan™ % and b, Vb* a’
Therefore:

a=m_(Lb+RJ) oo M _ [RD+KK, (Lb+RI1
2 2JL, 4 JL JL 4

a a

. {(Lab+ FgJ)T L RD+KK; _(Lab+ RaJle: Rb+K K,
° 2JL, JL, JL, 4 JL,
\/ng+ K.K, (Lb+RJIY 1
0 ( L, J 4
vt “(Lh+RY)
(LDrR)

a

Thus giving the step response:
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_| (Lab+R,J)
o= s ! Rt B
RP+KK: [ Rb+K K, (Lb+RIV 1| [REFKK,
L, L, 4 L,
Rb+K_ K, _[ Lb+RJ Jz 1
> -
JL JL 4
sin Rb+K.K; (Lb+RJI} 1 t — tan! a a
L, I, )4 _(Lb+RJ)
2JL,

Expressions for the natural frequency and damping ratio of the second-order system may be derived by

comparing the motor voltage-speed transfer function

to a standard second-order system transfer function:

K
_ 5
H(s) — 3 -
s* 2{ws wy
The motor transfer function is:
m(S) K1pm KT pm
V(9 sla Ra(s) b) KapmKrpm Jlas” JRy blLas Rab KapwmKrpm
KT pm
L,
2 Fa bLas Rib  KapmKrpwm
L, L,
Comparing terms, we determine that:
o Rab  KapmKrpw
L,
J bL
Zan L
L,
or
Rib KapmKrpwm
“h L,
1 Ry bL, I,
2 Ja Rab  KapmKrpm

From these expressions, we can see that both natural

frequency and damping ratio are affected by each of

the parameters of the system, and that one cannot predict the nature of the damping without knowing

numerical values of the parameters.

Problem 17.25

Solution:

Known quantities:

Torque-speed curves of motor and load: Ty, = acw+ b (motor), T, = caf + d (load),

Find:
Equilibrium speeds and their stability.
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Assumptions:

All coefficients of torque-speed curve functions are positive constants

Analysis

The first consideration is that the motor static torque, Tom = b must exceed the load static torque, Toy = d;
thus, the first condition is b>d.

The next step is to determine the steady state speed of the motor-load pair. If we set the motor torque equal
to the load torque, the resulting angular velocities will be the desired solutions.

Tn T aw b cw® d

resulting in the quadratic equation

cow’ aw d b 0

with solution

a 4a> 4cb d
2¢c '

Both solutions are positive, and therefore physically acceptable. The question of stability can be addressed
by considering the following sketch.

w

A

Torque

-

Speed

In the figure, we see that the intersection of a line with a quadratic function when both solutions are
positive leads to two possible situations: the line intersecting the parabola when the rate of change of both
curves is positive, and the line intersecting the parabola when the rate of change of torque w.r. to speed of
the latter is negative. The first case leads to an unstable operating point; the second case to a stable
operating point (you can argue each case qualitatively by assuming a small increase in load torque and
evaluating the consequences). We can state this condition mathematically by requiring that the following
steady-state stability condition hold:

an,  diy
d d
Evaluating this for our case, we see that
dT dT,
-1 =m 2c a.
d d

From the expression we obtained earlier,

a 4a> 4cb d
2¢c
it is clear that 2cc>a always olds, since the term under the square root is a positive constant. Thus, this
motor-load pair always leads to stable solutions. To verify this conclusion intuitively, you might wish to
an  diy
d d

(note that the sketch above is not an accurate graphical representation of the two curves).

plot the motor and load torque-speed curves and confirm that the condition is always satisfied

Problem 17.26

Solution:

Known quantities:
Expression for friction and windage torque, Try, functional form of motor torque, T, or load torque, T,.

Find:
Sketch torque-speed curve
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Assumptions:
None.
Analysis
The sketches are shown below.
T T
II braking ] I motoring : T TFW
A
T Tew L
T ) FW
T, 0 -
T
0
TFW ‘/

TL TO
A TL
/\/ —TO \

III reverse motoring IV braking
Torque-speed curve for constant load torque \

Torque-speed curves for variable load torque

Problem 17.27
Solution:

Known Quantities:

A PM DC motor and parameters when 1) in steady-state, no load conditions, and 2) connected to a pump
Find:

a) A damping coefficient, sketch of the motor, the dynamic equations, the transfer function, and 3 dB
bandwidth.

b) A sketch of the motor, dynamic equations, transfer function, and 3 dB bandwidth.

Assumptions:

kt ka kPM
Analysis
a)
The magnetic torque balanced the damping torque gives s:
k *i, b*
or
N m
Koo *i 7*1037*.15A
PM a N p ] ]
b 3350 rev , 2 rad , | min 2.993*%10 ° N-m-sec
min rev 60 sec

Sketch: PM DC Motor-Load System
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Dynamic equations:

di .
Vs La*=2 ra*ia Ep

dt
Eb kPM* m
Vs La*% ra*ia I(PM* m
RPN S
dt m L m
Tm  kem *ia
d
T J* dtm b* o Kpwm *ia

To get the transfer function:

(LaS+ra) kPM ia _ Vs
~ Koy (Js+b) || w, ) -T

(9 = “Kow T

(Lstr) Ky

det
=Koy (Js+b)

%(s) = kPM
Vsl (J*L)S’ +(r,* I +L, *b)s+r, *b+kz,,
b)
Sketch:

Dynamic Equations:

VLS o E

Ey Ko

VLS L ket

3 JL)*% T T (b b)* .
To Ko *i

e
m kPM Ia

d
TL (‘J ‘JL)*Ttm (b bL)*

17.24

Problem solutions, Chapter 17



G. Rizzoni, Principles and Applications of Electrical Engineering

To get the transfer function:

(L,s+r,) Kow i, BRA
~Kgy  (I+I)s+b+b )| w. | |-T,

det[(Las+ Ve }

Problem solutions, Chapter 17

@ (S) = _kPM _TL
" d t{(LaS-'-ra) kPM i|
€
—key (3 +J)s+(b+b))
%(s) = kPM
Ve lro ((@FIDF L)s’ +(r,*(J+J)+ L, *(b+b))s+r, *(b+b ) +kp,

Frequency Response:

Whotor-Pump Dyramic Respeorse [pard ]

biagniluchke [dE)

Prase [ dieg)

Frequency (mdsec)

Problem 17.28

Solution:
Known Quantities:

A PM DC motor is used to power a pump
Find:

The dynamic equations of the system and the transfer function between the motor voltage and pressure.

Assumptions:

The inertia and damping of the motor and pump can be lumped together.
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Analysis:
Sketch:
Motor Pump Cir cuit
+ ta
VS
o
Vs La dla rala Eb
dt
di .
\/S La?? rala kPM m
d
J—/ T T b
dt m L m
d
T J— b
L dt m kPM m
K po C dp

p m R accE
c 9 P

acca R p m

To get the transfer function:

Lis+r, Koy 0 Iy V,

-kpy Js+Db K, a)nl =10

0 -Rk, RC,s+1| p 0
Ls+r, kPM Vs
det| —k,, Js+b 0
_ 0 -Rk, 0
P(s) = Ls+r, ky, 0
det| —k,, Js+b K,

0 -Rk, RC,s+l
P ) Kow RK,,

V, T (LS+)(JIs+D)(RC,S+1) + ki (RCs+1) + Rk (L,S+T,)
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Problem 17.29

Solution:

Known quantities:

Motor circuit shown in Figure P17.29 and magnetization parameters, load parameters. Operating point.
Note correction to the operating point: 1,0= 186.67 A,

Note correction to the parameter: ki = 0.12 V-s/A-rad

Find:
a) System differential equations in symbolic form
b) Linearized equations

Assumptions:
The dynamics of the field circuit are negligible.

