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CSY3601 2017: Assignment memo

It should be noted that the method to solve the questions is not
unique.

ASSIGNMENT 1
Question 1, Answer: 4).
Question 2, Answer: 2)
Question 3, Answer: 2)
Question 4, Answer: 4)
Question 5, Answer: 1)
Question 6, Answer: 2)
Question 7, Answer: 1)
Question 8, Answer: 3)
Question 9, Answer: 3)

Question 10, Answer: 3)



Question 1

ASSIGNMENT 2
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C(s)

Use block-diagram-reduction techniques to find the transfer function T(s)=% of the

system represented by the following block diagram.

R(s)

Answer:

G4(S)

Step 1 Move G2 to the left side of the pickoff point

Gy

o

S I VR G

Hy

Ha

vvvv

Step 2 Move G2 block to the right side of pickoff point
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Step 3

Move G2G3 +G4 to the left side of the pickoff point and combine the two feedback paths

R c
Gl 'G263+G4 |
H>
GoHi
1+GzH3+G4
vvvvy

Step 4 Move block G1 to the right side of the summing junction

R Gy GoG3+Gy C=
H>
Gy
GaoHy
1+ GoH3+Gy
vvvv
cs) G,(G,G, +G,)

Step 5 The final result

R(s) 1+(G,G,+G,)H,+G,(G,H,+G,G,+G,)

VY

Question 2

Use Mason’s gain formula to calculate the close-loop transfer function of the following figure.
Hint: use the website materials to find how you can use Mason’s gain formula.

[30]




Solution:

Forward paths:
T1=G1G2G3G4G5Gs vV
T2=G1G2Gs vV
T3=G1G7G4Gs5Gs vV
T4=G1G2G3G4G9Gs vV
T5=G1G7G4Ge Gs vV

Loops:
L,=-G,H,
L,=-GsH,

L:=- G,G; G, Gs G Hs
L.=- G,G; G, Gy Gy Hs
L:=- G, G4G;sG¢H;
Le=- G, G4 Gy GgH;
L=-G,G, H;

VYAV
There are three non-touching loops taken two at a time:

L,L,=G,GsH,H,
L,L.=G, G,GgH, H;
L,L.=G, G¢Gg H, H;

vv'v
There is one non-touching loops taken three at a time:
LiLl2L7= - G2 G4 Ge GsH1 H2 H3
v
A=1-(L1+ L2+ Ls+ La+ Ls+ Le+ L7)+ Lilo+ Lils+ L2oLl7- Lilaly
=1+ GaHi+ GesH2+ G2G3GaGsGsHz + G2 G3 Ga Gg Gs H3
+ G7 G4 Gs5GeHz+ G7 G4 Go Ge Hz +G2 Gs H3z + Ga Ge Hi H2
+ G2 GaGsH1 Hz+ G2 Ge Gs Hz2 Hz + G2 G4 Ge GsH1 H2 H3
Vv
Moreover,

A1=1,
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A2=1- ( Li+L2) +Lil2=1+ GaHi+ Ge H2+ G4 GsH1H2

Vv

Question 3

A system is described by the following differential equation:

&Ly . dy _dy &Px  dx _dx
prIr I A Al R Al

Find the expression for the transfer function of the system Y (s)/ X (s).

[10]
Answer:
The Laplace transform of the differential equation, assuming zero mitial conditions, 1s,
(s3+3s2+55+1) ¥ (s) = (7 +452+6s+8)X(s). VIS
. ) _ ¥(s) ' +4s" +65+8
Solving for the transfer function, ———= =3 > :
Xis) s +35"+5s5+1 VYA

Question 4

Find the transfer functions, Vv, (s)/V (s) ,for the following circuits.
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[20]
Answer:
a.
wit)
Writing mesh equations
(2s+2)(s) =2 Io(s) = Vi(s)
=21i(5) + (25+d)a(s) = O vvv vy
But from the second equation, I;(s) = (s+2)Ix(s). Substituting this in the first equation yields,
(25+2)5+2)1505) =2 Li(s) = Vils)
or
LisVWis) = l-"{:&: +6s+2)
vvvvv

But, Vi(s) = 2sIy(s). Therefore, Vi(s)Vi(s) = -15{5: +3s+ 1)



ZQ lF

. \ ,a T
(N
VJ,( t lﬁ(t‘
T 110 P
lFT Yiidd

(4+%)]1(s)—(2+%)12(5) =V(s)

—(2 +1)I1(5)+(4 +l+ 25)=0
s s

VYV
Solving for Ix(s):
Ae L9
B2y
A
—(2s+1)
PP S R (O
2 4s+2 —-(2s+1) | 4s’+6s+1
S AY
—(2s+1) (25° +4s+1)
AY Ay
V,(s) 2sl,(s 25> VAV
Therefore, L(S) = SI‘(S) =— d
V(s) V(s) 4s +6s+1
Question 5
2
Given the following differential equation, dd)tlz(t) +4 d)(;it) +3y(t) =2u(t)
Calculate y(t) if all initial conditions are zero using the Laplace transform method.
[20]
Total: 100

