10.20 The rotor shown in Figure P10.20 is driven by a torque =, (7). The rotor has
2 moment of inentia Jf, but the friction is negligible. The field winding is excited Hw 10 -
by a constant voltage source, resulting in & constant magnetic fux. The armature
resistance is denoted by R,, and the armature inductance is negligible. Use (29) 1o
obtain expressions for e, and «,.
a) With the rotor initially at rest and with the switch in the left-hand position
conmecting the armature to a short circuit, the applied torque is 1,(r) = U (1).
Find and sketch w as a function of time,
b) After the rotor has reached a steady-stale speed under the conditions of
part (&), the switch is thrown 1o the fght, thereby connecting the ammature 1o
the battery, Find and sketch w versus ¢ if a constant unit torque continues to
be applied to the rotor,
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FIGURE P1D.20

c) After a new steady-state spead has been reached under the canditions
part (b), the applied torgue is removed, with the switch still in the right-has
position. Again find and sketch w versus .
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* 10.21 The magnetic field of a small motor is supplied by a permanent magner,

' following two sets of measurements are made in the steady state with a 6-V ba
connected across the armature, When there is no load and negligible friction,
metor ratates at 10 radjs, When the molor is mechanically blocked 1o preven ¢
movement, the armature cument is 2 A, The rotor is then attached 1o g propel
which creates a viscous-friction load of 2.0 % 102 N-ms, and the 6-¥ battery
again connected across the armature. Find the stead ¥-state speed of the propeller,
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1. Suppose you have the circuit shown below. w2 -%
a. What is its impedance?
. What is the transfer function, i.e. the ratio E (sV/E(5)?
c. Suppose L =1and C = 1. Suppose eft) = H(t) where H is the Heaviside step
function.

1.
1.

i,

iv.

What does the output voltage look like as a function of time if R = 17

What value of resistance would result in an overshoot of 10%?

Plot the response as a function of time for this value of R. What is the
response time t,, ie. the time at which e (t) first equals 90% of its steady
state value?

Repeat part ii for an overshoot of 2%. (The response time is the time at
which it equals 98% of its steady-state value).

How much slower is the system’s response, i.e. what is the percentage
increase in the response time when the overshoot is reduced from 10% to
297

How does your answer to iv depend on the values of L or C?
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Define Response e
w(R) = |1 - (E]

I

_R,
e(ft,R) =1-\e £

]~ cos(w(R)-t) + 2 - sin{w(R)-t)

1.5 T I I
l— =
e(t,1.182) e(t,1.182) g
0.5 .
\ | 1 1
0 2325 2.33

0 2 4 6
L

Response time is approximately 2.33 seconds

Try zeta for 2 % overshoot.

Zoom in on Maximum - Note this checks

1.021 T T T | ) T

e(t,1.56) 1.02 ://__,\\\

1.019 | | | I




Hyd (o= | 2

Find Response Time

e(t, 1.56) 0.98

0.979
3.59 3.6 3.61
1

Response time is about 3.6 seconds

Percent increase is about 54% [Eééﬁ]-lﬂﬂ = 54.506



