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Evaluate the transfer functions relating the
output C(s) to each of the inputs R(s), D(s)
and N(s).

Hint: Since the system in linear, use the
property of superposition \

We can compute the transfer functions from each
input to the respective output individually. We can

then obtain the overall input output function by
adding the individual contribution.

For R(s) to C(s): Disregard other inputs, i.e.
D(s)=N(s) =0

~ Cr(s) = G(s)K(s)E(s) = G(s)K(s)[R(s) — B(s)]
= G()K(s)R(s) — G(s)K(s)H(s)Cg(s)

G(s)K(s)

T GOK®HG)

= Cr(s) =
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lDisturbance
D(s)
Ref. Input _ Error + C(s)
——R——| KG) F—>®R®——| G(s) >
R(s) _4 E(s) Output
Controller Plant
M dO + i
easured Output Hes) |« é) <_|_ Noise
B(s) N(s)
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OR...
For negative (positive) feedback system,
Forward Loop TF (+) for negative feedback
CLTF = — 7 (-) for positive feedback
1@0pen Loop TF (-) for positive feedbac
G(s)K(s
IR (OO N

1+ G(s)K(s)H(s)

Similarly, for D(s) to C(s):

G(s)
2 06 = I emrkeHE P




Question 1

Evaluate the transfer functions relating the
output C(s) to each of the inputs R(s), D(s)
and N(s).

Hint: Since the system in linear, use the
property of superposition

For N(s) to C(s): Let R(s) =D(s) =0

—[Cn(s) + N(s)]H(s) K(s)G(s) = Cy(s)

—G(s)K(s)H(s)

= OO =T oreHE NS

The overall input output function:

C(s) = Cr(s) + Cp(s) + Cy(s)

[G(s)K(s)R(s) +
G(s)D(s) = G(s)K(s)H(s)N(s)]

T1+ G(s)K(s)H(s)

Lot NANYANG
TECHNOLOGICAL

=) UNIVERSITY
¥ SINGAPORE
Disturbance
D(s) 3
Ref. Input _ Error + C(s)
——R——| KG) F—>®R®——| G(s) >
R(s) _4 E(s Output
Controller Plant
Measured Output +v + Noise
H(s) |« X<
B(s) M)
Sensor

Assume that H(s) =1 and K(s) = K. Assume also
that there is no noise or disturbance ( N(s) = 0 and

D(s) =0). Derive a simple expression for the error
E(s)=R(s) — B(s), interms of R(s), G(s) and K.

E(s) = R(s) —B(s) = R(s) — C(s)

1
= R(s) — T+ CKGHG) [G(s)K(s)R(s)]
= R(s) — G(s)K R(s) =
N 1+ G(s)K

14+ G(s)K

R(s)
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Question 2

Show that the following block diagrams are equivalent.

To show block diagram equivalence, consider inputs and
outputs in different cases and show that they remain the same.

(a)
A4 6 4@_.
B
A G 4G AG- B
B

“Moving a summing
point ahead of a block”

Input 1- 4 Input 1- 4
Input 2- B Input 2- B
Output 1: AG-B Output 1: AG-B

Hence the block diagrams are equivalent.
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(b)

R G Y C’L : G, 1 G, | “Converting non-unity
2 : : feedback to unity
G, i_ _________________ | feedback system”
. Forward Loop TF 2 Input Gi; 1s being applied to
1+Open Loop IF the shaded feedback loop.
= %R . Forward Loop TF R
+ =
G162 1+ Open Loop TF G»
\ J
M Input to shaded
For shaded /\ Hpt 0‘5 lace
feedback loop feedback loop

., GGy R G R
1+GlGZ Gz 1+Gle

Same inputs and outputs. Given systems are equivalent
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Question 2

(c) {C {C C
LX) LERPRS 4
B B B
A 'B lC A-B+C J'C+ S ABAC iC ABAC
&“ 0"‘ | A & &:‘ -B+C A -
B B §B

Same inputs and outputs. Given systems are equivalent
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Question 2

