Midterm Exam, Control System, 110-1 (2021) Wi

Date: Friday, November 12, 2021. Time: 9am-11am. g5
Closed books, closed notes, no calculators. B

Only pens and erasers are allowed.

Part A. [30%] Find the best choice. GF& #&#: R 2 8 I /giE )

For the pole locations shown in the figure below, please identify the corresponding responses.

Im(s)

1)

(5") ; (’\3) Re(s)
4)

(A1) The response corresponds to Position (1) is:
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(A2) The response corresponds to Position (4) is:
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2 b

(A3) For the step response shown in the following figure, please find the best possible transfer function:

15

0 05 ; Time (segonds) , 25 3
73 72 400 400
A) —2 . B —2—: ) —2 _ . p —2 .
(A) (s2+65+73) ’ (B) (s2+17s+72) ’ ©) (s2+65+409) ’ (D) (s2+40s+375) ’

DC gains: (A) 1, (B) 1, (C) 400/409, (D) 400/375, => (A) and (B) are OK.
Poles: (A) -3 +- 8j, (B) -8, -9, (C) -3 +- 20j, (D) -15, -25

There are oscillations. Hence, (A) and (C) are possible.

Oscillation Period is around 1 sec. Oscillation Frequency = 2*Pi/(1) = 6.28.
= (A) is the answer.




(A4) For the step response shown in the following figure, please find the best possible transfer function:
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0 05 1Time (sagonds) » 25 3
(A) (60—10s) (B) (20-10s) ©) (20—-10s) (D) (60-10s)
(s2+8s+80) ’ (s2+8s+80) ’ (s2+12s+32) ° (s2+12s+32) °

Initially, go to negative direction. All have Unstable zero. All answers are possible.
DC gains: (A) 60/80, (B) 20/80, (C) 20/32, (D) 60/32,=> (A) and (C) are OK.
Poles: (A) -4 +- 8j, (B) -4 +- 8j, (C) -8, -4, (D) -8, -9,
There are oscillations. Hence, (A) and (B) are possible.
Oscillation Period is around 1 sec. Oscillation Frequency = 2*Pi/(1) = 6.28.
=>(A) and (B) are OK.

(A) is the answer.

(AS) For the block diagram shown in the following figure, please find the transfer function from R to Y:
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(A) G1+G,+G3; (B) GG, —Gs ; (C) G+ GGz 5 (D) GG, +Gs

(A6) For the block diagram shown in the following figure, please find the transfer function from R to Y:

R o—+ G G, oY
Gy |+
GG G1G; X G1G,G3 . Gy .
(A) 1+G1G,G3 (B) 1+G,G3 (©) 1+G1G,G3 (D) 1+G,G3




Part B. [70%] Write down proper description for the following problems.

(B1) (10%=5%+5%)

A unit negative feedback system has the following open-loop transfer function:

1
(as + b)

(@) Compute the sensitivity of the closed-loop transfer function to changes in parameter a.
(b) Compute the sensitivity of the closed-loop transfer function to changes in parameter b.

G(s) =

Solution:
(a)
1
Gls) = (a s + b)
1
T(s) = S8 G@sdkh !
1 4+ G(s) 1+m as + (b + 1)
T — adl _alas + (b + 1)) —5
© 7 T da - 1 (as + (b + 1))?
. —as
" as + (b + 1)
(b)
st — bdl _ blas + (b + 1)) -1
b T db - 1 (as + (b + 1))2

—b
as + (b + 1)




(B2) (30%=5%%6)

For a second-order system with transfer function:

Assume that System G(s) is added into the following block diagram, where K and L are
two constants:

GO \~

r

G(s) Y

(@) Find the poles and zeros of system G(s).

(b) Determine whether the system is stable and why?

(c) Determine the overshoot and rise time of system G(s) if unit-step input is applied.

(d) Determine the closed-loop transfer function 7(s) from R to Y, in terms of K and L.

(e) Determine L such that the steady-state value of the of the closed-loop system 77(s) is
equal to 1 if R is the unit-step input and K=3.

(f) Determine the overshoot and rise time of the closed-loop system 7(s) if R is the unit-
step input and K=3.

