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Q1. (25 pts) Consider the solenoid shown in Fig.1. Over a limited range of displacement
X, the coil inductance is given by: L(x) =0.30 + 270 x*, H where x is in m.
; Forx=1cm,

/ ] 2,?4 , a Find the instantameous, average and peak forces actlng on the plunger when the coil
current is 1A rms at 60 Hz sinusoidal.

/ P YL b. Find the approximate voltage which must be applied to the coil to cause this current to
flow.

/ ) f) c. What is the force for a coil current of 1 A dc, compare with the average force f sund in

" part (a).
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Fig.1. Magnetically operated plunger
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Q2. (25 pts) Figure 2.a illustrates the cross-section of a reluctance motor with four rotor
poles. These poles are shaped so that the reluctance of the magnetic circuit is a sinusoidally
varying function of B, as illustrated in Fig.2.b. The coil has 150 turns, and negligible
resistance. A sinusoidal voltage is applied to the coil terminals of 220 V rms at 50 Hz.

6 ok. — 2. Find the variation of the self inductance of the coil as a function of f8.
g k b. Derive an expression for the instantaneous torque developed by the machine.
c. Determine the rotor speed(s) for which non-zero average torque can be produced.
3_r . d. What is the maximum average torque the machine can produce.
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Fig.2. The reluctance motor V | c) KS’

- E)= 22.0!" scnwt

F(E) = S'U—Ce)d& = - 1 z?_oric,eawﬁ
L( )

- _ 3- Zm‘fﬂ zzoﬁc‘%w‘{'

23 .
(3” 1‘*“/(//” (ZQ,OQCenqu*) éggu'qﬁ)ai’
0,225%0? | (3 __W

. . N
— _g (Q.ZO ei) C‘(debd é— Sen (/—ﬂ : (: (.43 C&oflq)ﬁ»@

3?< %O ,27-5\%%
(_,ﬂso)

(t

Te

3/6




4

Q3. (25 pts) The magnetization curve (E, vs Ip) of a separately-excited dc generator is
approximated as given below. The generator armature resistance r, = 0.2 ohm, and the field
resistance ry= 20 ohms. '

E,=n,(a+bl) /1500 where,

a=7b=225 forO0<L<2A;
a=-32,b=42 for2<Il;<44;
a=-2,b=34.5 for4 <I;<6A;
a=127, b=13 for 6 <Iy<8 A.

S a Find the induced armature emf E, for the field current of 6.5A, at a speed of 1750 rev/min.

/2.0 b. For the conditions in part (b), the generator is now loaded, and armature current is measured as
L. = 150 A. The friction and windage loss of the machine is 200 W at 1750 rev/min. What are the
percent efficiency and percent voltage regulation of the generator?
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Q4. (25 pts) A 4.5 kW, 125 V, 1150 rev/min, separately-excited dc generator has an
armature circuit resistance R, = 0.37 ohm. When the machine is driven at rated speed, the
magnetization characteristic is obtained as shown below.,

[or L. A Ifthe Jfield rheostat is adjusted to give a field current of Iy = 2 A, and the machine is
driven at 1000 rev/min, :
- Find the armature induced emf E,. ,
- What will be the armature terminal voltage V when the load current is at the rated value.

APt B. The machine is now driven as a shunt dc generator at rated speed, and the field rheostat
is adjusted to give a no-load terminal voltage of 135 V.
L Express armature induced emf E, as a function of ;.
- Using the magnetization characteristic of the dc generator, find operating E, and Ir values.
$ - What will be the armature terminal voltage V,’, when it is delivering its rated current?
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Fig.3. Magnetization characteristic
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