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1-7. How does the relative permeability of a ferromagnetic material vary with magneto-
motive force?
1-8. What is hysteresis? Explain hysteresis in terms of magnetic domain theory.
1-9. What are eddy current losses? What can be done to minimize eddy current losses in
a core?
1-106. Why are all cores exposed to ac flux variations laminated?
1-11. What is Faraday’s law?
1-12. What conditions are necessary for a magnetic field to produce a force on a wire?
1-13. What conditions are necessary for a magnetic field to produce a voltage in a wire?
1-14. Why is the linear machine a good example of the behavior observed in real dc
machines?
1-15. The linear machine in Figure 1-19 is running at steady state. What would happen to
the bar if the voltage in the battery were increased? Explain in detail.
1-16. Just how does a decrease in flux produce an increase in speed in a linear machine?
1-17. Will current be leading or lagging voltage in an inductive Joad? Will the reactive
< power of the load be positive or negative?
1-18. What are real, reactive, and apparent power? What uaits are they measured in? How
are they related?
1-19. What is power factor?

PROBLEMS

1-1. A motor’s shaft is spinning at a speed of 1800 r/min. What is the shaft speed in ra-
dians per second?

1-2. A flywheel with a moment of inertia of 4 kg = m? is initially at rest. If a torque of
6 N » m (counterclockwise) is suddenly applied to the flywheel, what will be the
speed of the flywheel after S s? Express that speed in both radians per second and
revolutions per minute.

1-3. Aforce of 10 N is applied to a cylinder of radius » = 0.15 m, as shown in Figure P1-1.
The moment of inertia of this cylinder is J = 4 kg * m?. What are the magnitude and
direction of the torque produced on the cylinder? What is the angular acceleration o
of the cylinder?

r=0.15m
J=4kgem?

¥=10N

FIGURE P1-1
The cylinder of Problem 1-3.
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30  ELECTRIC MACHINERY FUNDAMENTALS

1-4. A motor is supplying 50 N ¢ m of torque to its load. If the motor s shaft is furning

at 1500 r/min, what is the mechanical power supplied to the load in watts? In
horsepower?

1-5. A ferromagnetic core is shown in Figure P1-2. The depth of the core is 5 cm. The

1-8.
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other dimensions of the core are as shown in the figure. Find the value of the current
that will produce a flux of 0.005 Wb. With this current, what is the flux density at
the top of the core? What is the flux density at the right side of the core? Assume
that the relative permeability of the core is 800.

}-—10 cm } 20 cm }5 o I

1S em
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15cm

Core depth = 5 cm

FIGURE P1-2
The core of Problems 1-5 and 1-16.

. A ferromagnetic core with a relative permeability of 1500 is shown in Figure P1-3.

The dimensions are as shown in the diagram, and the depth of the core is S cm. The
air gaps on the left and right sides of the core are 0.050 and 0.070 cimn, respectively.
Because of fringing effects, the effective area of the air gaps is 5 percent larger than
their physical size. If there are 300 turns in the coil wrapped around the center leg
of the core and if the current in the coil is 1.0 A, what are the flux values for the left,
center, and right legs of the core? What is the flux density in each air gap?

. A two-legged core is shown in Figure P1-4. The winding on the left leg of the core

(Ny) has 600 turns, and the winding on the right (&) has 200 turns. The coils are
wound in the directions shown in the figure. If the dimensions are as shown, then
what flux would be produced by currents i; = 0.5 A and i, = 1.00 A? Assume p, =
1200 and constant.

A core with three legs is shown in Figure P1-5. Its depth is 5 cm, and there are 100
turns on the leftmost leg. The relative permeability of the core can be assumed to be
2000 and constant. What flux exists in each of the three legs of the core? What is the
flux density in each of the legs? Assume a S percent increase in the effective area of
the air gap due to fringing effects.
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The core of Problem 1-6.
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The core of Problems 1-7 and 1-12.
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The core of Problem (-8.
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1-9. A wire is shown in Figure P1-6 that is carrying 2.0 A in the presence of a magnetic
field. Calculate the magnitude and direction of the force induced on the wire.

im

B=05T,

— > totheright

i

FIGURE P1-6

A current-carrying wire in a

magnetic field (Problem [-9).

