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8- 15. What is the purpose of a field loss relay? 

8-16. What types of protective features are included in typical solid-state de motor drives? 
How do they work? 

8- 17. How can the direction ofrotation of a s'eparately excited de motor be reversed? 

8-18. How can the direction of rotation of a shunt de motor be reversed? 

8- 19. How can the direction of rotation of a series de motor be reversed? 

8- 20. Name and describe the features of the five types of generators covered in this chapter. 

8-21. How does the voltage buildup occur in a shunt de generator during starting? 

8- 22. What could calise voltage buildup on starting to fail to occur? How can this problem 
be remedied? 

8-23. How does armature reaction affect the output voltage in a separately excited dc 
generator? 

8- 24. What causes the extraordinarily fast voltage drop with increasing load in a differen
tially compounded dc generator? 

PROBLEMS 

Problems 8-1 to 8- 12 refer to the following dc motor: 

P ratcu = 30 hp 

VT~240V 

nrateJ = 1800 rlmin 

RA ~ 0.19 n 
Rs ~ 0.Q2 n 

IL,ratcd = 110 A 

NF = 2700 turns per po le 

NSE = 14 turns per pole 

RF ~ 75 f1 
R,dj ~ 100 to 400 f1 

Rotational losses = 3550 W at full load. 

Magnetization curve is as shown in Figure P8-1. 

In Problems 8-1 through 8-7, assume that the motor can be connected in shunt. The 
equ ivalent circui t of the shunt motor is shown in Figure P8-2, 

8- 1. If the resistor Radj is adjusted to 175 n what is the rotational speed of the motor at 
no-load conditions? 

8- 2. Assuming no armature reaction, what is the speed of the motor at fu ll load? What is 
the speed regulation of the motor? 

8- 3. If the motor is operating at full load and if its variable resistance Rndj is increased to 
250 Q, what is the new speed of the motor? Compare the full-load speed of the mo
tor with R adj = 175 n to the full-load speed with Radj = 250 n, (Assume no arma
ture reaction , as in the previous problem.) 

8-4. Assume that the motor is operating at full load and that the variable resistor Radj is 
again 175.0. If the armature reaction is 2000 A· turns at fu ll load, what is the speed 

(J of the motor? How does it compare to the result for Problem 8- 2? 

-~---

8-5. If Radj can be adjusted from 100 to 400 0., what are the maximum and minimum 
no-load speeds possible with this motor? 

8-6. What is the starting current of this machine if it is started by connecting it directly 
to the power supply VT? How does this starting current compare to the fu ll-load cur
rent of the motor? 
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FIGUREP8-1 
The magnetization curve for the de motor in Problems 8- 1 to 8- 12. This curve was made at a 
constant speed of 1800 r/min. 

8-7. Plot the torque- speed characteristic of this motor assuming no armature reaction, 
and again assuming a full -load annature reaction of 1200 A · turns. (Assume that the 
armature reaction increases linearly with increases in armature current.) 

For Problems 8-8 and 8-9, the shunt de motor is reconnected separately excited, as shown 
in Figure PS-3 . It has a fixed field voltage VF of 240 V and an armature voltage VA that can ( 
be varied from 120 to 240 V. 

8- 8. What is the no-load speed of this separately excited motor when Radj = 175 n and 
(a) VA ~ 120 V, (b) VA ~ 180 V, (e) VA ~ 240 V' 

8- 9. For the separately excited motor of Problem 8-8: 
(a ) What is the maximum no- load speed attainable by varying both Vii and Radj? 
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0.19!l 

75 !l VT = 240 V 

FIGURE P8-2 
The equivalent circuit of the shunt motor in Problems 8- 1 to 8-7. 

+0----- - , ,-------~vv--------o+ 

0.19 !l 

+ 
VA = 120 to 240 V 

FIGUREP8- 3 
The equi valent circuit of the separately excited motor in Problems 8- 8 and 8- 9. 

(b) What is the minimum no-load speed attainable by varying both VA and Radj? 

(c) What is the motor's efficiency at rated conditions? [Note: Assume that (1) the 
brush voltage drop is 2 V; (2) the core loss is to be determined at an armature 
voltage equal to the armature voltage under full load; and (3) stray load losses 
are 1 percent of full load.] 

