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Problem 1:

Determine the type of the following unity-feedback systems for which the forward-path transfer

functions are given:

K

(@) G(s)= (1 + 5)(1 + 10s)(1 + 20s)

10(s + 1)

© ) = G 96 +6)

o 10(s+ 1)
© 6 =S5+
5(s +2)

) G(s) = m

Solution:

(a) TypeoO (b) Typeo (c) Type1

(g9 type2 (h) typeo

lo'e—l].ﬁt
(b) G(s) = (1+5)(1 + 10s)(1 + 205)
_100(s—1)
(.d) G(J) - 32(3+5)(s + 6)2
100
G(s) = +—
(f) (S) 33{s+2)2
_ 8(s+ 1)
® G6) = @z 196+ D
(d) Type2 (e) Type3 (f) Type3



Problem 2:

Determine the step, ramp and parabolic error constants of the following unity-feedback control systems.
The forward-path transfer functions are given by:

1000 100

® O =romarim @m0
K 100

© G6) T S(I+0.15)(1 +0.55) @ Gls) = =71 10s 7 100)

(© G(s) = 1000 © Gls) = K291+ 45)

s(s + 10)(s + 100) s2(s? 45+ 1)

Solution:
(a) ¥k =1imG(s)=1000 K =limsG(s)=0 K = lim s°G(s) =0
P50 v 5—0 5—0
(b) ¥ =1lmG(s)== K =limsG(s)=1 K =lims’G(s)=0
o0 v 5—0 @ 550
(c) kK =limG(s)== K, =limsG(s)=K K =lims’G(s)=0
P v 5—0 T 550
(d) ¥ =limG(s)== K =1limsG(s)== K = lim s°G(s) =1
LN Vo os0 s—=0
(e) kK =1limG(s)= K. =limsG(s)=1 K =lims’G(s)=0
LN v 5—0 550
(f) K =1limG(s)== K =limsG(s)== K = lim s°G(s) = K
P 5—0 v 5—0 5—0



Problem 3:
For the unity-feedback control systems described in Problem 2, determine the steady-state error for a unit-

step,u (1), unit-ramp, tu,(t), and parabolic input (%) ug(t). Check the stability of the system before
applying the final-value theorem.

1000 100
(@) Gls) = (1+0.1s)(1 + 10s) (b) Gls)  s(s? -+ 105 + 100)
K 100
= d =
© 66 = oigavosy @ %O FmETins 100
_ 1000 _ K(1+25)(1 + 4s)
() Gls) = s(s + 10)(s + 100) 0 Gls) = s2(s? +5+ 1)
Solution:
(a) Input Error Constants Steady-state Error
u_(t) K, =1000 1/1001
tu_(t) K =0 o
tu_(t)/2 K =0 o
(b) Input Error Constants Steady-state Error
u_(t) Kp = 0
tu_(t) K =1 1

tu (1)/2 K =0 o«



(c) Input

Error Constants Steady-state Error

u_(f) KP = 0
tu_(1) K =K VK
tu (t)/2 K =0 o

The above results are valid if the value of K corresponds to a stable closed-loop system.

(d) The closed-loop system is unstable. It is meaningless to conduct a steady-state error analysis.

(e) Input Error Constants Steady-state Error
u (t) Kp = 0
tu_(t) K =1 1
2
tou_(t)/2 K =0 o
(f) Input Error Constants Steady-state Error
u (t) KP = 0
tu_(t) K == 0
t*u ()72 K =K /K
5

The closed-loop system is stable for all positive values of K. Thus the above results are valid.



Problem 4:
The following transfer functions are given for a single-loop non-unity-feedback control system.

Determine the steady errors for a unit-step, w(t), unit-ramp, tu,(¢), and parabolic input, (%) ug ().

! 1
@M=y PO
® 6=y HO=S
1 s+ 1
(c) G(s)=sz(—s_—+10) H(s)=s+5
1
(d) G(S) zm H(S)=5(5+2)
Solution:
(a) x,=H(©O)=1 M(s) = G(s) s+1

1+ G(s)H(s) s°+25° +3543

Unit-step Input:

Unit-ramp input:

a —-b K _=3-1=2=0. Thus e_==".

Unit-parabolic Input:

ao—boKH =2=0 and nl—blKH =1=0. Thus e_ =®.



(b) K, =H(0)=5

G(s5) _ 1
1+ G(s)H(s) 5245545

M(s) =

Unit-step Input:

Unit-ramp Input:

Unit-parabelic Input:

(c) &, =H(0)=1/5

G(s) s+5

M(s) = =73 ] 2
1+G(s)H(s) 5 +155 +505" +5+1

The system is stable.

a,=L a =1 a,=50 a,=15 b0=5, bl=1

Unit-step Input:

Unit-ramp Input:

Unit-parabolic Input:



(d) K, =H(0)=10

G(s) 1 :
M(s)= =— > The system is stable.
1+G(s)H(5) 5 +125 +55+10
a,=10. a =5 a,=12, by=1 b =0 5,=0

Unit-step Input:

Unit-ramp Input:
i=0: aa_baKI-_r:D i=L al—blKH=S;&D

a —-b K 5
g =1 1"H _

&5

=0.05

ay Ky 100

Unit-parabolic Input:



Problem 5:
Find the position, velocity and acceleration constants for the system given below.

+ s+ 1 g 3 >

X s+3 s(s+2) =
Solution:
4
< ._::ﬁ R S5(s+1) S
“\T/i s(s+2)(s+3)
5(s+1
G(s) = (s+1)
s(s+2)(s+3)
a) Position error: K, = limg_o G(s) = ]imsﬁn_ﬂ:f:;tiﬂ =
S(54+1) _ 5

b) Velocity error: Ky = limgp sG(s) = ]ims“um 6

55(54+1)

. o — 1: 2 p— e —
c) Acceleration error: K, = lim,_,,, s°G(s) = lim,_,, (5+2)(5+3)



Problem 6:
For the system of Problem 5, find the steady-state error for (a) a unit-step, (%), (b) a unit-ramp, tus(t),

and (c) a unit parabolic input, (%) ug(t).

Solution:
a) Steady state error for unit step input:

1
1+Kp

Egs

Referring to the result of Problem 4, K, = 00 = €4, =0

b) Steady state error for ramp input:

1

Cow =
55 Ky

Referring to the result of Problem 4, K, = % — €e5 = %

c) Steady state error for parabolic input:

Referring to the result of Problem 4, K, = 0 — ¢4, = o0



