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EX:

Consider a brush DC motor described by the following equations:

O=v-Ri-Kw

Jﬁ’LKi—C
dt

do

—_=

dt

The parameters for the motor are as follows:
L = 0 H (the motor has no inductance)
R=2Q
K=4Nm/A
J=0.8 kg m*

C=8Nm

The voltage applied to the motor is constant at 12 V for a very long time before time
t =0. Thus, the motor is running at constant velocity just before 7 = 0.

At ¢ =0, the voltage applied to the motor drops instantly to O V and stays at 0 V from
then on.

The motor control circuit includes the following op-amp circuit:

+24V R3 =20 kQ
Ri=
22 kQ
N—+
R2 = 3
11 kQ +
" motor Q v
L AN—F
R4=30k<
Vin O

Assuming the op-amp is ideal and responds instantly, find the value of viy(¢ = 0%).

Note that this is just after time = 0. Show your work.
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!
soln

For +the ideal sp-amp, we have vV, =V,

We have a V-djvider +that sets v, at

Ve = 28V Re = 24V 11kse = 8V.
RitR2

1Tk +22K$2L

Note: No carrent Flows (nto op-amp
cn pats.

Given Vi, we have the motor ac¢tin

9 as
a lead on

the OID~4MP (w/lic‘/z does not
affect the op=amp oaé/om’:) with 7ts
other side connected +€o vy which we
treat 4s a -src,

dince Ry is connected 4o vy, (4rested as

a V-pre), the current +hru Ry is unaffected
b)/ +he motor.

Thus, we donclude

+hat we may  (gnore
the motor

That /S, we may  pretend /t
/s not there and calculate +the

I/a/éqye
d’ro/o From the

outpat of the op-amp to Vy.

Redrawing the circuit, we have a muach
simpler Aiagram:

Vin o——\ %%
K'-(- = R3=
30kS2 20k

L o Vo V=V -vg,
8y —i%t
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LLsmﬁ suFer—Posrtwn and -l:urmny on Vi, and
the +8V srcs one at a 4time allows us
o a/a/o// the standard positive and

negative 742/1 formulas

Vo = Vg + Vs where

Ven (— K3 ) = Vi <"—_;=)

°<
!

Vg, = 8V <1+ R3 ) = at/-([&) =8/ 5
2 3
Vo = —Z Vin + "fe 1%
3 3
—WLM.S, vV = VO-VLM = "5 Vin + ‘+0 vV =0 q":-‘:=0-‘?
sihce v(oﬂ:D
. V('.V\ = 8V