1-16. A wire is shown in Figure P1-7 that is moving in the presence of a magnetic field.
With the information given in the figure, determine the magnitude and direction of
the induced voltage in the wire.

1-11. Repeat Problem 1-10 for the wire in Figure P1-8.

1-12. The core shown in Figure P1-4 is made of a steel whose magnetization curve is
shown in Figure P1-9. Repeat Problem 1-7, but this time do not assume a constant
value of u,. How much flux is produced in the core by the currents specified? What
is the relative permeability of this core under these conditions? Was the assumption
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X X  FIGURE P1-7
A wire moving in a
magnetic field (Problem
B =0.2T, into the page 1-10).
; v=1m/s
—_— — F\C —_—
_— —— B=05T
[=0.5m
_— —_—
FIGURE P1-8
_— _— A wire moving in a magnetic field
—_| (Problem 1-11).

in Problem (-7 that the relative permeability was equal to 1200 a good assumption
for these conditions? Is it a good assumption in general?

1-13. A core with three legs is shown in Figure P1-10. Its depth is § cm, and there are 400
turns on the center leg. The remaining dimensions are shown in the figure. The core
is composed of a steel having the magnetization curve shown in Figure 1-10c. An-
swer the following questions about this core:

(a) What current is required to produce a flux density of 0.5 T in the central leg of
the core?

(b) What current is required to produce a flux density of {.0 T in the central leg of
the core? Is it twice the current in part (a)?

(c) What are the reluctances of the central and right legs of the core under the con-
ditions in part {a)?

(d) What are the reluctances of the central and right legs of the core under the con-
ditions in part (b)?

(e) What conclusion can you make about reluctances in real magnetic cores?

1-14. Atwo-legged magnetic core with an air gap is shown in Figure P1-11. The depth of
the core is 5 cm, the length of the air gap in the core is 0.05 cm, and the number of
turns on the coil is 1000. The magnetization curve of the core material is shown in
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FIGURE P1-9
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1000

The magnetization curve for the core material of Problems 1-12 and 1-14.
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The core of Problem 1-13.

Fignre P1-9. Assume a 5 percent increase in effective air-gap area to account for
fringing. How much current is required to produce an air-gap flux density of 0.5 T?
‘What are the flux densities of the four sides of the core at that current? What is the

total flux present in the air gap?
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FIGURE P1-11
The core of Problem 1-14.

1-15. A transformer core with an effective mean path length of 6 in has a 200-turn coil
wrapped around one leg. Its cross-sectional area is 0.25 in?, and its magnetization
curve is shown in Figure 1-10c. If current of 0.3 A is flowing in the coil, what is the
total flux in the core? What is the flux density?

1-16. The core shown in Figure P1-2 has the flux ¢ shown in Figure P1-12. Sketch the
voltage present at the terminals of the coil.

1-17. Figure P1-13 shows the core of a simple dc motor. The magnetization curve for the
metal in this core is given by Figure 1-10c¢ and d. Assune that the cross-sectional
area of each air gap is 18 cm? and that the width of each air gap is 0.05 cm. The ef-
fective diameter of the rotor core is 5 cm.

(a) We wish 1o build a machine with as great a flux density as possible while avoid-
ing excessive satwration in the core. What would be a reasonable maximum {Tux
dengity for this core?

(b) What would be the total flux in the core at the flux density of part (a)?

(c) The maximum possible field current for this machine is J A. Select a reasonable
number of turns of wire to provide the desired flux density while not exceeding
the maximum available current.

: 1-18. Assume that the voltage applied to a load is V = 2084 —30° V and the current flow-

ing through the load is I = 2/.20° A.

(a) Calculate the complex power S consumed by this load.

(b) Is this load inductive or capacitive?

(c) Calculate the power factor of this load.
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FIGURE P1-12
Plot of flux ¢ as a function of time for Problem 1-16.
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FIGURE P1-13
The core of Problem 1-17.

