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Chapter 2 Model of control systems

1. Differential equation of control systems
(from physical and chemical principle)

2. Transfer function (definition and how to get)
3. Block diagram

4. Signal flow chart

Transfer function:

- €

G(s) RS

where

C(s) = L[c(t)] C(t)is system output

R(S) = |_[r (t)] r(t)is system input
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Different forms of transfer function:

b,s"+b,, ,s"" +L+bs+b,

G(S): n-1
a,+a,,s" " +L+as+a,

o it S S
KO(tiS+1)O[(W7)2+2Xk(W7)+1]

R
s’ Q (TjS+1)Q[(W)2 +2X (W) +1]

Q
G(s) = K, (s+z)(s+z)L(s+z) _ 9(S+Zi)

SRS RILTR) o & oy

j=v+l

3

Example:

Ri(t) +% Gbdt =u,(t)

(0 == GO
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Eliminating i(t), get :R
u; Loy
re 0y m=u T

make Laplace transform:

(RCs+1)U,(5) =U,(9)

Uy _ 1
U(s) RCs+1

Typical factorsin transfer functions:

1. Amplifying factor:

G(s) =K

2. Inertial factor :

Gls)=—1t

Ts+1
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3. differential factor

4. First order numerator term

G(s)=ts+1

5. Second order numerator term

G(s)=t s+ 2xts+1

6. integral factor

7. oscillatory factor

8. Time delay term
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Block diagrams

Basic Elements in block diagrams:

r(t) c(t) . RS 4 . RO-C(9 R(s) &9 C(s)
R(s) , C(s) _
C(s) C(s)

@ (b) © (d)

(a) signd line;

(b) pickoff point;

(c) summing junction;
(d) block;

@ Serial configuration

@ Genera feedback configuration

10
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Serial configuration:

u(s) V(s) W(s) X(9)
— 1G9 Gy(9) G4(9)

G1(9)G,(5)G4(9)

General feedback configuration:

R(s) E(s) 0 C(s)

H(s)

E(s) = R(s) - H(5)C(9)

hence CO=GEE(®

C (9= G(9E(s) = G(9) [ R(5)- C(9H(9) ]= G(9)R(S) — G(5)C()H(S)
COML+G(9H(8)] = G(9)R(9)

C(s) _  G(s)
R(S) 1+G()H (9 12
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Simplification of block diagram

Block manipulation rules
in the process of

simplifying a block diagram

13
Original block Equivalent Block
Rule diagram diagram
oe)
X G + y O
: el S == -
3
X 4 y 5
P ol | B
3 L m GH c
2
< (@]
1 b =
—_
¥ bi c
T ] :
5
T m— v
6 X — X /G 14
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Rule

Original diagram

Equivalent diagram

A+
—

+ A- B+C

+ + o A-B+C

10

11

Rule

Original diagram

Equivalent diagram

13

14

15

16
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Example:

From the principles of the circuits:

Lhin &

bl s

O |

T

Ht} klf)

=L

I::z:

L
2
=

Rzl ¢ i - )
M:i (t) _"'@i_"{_é_}ﬁl— !
R, i 'r.mr
- thish - ] Kz}
a0 ‘?—E —
R, B
Cte)
c(t) =ic‘jz(t)dt Mo 1 om
C, [
“1(t):éc‘ii1(t)- IO A ?_ . CL.E Liis}
is)
17
_Lh(s) c
P i L e L B_Qﬁ.*“ U] EOf T ce
l R Is y Cs U\(s) R, D Cys
2 : 545 [T 1] |Co
Ry Cis .‘%—‘ Ryl p |G o
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20

- C
R(s) 4 1] o+ 1]B + 1 1] )
R [ ®A “1Cs|T % R Cys o
R(s) + L [ Cls)
Rlcpﬂ'l - RIC'}S"‘ 1 -
R'[CIS
19
Transfer functions when multiple inputs
N(s)
Re| E© <o
Gy(9) X Gy(9)
B(s
(9 S
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>‘< B(s) S

BL9) - G,(9)56,(9) #H (9) = G(YH (9)
E(s)
CO__ G606 . 6O

R(S) 1+G(9G,(9H(S) 1+G(9H(S)

CO_ G __ G

N(S) 1+G(9G,(9H(S) 1+G(9)H(S)

