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Question 1

. What is the system type? Compute the static position error constant K, of the system.
. The DC gain of a system with transfer function G 1s defined as lim G(s). Compute the DC gain of the open-loop

s—0
and the closed-loop system. Explain the name “DC gain”.

. What 1s the steady-state error of this system in response to a unit-step input? To unit-ramp input?

R(s) 2| K > s’ : J 5T +3s542 C(‘S‘);
_ (s+2) s* +557 + 657
G(s) = K s?(s*+3s+2) s?(s+ 1)(s + 2)
s) = =
(s + 2)? (s* + 553 + 652) (s +2)?s%(s +3)(s + 2)
(S n 1) G(s): Open-loop transfer function for unity feedback system
=K K(T,s+1)(T,s+1)---(T, s+1)
s+2)2(s+3 G(s)==7~= .
(s+2)7(s+3) (5) /ﬂ(z}sﬂ)(zsﬂ).--(rps+1)
. G(s)is Type N .
No integrators = N = 0 = System type 0 wﬁ;)rs Nycpaen bs %St‘wemz etc..
(s+1) K

p sl—r>r(l) G(s) sl—r>r(l) (s + 2)2 (s +3) 12
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Question 1

2. The DC gain of a system with transfer function G is defined as lir% G(s). Compute the DC gain of the open-loop
S—

and the closed-loop system. Explain the name “DC gain”.
3. What is the steady-state error of this system in response to a unit-step input? To unit-ramp input?

2. Open loop system: K R(s) Lol s | 543542 ¢
DC gain = lim G(s) = 7 > (s+2) A5 16y
S—
Closed loop system:
K (s+1)
C(s) _ " (s+2)2(s+3)  _ K(s+1) _ K(s+1)
R(S) 14K (s+1) " (s+2)2 (s4+3)+K(s+1)  s3+7s2+(16+K)s+(12+K)
(s+2)% (s+3) DC gain: Steady-state response to a unit
C(s) K step input
DC gain = lim = -1 whenK - o -
5 s—0 R(s) 124K tlim Cstep(t) = lir% s C(s) @)
—00 s—
Note: Increasing K, increases CL steady state value and hence reduce egg — lim s ( G(s) l)
3 ey o 1 1 12 50
- Step nput égg = = = = 1limG(s
1+ Kp 1+ % 12+ K 5-0 ( ) (Week 4 page 19)
R _-— 1 1 1
amp mput eqgg = = = = — 00
Ky Ll—{% SG(s) lim sK (s+1)

s>0 (s+2)2(s+3) 3



Question 2

1. Calculate the closed-loop transfer function and the system type.

« | TECHNOLOGICAL
- UNIVERSITY

SINGAPORE

2. Compute the steady-state error for the input r(t) = 5Su(t) and for the input r(t) = 5tu(t), where u(t) is the

unit-step function. Discuss the validity of your answers.

R(s) + + 1 R 1 C(s)
X - s2(s+1) "l s2(s+3) ~
1 i
I
1 1
TF = s(s+1)  si(s+1) S
1L SGHDHL stesil
1. s3(s+1) s3(s+1)
1 R(s) + s . 1 C(s)
Geu(s) T s6+4s5+3s*+s2+3s+1 —]\ st+s3+1| 7| s%(s+3) !
G () 1 R(s) + 1 C\(S)
oL\S) = 1 . 5+ 4s*+3s3+5+3 g
s(s>+4s* +3s3 +s5+3) I GRS SR T S(s*HAsTH 3745+ 3)
CL - 1
1-I_s(55+4$4+3s3+s+3)
1 integrator = N = 1 = System type 1 1
_ s(s5+4s*+ 353+ 54 3)
~ s(s5+4s*+3s3+s5+3)+1
s(s®>+4s* +3s3 +s+3)
R(s) 1 C(s)
1 L >

T 56 +4s5+3s*+52+3s5+1

s6+4s5+3s%*+5s24+3s5+1
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Question 2

1. Calculate the closed-loop transfer function and the system type.
2. Compute the steady-state error for the input r(t) = 5Su(t) and for the input r(t) = 5tu(t), where u(t) is the
unit-step function. Discuss the validity of your answers.

