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Abstract. The structures of modern automatic control systems often have many contours. The
method of structural schemes automated transformation to obtain the transfer functions of the
system with an arbitrary combination of external input and output actions of the blocks has
been proposed. The inputs of the blocks are connected to the outputs of the previous blocks.
Therefore, the analysis of output actions is simultaneously considered to be the analysis of
input actions. But there is also a need to analyze separately the actions at inputs and outputs of
the blocks. The result of the manipulation is matrix of transfer functions of the system. It can
be for outputs and inputs of blocks’ actions. The presented method can be used in the
controllers' synthesis.

1. Introduction

The structures of modern automatic control systems often have many contours [1, 2, 3, 4, 5, 6, 7, 8].
The method of structural schemes transformation is suggested which is considered further by the
example of a specific system (figure 1):

V. u
1 1 W, Y1
v u u u
2 2 W, Y2 3 W, Y3 5 Ws %ys VA
u
Ya W, 4

Figure 1. System block diagram.

2. The task of the system structure
The matrix equation of blocks is as follows:
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Uy Y1
_ U . . — Y .
where U= — input actions of blocks; Y= — output actions of blocks;
up Yn
| O 0
0O (W,|..| O .
S,, = — blocks transfer functions.
0[O0 |..|W,
The matrix equation of connections between blocks is as follows:
u=S,V, )
hiy | P | o |y,
Nyy [hoo | oon [ Doy 1, if thereis theconnectionbetween y; and u, ;
where S, = s hej= . .
. . . 0 thereis noconnection
R R R L
The matrix equation of the external actions' connection is:
U=S,V,
Vi 911 | Y22 | - | Y1n
\" e
where V=2 — external actions; Sw = 921 | 922 92.0 ,
Vin gn,l gn,2 gn,n

j
0 thereis no connection.

Matrix equations system is as follows:

{1, if thereis the connection between v. and u, ;
Ok, j =

yzsyuu, UzSuyy , U=S,V.
Dependence of output actions Yy blocks on external input actions V :
y=(E _Syusuy)ilsyusuv\7 ) (2)
where E is the unity matrix.

3. The example for the block diagram in figure 1
For the block diagram in figure 1:

U, Y; w| 0|0 |00

u, Y, v O (W, 0O 0]O
U=[Uy|, Y=|Ys |, V=—,S,,=| 0 | O |W,| 0| 0|,

u, Y, % 000 |w|o

Us Ys O[O0 | 0|0 |W
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1{0(0|0]|0 o|ojo0|0fo0 110
0|1(0]0]|0 0(0|0|1]0 0|1
E=|0/0}|1|0|0|,S,=|1(1|0|0|0| S,=|0]0
0|j0j0|1]|0 o|jof1(0(0 0/0
0/0|0|0|1 o|jof1(0(0 00
Explanations:
Yi | Y2 | Ya|[VYal| Vs Vi | Vo
U, u, | 1
u 1 u 1
uy = : J Suv = :
Y oug |11 Ug
u, 1 u,
Us 1 Us
Matrix of transfer functions of the system is as follows:
W, 0
W1,1 le2 W, W, W W, W,
W, | W,, 1-W,W,W, | 1-W,W,W,
W, =(E-S,.S,) Sy Sy, =| Wa, | Ws, |= WiWs W, Wy
y yu-uy yu~uv 31 3,2 1—W2W3W4 1—W2W3W4
Waa | Wap WW,W, | W,W,W,
Ws1 | Ws, 1-W,W,W, | 1-W,W,W,
W, W, W, W, W, W
1-W,W,W, | 1-W,W,W,
The combination of external actions and output actions of the blocks:
for v; for v,
yr =W, v, =Wy vy Y1=WioV;=0-v, =0
W, W, W, W W.
a=Warki =T uy waw, Y2 T a2 = T,
— VW VWV, — VW W3V,
W, W. W, W,
3 =Wai = e Y T2 T w,
— VW VW3WWy — VW VW3V
W W, W, W, W5W,
Ve =Wari =1 oy waw, 44 =42 = oy ww,
— VW VV3WVy — VW VW3V
W W, W, W, W, W,
¥ =V = oy waw, % T2 S w2
— VW VW3 Wy — VW VW3V,
4. The example using the program MathCAD
It is given:
K 1 K K
Wl = ! ) W2 = ) W3 = 3 ) W4 ==Tys, W5 = 5 .
Tl's + 1 T25 + l T35 + 1 T55 + 1

Matrix of transfer functions is:
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-1
Wy = (E - Syu'suy) SyuSuv ™ WoyWaW, - 1

For external action V, and output action Ys:

simplify

Wl 0
Wy Wy WaW, W,
W, W W, — 1 Wy WW, -1
Wy Ws WyWs
W, W, 1
W W W, W, W W,
W, W W, -1 WoW, W, -1
W W W, W W W,
Wy W W, — 1 Wy WW, -1
KsKs

W =W,

N
y.s Y-S |collect,s

The parameters of transfer functions are:

Kl =1, KZ =1, K3 =1, K5 =1, Tl =0.05, T2 -=0.02, T3 =0.01, T4 =0.08, T5 =0.02.

The transient response is:
invlaplace

Yi(t) =Yg ot A -

0.25

-50.0-t
-e

+-0.001772-¢

—-540.7-t

+-1.248-¢

—9.246-t
+

3 2

1.G

The transient response allows to evaluate the quality of the process at the input action on a

Heaviside function (figure2).

t, sec

Figure 2. The transient responseon a Heaviside function (output action y;).
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The inputs of the blocks are connected to the outputs of the previous blocks. Therefore, the analysis
of output actions is simultaneously considered to be the analysis of input actions. But the reis also a

need to analyze separately the actions at inputs and outputs of the blocks.
For this, the obtained expression (2) is already used, into which (1) is inserted:

u= Suyy = Suy(E _Syusuy)_lsyusuv\7 '

Matrix of transfer functions for input actions is:

W, = Suy(E _Syusuy)_lsyusuv :

For the system (figure 1) the program MathCAD is used:

0 0
W W W, Wy Wa W g
WyWaW, -1 WyWaw, -1
W Wy W W, W,
W, —
1
TYRA Wy Wiy
WyWaWy -1  WyWaw, -1
W1W3 Wy W3
WyWaWy -1 WyWaW, -1

For external action V, and block input action Uj:

W,-W,-W

2 '3 4
W= Wuk = » Ug =W, gVg >
)] W, Wo W, — 1
The transient response is:
invliaplace _540.8-t
u(t) :==u — 0.7526-¢ '
0 S |ficat,4

The transient response allows to evaluate the quality of the process at the input action on a

Heaviside function (figure3).

1.57
1.2
0.9
0.67

0.3

+-0.7526-¢

0.08
0.11s+ 0.0002:s% + 1

- 9.2461

JO Q.1 g Q.3 Q.4 Q9.5 0.6
0

- 0.6y
- 0.9

-1.2

-15

t, sec

Figure 3. The transient response on a Heaviside function (input action u, ).
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5. Conclusion
The presented method of forming the mathematical model of the system which is defined by the block
diagram and functions of the blocks can be used in the controllers' synthesis.
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