1-19. Figure P1-14 shows a simple single-phase ac power system with three loads. The
voltage source is V = 240£0°V, and the impedances of these three loads are

Z,=10430°Q Z,=10445°Q Zy=10£-90° Q)

Answer the following questions about this power system.

(a) Assume thal the switch shown in the figure is initially open, and calculate the
current I, the power factor, and the real, reactive, and apparent power being
supplied by the source.

(b) How much real, reactive, and apparent power is being consumed by each load
with the switch open?
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(c) Assume that the switch shown in the figure is now closed, and calculate the cur-
rent I, the power factor, and the real, reactive, and apparent power being sup-
plied by the source.

(d) How much real, reactive, and apparent power is being consumed by each load
with the switch closed?

(e) What happened to the current flowing from the source when the switch closed?
Why?

|
BN nNE

/ FIGURE P1-14
The cireuit of Problem 1-19.

1-20. Demonstrate that Equation (1-59) can be derived from Equation (1-58) using sim-
ple trigonometric identites.

p(t) = v(Di(t) = 2VI cos wt cos(wt — 8) (1-58)
p(ty = VIcos 8 (1 + cos 2wt) + VIsin 6 sin 2w( (1-59)

Hint: The following identities will be useful:

cos & cos B =% [cos (& — B) + cos (a + B)]
cos (@ — B) = cos acos B + sina sin 8

1-21. A linear machine shown in Figure P1-15 has a magpetic flux density of 0.5 T di-
rected into the page, a resistance of 0.25 (), a bar length / = 1.0 m, and a battery
voltage of 100 V.

(a) What is the initial force on the bar at starting? What is the initial current flow?

(b) What is the no-load steady-state speed of the bar?

(c) If the bar is loaded with a force of 25 N opposite to the direction of motion,
what is the new steady-state speed? What is the efficiency of the machine under
these circumstances?

0250 i

A=

B=05T

Vp =100V = Im
FIGURE P1-15

/ x x Ux @ x
The linear machine in Problem 1-21.
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1-22. Alipear machine has the following characteristics:
B = 0.5 T into page R=0250
I=05m Vp =120V

(a) If this bar has a load of 20 N attached to it opposite to the direction of motion,
what is the steady-state speed of the bar?

(b) If the bar runs off into a region where the flux density falls to 0.45 T, what hap-
pens to the bar? What is its final steady-state speed?

(c) Suppose Vg is now decreased to 100 V with everything else remaining as in
part (b). What is the new steady-state speed of the bar?

(d) From the results for parts (o) and (c), what are two methods of controlling the
speed of a linear machine (or a real dc motor)?

1-23. For the linear machine of Problem 1-22:

(a) When this machine is operating as a motor, calculate the speed of the bar for
loads of 0 N'to 30 N in 5 N steps. Plot the speed of the bar as a function of load.

(b) Assume that the motor is operation with a 30 N load, and calculate and plot the
speed of the bar for magnetic flux densities of 0.3 T to 0.5 T in 0.05 T steps.

(¢) Assume that the motor is running at no-load conditions with a flux density of
0.5 T. What is the speed of the bar? Now apply a 30 N load to the bar. What is
the new speed of the bar? What flux density would be required to restore the
loaded bar to the same speed that it had under no-load conditions?

REFERENCES

1. Alexander, Charles K., and Matthew N. O. Sadiiku: Fundamentals of Electric Circuits, 4th ed.,
McGraw-Hill, New York, 2008.

2. Beer, F, and E. Johnston, Jr.: Vector Mechanics for Engineers: Dynamics, 7th ed., McGraw-Hill,

New York, 2004,

. Hayt, William H.: Engineering Electromagnetics, S5th ed., McGraw-Hill, New York, 1989,

. Mulligan, J. B.: Introductory College Physics, 2ad ed., McGraw-Hill, New York, 1991.

5. Sears, Francis W., Mark W. Zemansky, and Hugh D. Young: University Physics, Addison-Wesley,
Reading, Mass., 1982.

AW

STUDENTS-HUB.com Uploaded By: Mohammad Awawdeh



	CHAPTER 1 -
 INTRODUCTION TO MACHINERY PRINCIPLES 
	PROBLEMS

	REFERENCES


