EE3124 Tutorial 1 (Solution)

Basic Magnetics

Name: Student No.:

Q1 - A motor’s shaft is spinning at a speed of 1800 r/min. What is the shaft speed in radians
per second?

Solution

o= (1800 r/min)[l mmj( 27 rad

J=188.5 rad/s
Ir

60 s

Q2 - A motor is supplying 50 Nm of torque to its load. If the motor’s shaft is turning at
1500 r/min, what is the mechanical power supplied to the load in watts? In horsepower?
Solution

The mechanical power supplied to the load is

1 minJ(br rad
Ir

P =1 =(50N-m)(1500 r/min)[ J=7854 Y

S

P=(7854 W)[_/EI\’NJ =105 hp

Q3 - A linear machine shown as follows has a magnetic flux density of 0.5 T directed into
the page, a resistance of 0.25 Q, a bar length 1 = 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?

1=0 .
R

B=05T
X x [] x X

V=100V = Im

/x x || x X
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Solution
(a)  The current in the bar at starting is

Vs 100V 60 A
R 0250

Therefore, the force on the bar at starting is
F=i(1xB)=(400 A)(1 m)(0.5 T) =200 N, to the right

(b)  The no-load steady-state speed of this bar can be found from the equation
Vy,=e, =vBl

v, 100 V

=L —————— =200 m/
"B (0.5T)(1 m) e

(¢) With a load of 25 N opposite to the direction of motion, the steady-state current flow in the bar will
be given by
F:"lpp = Fvind = ]]B

jofm BN g,
Bl (0.5T)(1m)

The induced voltage in the bar will be
=V, —iR =100V - (50 A)(0.25 Q) =875V

e‘md

and the velocity of the bar will be

v VB ﬂ: 175 m/s

"B (05T)(1m)
The input power to the linear machine under these conditions is

P, =V,i=(100 V)(50 A) = 5000 W

in
The output power from the linear machine under these conditions is

P, =V,i=(875V)(50 A) = 4375 W

out
Therefore, the efficiency of the machine under these conditions is

4375 W
5000 W

P
=—"2Lx100% = x100% = 87.5%

m

Q4 - A linear machine (same topology as the upper figure) has the following characteristics:
B =0.5 T into page R=0.25Q
1=0.5m VB=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 VB is now decreased to 100 V with everything else remaining as in part (b).
What is the new steady-state speed of the bar?
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(d) From the results for parts (b) and (c), what are two methods of controlling the speed of
a linear machine (or a real dc motor)?
Solution

(a) With a load of 20 N opposite to the direction of motion, the steady-state current flow in the bar will
be given by

F;pp = Elld = T]B

F
sl 20N o n
B (0.5 T)(O.S m)

The induced voltage in the bar will be

e =V, —iR=120 V- (80 A)(0.25 Q) =100 V

ind

and the velocity of the bar will be

polua 10OV o0 s
Bl (0.5T)(0.5m)

(b) 1If the flux density drops to 0.45 T while the load on the bar remains the same, there will be a speed
transientuntil £, '=F =20 N again. The new steady state current will be

~ 4ind

F,, =F, =ilB

F
jolwm _ BON _eega
BI (0,45 T)(O.S m)

F,

ind

The induced voltage in the bar will be
e, =V —iR=120V - (889 A)(025Q)=978V

ind

and the velocity of the bar will be
— enld _ 978 V

)= =————— =433 m/s
TR (045 TY(05m)

(c) If the battery voltage is decreased to 100 V while the load on the bar remains the same, there will be

aspeed transient until £, =F =20 N agamn. The new steady state current will be

F,,=F, =ilB

F, 20N

"B (045 T)(05 m)

E,

ind

=889 A

The induced voltage in the bar will be
Ve—iR=100V - (88.9A)(0.25Q)=77.8V

2 =
(’ind

and the velocity of the bar will be
o G _ 778V
Bl (0.45T)(0.5m)

