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E2.4 Since
1
R(s) = —
()=~

we have

4(s +50)

YO = s +10)

The partial fraction expansion of Y (s) is given by

A A A3

Y
(&)=~ +5720 T 5710

where
Aij=1, Ao=06and A3=-16.
Using the Laplace transform table, we find that
y(t) =1+ 0.6e 2% — 1.6 10

The final value is computed using the final value theorem:

L A(s + 50) ]_
A y(®) = lims | e 0 1 200y | ©

E2.8 The block diagram is shown in Figure E2.8.
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FIGURE E2.8
Block diagram model.

Starting at the output we obtain
. 1 1
Y(s) = ;Z{s) = ;GQ(S)A(S).

But A(s) = Gi(s) [-Ha(s)Z(s) — Ha(s)A(s) + W(s)] and Z(s) = sY (s),
50



Y (s) = ~Gi(s)Ca(s)Ha(s)Y (5) — G (s) Ha(s)Y (s) + ~G1(s)Ca(s)W(s).
Substituting W (s) = K E(s) — Hi(s)Z(s) into the above equation yields
Y (s) = ~Ci(5)Gals) Ha(s)Y (5) — Ca(8)Hs(s)Y (s)
+ 2G1(5)Ga(s) K B(s) — Hi(s)2(s)]

and with E(s) = R(s) — Y (s) and Z(s) = s (s) this reduces to
Y(s) =[-G1(s)Ga(s) (Ha(s) + Hi(s)) — G1(s)Ha(s)
- é@l(s]GQ(S}K]Y(S} + %Gl(s)Gg{s)KR(s).
Solving for Y (s) yields the transfer function
Y(s) =T(s)R(s),

where
KGi(s)Ga(s)/s
1+ G1(5)Ga(s) [(Ha(s) + Hi(s)] + G1(s)Hs(s) + KG1(s)Ga(s) /s

T(s)=

E2.19 The input-output relationship is

Vv, B AK —1)
V 1+ AK
where
VAl
K =
L1+ 2o

Assume A > 1. Then,

where

Therefore,
Vo(s)  Ro(R1Cis+1) 2(s+1)

V(s)  Ri(RaCas+1) s+2



E2.20 The equation of motion of the mass m, is
meiy, + (bg + bo )y + kaxp = bgitin, + kazin -
Taking the Laplace transform with zero initial conditions yields

[Mes® + (ba + bs)s + kg X,(s) = [bas + ka) Xin(s) -

So, the transfer function is

XP(S) _ bas + kg _ 0.7s + 2
Xin(s)  mes?+ (bg+bs)s+kg s°+285+2°

E2.22 The closed-loop transfer function is

Y(s) B B KKy
R(s) =T(s) = s? + (Ky + KoK+ K{Kq)s + K1 KoKg -

E2.25 The equations of motion are

mif1 + k(zy —x0) =F
moZo + k(zg —x1)=0.

Taking the Laplace transform (with zero initial conditions) and solving
for Xa(s) vields

k
X =
P Ry ] ey

F(s) .

Then, with m; = ms = k = 1, we have

1

Xo(s)/F(s) = porra

P2.2 The differential equations describing the system can be obtained by using
a free-body diagram analysis of each mass. For mass 1 and 2 we have
Myt + F1a(yn — w2) + bin + ki = F(t)
Myijs + kya(y2 —w1) = 0.

Using a force-current analogy, the analagous electric circuit is shown in
Figure P2.2, where C; — M; , Ly — 1/ky , Lig — 1/kya , and R — 1/b .
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FIGURE P2.2
Analagous electric circuit.



P2.11 The transfer functions from V,(s) to Vj;(s) and from Vy(s) to #(s) are:
KiKy
(Lgs + Ry)(Les + R,
Km
(752 + £8)((La + La)s + Ra + Ra) + KsKps

The block diagram for #(s)/V.(s) is shown in Figure P2.11, where

Vi(s)/Vls) = and

0(s)/Va(s) =

. B(s) Vals) KKK,
NV = Vo Vits) = Al

where

A(8) = 8(Les+ Re)(Lygs + Ro) (Js +b)((Lg + La)s + R+ Ra) + K K3) .

v 1 le Vq 1 Iq K I|I|I|:I_'_ 1 l4 Tm 1 W

S | s - L&+ ! | TeIsRA: 3 - g

ol D
Ki e

P2.13 The motor torque is given by

wal—

o

Tol(s) = {Jmsg + b s)f(s) + (JL-BLB + bpe)nd (=)
= n((Jms® + bns)/n® + Jps® + bps)8p(s)

where
n = 8r(s)/fm(s) = gear ratio .
But
Tml:sj = I{ntfg(s}
and
I(s) = . Vy(s)
S (Lg+ Ly)s+Rg+ Ry 9V
and
- - K, -
Va(s) = Kgly(s) = 7 +Lfs1'f[3] -
Combining the above expressions yields
fr(s) KoK
Vi(s)  mAj(s)Aa(s)
where
a9
Aj(s) = Jps® + brs + w
and

Ao(s) = (Lgs+Lys+ Ry + Ry)(Ry + Lys) .



P2.33 The signal flow graph shows three loops:

L1 = —-G1G3GyHo
Ly = —GaG5GgH,y
Ly = —HGyGgGaGr G Ha Gy .

The transfer function Y5 /7 is found to be

Ya(s) _ _GiGeGeAi — GaGsGpls
Ri(s) 1—(Li+Lo+La)+ (LiLo) ~

where for path 1
Ar=1
and for path 2
Ag=1—-1L1.

Since we want Y5 to be independent of Ry, we need Y5/R; = 0. Therefore,
we require

G1G3Gg — GaGsGe(l + G1G3GaHa) =0 .

AP2.2 The closed-loop transfer function form RHy(s) to Ys(s) is

Ya(s) _ G1G4Gy(8) + G1GaGaGyGe(s)
Ry(s) A

where
A = [1 + GaGaHa(s)|[1 + G1GaHs(s)] .
If we select
Gs(s) = —GaGaGg(s)

then the numerator is zero, and Ys(s)/H(s) = 0. The system is now
decoupled.



CP2.2 The m-file seript and step response is shown in Figure CP2.2.

numc = [1]; denc = [1 1]; sysc = tf(numc,denc)
numg = [1 2]; deng = [1 3]; sysg = tf(numg,deng)
G part (a)
sys_s = series(sysc,sysg);

| = feedback 1
ggia_acrt {bfe ackisys_s,[1D) Transfer function:

step(sys_cl); grid on s+2

sh2+55+45

Y

Amplucde

CP2.3 Given
y+4y+dy=u
with y(0) =y = 0 and U(s) = 1/s, we obtain (via Laplace transform)

1 1
s(s2+4s+4) s(s+2)(s+2)°

Yi(s) =

Expanding in a partial fraction expansion yields

025 025 05
Yo ==~ Gy

Taking the inverse Laplace transform we obtain the solution
y(t) = 0.25 — 0.25¢ 2 — 0.5te 2

The m-file seript and step response is shown in Figure CP2.3.



Step Response
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FIGURE CP2.3
Step response.