Analysis

a) Differential equations

Applying KVL and equation 17.47 to the electrical circuit we obtain:
dig (t

Lt T) Relf(t) Vg(t) field circuit

or

La_dlgt(t) Rala(t) Kilst) m(t) Vs(t) armature circuit

Applying Newton’s Second Law and equation 17.46 to the load inertia, we obtain:
d m(t
2 T T b o

or
ke (Dl a(®) J% b m® T

Since the dynamics of the field circuit are much faster than those of the armature circuit (time constant

L L Ve
L = ), we can write | —S and the system of equations is now:
Ry Ry R
dig(t Vg(t
L0 Riw k2D 0 v
dt R¢

kaSR_it)Ia(t) JdTn:(t) b () T.(D

b) Linearization
Define perturbation variables:

la® Ta  la®
m)  m m(1)
Vs(®) Vs Vs(b)
Next, we write the steady-state equations (all derivatives equal to zero):

Rila kf_ m Vs

f
These equations must be satisfied at the operating point. We can verify this using numerical values:
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0.75 I 0.12165—(?200 200

resulting in
Ia L 200 0.1215—0200 186.67
0.75 60

0.12%186.67 06 200 T,

resulting in

T, 56 120 64N-m
Now, given that the system is operating at the stated operating point, we can linearize the differential
equation for the perturbation variables around the operating point. To linearize the equation we recognize

Ve (t Ve(t
the nonlinear terms: K¢ —SRQ m(t) and K¢ Ys(t) la(t).

To linearize these terms, we use the first-order term in the Taylor series expansion:
Vs® ki Vs® m(®) ki Vs(t) ()
f == _ S m/ /S5 m7

Q) Vs(t) (1)
R ™7 R Vs g - Ry m o lg- "
ki _ _
R m Vs(t) Vs m()
Va(t ki Vg®)l,(t) ki V(D) () .
S 1 LS v
f f s i, f a g,
Ky

R la Vs(t) Vs la(t)

Now we can write the linearized differential equations in the perturbation variables:

Ke _ ke _

ki — d t -
= % la® 1= b L T T

This set of equations is now linear, and numerical values can be substituted to obtain a numerical answer,
valid in the neighborhood of the operating point, for given voltage and load torque inputs to the system.

Problem 17.30

Solution:

Known Quantities;
T, =5+0.05 +0.001 °

Kipw  Kapn 242
R, 02

a
V, 50V
Find:
What will the speed of rotation be of the fan?
Assumptions:
The fan is operating at constant speed.
Analysis
Applying KVL for a PM DC motor (note at constant current short inductor)
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V; I,R, E (eqn.17.48)

i T
: kTPM
Eb kaPM m
T
A R Kew m
kTPM P
T T, 5 005, 0001
5 0.05 . 0001
S k F% kolPM m
TPM
Plug in the known variables and solving for .
0.02
50V 5 0.05 . 0.001 ° 242V seg
" m 242N %mp /rad m

826x10° * 242 4.13x10° ( 50 413) 0

m m

20.5, or -29318 rad/sec

n  20.5 rad/sec
N 20.5radisec 2258¢ IV jo6ppy
min 2
Problem 17.31
Solution:

Known Quantities:
A separately excited DC motor

R, =0.1Q,R, =100Q,L, =0.2H,L, =0.02H,K, =0.8,K, =0.9

J=0.5kg-m’,b=2N-m-rad/s

Find:
a) A sketch of the system and its three differential equations
b) Sketch a simulation block diagram
c) Put the diagram into Simulink

d) Run the simulation with Armature Control with a constant field voltage V; =100V
Plot the current and angular speed responses

Run the simulation with Field Control with a constant armature voltage V; =100V
Plot the current and angular speed responses

Assumptions:

No external load torque is applied

Analysis:

a) Sketch:
Separately Excited DC M otor
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The three dynamic equations are:

v, L4 gy
f f dt Rf f
dl
N LSE ORI E
d d : d
JE b T, JE b ki, JE b klk;l;

b) Simulink block diagram

Problem 17.21 - Separately Excited DC Motor

Bl correrd ||

::“ | FEEE DTS s
Armature Control
racion 3 porel o |
Saparsinly Coiwd
D ke
Fuid ‘orvend gl
l‘.':-‘.ll-l “ srTaELey cuewre [
Field Control

it e [riec i

Simulink DC Motor Subsystem
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Separately Excited DT Mator

Problem solutions, Chapter 17

i Hr;riu- C:.::'l
_.-1'6;1
B
(5]
Camuihes 'l F-‘ r-
fa
<l
et |
'}
4]
s
niegrace] Ui Soprd
> o
Cmel
el W .
Y e ™ E
kx" W1
& s
e Tera
d) Simulink Responses:
Armature Control:
Currend ard Angular Spesd Responses: Amvaiure Conbral
] ] ] ] 1 ] ] ]
T 1
:
S -
=
=
e
W] i I i 1 I i i 1
u] 0.5 1 1.5 2 2.5 35 4 4.5 =1
E 300 T T T T T T T T
E 200 e =
L&)
g | o |
S 100 iy
ra
E :l : L 1 1 1 1 1 1 1
u] 0.5 1 1.5 2 2.5 35 4 4.5 =1
—, Bo T
5 o~
860 o .
E a0l e i
m O A il
E 0 vl 1 1 i i 1 1 i i
u] 0.5 1 1.5 2 2.5 s 4 45 =
Tirme [5]
Field Control:
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Curent and Angutar Spead Responses. Fisdd Conirgl

=
=

=
T

Field Cument [4]
y m

=]
o -

0.5 1 15 2 25 3 1.5 4 45 5
00 |

400}

S0 |

Armiadyre Curnent A

a 0.5 1 1.5 2 2.5 3 15 4 L5 5

Molor Speed |racts|
L
=

a 0.5 1 1.5 2 2.5 3 15 4 45 5
Tirne 5]

Problem 17.32

Solution:
Known quantities:

Ra- Lav ka = le Jml bmv Jl ba TL-
Find:
Transfer functions from armature voltage to angular velocity and from load torque to angular velocity.

Schematics, diagrams, circuits and given data.
See equations 17.16-18 and Figure 17.20.

Assumptions:

Analysis
Applying KVL and equation 17.47 to the electrical circuit we obtain:

Va® Rila(t) La% Ep(t) 0

or
La% Ria® ka m® Va®

Applying Newton’s Second Law and equation 17.46 to the load inertia, we obtain:
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Im Jth(t) Tn(H TL(H) by b
or
krla@®  Jm Jth(t) bm b () TV

To derive the transfer function, we Laplace transform the two equations to obtain:
sk, Ry 1,08 ky (9) V(9
kalags) sJn, J Dby, b (s T(9

We can write the above equations in matrix form and resort to Cramer’s rule to solve for £2,,(s) as a
function of V4(s) and T, (S).