N(S)
RS  E© L c©
Gy(9) Gy(9)
o0 HE
C(s) _ _
£g " G(9C:(9=6(9
B(s) _
ce "V )
N(s) o
R E(
]G,y Gy(9)
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N(s)
R  E(® C(s)
Gy (9 X G,(9)
B
©) O
E(s) _ 1
R(S) 1+G(S)H(9)
E(s) _ - G,(s)H(9)
N(s) 1+G(S)H(9)
N(s)
RS  E©® L C(s)
Gy(9) Gy(9)
B
©) e
___ G(g G,(s)
CO=reerE ¥ regre N ©
_ _ _G,(9)H(s)
B = eene " 1reHE
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Signal Flow Chart

X =%

X, = ax; +dx, +ex,

Xy = bx, + /X5
X, = CX;
X5 = Xs

Thesignal flow chart :

a X c X4
[ 2 2 >
X3
M
e

25

Conceptsin signal flow chart:

Input node: Xy, Xsg

Output node: X4

[ h#5 1 £ 45 (Automatic Control System)

13



2K A R E M (Dr.-Ing. Wei Wang,
Dept. of Automation, Shanghai Jiao Tong
Univ.

Mixed nodes:

X X3

A path:
X;—X—Xg

Xy—X3—=Xy

27

A forward path:

XXy X3%y

A loop:
Xy X3=X;

Path gain:

Path gain of the path x,—x,—X; isab

28
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Conceptsin signal flow chart:

Forward-path gain:

The forward path ( X,—X,—X;—X,) gain in the example is abc.

L oop gain:

Theloop gain of the loop x,—X;—X, is be

Nontouching loops:

29

The manipulation of signal flow chart:

yl = a21y2 + a31y3 + a'41y4 + a51y5

Ys = s Y1
Y =anyh
Ys = g1
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31

3, A3 By i B
O O O

O O O

Y1 Yo Y3 Y4 Ys Yo

81533834586

32
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The

Mason Gain Formula

where

1L
G = You! Yin :XElpiAi

Yin = input node variable, vy, = output node variable
G =gain betweeny,, and y,, L = total number of forward paths
P, = gain of theith forward path

D=1- é. Pml+é. Pra - é. Pm3+l—

P, = gain product of the mth possible combination
of r nontouching loops

A; = the A for that part of the signal flow chart which is
nontouching with theith forward path.
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G,
G
R(s) Gt G, G 1 c(9
G, G,
- H1
- H2
individual loops:
L, =-GH, L, =-G,G;H,
L, =-G¢G,G:H, L,=-G,G,G,GH,
The two nontouching loopisL; L,
G,
G
R(s) Gt G, G 1 c(9
G, G,

forward paths:

‘ P= G,G,G;G,G4 A=l ‘

‘ P,= G,G¢G,Gs A=l ‘

|P=G,G,G, AFLL, |
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L,=-GH, L,=-G,GH,
L, =-G,G,G:H,
L, =-G,G;G,G.H,

P=G,G,G,G,G; A=l
P,=G,L:G,G; A=l
P;=G,G,G, Ag=1-L, =1-(L, +L, +L, +L,)+L, L,

D=1- é. Pml"'é. Prz - é. Pt L

SES; O (p1A+p2A+p3A3)
_ GGGG,G +GGG,G,+GGG,(1+GH)
1+GH +GGH, +GG,GH, +G,GG,GH, +GHGGH,

37

Example2:

D=
Y

&

w

RS o Al +B 1]c s D
Q picls>?—> -

Signal flow chart:
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Example2:

individual loops:

-1 -1 -1
L, = L, = L, =
' RCgs 2 R,C,s * " R,Cs
Nontouching loop: - 1
"2 " R,CSR,C,S

D=1- é I:)ml-'-é I:)m2 - é I:)m3+|—
=1- (L +L+Ly)+LiL,
1 1 1 1
+ + + >
RCs R,Cs R,Cs R,CR,Cs

=1+

39

forward path:

P = _ . D, =1
R,R,C,C,s

D=1- é Pml+é. sz' é Pm3+L
=1- (L1+L2 +L3)+L1L2
1 1 1 1
=1+ + + +
RCs R,C,s R,Cs R,CR,C,s

CO _g-PA_ 1
R(S) A RR,CC,S +R,C,s+R,Cs+R,C,s+1
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