For Problems 8-1 0 to 8- 11 , the motor is connected cumulatively compounded as shown in 
Figure P8-4 

8-10. If the motor is connected cumulat ive ly compounded with Rndj = 175 n: 
(a) What is its no-load speed of the motor? 
(b) \¥hat is its ftill-ioad speed of the motor? 
(c) \¥hat is its speed regulation? 
(d) Calculate and plot the torque- speed characteristic for this motor. (Neglect ar

mature effec ts in this problem.) 
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• = Cumulatively compounded 
• = Differentially compounded 

+ 
75 n v.r = 240 V 

FIGUREP8-4 
The equivalent circuit of the compounded motor in Problems 8-10 to 8-12. 

8-11. The motor is connected cumulatively compounded and is operating at full load. 
What will the new speed of the motor be if R~dj is increased to 250 [!.? How does the 
new speed compare to the full-load speed calculated in Problem 8- ]0? 

For Problem 8-12, the motor is now connected differentially compounded as shown in 
Figure P8-4. 

8-12. The motor is now connected differentially compounded. 
(a) If Ra<Jj = 175 n, what is the no-load speed of the motor? 
(b) What is the motor's speed when the armature current reaches 20 A? 40 A? 60 A? 
(c) Calculate and plot the torque-speed characteristic curve of this motor. 

8-13. A IS-hp, 120-V series dc motor has an armature resistance of 0.1 D and a series field 
resistance of 0.08 D. At fu ll load, the current input is 115 A, and the rated speed is 
1050 r/min. Its magnetization curve is shown in Figure P8-S. The core losses are 
420 W, and the mechanical losses are 460 W at full load. Assume that the mechanical 
losses vary as the cube of the speed of the motor and that the core losses are constant. 
(a) What is the efficiency of the motor at ful l load? 
(b) What are the speed and effi ciency of the motor if it is operating at an armature 

current of 70 A? 
(c) Plot the torque-speed characteristic for this motor. 

8- 14. A 20-hp, 240-V, 76-A, 900 rlmin series motor has a field winding of 33 turns per 
pole. Its armature resistance is 0.09 fl, and its fie ld resistance is 0.06 D. The mag
netization curve expressed in terms of magneto motive force versus EA at 900 rlmin 
is given by the following table: 

243 

2i' ,Ao turns 3000 

An11ature reaction is negligible in this machine. 
(a) Compute the motor's torque, speed, and output power at 33, 67, 100, and 133 

percent of full -load armature current. (Neglect rotational losses.) 
(b) Plot the terminal characteristic of this machine. 

( 
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FIGURE P8- 5 
The magnetization curve for the series motor in Problem 8- \ 3. This cu rve was taken at a constant 
speed of 1200 r/m in. 

70 

8--15. A 300-hp, 440-V, 560-A, 863 r/min shunt de motor has been tested, and the follow
ing data were taken: 

Blocked-rotor test: 

VA = 14.9 V exclusive of brushes 

IA=500A 

No-load operation: 

VA = 440 V including brushes 

IA = 23.IA 

VF =440V 

IF = 7.52A 

II' = 7.50 A 

11 = 863 r/m in 
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FIGUREP8-6 
The magnetization curve for the de motor in Problems 8- 16 to 8- 19. This curve was made at a 
constant speed of 3000 r/min. 

What is this motor's efficiency at the rated conditions? [Note: Assume that (1) the 
brush voltage drop is 2 V; (2) the core loss is to be determined at an armature volt
age equal to the armature voltage under fu ll load; and (3) stray load losses are 1 per
cent of fu ll load.] 

Problems 8- 16 to 8- 19 refer to a 240-V, lOO-A de motor which has both shunt and series 
windings. Its characteristics are 

RA ~ 0.1411 

Rs ~ 0.0511 

Rp ~ 20011 

Rndj :::: 0 to 300 0, cUlTently set to 120 n 

NF :::: 1500 turns 

NSE = 15 turns 

nlll = 3000 r/min 
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This motor has compensating windings and interpoJes. The magnetization curve for this 
motor at 3000 r/min is shown in Figure P8-6. 

8-16. The motor described above is connected in shunt. 
(aJ What is the no-load speed of this motor when Radj = 120!1? 
(b) What is its full-load speed? 
(e) What is its speed regulation? 
(el) Plot the torque-speed characteristic for this motor. 
(e) Under no-load conditions, what range of possible speeds can be achieved by 

adjusting RUdj? 