1 R(s) + 1 C(s)
2. Gpr(s) = & s(s®+4s*+3s3+s+3) g
s(s® + 4s* +3s3 + 5+ 3) T
Input r(t) = 5u(t) = step input R(GS)
. . . S S
For system type 1: ~ - > | &s = lim e(t) = lim sE(s) = lim (1+G(s))
5 5 (Week 8 page 19)
Step input — — = (0 (expected
€p Input €gg 1+K, 1+ lirré Gor(s) (exp ) . ) < c c
- = - = = =
S RS =57 =T 6G) s 1+GG=0)
Input r(t) = 5tu(t) = ramp input If K, = lim G(s) = G(s = 0)
For system type 1: ecs = -

R . t —_ —_—
amp input ess = 7~ lim 5Goy (5)
S—
5
- lim : =15
s-05(s5 + 4s* + 353 + s + 3) °
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1. Calculate the closed-loop transfer function and the system type.
2. Compute the steady-state error for the input r(t) = 5Su(t) and for the input r(t) = 5tu(t), where u(t) is the

unit-step function. Discuss the validity of your answers.

2. Check stability using Routh Hurwitz method:

CE:s®+4s>+3s*+s2+3s5+1=0

Routh’s Array:

s® 1
s> 4
12-0
4 =3
S 4
R
3
-1
> 61
Sz 12_1 - —
3
EE)_‘_l
S 4\3) 3 __
=
4
1.69—0
s© =

R(s)

1

s64+4s5+3s%*+5s24+3s+1

C(s)

Necessary (but not sufficient) condition

If a system is stable, then all coefficients
of its CE are real, are of the same sign,
and none of its coefficients is zero.

Due to missing s> coefficient, system can at
best marginally stable

First column:

« [f there 1s no changing of sign = stable.
* No. of sign changes = no. of poles in RHP

Since there is 2 sign changes in the first column, therefore there are 2
RHP poles and the system is unstable.
The egs results are meaningless.



Question 3

1. Compute the poles of the system.
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C(s)

s+1D)(s+2)

2. Compute the steady-state error to unit-step input.

3. To eliminate the steady-state error to unit-step input, one inserts an integral controller K(s) = % in the
feedforward loop. Compute the poles of the system with integral controller. How does integral action influence
the stability of the system?

) 1 1 RO S
-G (s) = s+1D(s+2)  (s+D(s+2) _ 1 -
AT 1 S (s+D(s+2)+1 s2+3s5+3

(s+1)(s+2) (s+1)(s+2)
CE: s?43s+3=0

wl N

~3 +jV3
S1p = 2] — —1.5+0.87;
2. System type O:
Step input ! ! !
Cp mput eqgg = = - =

s»0(s+1)(s+2)
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3. To eliminate the steady-state error to unit-step input, one inserts an integral controller K(s) = % in the

feedforward loop. Compute the poles of the system with integral controller. How does integral action influence

the stability of the system?

R(s) + 1 C(s)
3. 1 1 — 8 G612 >
s(s+ 1)(s+2) s(s+ 1(s+2) 1 T
G — — —
vew (5) 1+ 1 ss+D(s+2)+1 s3+3s2+25+1 < .
s(s+1D(s+2) s(s+1D(s+2) > Add integrator
: 3 2 _ R(s) + 1 R 1 C(s)
CE: s°+3s“+2s+1=0 — Q> . " GIDGTD >
S1 = —232 S;3=-0.34+0.56j T
Goup(s) = — !
oLD\S) = SZ +3s+3 Olk ? P 1 -
3443 el n=2 Sl | a v
51,2 = J =—1.5 i 087_]
2 0 o o
The dominant roots of the new system are on the right of the dominant roots ; P e :, [

of the original system. Thus, the new system is less stable (but still stable)
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