Answer:

8



The Laplace transform is s2Y (s)+4sY (s) +3Y (s) = 2 444
S

2 2

Solving for the response, Y (s), yields Y (s) = = ,
g P (). ®) s(s®+4s+3) s(s+3)(s+1)

vvv

Vo2 KKK,
s(s+3)(s+1) s s+3 s+l

KF; =E,K2= 2 =1.K3= 2 —_1vvV
(s+3)(s+1)|_, 3 s(s+1)|.,, 3 S(s+3)

s—>-1

Y (s) :%+ﬁ+__1///

s+3 s+1

y(t):%+}ée’3t—e’t 224
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ASSIGNMENT 3
Question 1

Find the transfer function, G(s) =V, (s)/V,(s), for the operational amplifier circuits as shown in
the following figure.

100 kL2
VA A
v I'l._l-"l I".'-"_
ﬂ'x ‘I,f""'x,~lx""'ﬁ.,~l.—|_/—{ i—
100kQ  2uF
1'I:[-r] . ‘L-‘l[f] -
I.IIII".|"IIlII"IlI".-'fll.li'llll't"r I :i r_ xﬁxh“""--\,__\_ 1.r.l|: 'r]
100kQ 2uF P
+
[12]
Answer:
5,5
Z,(s)=10°(=+4) vvvv
S
Z,(s) =105(1+i) =105(S+10) VYV
s+5 s+5
Therefore, — Z,(5) =— s(s +10) VY

Z,(s)  (s+5)(4s+5)

Question 2

Assume that the motor, whose transfer functions is shown in the following figures, is used as
the forward path of a closed-loop, unity feedback system.

a. Calculate the percent overshoot and settling time that could be expected.
(15)
b. Find the values of K1 and Kz to yield a 16% overshoot and a settling time of 0.2 second.
(17)
[32]

Here 2% criterion is used.
10
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Motor
Ris) + E(s) 25 C 5
s(s+ 1)

(a)

Amp Motor

Ris) =+ E(s) + 25 C
Kl - ol
_$ = s(s+1)

Krs fo—

Tachomeler

()

Answer:

25 . , vV
a. T(s) TR from which, 2o, =1 and oy = 5. Hence. £ = 0.1. Therefore, AAAAE
s t2]

%0S = "¢ 5100=72.92%: T,=— =38

Cog VYV
25K,
b. T(s) = +(1+25K,)s 25K, . from which. 2o, = 1+25K, and oy = Sx[Kl . Hence.
' e s vvvv vy
2%0S

-In (o0 4 ‘ _ 39
£= - — 9505 =0.504. Also. T = T)u =0.2. Thus. Lo, = 20: from which K> = 35 and

= + In~ (W i

VNIV
o = 39.68. Hence, K| =62.98.

Question 3
For the unity negative feedback system with open loop transfer function

2

Gs)=—
(®) 25* +° +5%+2s

11



Determine the closed-loop system is stable or not based on Routh’s stability criterion.

[16]
Answer:
The closed-loop transfer function is
7(s) = =
S T s ¥ s3+s2 42542

VY
The routh array is
st 2 1 2
s 1 2
¢ 3 2
st 8/3
s 2

st 2 1 1

5° 5 2 0

§2 1 5

5 -23 0

g’ 5
VISV
Hence this closed-loop system is unstable. v'v/
Question 4
For the unity negative feedback system with open loop transfer function

o (s+2)
G(s)= K
s(s=1)s+3)
Find the range of K for closed-loop stability based on Routh’s stability criterion.
[17]

Answer:

12



The characteristic equation is:

(s +2)

-

s(s—1)(s+3)

s(s—D(s+3)+K(s+2)=0 or

57+ 28 +(K=3)s+2K =0

The Routh array is:

v v vy

§3 | K-3
§2 2 2K

S -3

1 2K
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The first column will always have a sign change regardless of the value of K . There is no value of

K that will stabilize this system.

VYV VY

Question 5

Sketch the root locus for the positive-feedback control system shown in the following figure.

R{(s) +

+

K

C{.s.'}._

s{s+ 1)

Answer:

Poles: s1=0, s2=-1

The root loci exit on the real axis is (-inf, -1) and [0, +inf)

(8]

13



VvV VYV Y

Question 6

The Bode diagram of a minimum phase system is given in the following figure.

Find the open loop transfer function of the system;

AL(w)ds

20

[15]
Total:100

Answer:

[I-type sytem;
Open loop zero: s=-0.2; v vV

Open loop pole: s=-1. vvv

K(5s+1)
s?(s+1)

Must have the form of G(s)H(s) = VY

14



20log|G(jew)H (jw)| ,, =20
K(jw5+1)

—0*(jo+1)

®0=0.2

201og( )=20

w=0.2

K(jws5+1)

- =10
-0 (jo+1)

w=0.2

K=029vvvv

0.29(5s +1)
s?(s+1)

So G(s)H(s) = v
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