Sla Ra Ka la(®  Va(9

m

Ka Sy J by b m® TL
with solution
o T2 R S
S
m(s) a L
det SLa Ra ka
K, sd, J b, b
or
sk
(S 2 Fa L9 Y Va9
a Rysd, J b, b k2 s, Ry, sd, J b, b k2
and finally
m(9 Sla_Ra
TLON (o Sa RasIm J bn b Kk
m(9 Ka
Va®lr o Sa Ry Iy J by b kg
Problem 17.33
Solution:

Known Quantities:

A PM DC motor that is coupled to a pump with a long shatft.

Find:

The dynamic equations of the system and the transfer function from input voltage to load inertia speed.
Assumptions:

The energy conversion is ideal.

Analysis:

Sketch:

PM DC Motor-L oad Coupling
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Ty

Knowing:
d
a a 2
dt S
Then the three dynamic equations for the system are:
di . di .
vV, L,—2 [ L,—2 [
a a dt R:i a Erl a dt R:i a ka m
d m m H L
., b, . K= kj, K=~ 0
dt S S
d L L m
g R KRR
Putting them in matrix form:
Ls+R, k. 0 i, V,
— 2 K - K =
k, J,s+hs+ A A w, 0

0 —K/( 38 +hs+Kla ] [-T

%(s)

a

a

ne (Ls+R)I,s+b, + K Jas+h +K/)-FKF(Ls+R )+ s+b + K f-k,)k,)

Problem 17.34

Solution:

Known quantities:
Field and armature circuit parameters; magnetization and armature constants; motor and load inertia and
damping coefficients.

Find:

a) sketch system diagrams for shunt and series configuration

b) write expression for torque-speed curves for each configuration

c) write the differential equations for each configuration

d) determine whether equations are linear or nonlinear and how they could be linearized
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Assumptions:
Analysis
a) System diagrams

Series motor-load system

Shunt motor-load system

b) Write expressions for the torque-speed curves
Shunt configuration

Applying KVL and Newton’s Second Law for the steady-state system we write:
Vs Rgls field circuit

and

Vs Rala Kilf marmature circuit

or
Vs
Vs Ryla ka m
Tm kflfla I(fﬁla b m TL
Ry

To obtain the torque-speed curve of the motor (there will also be a load torque-speed equation, but we do
not have any information on the nature of the load), we write:

Tm  kiltla
o Tm TmRf
T okile o kiVs
and substitute the expression for |, in the electrical circuit equation:
Vs Rala kf_S m T Im kKi=* m
Ry K Vs Ry

or

kiVs |, Vg kiVE  kiV8
m S fo5 m p— 11

RaR Ry RRr  R,Rf

Series configuration
Applying KVL and Newton’s Second Law for the steady-state system we write:
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2
VS Ra Rf Ia kfla m

Tm kila bm T
To obtain the torque-speed curve of the motor (there will also be a load torque-speed equation, but we do
not have any information on the nature of the load), we write:

T ALY
a kf
2 Tm
Vs Ra Rf la kilaz m= Ra Rfk_mem

which leads to a quadratic equation in Ty, and .
c) Write the differential equations
Shunt configuration
Applying KVL and equation 17.47 to the electrical circuit we obtain:

di (1) —
LfT Rel¢(t) Vg(t) field circuit

or

Ladlzt(t) Rala(t) kelg(t) m(t) Vs(t) armature circuit

Applying Newton’s Second Law and equation 17.46 to the load inertia, we obtain:
d m(t
1 T T b o

or

ke (Dl a(t) J% b m® T

Note that we have three differential equations that must be solved simultaneously. If the dynamics of the
L
a

L
field circuit are much faster than those of the armature circuit (time constant ? , as is often the

f
case) one can assume that the field current varies instantaneously with the supply voltage, leading to

Y/
l¢ —S and to the equations:
f
dig(t Vg(t
LA RI0 k2RO Ve

kaSR—it)Ia(t) Jd“’T“:(t) bag(t) T, ()

Series configuration
Applying KVL and equation 17.47 to the electrical circuit we obtain:
dl (1)
La Lt _a_dt Ra R la(h) ki la(Dwm(®) Vs(t)
Applying Newton’s Second Law and equation 17.46 to the load inertia, we obtain:

8@ T T bon

or
ke 12(t) Jd“’T”t‘“) bam() T (®)

d) Determine whether the equations are nonlinear
Both systems of equations are nonlinear. In the shunt case, we have product terms in |; and @, and in |
and |, (or in Vsand a and in Vsand |, if we use the simplified system of two equations). In the series case,

we have a quadratic term in Ia2 and a product term in Iy and @}, In either case, no simple assumption leads
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to a linear set of equations; thus either linearization or nonlinear solution methods (e.g.: numerical
simulation) must be employed.

Problem 17.35

Solution:

Known quantities:
A shunt-connected DC motor shown in Figure P17.35

Motor parameters: K, K; = armature and torque reluctance constant and K; = field flux constant

Find:
Derive the differential equations describing the electrical and mechanical dynamics of the motor
Draw a simulation block diagram of the system

Assumptions:

None

Analysis:

Electrical subsvstem

Vs(t) L ;t() Rl (t) field

V(t) = d'd(t) +RI,(t) + k@a (t) = d' (t) +R1,(t) + kK, I, (t)w, (t)armature
Mechanical subsystem

da, (1) _ _ _
J T T () =T (1) —ba, (1) =K@, () —T (1) —ba, (t) = KK 1 (D1,(t) =T, (t) —baw,(t)

Simulation block diagram:
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e p 1L > 13 o
WE = 10Lf Inite grator Field Cumrert

Rf
L |+ p 1N . . ia
— |- s
— 1/a Integratori Armature Cument
Sl \

;

Tl ha™kf =
: L
N bl‘."..l = 1 = i}

|_'- 14 | Inte grator? Angular Speed
] |=
B
C‘—:}—p time
IG"+7 * + Clock
y———— To orkgp ace
la ™l ifia

Problem 17.36

Solution:

Known quantities:

A series-connected DC motor shown in Figure P17.36

Motor parameters: ka, kT = armature and torque reluctance constant and kf = field flux constant
Find:

Derive the differential equations describing the electrical and mechanical dynamics of the motor
Draw a simulation block diagram of the system

Assumptions:

None

Analysis:

Electrical subsystem
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Ve L, LA g R ko)

dt
dl (t
Vs LD R0 kkila®) m()

d, @ 1 R Kakf
# IvS(t) —Lla(t) Tla(t) m(t)

Mechanical subsystem

Problem solutions, Chapter 17

J% Tm® TL® b m® kpla® TL® b q®) kkelZ® T byt

d m® kki o o1 b
pm 3 a® 3 L® 3 m (D)
Simulation block diagram:

W e+ L
_ s e i

E

Ammature Curment

|
e ’_' _ Tila+Lh Inte grator
Tk M
Ra+Rf
@ * : [
‘ ] -
TI bkt —
Ti L
- -;p\m | L
+ s
= 14 Inite grata
.
|"
B
P
-K-|47 M
WT f iatia

=

w

Angular Speed

{E}—r time

Clack

Tao Mbrepace
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Section 17.6: The Alternator (Synchronous Generator)
Problem 17.37

Solution:

Known quantities:

A 550V A, 20V rated automotive alternator. At rated V [JA, the power factor is 0.85. The resistance
per phase is 0.05Q . The field takes 2 A at 12V . The friction and windage loss is 25W and core
loss is 30W .

