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Chapter 2
Modeling in the frequency domain
Solutions
CONTROL SYSTEMS ENGINEERING
Sixth Edition, Norman S. Nise

a. Cross multiplying. (s2+5s+10)X(s) = 7F(s).
%X x
Taking the inverse Laplace transform, ==+ 5=——+ 10x = 7f.
di-  dt
b. Cross multiplying after expanding the denominator, (s*+21s+110)X(s) = 15F(s).

“

x
Taking the inverse Laplace transform, T +21 7 + 110x =15f.
t t

¢. Cross multiplying. (s3+11s%+12s+18)X(s) = (s+3)F(s).
, . x  d’x  _dx ,
Taking the inverse Laplace transform. —+ 11—+ 12—+ 18x = dfi/dr + 3f.
dt dt dt

Writing mesh equations
(2s+2)11(s) -2 In(s) = Vi(s)
2L,(s) + (2s+)(s) = 0

But from the second equation. I;(s) = (s+2)I,(s). Substituting this in the first equation yields.



(25+2)(s+2)Ix(s) =2 Lx(s) = Vi(s)

or

L(s)/Vi(s) = 1/(25> + 45 + 2)

But. Vi (s) = sL(s). Therefore. V;(s)/V(s) = s/(2s°

b.
20 lF

+4s+2).

o \

)

" o, 12“‘

i

G+ D) -2+ D) =7 (s)
5 AY

—(2+l)11(5*)+(4+l+23}:0
A A

Solving for I,(s):

ds+2 V(s)
P
—(25+1) 0
I(s) = 5 _ sV {(s)
? ds+2 —(2s5+1) As” +65+1
5 S5

—(25+1) (257 +4s+1)

Therefore. =

AY Y
V,(s) 2sL(s)  2s°
V(s) V(s) 4s*+6s5+1
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Writing mesh equations.
(2s + DLi(s) = I(s) = Vi(s)
Ii(s) + (3s+ 1+ 2/5)L(s) =0
Solving for I,(s).

2s+1 V(s)

—1 0
L) =5 1
357 +5+2
S
Solving for I,(s)/Vi(s).
L(s) S

V(s) 65 +55 +4s+2

But Vo(s) = I,(s)3s. Therefore . G(s) = 353..-"'(653 + 557 +45 + 2).



b. Transforming the network yields.

Writing the loop equations.

- A - )Il(s) B 5

s +1 s+l

_ 25 I(s)+( s +1+l)12(.5.)_13(5):0
5

s +1 s +1

—sl(s)—L(s) +(2s +1)L(s) =0

(s + I (s) —sL(s) =V.As)

Solving for I5(s).
s(s* +2s+2)
st +257 435" +35+2

V(s)

I

L(s) =

L(s) (s +2s +2)
: - 4 3 2
5 s +2s +3s  +35+2

But. Vi(s) = V.(is). Therefore.

V.(s) s +25+2

=73 3 2
Vi(s) s +2s +35 +3s5+2



25,
Let Xi(s) be the displacement of the left member of the spring and X3(s) be the displacement of the

mass.
Writing the equations of motion
2x,(s)—=2x,(s) = F(s)
—2X(s) +(5s +2).X,(5) — 35X, (5)=0
—5sX, (s)+ (105 + 75)X;(s) = 0

Solving for X5(s).

5s2+10  F@)
X, (s) = 0 01 _ 10EG)
- 552410 -10 s(s>+50s+2)
q0 Ls10

X(s) 1 (10s+7)

Thus. -
F(s) 10 s(5s +1)

29.
Writing the equations of motion,

(4s” + 45 +8) X, (s) —4X,(5) —25X,(s) =0
—AX,(s)+ (55" +3s+4) X, (5) = 3sX,(s) = F(5)
25X, (5)—3sX,(s)+ (55 +55+5)=0

30.
a.

Writing the equations of motion,

(557 +95+9)8,(s) — (s +9)8,(s) =0
—(5+9)8,(s)+ (35" +s+12)8,(s) =T (s)



b.

Defining _
¢,(s) = rotation of J,

¢,(s) = rotation between K, and D,
&,(s) = rotation of J,

¢,(s) = rotation of right - hand side of K,

the equations of motion are

(J'ls;E +K,)0,(s) —K.0,(s) =T(s)
—K.6,(s)+(Ds+ K )0, (s)—Dsb,(s)=0
—Dis6,(s)+(J,s* +Ds + K,)0,(s)— K,60,(s) =0
—K,0,(s)+(D,s + (K, + K;))0,(s) =0

35.
Reflecting impedances and applied torque to respective sides of the spring yields the following

equivalent circuit:

4T o o I
2 3 S :;1
B

2 M-m/fra 0955 N-m sec/rad

Writing the equations of motion.
202(s) -2 03(s) = 4.231T(s)

2205(s) + (0.9555+2)03(s) = 0



Solving for 93(s).

-2 0 8.462T(s) 4.43T7(s)
83(5) = = =

2 -2 1.91s s

-2 (0.9555+2)
O.(s) 4.43 d,(s) 0.851

Hence. 5(5) = " But. 0,(s)=0.1926,(s) . Thus, 4(s) = .
T(s) s T(s) s
37.

Reflect all impedances on the right to the viscous damper and reflect all impedances and torques on the

left to the spring and obtain the following equivalent circuit:

Writing the equations of motion,
(-Tleq52+K)e2(5) -KO3(s) = Teq(s)
-KO2(s)+(Ds+K)B3(s) -DsB4(s) =0
-DsB3(s) +{T2eqs? HD+Deg)s104(s) =0

2

where: Ty oq = J;_+(Ja+J1)(N—1 ) =1 3+(JL+J4)(N—4 ) :Deq=Dr (N—4 ) - 62(5)=61(5)
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43.
The parameters are:

K L 5 . E__ 5
R, E, 5 U o 0800, 1
T 60
1 1’ 12 12
- J :16[—) +4[—j +1=3; szg,g{_) -2
4 4 2 4
Thus,
1 1
Qm(,?}_ 3 3

E, (‘5'}_ s(s +iﬁ(2 +(1)(&)})_ s(s +0.75)

|
Since &y(s) = Z B, (s).
1
0,(s) _ 12
E (s) s(s+0.75)