=344 nv/s

(d) From the results of the two previous parts, we can see that there are two ways to control the speed of
a linear dc machine. Reducing the flux density B of the machine increases the steady-state speed, and
reducing the battery voltage V'3 decreases the stead-state speed of the machine. Both of these speed
control methods work for real dc machines as well as for linear machines.
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QS - A core with three legs is shown as follows. Its depth is 5 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 as follows. Answer 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 1.0 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 conditions

in part (a)?
(d) What are the reluctances of the central and right legs of the core under the conditions
in part (b)?
(e) What conclusion can you make about reluctances in real magnetic cores?
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Solution

(a) A flux density of 0.5 T in the central core corresponds to a total flux of

fror = BA=(0.5 T)(0.05 m)(0.05 m)=0.00125 Wb

By symmetry, the flux in each of the two outer legs must be ¢ =¢, =0.000625 Wb, and the flux density
m the other legs must be

B =B, = 0.000625 Wb —025T
© (0.05m)(0.05m)

The magnetizing intensity H required to produce a flux density of 0.25 T can be found from Figure 1-10c.
It is 50 A-t/m. Similarly, the magnetizing intensity H required to produce a flux density of 0.50 T is 75
A-t/m. The mean length of the center leg is 21 cm and the mean length of each outer leg is 63 dm, so the
total MMF needed is

Fror = H onar Lowiar T H.

center ' center outer "outer

Fror =(75A-tm)(021 m)+(50 A-t/m)(0.63 m)=473 A-t

and the required current is

_ T _4T3A_ s
N 400t

(b) A flux density of 1.0 T in the central core corresponds to a total flux of

b1 = BA=(1.0 T)(0.05 m)(0.05 m)=0.0025 Wb

By symmetry, the flux in each of the two outer legs must be ¢ =¢, =0.00125 Wb, and the flux density in
the other legs must be

Bop o 000I5Wo oo
- (0.05 111)(0.05 m)

The magnetizing intensity / required to produce a flux density of 0.50 T can be found from Figure 1-10c.
It is 75 A-t/m. Similarly, the magnetizing intensity H required to produce a flux density of 1.00 T is
about 160 A-t/m. Therefore, the total MMF needed is

Fror =H pod e T H

~TOT center™ center outer™ outer

Fror =(160 A-Um)(0.21 m)+(75 A-/m)(0.63 m) =80.8 A-t

and the required current is

i Pror 808 A
N 400t

This current is nof twice the current in part (a).

=0.202 A

(¢c) The reluctance of the central leg of the core under the conditions of part (@) is:

o = Fror _ (75 A-t/m)(0.21 m) 126 KA YWD
b 0.00125 Wb

The reluctance of the right leg of the core under the conditions of part (a) 1s:

By == (S0AVm)(063m) _ g, 4 ya
T o 0.000625 Wb
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(d) The reluctance of the central leg of the core under the conditions of part (5) is:

o = Fror _ (160 A-t/m)(0.21 m) 134 KA. UWh
oo 0.0025 Wh

The reluctance of the right leg of the core under the conditions of part (5) is:
.

_ Pror _ (75 A- T/lll)(0.63 m)

B = =37.8 kA -UWb
g 0.00125 Wb

(e) The reluctances in real magnetic cores are not constant.

Q6 - A magnetic circuit with a single air gap is shown as follows. The core dimensions are
Cross-sectional Area Ac= 3.5 cm2
Mean core length /c =25 cm
Gap length g =2.4 mm
N =95 turns
Assume that the core is of infinite permeability (u—0o0) and neglect the effects of fringing
fields at the air gap and leakage flux.
(a) Calculate the reluctance of the core Rc and that of the gap Rg. For a current of i = 1.4
A, calculate
(b) the total flux ¢,
(c) the flux linkages 4 of the coil, and
(d) the coil inductance L.

Core:
i / mean length [,
+ o—i__> area A,
q permeability p
3 d D> Coil:
P N turns
o C__) Air gap
A4
T 8
Solution
Part (a):
Re=— = __o a/wp .
ST pA T pepeA. Part (b):
=2 5457 x 10° A/Wi M puzrx10° Wh
g = l{_lb_f-l(. = A af ] R(- + Rg
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Part (d):
Part (c):

A
L=

2 _1654 mH
A=Nd=2315x10"° Wb T or o
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