Solution:
(a) 16
G(s) = —
s¢< + s 4+ 16
Poles: 52 + s + 16 = 0,5=-05 +-3.97]
Zeros: none
(b)
Real( poles ) <0, then the open-loop system is stable.
(c)
16 w2
G(s) = 5 — 2 2
s 4+ s + 16 s+ 2 wp s+ wnp

= w, = 4, ¢ = 0.125
From the M, vs ¢ plot, M, is about 63%

1.8
18 _ 7 = 0.45(sec)

= t, =
Wn




= — =1
G(0) 16
LKG(S) LK%
X e T(S) e G(O) — 5 +S-]'__616
R L+ KGe) 1+ Ko
16 LK

2 4+ s + 16 + 16K

(e)

Y(s) = R(s) T(s)

1 16 LK
ss2 + s+ 16 + 16K
i 1 16 LK
= s —
Y5 = 000 T 52 + s + 16 + 16K
_ 16LK _ 16x3xL
16 + 16K ~ 16 + 16 x3
— L = 4/3
()
Y o_ ., cioyKG(s) 16 LK
R (S)_l—l—KG(s) T 2 4+ s + 16 + 16K
B 48L B wp,?
22+ s + 64 8242 Cwp s+ wy?

— 2Cw, = 1, w- = 64
— wp, = 8 ¢ = 1/16 = 0.0625

From the M, vs ¢ plot, M, is about 80%

1.8
=~ 18 _ = 0.225(sec)

= ¢, —=
T W, 8




(B3) (30%=5%%6)

A standard feedback control block diagram is shown as follows:

Wi(s)
+ Controller U(s) fTi Plant
R(s) 2

D(s) 2 G e
Sensor
H(s)
2 38 100
G(s) = 2 D(s) = S8 gy = 190
where S (s+2) (s +100).

(@) Let W = 0 and compute the transfer function from R to Y.

(b) Let R = 0 and compute the transfer function from W to Y.

(c) What is the tracking error if R is a unit-step input and W = 0?

(d) What is the tracking error if R is a unit-ramp input and W = 0?

(e) What is the tracking error if R is a unit-step input and W is a 0.1-unit-step input?

(f) What is the system type with respect to the reference inputs R and the corresponding
error coefficients?

Solution:
(a)
G()_E D()— (5+8) H()— 100
Vg YT Gy Y T 6+ 100)
s+8
Try(s) = D(s) G(s) — E5+2§ :
1 4+ D(s) G(s) H(s) 1 + Eiigg 2 (5-41-?%0)
_ 252 4+ 2165 + 1600
T 53 + 10252 + 400s + 1600
(b)
Ty (s) = G(s) _ :
" 1+ D(s) G(s) H(s) 1+ Eii% 2 (512%0)

252 4+ 204s + 400
s3 + 102s2 4+ 400s + 1600




(©)

E(s) = R(s) — Y(s) = R(s) — Try(s) R(s)
= R(s) (1 — Try(s))

252 4 216s + 1600
s3 + 102s2 4+ 400s + 1600

= R(s) (1 — )
3 + 100s? + 184s

3 4+ 100s2 + 184s
Esg — lim s —

50 ( 3 + 10252 4+ 400s + 1600) =0

(d)
1 3 + 100s? + 184s 184
€ss = S!I_ITIO S.S (83 _|_ 10282 + 400s + 1600) - ﬁ = 0.115
(e)
Y(s) = Ygr(s) + Yi(s) = Try(s) R(s) + Twy(s) W(s)

= TRY(S) — + Twy(s) E

E(s) = R(s) — Y(s)
1 0.1
= - TRY(S) + Twy(s) —
= %(1 — Try(s) — 0.1 Tyyy(s))

1(1 252 4+ 2165 + 1600
s s3 + 10252 + 400s + 1600

0.1 (2s2 4+ 204s + 400)
s3 4+ 10252 4+ 400s + 1600

1 s3> + 99.852 + 163.6s — 40

)

s 's3 + 10252 + 400s + 1600)
<3
+ 99. 852 + 163.6s — 40 —40
= i Z = —— = —0.025
€ss = M55 - & 1 1025 T 4005 + 1600’ 1600
(f)
From (c) and (d), the system is System Type 1.
1 1
ku - = 8.7

’era,mp| |O 115‘




[Helpful Information]
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Ziegler-Nichols Tuning for the Regulator
D.(s) = kp(1 + 1/Trs + Tps), for a Decay Ratio of 0.25

Type of Controller Optimum Gain
P kp = 1/RL
oI kp = 0.9/RL
Ir=L/0.3
kp = 1.2 /RL
PID IT=2L
Tp =0.5L

Ziegler-Nichols Tuning for the Regulator
D.(s) = kp(1 + 1/T;s + Tps), Based on the Ultimate

Sensitivity Method
Type of Controller Optimum Gain
P kp = 0.5Ky
kp = 0.45K,
PI P
IT=1%
ke = 1.6K,
PID T = 0.5P,
Tp = 0.125P,

Errors as a Function of System Type

TypeInput Step (position) Ramp (velocity) Parabola (acceleration)
Type 0 ! 00 o'e)
» 11K
1
Type 1 0 — 00
K 1
Type 2 0 0 —
ype A