Find:
The percent efficiency under rated conditions.

Assumptions:

None.
Analysis
|a = ﬂ =25A
20
P, =1’R, =31.25W
P.: =500(0.85) =425W
P, =2(12) =24W
P,.=P, +P, +25+30+24 =535.25W
% = 425 x100 =79.4%
535.25
Problem 17.38
Solution:

Known quantities:

A three-phase 2300V ,500KkV [A synchronous generator. X =8.0Q,r, =0.1Q . The machine is
operating at rated load and voltage at a power factor of 0.867 lagging.

Find:

The generated voltage per phase and the torque angle.

Assumptions:
None.
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Analysis:

= ﬂ =1255A
V3(2300)
E=2%00 112550 -30°(0.1+ j0.8)
V3
=1327.9 +101.2052.9°
= 1389 + j80.7

=1391.303.3°V

UE =1391.3V
0=33

Problem 17.39

Solution:

Known quantities:

As shown in Figure P17.39.

Find:

Explain the function of Q, D, Z,and SCR.

Assumptions:

None.

Analysis

Q : The setting of R, determines the biasing of Q. When Q conducts, the SCR will fire, energizing
the alternator’s field.

D : This diode serves as a “free-wheeling” element, allowing the field current to circulate without
interfering with the commutation of the SCR.

Z : The Zener diode provides a fixed reference voltage at the emitter of transistor Q ; i.e., determination

of when Q conducts is controlled solely by the setting of R,.

SCR: The SCR acts as a half-wave rectifier, providing field excitation for the alternator. Without the
field, of course, the alternator cannot generate.
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Section 17.7: The Synchronous Motor
Problem 17.40

Solution:

Known quantities:
A non-salient pole, Y-connected, three phase, two-pole synchronous machine. The synchronous reactance
is 7Q and the resistance and rotational losses are negligible. One point on the open-circuit characteristic

is given by V; =400V (phase voltage) for a field current of 3.32 A. The machine operates as a motor,
with a terminal voltage of 400V (phase voltage). The armature current is 50 A, with power factor 0.85
leading.

Find:

Eb , field current, torque developed, and power angle O .

Assumptions:
None.

Analysis:
The per phase circuit is shown below:

E, C) Vs

Since the power factor is 0.85, we have:
6=31.79°

W = 26—373600 =377 rad/sec

From Vo =400V , we have
E, =400V (opencircuit) = K, i
400

Therefore K = ——=0.3196
377x3.32

E, =400010° —500031.79" x70J90°
=400+184.38 — j297.49

=655.740 -26.98°V
i E  _s44A
120.48
6, =31.79" +26.98° =58.77°
The torque developed is:

3
:E|Eb||l s|cos@: =135.27 N [n
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O is the angle from V to E, :
0 =-26.9%

The phase diagram is shown below:

Problem 17.41

Solution:

Known quantities:

A factory load of 900 KW at 0.6 power factor lagging is increased by adding a 450 KW' synchronous
motor.

Find:

The power factor this motor operates at and the KVA input if the overall power factor is 0.9 lagging.

Assumptions:

None.

Analysis.

P,s =900kwW Q,, =1200kVAR

ol

P =450kwW
P. =1350kW Q; =653.8KVAR
Q,, =653.8-1200 = -546.2KVAR

pf,, = cos(tan™ P—m) =0.636leading

S, :%:708kVA

m

Problem 17.42

Solution:

Known quantities:
A non-salient pole, Y-connected, three phase, two-pole synchronous generator is connected to a
400V (line to line), 60 Hz, three-phase line. The stator impedance is 0.5 + j1.6 (per phase). The

generator is delivering rated current 36 A at unity power factor to the line.

Find:
The power angle for this load and the value of E, for this condition. Sketch the phasor diagram, showing

E,, lg,and Vg.
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Assumptions:
None.
Analysis
V, =ﬂDO° =230.900°V
NE)
I, =3600" A

Z,=05+1.6=1.676072.65 Q
E, =V, +1,Zs =248.9+j57.6
= 255.5013.03°V

The power angle is 13.03".
Eb

Problem 17.43

Solution:

Known quantities:

A non-salient pole, three phase, two-pole synchronous generator is connected in parallel with a three-phase,
Y-connected load. The equivalent circuit is shown in Figure P17.43. The parallel combination is

connected to a 220V (line to line), , three-phase line. The load current is 25 A at a power factor of
0.866 inductive. X =2 . The motor is operating with | ; =1 AT =50 N M at a power angle of
-30".

Find:

I, P, (to the motor), the overall power factor and the total power drawn from the line.

Assumptions:
Neglect all losses for the motor.

Analysis.
The phasor per-phase voltage is:

Vg =12700°V

E
T =S0N M= —iwsiné'
377 Xg

Therefore,

E,|=- VCTN___ 1979y

3(127)sin(=307)
E, =197.90-30"V
Fori; =1A,
g =49.47+ j22.2 =54.23[124.16" A

The load current is:
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[, =250 —cos'0.866 =21.65- j12.5
and
I, =1, +14=71.12+j9.7=71.7807.77° A
P moor =3 X54.23x127 xc0524.16" =18.85kW
=3x71.78 %127 xcos7.77° =27.10 KW

P
The power factor is:

in_total
pf =cos7.77° =0.991leading

Problem 17.44

Solution:

Known quantities:

A non-salient pole, Y-connected, three phase, four-pole synchronous machine. The synchronous reactance
is 10 Q. It is connected to a 230\/5 V (line to line), 60 HZ, three-phase line. The load requires a torque
of Ty, =30N M. The line current is 15 A leading the phase voltage.

Find:

The power angle O and E for this condition. The line current when the load is removed. Is it leading or
lagging the voltage.

Assumptions:
All losses can be neglected.

Analysis.
At w,, =188.5rad/sec, we can calculate
P =30x188.5=5655W

out

=P,, and P, (per phase) = 1885W =230 x15cos 8, we calculate
6 =cos™ 0.5464 = 56.88°

Since Vg =23000°V, 1, =150056.88" A

E, =355.6-j81.96 =364.920-12.98°V
The power angle is:

d=-12.98.
If the load is removed, the power angle is 0° and from

364.9200° =230010° —100J90°
=1 =13.4950090" A

The current is leading the voltage.

Since P

n
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Problem 17.45

Solution:

Known quantities:
A 10hp,230V,60 HZ Y-connected, three phase synchronous motor delivers full load at a power factor
of 0.8 leading. The synchronous reactance is 6 . The rotational loss is 230W , and the field loss is

S50W.

Find:

a) The armature current.
b) The motor efficiency.
c) The power angle.

Assumptions:
Neglect the stator winding resistance.