———————————————————————

d . i |
@ J_. E@@—b G o G -
% R GGy Y
o“ 6?" G G |- g GG, -G, » Moving a branch |

point behind a block "
Gy
y : : - R oN <> _ Y
To create another equivalent system through block diagram reduction 9“ &“ G, G >
1
G2
Forward Loop TF (+) for negative feedback RSN >
CLTF = I@Open Loop TF s { () for positive feedback e" &" G & |
Eliminate negative b e |
G416, feedback loop 1
1+ 646G -
= Y(s) = 2 R(s) &
-GG 1 R G1G>
T+ 6,6, G, NI\ Tl Y
G1G; Eliminate positive

1+ G1G, — Gq R(s) feedback loop R 1+§£2_G] y
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Question 3

: . : . C(s) : o
Simply the block diagram and obtain the closed loop transfer function ——  (Branch points and summation junctions
R(s) labelled for ease of understanding)
e 1 il
| 1
1 S2  S3 _ | :
A | W _IBI )\
S4
L H,
[ H; |- B4 B4
Step 1.
Consecutive summation blocks are swappable. St?p _3‘
(Swap S2 and S3 to Slmphfy HZ) Eliminate feedback 100p
P N
II |
Rs) - 6 B}%)' - B3 C(s:) R(s) § 6. < G, 11 B2 é I - B3 c)
= = 1+G:H, 1 I i
A i A T mmm———
" S4 S4
H; |- B4 , H; |- B4
Step 2. Step 4.

Moving a branch B1 behind a block (to form feedback for G, & H ) Combine feedforward term with unity transfer function 8
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i
|
R(s) G, | B C(32
X G ™ T+G.H, 1+% . ? g
A S4 :
I
i
I
i
H3 |- P4
__________________________ X
GIGS(GZ +H1)
Step 5. 1+G2H_+G3H3(G2+H1) _ Gng(Gz"'HJ
Eliminate feedback loop 1+ G\G,(G, + H, 1+ G,H, + G, H,(G, + H) )+ G,G,(G, + H,)
1+ G, I, +GIL(G, + H,)
(’}(1 N h’[lj@ o _ GG, (G, +H,)
1+ G,H, G, _ _ (73((7_2+H1_) 1+ G, I, +G,(G, + H, |G + 1)
. G (1+HIJGH 1+G,H,+G,H,(G,+H,)
~ ~ 3773
1+G,H, 5 R(s)  G,G4[Ga+H|] C(s)
v—- #—

1+ GyH+ G3[Ga+ H (]G + Hj]

I 1 I
Ris) 1 G |l G3[G2+H|| B3 ¢ts)
: . 1+GZH2+63H3[GZ+H|] i >
1
1
1

Step 6.
Eliminate feedback loop
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Find the transfer function R for the following block diagram
S
RO~ 1 R
by by b, b,y b, b,
+2 1 + AL 1 *{25__ i1 oy 1 - 1 ] Y
P : - s+a, @— s .
a a;
a3
as [«
Step 2.
Moving summation point ahead of block
R
| 4 I
b, b, b, by b,(s+a) by

| l 1 1 Y I 1 ] 1 y

$ '®—3 2T s+a | |s ®—;

01 =

a; a,
a
Step 1 = Step 3. =
ep 1. : :

Eliminate feedback loop Consecutive summation blocks are swappable. .

Move summation to the front
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b,(s+a,)

y |
b3 b__ ('S * {JT :l
| 1
{ §+da, 5
a;
ay
Step 4.
Eliminate feedback loop
R
l
b, | |bals+a)
WY ‘ @
b", "’ H:' { ﬂ'].‘s' t ﬂ': 5
as
Step 5.

@ﬁ%@

Step 6.

b,

bz(s-l-al)

Moving summation point ahead of block

l

.S' +d iy +d, )
1 Y
s’ +as+a,
as
Consecutive summation blocks are swappable.
Move negative summation behind
S + as + ad,
@é @ [Ty
sP+as+a,||s

—®

Step 7.
Combine summations and eliminate feedback loop

as

11
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R
b, bz(s+al) bl(sz +a15+a2)
N S N7 1
sP+as+a,||s
ds
Step 7.
Combine summations and eliminate feedback loop
R

b, +b2(s+al)+bl(sz+als+a2)

R bg+b2(s+al)+bl(sz+als+a2) Y
—— ; > —
ST asT+a,s+a,

1 Y
3 2
S +as +a,s+a,

Step 8.
Combine transfer functions

12
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