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

N 1000
&) = T+ 015)1+105)

2. The block diagram of a motor-control system with tachometer feedback is
shown in the Figure. Find the range of the tachometer constant K;, so that the
system is asymptotically stable.

1) 0 100 N0,
3§ s(s +5.6)(s + 10)

v

A

K.s

3. The state equations of a linear time-invariant system are represented by
dx(t)
dt

Find the state transition matrix ¢ (t), the characteristic equation, and the
eigenvalues of A for the following cases.

= Ax(t) + Bu(t)



4. Apply the gain formula to the SFGs shown in the Figure. find the following
transfer functions:
Y5

5. The unit-step response of a linear control system is shown in the Figure. Find
the transfer function of a second-order prototype system to model the system.

1.25
1.0 i

0 0.01 1(sec)

7. Find the following transfer functions in the Figure : v(s)/ R(s)

G,y
R(s) + + + +L %
(5) G, T’ G, G, (s)
- - +
H,

Hj

8. For each of the characteristic equations of feedback control systems given,
determine the range of K so that the system is asymptotically stable. Determine
the value of K so that the system is marginally stable and the frequency of
sustained oscillation if applicable.

s*+5s°+(K—6)s+K=0



9. The following transfer functions are given for a single-loop nonunity-feedback
control system. Find the steady-state errors due to a unit-step input, a unit-ramp
input, and a parabolic input, (t/2)us(t).

G(s) = 52(;12) H(s) = 5(s + 2)

10.In the Figure. Find (a)rising time (b) peak overshoot m, (c) damping ratio

¢ (d) natural undamped frequency o, (e) damping factor « (f) damping
frequency o,

R(s) + 4

- s2+2s

= Y(s)
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1. Solve the following differential equations by means of the Laplace transform.

Assume zero initial conditions.

d*f(t) _df(t)
S5 af (1) = e u (D)

2. Find the transfer functions E,(s)/E(s)for the circuits shown in Fig.(b)

3. For each of the characteristic equations of feedback control systems given,
determine the range of K so that the system is asymptotically stable. Determine
the value of K so that the system is marginally stable and the frequency of

sustained oscillation if applicable.

s*+ 2054+ 55+ 10K=0



%27 £2F
4. The state equations of a linear time-invariant system are represented by

dx(t)
dt

= Ax(t) + Bu(t)

Find the state transition matrix ¢ (t), the characteristic equation, and the

eigenvalues of A for the following cases.
0

B =1
0

5. Find the stead-state errors of the following single-loop control system for a

-1 0 0
0 -2 1
0o 0 -2

A:

unit-step input, a unit-ramp input, and a parabolic input, (t3/2)us(t). For system

that include a parameter K, find its value so that the answers are valid.

s+1
s14+1653+4852+4s+4

M(s) =
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1. The following differential equations represent linear time-invariant systems.
Write the dynamic equations (state equations and output equations) in

vector-matrix form.

d?y(t dy(t
djgg)—i—é} :;E}—ky(t):Sr(t)

2. The state equations of a linear time-invariant system are represented by

dx(t)
dt

Find the state transition matrix ¢ (t), the characteristic equation, and the

= Ax(t) + Bu(t)

eigenvalues of A for the following cases.

o1 3 ol

3. Find the transfer functions Eo(S)/E(s) for the circuits shown in Fig.(a)

R,

AAM

i

E(s)

- E (s)




4. Find the poles and zeros of the following functions (including the ones at infinity,

if any). Mark the finite poles with X and the finite zeros with O in the s-plane.

__ 5(s+2)
F(S)_s(s+1)(s+3)2

5. Find the Laplace transforms of the following functions. Use the theorems on

Laplace transforms if applicable.

f(t)=3 + 5¢ 7t + 2t3 > (t>0)
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1. The signal-flow graph of a system is

O
O Cr
Y Y, Y, Y
H i H
- :

Find the transfer function of the system ( % ;

2. Consider the mass-spring-friction system

}——» ¥

M ——» f(1)

e
=

B

Find the transfer function between Y(s) and F(s) with zero initial

conditions.
i) “0 [ e r____‘ﬁ)_,
R(s) + Uls) | Y(s)
50 [ e Le

B(s)

3. Consider the system

which has the following transfer functions:

— 1 __ 5(s+1)
G(S) = s2(s+12) H(S) T R

Find the steady-state errors of the system for the unit-step input, the
unit-ramp input and the unit-parabolic input respectively.
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4. Consider that the loop transfer function of a closed-loop system is
KerS
s(s+1)(s+2)
The Bode plot of L(jw) with K =1 and T; = 0 is shown as

L(s) =

40

/|

i

1L jap ! (dB)
AR
(=]

1 /r

i
=]
|
|

0.01 0.1 1.0 10

@ (rad/sec)

P~
| ™~
-135 T S =

-180 g.