Analysis

P, =10hp = 7460W
P, =P, +P +P,_ =7740

out copper
OPR,(per phase) =2580 =Vl 0.8

v, =20 = 1308v

V3

= ﬂ =243 A
132.8x0.8

S

That is:
VS =132.8010°V, |S =24.3036.87° A

E, =Vs—14(6090°) =249.200-27.9°V

a)
s =24.3036.87" A
b)
efficiency = 7460 _ 0.964 =96.4%
7740
c)
power angle = —-27.9°
Problem 17.46
Solution:

Known quantities:

A three-phase 2300V, 60 Hz, 30 poles, 2000 hp , unity power factor synchronous motor.
X5 =1.95Q per phase.

Find:

The maximum power and torque.

Assumptions:
Neglect all losses.
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Analysis:

ng =220 = 949 rev/min
s

ws =25.13 rad/sec

At full load,
P,, =746 %2000 = 1.492 MW
v, =29 = 1337000V

NE]

For unity power factor,
| =374.500° A
E, =Ve — lsjXs =1327.9 - j730.3
=1515.50-28.2°V

The maximum power and torque are:

P = 3—|Eb|v5| =3.096 MW
S
T,. = =1232kN

max
wS

Problem solutions, Chapter 17

Problem 17.47

Solution:

Known quantities:

A 1200V Y-connected, three phase synchronous motor takes 110 KW when operated under a certain
load at 1200 rev/min. The back emf of the motor is 2000V . The synchronous reactance is 10Q per

phase.
Find:
The line current and the torque developed by the motor.
Assumptions:
Winding resistance is negligible.
Analysis
Vg = 1200 =692.8010°

NE]

The input power per phase is:
_N? _ 100°
O, 12.51x10°

The power developed is:

=0.8H

P= —3—|Eb|[vs| sin o
XS

Osind = —0.2646

0 =-1534
The torque developed is:
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ziz875.1NDTn

Ws

Problem 17.48

Solution:

Known quantities:

A 600V Y-connected, three phase synchronous motor takes 24 KW at a leading power factor of
0.707 . The per-phase impedance is 5+ j50Q .

Find:
The induced voltage and the power angle of the motor.

Assumptions:
None.

Analysis

Vs

D
()

0

=

=346.40110"V

Z, =5+ j50=50.25084.29"Q
From pf =0.707, we have 8 =45".
From P, = 3[\/S||| s COS 9| , we have

e 24 x10°
3x346.4
| =32.67045 A
E, =V —1.Z,=1385-j1270.6
=1880.30-42.51"V

x0.707 =32.67 A

The power angle is:

0 =-4251

The power developed and the copper loss are:
P = 3Ep|l 5| cos87.51" =8.006 KW
Pos = 3|1 ¢/ Rs =16.01KW
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Section 17.8: The Induction Motor
Problem 17.49

Solution:
Known quantities:
A 74.6 KW three-phase, 440V (line to line), four-pole, 60 HZ induction motor. The equivalent circuit
parameters are:
R =0.060Q R, =0.08Q
Xs=03Q X;=03Q X, =5Q
The no-load power input is 3240W at a current of 45 A.
Find:
The line current, the input power, the developed torque, the shaft torque, and the efficiency at S=0.02.

Assumptions:
None.

Analysis

v, = 40

V3

Z. =0.06+ )03+

=25400"V

i5(4+ j0.3)
4+ 53
=2.328+ j2.294 =3.268044.59° Q
| =77.70-44.59 A
P =3x254%77.7cos(=44.59") = 42.16 KW
__J5
27 4+53

| =58.510-7.55" A
The total power transferred to the rotor is:
R =3%||2|2 =41.1kW

I:)m = I:)T - Pcopperflossfinfrotor

=41.1x 103(1 —5S) =40.25kW
W, =(1—s)ws =0.98x188.5=184.7rad/sec
Therefore, the torque developed is:
Tdev = Pm
184.7
=1880.3L1 -42.51"V

=218 N

The rotational power and torque losses are:
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P, =3240-3x45" x0.06 = 2875.5W

T, =15.56 N in
The shaft torque is:

Ty, =218-15.56 =202.4 N Un
Efficiency is:
P, 202.4x184.7

T, = ot = =(.887
P 42.16x10°

n

Problem solutions, Chapter 17

Problem 17.50

Solution:

Known quantities:

A 60 Hz, four-pole, Y-connected induction motor is connected to a three-phase, 400V (line to line),

60 Hz line. The equivalent circuit parameters are:
R =0.2Q R, =0.1Q
Xs=05Q X;=02Q X,=20Q

When the machine is running at 1755 rev/ min, the total rotational and stray-load losses are 800W .

Find:

The slip, input current, total input power, mechanical power developed, shaft torque and efficiency.

Assumptions:
None.

Analysis
From Ng = 1800 rev/min , we have
§=0.025

& =4
S
j20(4 + j0.2)
4+ j20.2
=3.972 + j1.444 =4.2260119.98° Q

Z,=02+j05+

Therefore,
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I =54.600 -19.98° A
P, = 3(54.6)(4—(?005(—19.98")) =35.6kw

e
R =R, =34 R

=35.6x10° —3(54.6) x 0.2 = 33.81 KW
P =(1-S)P =32.97kW
P, =P, =P —800=32.17kW
w,, =183.8rad/sec
T, =175N On

efficiency = 2217 = 0.904
356

Problem 17.51

Solution:

Known quantities:
A three-phase, 60 Hz, eight-pole induction motor operates with a slip of 0.05 for a certain load.

Find:

a) The speed of the rotor with respect to the stator.

b) The speed of the rotor with respect to the stator magnetic field.

¢) The speed of the rotor magnetic field with respect to the rotor.

d) The speed of the rotor magnetic field with respect to the stator magnetic field.
Assumptions:

None.

Analysis:
ng =900rev/min,  ws =94.25rad/sec

a)
n,, =(1-s)ng =855rev/min
b)
The speed of the stator field is 900 rev/ min , the rotor speed relative to the stator field is
—45rev/min.
c)
45rev/min
d)
0rev/min
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Problem 17.52

Solution:

Known quantities:

A three-phase, 60 Hz, 400V (per phase), two-pole induction motor develops P,, =37 KW at a certain
speed.

The rotational loss at this speed is 800W .

Find:
a) The slip and the output torque if the total power transferred to the rotor is 40 KW .

b) | and the power factor if P, =45kW,R; =0.5Q.

Assumptions:
Stray-load loss is negligible.

Analysis.
2)
P.=3(1-s)P =37kwW

1-5=0.925=s5=0.075

ng =3600rev/min, s =377 rad/sec
W, = (1 —s)ws =348.7rad/sec

P, =P, =37-0.8=362kW

b)

315 R =5kw
Ollg[=57.7A
P, = 3[\/S||I S|cosé’ =45kW

The power factor is:

cos@ =0.65lagging

Problem 17.53

Solution:

Known quantities:

The nameplate speed of a 25 HZ induction motor is 720 rev/ min . The speed at no load is
745rev/min .

Find:

a) The slip.

b) The percent regulation.
Assumptions:

None.
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Analysis:
a)
= w =4.17> p= 4
720
_120(25) _
gne ————— = 750rpm
s||pzwz()()4 =49,

b)

eg = M =0.035=3.5%

720

Problem solutions, Chapter 17

Problem 17.54

Solution:

Known quantities:
The name plate of a squirrel-cage four-pole induction motor has

25hp,220V,60Hz 830 rev/min ,64 A, three-phase line current. The motor draws 20,800W

when operating at a full load.