8-17. This machine is now connected as a cumulatively compounded de motor with 
R,dj ~ 120 fl. 
(a) What is the no-load speed of this motor? 
(b) What is its full-load speed? 
(e) What is its speed regulation? 
(d) Plot the torque-speed characteristic for this motor. 

8-18. The motor is reconnected differentially compounded with Radj = 120 fl. Derive the 
shape of its torque-speed characteristic. 

8-19. A series motor is now constructed from this machine by leaving the shunt field out 
entirely. Derive the torque-speed characteristic of the resulting motor. 

8-20. An automatic starter circuit is to be designed for a shunt motor rated at 20 hp, 
240 Y, and 75 A. The annature resistance of the motor is 0.12 fl, and the shunt field re
sistance is 40 n. The motor is to start with no more than 250 percent of its rated armature 
current, and as soon as the current falls to rated value, a starting resistor stage is to be cut 
out. How many stages of starting resistance me needed, and how big should each one be? 

8-21. A lO-hp, 120-V, 1000 r/min shunt dc motor has a full -load armature current of 
70 A when operating at rated conditions. The mmature resistance of the motor is RA 
= 0.12 n, and the field resistance Rf' is 40 fl.The adjustable resistance in the fie ld 
circuit Radj may be varied over the range from 0 to 200 n and is currently set to 100 
£1. Armature reaction may be ignored in this machine. The magnetization curve for 
this motor, taken at a speed of 1000 rlmin, is gi ven in the following table: 

5 95 liZ J 18 126 

0.00 1.00 1.28 1.44 2.88 

(a) What is the speed of this motor when it is running at the rated conditions spec
ified above? 

(b) The output power from the motor is 10 hp at rated conditions. What is the out
put torque of the motor? 

(c) What are the copper losses and rotational losses in the motor at full load (ignore 
stray losses)? 

(d) What is the efficiency of the motor at full10ad? 
(e) If the motor is now unloaded with no changes in terminal voltage or Radjo what 

is the no-load speed of the motor? 
(f) Suppose that the motor is running at the no-load conditions described in part (e). 

What would happen to the motor if its field circuit were to open? Ignoring ar
mature reaction, what would the final steady-state speed of the motor be under 
those conditions? 

(g) What range of no-load speeds is possible in this motor, given the range of field 
resistance adjustments available with RaJj? 
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The magnetization curve for Problems 8-22 to 8-28. This curve was taken at a speed of 1800 r/min. 

8-22. The magnetization curve for a separately exci ted de generator is shown in Figure 
1'8- 7. The generator is rated at 6 kW, 120 V, 50 A, and 1800 r/min and is shown in 
Figure P8- S. Its field circuit is rated at SA. The following data are known about the 
machine: 

RA~ 0.18fl 

R actj = Oto40n 

N F = 1000 turns per pole 

v, ~ 120 V 

R, ~ 20 fl 

( 

I 
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+o-----=~-_, 
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FIGUREP8-8 
The separately excited de generator in Problems 8-22 to 8-24. 

.==-------AP,A,----------~-------=~+ 

0.18 !l 

+ 

FIGUREP8-9 
The shunt de generator in Problems 8- 25 and 8- 26 , 

Answer the following questions about this generator. assuming no armature reaction. 
(a) If this generator is operating at no load, what is the range of voltage adjustments 

that can be achieved by changing R~dj? 
(b) lfthe field rheostat is allowed to vary from 0 to 30 n and the generator 's speed 

is allowed to vary from 1500 to 2000 r/min, what are the maximum and mini
mum no-load voltages in the generator? 

8-23. If the armature cunent of the generator in Problem 8- 22 is 50 A, the speed of the 
generator is 1700 r/min, and the terminal vo ltage is 106 V, how much fie ld current 
lTIust be flowing in the generator? 

8- 24. Assuming that the generator in Problem 8- 22 has an armature reaction at full load 
( equivalent to 400 A · turns of magnetomotive force, what will the terminal voltage 

of the generator be when IF = 5 A, 11m = 1700 r/min, and fA = 50 A? 

8- 25. The machine in Problem 8- 22 is reconnected as a shunt generator and is shown in 
Figure P8-9. The shunt field resistor R,,<1j is adjusted to 10 £1, and the generator 's 
speed is 1800 r/min. 
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FIGURE P8-10 
The compounded dc generator in Problems 8-27 and 8-28. 