-225 | ZL(jo)

/L(je) (deg)

=270

=315

0.01 0.1

@ (rad/sec)

Find the gain margin, phase margin, gain-crossover frequency and
phase-crossover frequency.



Bl L B K2 107 25 % — 218 L9 E A4 3K A

23] oMM T A RRERE TS L $—R #£=7
#8  AEIEH
EEER
(1) ARIERF CRB(E 34 ms—mppT) » HBXHEEL > BH16.67 %5 0 &
—l:I_ E I o

(2) FRFFEANZEE LR > 5 RERHELHARRALIBH T AH
B R ESIERRATZ AR B 3y o
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—RE (BEEAREE)

R(S) E(S) c(s)

O Gis)

]L His) :|

. ?Eh%L%Zﬁﬁfﬁﬁﬁﬁi M Eil G ~ H {4 find relation among transfer matrix M,G and H
2. ESGEHAH 40T » kHHEAEEEEEFESE M G and H given below, please find M(s)

T s+l =513
3. FIFFEENTTE E #E R H B R 245 AR 22 14 7 Use the Routh-criterion to judge the

stability of this closed loop system

G(s)=

FE (BEEARTIR):
FERx=y.x,=)> AR ETRAFRKATEATS:

BT 50T
() (0

- ({-\1«)}

’ X, (1)

Please find (1) JRAEZERE BT 4244155 (Controllable Canonical Form) HY A, B, C (2) A #Ef#H 7

EH{E A matrix eigen value (3) HH(2) 24553 » 50K K ZHEEIPREEZMIEE find Kto ensure
stability (4)(5 FH 2B = 75 EmEE (3)AY45SE Use the Routh-criterion to judge (3) results

— ;




F=E (BEEEH): E=RE - BIUEEE—EER)
(1) Please find the state equation (first order) on this mechanical system (2) the transfer function

between Y(s) and F(s)

KT BRI ARSI (OMRRRTTREEC ~ (2) v(s)f(s)FIRVHERS er &L

2y = v
% ]] M —— I — 1)

K

B

FUURE (B CE): (= - ST —EFE)
RLC Electric network (1) find state equatlon of the circuit in matrix form (2) signal flow graph
representation (3) The transfer functions between l1(s) and E(s), l2(s) and E(s), and Ec(S) and E(s),

respectively KT B AT~

R, L, L

7

AN ————— T 4 4TI
6(1) ia(1)
b +

() c ,‘\r;w ‘T Ra

#oK: (1) SKARE G RENAE -SRI (2) 484RAEE (signal flow graph representation)
(3)EEAZ LA EL 14(s) and E(s), 12(s) and E(s), and Ec(S) and E(s)

SHRE (AR
B B A SEATBERES RS UK system transfer function G(s) = ———— K >0 X

(a) 24 EHESFHEY M K A9{E? Please find K to make this system critically damped
(b) Z4cEH/EEE A 0.5 454 K HY{E? Please find K to have damping ratio 0.5

R —— » Cfs)

i,




<
S I+ DL BSRASZE BRI SAER A B TR I 2 TTHBL? Show below system's

controllability and observability

u(s) 1 s+1|v(s)
P >
gy | 512

“%+-HH Gain margin problem

ZEEARE 2.G(s) = s SRHAEATIERR (Gain margin) ¢ Find Gain margin for a given

5(140.55)(1+5)

G(s) °

R(s) o 6(s) Y(s)»
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F—E (BEEAREE):

R(S) m E(S) c(s)
G(s)
/
B | s

. SRIEAERS > #EFL4EE M B G ~ H BE{% find relation among transfer matrix M,G and H
2. HGHIH 41  » SkKHEEEIEEH M G and H given below, please find M(s)

1 1
1 s 1
Gis)=|5t N H(s) = [0
2
s+2

FE (BEELRTIR):
ARBE TFZ=40T Consider the state equation

dxl(t)
0 dx1(t) 0
de(t) =[5 —3] [de(t)] HEG
dt
SKFRIRFEREFLIEH (please determine state-transition matrix) @(t)