Find:

a) slip.

b) Percent regulation if the no-load speed is 895rpm.
¢) Power factor.

d) Torque.
e) Efficiency.
Assumptions:
None.
Analysis
a)
Ngne =900rpM
sip=220"50 _ ¢ 078 = 7.8%
b)
eg = 895-830 _ 078 =7.8%
c)
pf = __20800 0.853lagging
J3(220)(64)
d)
T = J0425XT740) _se 5 1p it
830
e)
f = w =0.897 =89.7%

20,800
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Problem 17.55

Solution:

Known quantities:
A 60 Hz, four-pole, Y-connected induction motor is connected to a 200V (line to line), three-phase,
60 Hz line. The equivalent circuit parameters are:

R, =0.48Q Rotational losstorque = 3.5 N [
Xs=08Q R; =0.42Q(referred tothestator)

X, =30Q  X; =0.8Q(referred tothestator)
The motor is operating at slip S=0.04.

Find:
The input current, input power, mechanical power, and shaft torque.

Assumptions:
Stray-load losses are negligible.

Analysis
Vg =115.5V

W, =(1-19)188.5=181rad/sec
j30(10.5+ j0.8)

10.5 + j30.8

= 9.404 + j4.63 =10.480126.2°

Olg=11.020-262° A
P, (per phase) =115.5x11.02 x cos(—26.2°)
P, (total) = 3426W
P, =P, (total) - 3Ry[I {| =3251W
OP, =(1-s)P =3121W

T, =121 =17 04N
181

Z, =048+ j0.8+

Problem 17.56

Solution:

Known quantities:
a) A three-phase, 220V, 60 HZ induction motor runs at 1140 rev/min .

b) A three-phase squirrel-cage induction motor is started by reducing the line voltage to Vs / 2 in order to
reduce the starting current.

Find:

a) The number of poles (for minimum slip), the slip, and the frequency of the rotor currents.

b) The factor the starting torque and the starting current reduced.

Assumptions:
None.
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Analysis:

a)

For minimum slip, the synchronous speed,

0 )
> should be as close as possible to 1140 rev/ min ,

therefore,
ng =1200, p =6 poles
o= 1200 -1140 = 0.05
1200
frotor = 3 HZ
b)

If the line voltage is reduced to half, the starting current is reduced by a factor of 2. The developed torque

2 . .
is proportional to |l <[ . Therefore, the starting torque is reduced by a factor of 4 .
prop s g torq y

Problem 17.57

Solution:

Known quantities:
A six-pole induction machine has a 50 KW rating and is 85 percent efficient. If the supply is 220V at

60 Hz.
6 poles
60 Hz
50 kW
85% efficient
220 Volt
4% slip
Find:
The motor speed and torque at a slip S= 0.04-
Assumptions:

None.
Analysis
120f 120 60
a) Ng 1200rev/min
p 6
@ slip of 4%
n nl1 s 1200rev/min 1 0.04 1152 rev/ min
P, = P, xefficiency = (50kwW)(0.85) = 42.5 kW
b) = Put _ 42500 W' . lrev 60§ec ~353N-m
w 1152rev/min 27rrad min
Problem 17.58
Solution:
Known quantities: 6 poles
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60 Hz

240 Volt rms

10% slip

Torque = 60 N-m
Find:
a) The speed and the slip of the induction machine if a load torque of 50 N-m opposes the motor.
b) The rms current when the induction machine is operating under the load conditions of part a.

Assumptions:
The speed torque curve is linear in the region of our interests.

Analysis.
a)
120f 120 60
S 0 1200rev/min
@ slip of 4%
n ng1 s 1200 rev/min 1 0.04 1152 rev/ min
Torque
[N-m]
60 \
50
T=m*n+b
5 a >
torgue
T mn b
60 0N m 0.5 N m
1080 1200 rev/min " rev/min
N
b T mn 60N m 05— 1080 rev/min 600 N-m
rev/min

motor speed (@ 50 N-m)
T b rev/min

50N-m 600 N-m 1000 rev/min

m SN m
n
sli 50 N-m

1200 11
N, n 1200 1100 hess g3304

n 1200
b)
Output Power

271rad 1mi

P Tw 50N-m 1100 — L€ MR 5760 W

t .
ou min rev 60sec

Input Power

Fout
—— | V
efficiency '™
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Current

P, 5760 W

efficiency V,,  0.92 240 volts

26.1 amps

rms

Problem 17.59

Solution:

Known quantities:
A three-phase, 5hp, 220V, 60 Hz induction motor. V =8V,| =18 AP =610W .

Find:
a) The equivalent stator resistance per phase, Rg.
b) The equivalent rotor resistance per phase, RR .

¢) The equivalent blocked-rotor reactance per phase, X R

Assumptions:
None.
Analysis
a)
Ry -1 PBZR =0.314Q
2 3l
b)
R, =0.314Q
c)
Zg =VBR/\/§ = 48/\/5 =1.54Q
| or 18

Xq =+/Z2 - R =4/(1.54)> —(0.628)* =1.4Q

Problem 17.60

Solution:

Known quantities:
The starting torque equation is:

_mw2D RR

T W, 0 (Re+RY)P (X + Xg)

e

Find:
a) The starting torque when it is started at 220V .
b) The starting torque when it is started at 110V .

Assumptions:
None.
Analysis

a)
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2
ws R +X

1 3(127)°(0.314)

= . - =17.1N [in
377 (0.628)° +(1.4)
b)
2
_ 1 3(63.5)2 (0.314)2 _ 498N [n
377 (0.628)* +(1.4)
Problem 17.61
Solution:

Known quantities:
A four-pole, three-phase induction motor drives a turbine load with torque-speed characteristic given by

T, =20+ 0.006”

At a certain operating point, the machine has 4% slip and 87% efficiency.
Find:

Torque at the motor-turbine shaft

Total power delivered to the turbine
Total power consumed by the motor

Assumptions:

Motor run by 60-Hz power supply

Analysis

Synchronous speed of four-pole induction motor at 60-Hz:

N :120f :6OS/minX60r/S

X =1800r / min
P 4/2
@, =1800rev/ minx 27289 _j¢¢ srad /s
0s/min

Rotor mechanical speed at 4% slip:

@, =(1-s)o, = (1-0.04)(188.5rad / s) =181.0rad / s
Load torque at the shaft:

T, =20+0.006(181.0rad / S)2 =216N-m
Total power delivered to the turbine:

P=T.w, = (216N -m)(181.0rad / s) = 39.1kW

Total power consumed by the motor:

Problem 17.62

Solution:

Known quantities:
A four-pole, three-phase induction motor rotates at 1700 r/min when the load is 100 N-m.
The motor is 88% efficient.
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Find:

a) Slip

b) For a constant-power, 10-kW load, the operating speed of the machine

c¢) Total power consumed by the motor

d) Sketch the motor and load torque-speed curves on the same graph. Show numerical values.