(a) What is the no-load terminal voltage of the generator? 
(b) Assuming no armature reaction, what is the terminal voltage of the generator 

with an armature cunent of 20 A? 40 A? 
(c) Assuming an armature reaction equal to 300 A · turns at full load, what is the 

terminal voltage of the generator with an annature current of 20 A? 40 A? 
(d) Calculate and plot the terminal characteristics of this generator with and with

out armature reaction. 
8-26. If the machine in Problem 8- 25 is running at 1800 r/rnin with a field resistance 

Radj = IOn and an armature current of 25 A, what will the resulting terminal volt
age be? If the field resistor decreases to 5 !1 while the armature current remains 
25 A, what will the new terminal voltage be? (Assume no armature reaction.) 

8-27. A 120-V, 50-A, cumulatively compounded dc generator has the fo llowing 
characteristics: 

RA + Rs ~ 0.21 D 

Rp ~ 20D 

R~dj = 0 to 30 fl, set to 10 n 

NF = 1000 turns 

NS E = 25 turns 

11m = 1800 r/min 

The machine has the magnetization curve shown in Figure P8-7. Its equivalent cir
cuit is shown in Figure P8-1O. Answer the following questions about this machine, 
assuming no armature reaction. 
(a) If the generator is operating at no load, what is its terminal voltage? 
(b) If the generator has an 3lmature ClJn"ent of 20 A, what is its tenninal voltage? 
(c) If the generator has an armature current of 40 A, what is its terminal voltage? 
(d) Calculate and plot the terminal characteristic of this machine. 

8-28. If the machine described in Problem 8-27 is reconnected as a differentially com
pounded dc generator, what will its terminal characteristic look like? Derive it in the 
same fashion as in Problem 8- 27. ( 

8-29. A cumulatively compounded de generator is operating properly as a flat-compounded 
dc generator. The machine is then shut down, and its shunt field connections are 
reversed. 

( 
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FIGURE P8-11 
The motor-generator set in Problem 8-30. 
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AC machine 

AC power 
system 

(infinite bus) 

(a) If this generator is turned in the same direction as before, will an output voltage 
be built up at its terminals? Why or why not? 

(b) Will the voltage build up for rotation in the opposite direction? Why or why 
not? 

(c) For the direction of rotation in which a voltage bui lds up, will the generator be 
cumulatively or differentially compounded? 

8-30. A three-phase synchronous machine is mechanically connected to a shunt de machine, 
forming a motor-generator set, as shown in Figure P8-11. The de machine is connected 
to a de power system supplying a constant 240 V, and the ac machine is connected to a 
480-V, 60-Hz infinite bus. 

The dc machine has four poles and is rated at 50 kW and 240 V. It has a per-unit 
annature resistance of 0.03. The ac machine has four poles and is Y-connected. It is 
rated at 50 kVA, 480 V, and 0.8 PF, and its saturated synchronous reactance is 3.0 Q 

per phase. 

All losses except the dc machine's armature resistance may be neglected in this 
problem. Assume that the magnetization curves of both machines are linear. 
(a) lnitially, the ac machine is supplying 50 kVA at 0.8 PF lagging to the ac power 

system. 
1. How much power is being supplied to the dc motor from the dc power 

system? 
2. How large is the internal generated voltage EA of the dc machine? 
3. How large is the intemal generated voltage EA of the ac machine? 

(b) The field current in the ac machine is now decreased by 5 percent. What effect 
does this change have on the real power supplied by the motor- generator set? 
On the reactive power supplied by the motor- generator set? Calculate the real 
and reactive power supplied or consumed by the ac machine under these condi
tions. Sketch the ac machine's phasor diagram before and after the change in 
field current. 
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(c) Starting from the conditions in part (b), the field current in the dc machine is 
now decreased by 1 percent. What effect does this change have on the real 
power supplied by the motor-generator set? On the reactive power supplied by 
the motor-generator set? Calculate the real and reactive power supplied or con
sumed by the ac machine under these conditions. Sketch the ac machine's pha
sor diagram before and after the change in the dc machine's field ClllTent. 

(d) From the preceding results, answer the following questions: 
1. How can the real power flow through an ac-dc motor- generator set be 

controlled? 
2. How can the reactive power supplied or consumed by the ac machine be 

controlled without affecting the real power flow? 
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