F=F (BEEEE):
(1) Please find the state equation (first order) on this mechanical system (2) the transfer function

between Y(s) and F(s)
KNI 250 2 (WREETAZZC ~ (2) Y(s)F(s)HIHVHERS b 8

‘——> ¥
2

% I | M 0
B




VU (BB
Electric network ul is voltage input and u2 us current source . Y is voltage output (1) find state

equation of the circuit (2) state-transition matrix
KN EFTREF RS - AR E A R ~ u, BEFUR o BRI EEE y Rl

1F
'AIAA |

.- +

<0

EaP_

BoK: (a) EFREYBIRESTER (b)EREBEREH

FHE (HERMHE)
BR[| P25 241 B IR B AL pL B system transfer function G(s) = K>0 K

(a) 24 EAEESIHERFE K #Y{E? Please find K to make this system critically damped
(b) 2% EFHEEE R 0.5 5514 K HY{E? Please find K to have damping ratio 0.5

s(s+1)(s+2)

R k » C(s)

sis+Ns+2)

FENE (FRENEFE) Root Locus Analysis
FHAE PR B LR EIG(s) = m 3t EEs = —2 4 3j K s=-1.33+2) 2B LG EAEEERHY

TRENLER - - FE3E4@[EE5HH - Please show if s = —2 + 3j and s=-1.33+2j are located in root loci.

Please show on the root loci plots.

FEHE (fRENEFE) Root Locus Analysis
PR ER EBG(s) = ————— » SR FHIME -

s(s+3)(s2+2s5+2)

1. AR i S BRI S 2 <0 SORE RO E AR 8 (R 85 )i 2 A5 The intersection point of

the progressive line of the root trajectory (root loci) with the time axis and the angle of the

-

progressive line toward infinity

2. CKHILZSEFREFIZ ENE > K {H - Please find K to have system reach system critical
stability

3. [EBEHILAS ZIREEIE - Root locus diagram
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1. 3R F W 3¢ i @ (Signal-Flow Graph)Z # H M A M e 4 -

2. MR TH 248K LA EE(Separately Excited DC Motor)gg ik B £ X
(State Equations) S S E A B H MW A TR E & 848 % ¥ (Transfer

Function) »

$
3

3. BET 7B FE X o534 AR E A (Controllability Canonical Form) :

121 1
d"(’){o 1 3x(r){0]u(r)
dt

111 1
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4. TREREHAKY  BBERGGE)-———, HO-—2 - REAFHAFH

si(s

+12) s+5

A (Unit-Step Input)&F &9 #8 48 8% 2 (Steady-State Error) °

r u(r) )
R(s) + U(s)
b(o) | H(s)

B(s)

¥
Y(s)

5. — K 38 # A& # (Closed-Loop System) & 38 35 ¥ # & #t (Loop Transfer

100K (s +5)(s+40) |

Function)® L(s) =

5 (s +100)(s + 200)

R K=18L(jw) 43k & 8 (Bode PlotydwF

WA SR A #5822 3% 3 & A XS R (Gain-Crossover Frequency)$ 48

4 & R (Phase Margin) o

40

30 o

_‘\‘;_ 1

|

,ILU&»hK:]_ [ 1]

A
—

\

T 4548

IL(jew)l (dB)
|
S

' N

0.1

@ (rad/sec)

().446

-135

—180

-225

/L(jw) (deg)

o, i | —

K=1,T,=1sec

=270

315

60
0.01

0.1

@ (rad/sec)

066 1.0 10
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U B R SMIPLRE G(s) = i(( ))

250 N-m/rad -

Ny =28 ———— (00—
T1)
(v s

it 1000 N-m-s/rad

.
Ny =50 ‘}-O 200 kg-m” )—{:}——

4

T RE A

. 0 1
X = X

ol

AOSINERIED X (1)

S U AR AR R B e, =0.25 ﬁ%YFHE K {ir -

R(s C(s
) o 20 (‘)
s? +10s+10 -
1
s+ K




DU~ — S S R T

R(s) + C(s)

— R K :
s® +10s% + 24s

(2) BEG K > OfL iy
(b) BEFAPEFLEN jo 1 PO REFVITLE K

(©) FATEAFIK i -

s PR

R(s) +% 56 Cs),

Figure
H B TEFL R G(s) o iﬁ@ﬁ(Bode diagram) 1™ Hr=-

60 1T

30 PSR

0.01 0.1 1 10 100 1000
@ (rad/sec)

(8) FEFI L GRS 7% © 49977 (gain crossover frequency)FIff! 7+ & £93fi5k (phase crossover

frequency)
(b) B I BRI L IETRS I (gain margin) AT 35 (phase margin)

() 2R R RL W AR LTI R
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