Assumptions:
Motor run by 60-Hz power supply
Analysis
a) Synchronous speed of four-pole induction motor at 60-Hz:

N :120f :6OS/minX60r/S

s =1800r / min
P 4/2
Slip:
<= ng—n_ 1800r/m1n—1790r /min _ 0.056 = 5.6%
N, 1800r / min
b) Operating speed of machine for a constant-power load of 10-kW
— P _ 10000W _ 100rad / sec
T, 100N -m
n =(DM =955r / min
2rrad/rev
¢) Total power consumed by the motor
X P _10KW _ gkew
n 088

d) Sketch of motor and load torque-speed curves on the same graph, with the operating point at the
first intersection:
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Motor and Load Torque-Soeed Cunses
150 . . - . .

Matar |
Lot
100§
E
Fg-
S0+
Bl 1 i 1 1 i 1 i 1 1
u] 200 400 =1 200 1000 1200 1400 1600 1800 2000

Spead [rpm|

Problem 17.63

Solution:

Known quantities:

A six-pole, three-phase motor.

Find:

The speed of the rotating field when the motor is connected to:

a) a 60 Hz line.
b) a S0HZ line.

Assumptions:
None.
Analysis:
a)
A7t :
For 60 Hz, w,, = - 125.7rad/sec, n,, =1200rev/min
b)
For 50 Hz, w, =104.72rad/sec, n,, =1000rev/min
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Problem 17.64

Solution:

Known quantities:
A six-pole, three-phase, 440V, 60 Hz induction motor. The model impedances are:

R; =0.8Q Xs=0.7Q
R; =0.3Q Xz =0.7Q
X,=35Q
Find:
The input current and power factor of the motor for a speed of 1200 rev/min.

Assumptions:
None.

Analysis

Vq =25400°V

_ 440
V3
For N, =Ng =1200rev/min, s=0(noload).
Z, =R+ j(Xg+X,,)=08+)35.7
=35.711188.7° Q
I¢=7.110-88.7" A
The power factor is:

cos88.7° =0.0224lagging
P, =3I 4|Vs|cos 8 =121.4W

Problem 17.65

Solution:

Known quantities:
A eight-pole, three-phase, 220V, 60 HZ induction motor. The model impedances are:

R, =0.78Q X =0.56Q
R,=028Q X,=0.84Q
X, =32Q

Find:

The input current and power factor of the motor for S=0.02 .

Assumptions:
None.

Analysis
For 8 poles,
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ng = 3600 _ 949 rev/min
4

ws =94.25rad/sec
W, =(1-s)ws =92.4rad/sec

By using the equivalent circuit, we have:

j32(0'2§ +j0.84)

Z, =0.78+j0.56 + 02
14 + 32.84

=12.03+ j6.17 =13.520027.15° Q
Vg =12700°V
l¢=9.390-27.15" A
pf =cos(—27.15") =0.8898lagging

Problem 17.66

Solution:

Known quantities:

The nameplate is as given in Example 17.2.

Find:

The rated torque, rated volt amperes, and maximum continuous output power for this motor.

Assumptions:
None.

Analysis
The speed is:
n,, =3565rev/min
27T% 3565
W, =—

m

=373.3rad/sec

The rated VOIt AMperes is:
V3 x(230V) x (106 A) = 42.23KVA
or /3 X (460V) x (53A) = 42.23KVA

The maximum continuous output power is:
P, =40 x 746 = 29840W

The rated output torque is:

T:&=79.93Nﬁm

m
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Problem 17.67

Solution:

Known quantities:

At rated voltage and frequency, the 3-phase induction machine has a starting torque of 140 percent and a
maximum torque of 210 percent of full-load torque.

Find:

a) The slip at full load.

b) The slip at maximum torque.
c) The rotor current at starting as a percent of a full-load rotor current.

Assumptions:
Neglect stator resistance and rotational losses. Assume constant rotor resistance.

Analysis:
a)
_ KV'(R/sq)
T (RS + X
T =1.4T4 S = 1.0

Tr =2.0Tx  Syr :%

The above leads to 3 equations in 3 unknowns:

(1) 42XR, =1.4R’ +1.4X>

&2 2 _ 2 2
() +5x X" =14R; +1.4X
S

R

@ 4228 =By
SR

Sk
Solving the equations, we have:
R =0.382
X
s, =0.097
b)

Sy = % =0.382

)
_ KV KV

lo=— |
R 4.06 T1.07

LES x100 =379%

R
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	Chapter 17 Instructor Notes
	Section 17.1:  Rotating Electric Machines
	Problem 17.1
	Solution:
	Known quantities:
	The relationship of the power rating and the ambient temperature is shown in the table.  A motor with � is rated up to �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.2
	Solution:
	Known quantities:
	The speed-torque characteristic of an induction motor is shown in the table.  The load requires a starting torque of � and increase linearly with speed to � at �.
	Find:
	Assumptions:
	Analysis:

	Section 17.2:  Direct Current Machines

	Problem 17.3
	Solution:
	Known quantities:
	Find:
	The force exerted by each conductor on the armature.
	Assumptions:
	Analysis:


	Problem 17.4
	Solution:
	Known quantities:
	The air-gap flux density of the DC machine is �.  The area of the pole face is �.
	Find:
	Assumptions:
	Analysis:

	Section 17.3:  Direct Current Generators

	Problem 17.5
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is �.  The shunt field current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.6
	Solution:
	Known quantities:
	A � separately excited generator.  The armature resistance is �.  The load current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.7
	Solution:
	Known quantities:
	A � series generator.  The armature resistance is � and a series field resistance is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.8
	Solution:
	Known quantities:
	A � shunt generator.  The armature resistance is � and a series field resistance is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.9
	Solution:
	Known quantities:
	A four-pole � shunt generator.  The armature resistance is � and a series field resistance is �.   The generator is operating at the rated speed of �.
	Find:
	The no-load voltage of the generator and terminal voltage at half load.
	Assumptions:
	Analysis:


	Problem 17.10
	Solution:
	Known quantities:
	A � generator is running at half load at �with efficiency of 85 percent.
	Find:
	The total losses and input power.
	Assumptions:
	Analysis:


	Problem 17.11
	Solution:
	Known quantities:
	A self excited DC shunt generator.  At �, it delivers � to a � line.  The armature resistance is � and a series field resistance is �.   The magnetization characteristic is shown in Figure P17.11.  When the generator is disconnected from the line, the dr
	Find:
	Assumptions:
	Analysis:


	Section 17.4:  Direct Current Motors
	Problem 17.12
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is �.  A field resistance is �.  At no load the armature current is � and the speed is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.13
	Solution:
	Known quantities:
	A � shunt generator.  The armature resistance including brushes is �.  Operating at rated load and speed, the armature current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.14
	Solution:
	Known quantities:
	A � shunt DC motor.  The armature resistance is � and a series field resistance is �.   The generator is operating at the rated speed of �.  The full-load efficiency is 90 percent.
	Find:
	Assumptions:
	Analysis:


	Problem 17.15
	Solution:
	Known quantities:
	A � series motor.  The armature resistance is � and a series field resistance is �.   The speed is � when the current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.16
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is �.  The rated armature current is �.
	Find:
	Assumptions:
	Analysis:
	a)


	Problem 17.17
	Solution:
	Known quantities:
	A � series motor.  The armature resistance is �.   The speed is � when the current is � and the load is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.18
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is � and a series field resistance is �.   The speed is � when the current is � and there is no load.
	Find:
	Assumptions:
	Analysis:
	Since �corresponds to �, we have:
	______________________________________________________________________________________


