
2.003 Spring 2002 Problem Set 10 - Solutions

Problem 1 - Palm 7.10

Ω(s)
Ωr(s)

=
KI + Kps

Is2 + (c + Kp)s + KI

Ω(s)
Td(s)

=
−s

Is2 + (c + Kp)s + KI

ωn =

√
KI

I

2ζωn =
c + Kp

I

a)

τ =
1

ζωn
→ ωn =

1
τζ

= 3.536r/s

KI = ω2
nI = 125

Kp = 2ζωnI − c = 45

b)

ωn = 2.45 r/s

KI = 62.5
Kp = 45

c) For τ = 0.4 s the dominant pole must be at s1 = −2.5, to get a 10x pole
separation s2 = −250, Thus

(s + 2.5)(s + 25) = s2 +
c + Kp

I
s +

KI

I

I(s + 2.5)(s + 25) = Is2 + (c + Kp)s + KI

10s2 + 275s + 625 = 10s2 + Kp + 5s + KI

KI = 625
Kp = 270

d)

a) ω(t) = −0.707e−2.5t sin (2.5t + 3π/4) + 1
b) ω(t) = e−2.5t(2t− 1) + 1
c) ω(t) = 0.0889e−2.5t − 1.0889e( − 25t) + 1

Maximum Overshoot: a) 1.17, b) 1.08, c) 1.05
10-90% Rise Time: a) 0.27, b) 0.35, c) 0.07
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Step Response
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Problem 2 - Palm 7.11
The fastest but not necessarily the best way to solve this problem is to note on
the time response in 7.10 that the maximum acceleration occurs at t=0. That
means that using the initial value theorem and the transfer function we can
get the maximum torque.

T (s)
Ωr(s)

=
IKps

2 + (KII + cKp)s + KIc

Is2 + (c + Kp)s + KI

T (0) = lim
s →∞ s ∗ T (s) ∗ u(s)

T (0) = Kp

Tmax: a) 45, b) 45, c) 270
Problem 3 - Palm 7.17
I=10, c=5, τ = 0.1
a) To solve this problem we need to use the final value theorem to determine
the steady state errors. Looking first at P control:

e(s)
Θ(s)

=
Is2 + cs

Is2 + cs + Kp

e(s)
Td(s)

=
1

Is2 + cs + Kp

ess =
lim

s → 0
Is2 + cs

Is2 + cs + Kp
= 0

wss =
lim

s → 0
1

Is2 + cs + Kp
=

1
Kp

Kp = 10

τ =
2I

c
= 4

Thus we see that we cannot meet the time constant constraint with P only.
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Looking at PD control:

e(s)
Ω(s)

=
Is2 + cs

Is2 + (c + Kd)s + Kp

e(s)
Td(s)

=
1

Is2 + (c + Kd)s + Kp

ess = lim
s → 0

Is2 + cs

Is2 + (c + Kd)s + Kp
= 0

wss =
lim

s → 0
1

Is2 + (c + Kd)s + Kp
=

1
Kp

Kp ≥ 10

τ =
2I

c + Kd
→ Kd = 195

for τ = 1/ζωn ζ ≤ 1

Kp =
1
I

(
c + Kd

2ζ

)2

≥ 1
10

(
200
2

)2

= 1000

b) With just P control we can not meet both the rise time and error criteria.
With PD control one possible solution is to have Kp = 1000 and Kd = 195.
Problem 4 - Palm 7.26

+
-

Rf C

Ri

Rf
Ri Ri Cs

1

KI =
1

CRi
= 0.04 → Ri =

1
1e−6 ∗ 0.04

= 25e6Ω

Kp =
Rf

Ri
= 2 → Rf = 50e6Ω

Problem 5 - Palm 7.27
a)

KP =
R

R1 + R2
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+
-

R

R1

C

R2



TD = R2C = 1 → R2 = 1/1e− 6 = 1e6Ω

α =
R1

R1 + R2

ωc =
1

αTd
= 10 → R1 =

R2

9
= 1/9e6Ω

R = R1 + R2 = 10/9e6Ω

b)

Bode Diagram
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