	Problem 17.19
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is � and a series field resistance is �.   At �,  �.  When loaded, the current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.20
	Solution:
	Known quantities:
	A � shunt motor.  The armature resistance is � and a series field resistance is �.   At �with no load,  �, the line current is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.21
	Solution:
	Known quantities:
	A � shunt motor operates at full load when the line current is � at �.  The field resistance is �.  To increase the speed to �, a resistance of � is cut in via the field rheostat.  The line current is increased to �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.22
	Solution:
	Known quantities:
	A � shunt-wound motor.  The armature resistance is � and a series field resistance is �.   The rated speed is �.  The full-load efficiency is 86 percent.
	Find:
	The effect on counter emf, armature current and torque when the motor is operating under rated load and the field flux is very quickly reduced to 50 percent of its normal value.  The effect on the operation of the motor and its speed when stable operatin
	Assumptions:
	Analysis:


	Problem 17.23
	Solution:
	Known quantities:
	The machine is the same as that in Example 17.7.  The circuit is shown in Figure P17.23.  The armature resistance is � and the field resistance is negligible.  �.   In the operating region, �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.24
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.25
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.26
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.27
	
	a)
	b)


	Problem 17.28
	Problem 17.29
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.30
	Solution:

	Problem 17.31
	Solution:

	Problem 17.32
	Solution:
	Known quantities:
	Find:
	Schematics, diagrams, circuits and given data.
	Assumptions:
	Analysis:


	Problem 17.33
	Solution:

	Problem 17.34
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:
	Shunt configuration
	Series configuration
	Shunt configuration
	Series configuration



	Problem 17.35
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.36
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Section 17.6:  The Alternator (Synchronous Generator)
	Problem 17.37
	Solution:
	Known quantities:
	A � rated automotive alternator.  At rated �, the power factor is �.  The resistance per phase is �.  The field takes � at �.   The friction and windage loss is � and core loss is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.38
	Solution:
	Known quantities:
	A three-phase � synchronous generator.  �.  The machine is operating at rated load and voltage at a power factor of � lagging.
	Find:
	The generated voltage per phase and the torque angle.
	Assumptions:
	Analysis:


	Problem 17.39
	Solution:
	Known quantities:
	As shown in Figure P17.39.
	Find:
	Assumptions:
	Analysis:


	Section 17.7:  The Synchronous Motor
	Problem 17.40
	Solution:
	Known quantities:
	A non-salient pole, Y-connected, three phase, two-pole synchronous machine.  The synchronous reactance is � and the resistance and rotational losses are negligible.  One point on the open-circuit characteristic is given by �(phase voltage) for a field cu
	Find:
	Assumptions:
	Analysis:


	Problem 17.41
	Solution:
	Known quantities:
	A factory load of � at � power factor lagging is increased by adding a � synchronous motor.
	Find:
	The power factor this motor operates at and the KVA input if the overall power factor is � lagging.
	Assumptions:
	Analysis:


	Problem 17.42
	Solution:
	Known quantities:
	A non-salient pole, Y-connected, three phase, two-pole synchronous generator is connected to a �(line to line), �, three-phase line.  The stator impedance is �(per phase).  The generator is delivering rated current � at unity power factor to the line.
	Find:
	Assumptions:
	Analysis:


	Problem 17.43
	Solution:
	Known quantities:
	A non-salient pole, three phase, two-pole synchronous generator is connected in parallel with a three-phase, Y-connected load.  The equivalent circuit is shown in Figure P17.43.  The parallel combination is connected to a �(line to line), , three-phase l
	Find:
	(to the motor), the overall power factor and the total power drawn from the line.
	Assumptions:
	Analysis:


	Problem 17.44
	Solution:
	Known quantities:
	A non-salient pole, Y-connected, three phase, four-pole synchronous machine.  The synchronous reactance is �. It is connected to a �(line to line), �, three-phase line.  The load requires a torque of  �.  The line current is � leading the phase voltage.
	Find:
	Assumptions:
	Analysis:


	Problem 17.45
	Solution:
	Known quantities:
	A � Y-connected, three phase synchronous motor delivers full load at a power factor of � leading.  The synchronous reactance is �.  The rotational loss is �, and the field loss is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.46
	Solution:
	Known quantities:
	A three-phase �, unity power factor synchronous motor.  � per phase.
	Find:
	Assumptions:
	Analysis:


	Problem 17.47
	Solution:
	Known quantities:
	A � Y-connected, three phase synchronous motor takes � when operated under a certain load at �.  The back emf of the motor is �.  The synchronous reactance is � per phase.
	Find:
	The line current and the torque developed by the motor.
	Assumptions:
	Analysis:


	Problem 17.48
	Solution:
	Known quantities:
	A � Y-connected, three phase synchronous motor takes � at a leading power factor of �.  The per-phase impedance is �.
	Find:
	Assumptions:
	Analysis:


	Section 17.8:  The Induction Motor
	Problem 17.49
	Solution:
	Known quantities:
	A � three-phase, � (line to line), four-pole, � induction motor.  The equivalent circuit parameters are:
	The no-load power input is � at a current of �.
	Find:
	The line current, the input power, the developed torque, the shaft torque, and the efficiency at �.
	Assumptions:
	Analysis:


	Problem 17.50
	Solution:
	Known quantities:
	A �, four-pole, Y-connected induction motor is connected to a  three-phase, � (line to line), � line.  The equivalent circuit parameters are:
	When the machine is running at �, the total rotational and stray-load losses are �.
	Find:
	The slip, input current, total input power, mechanical power developed, shaft torque and efficiency.
	Assumptions:
	Analysis:


	Problem 17.51
	Solution:
	Known quantities:
	A three-phase, �, eight-pole induction motor operates with a slip of � for a certain load.
	Find:
	Assumptions:
	Analysis:


	Problem 17.52
	Solution:
	Known quantities:
	A three-phase, �, �(per phase), two-pole induction motor develops � at a certain speed.
	The rotational loss at this speed is �.
	Find:
	Assumptions:
	Analysis:


	Problem 17.53
	Solution:
	Known quantities:
	The nameplate speed of a � induction motor is �.  The speed at no load is �.
	Find:
	Analysis:


	Problem 17.54
	Solution:
	Known quantities:
	The name plate of a squirrel-cage four-pole induction motor has �, three-phase line current.  The motor draws � when operating at a full load.
	Find:
	Assumptions:
	Analysis:


	Problem 17.55
	Solution:
	Known quantities:
	A �, four-pole, Y-connected induction motor is connected to a �(line to line), three-phase, � line.  The equivalent circuit parameters are:
	Find:
	Assumptions:
	Analysis:


	Problem 17.56
	Solution:
	Known quantities:
	Find:
	b)  The factor the starting torque and the starting current reduced.
	Assumptions:
	Analysis:


	Problem 17.57
	Solution:
	Known quantities:
	A six-pole induction machine has a � rating and is � percent efficient.  If the supply is � at �.
	Find:
	Assumptions:
	Analysis:

	a)
	b)

	Problem 17.58
	Solution:
	Find:
	Assumptions:
	Analysis:

	a)
	b)

	Problem 17.59
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.60
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.61
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.62
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.63
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.64
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.65
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.66
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:


	Problem 17.67
	Solution:
	Known quantities:
	Find:
	Assumptions:
	Analysis:



