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performance of rejected disturbances in the variable structure
of control (VSC) systems
ila glalall i 68 yall iyl jlaay) )0y 5 jiical) Uadl) Al dgead Jalas g LS
B_uiiall dws ;i) el
Mohanned Hassan Ali

Lecturer
Department of electrical power techniques Engineering/ Technical College/ musayab

Abstract:

This research presents an analytical study in the variable structure of control (VSC), where
many equations had been derived in the (VSC) and designed to meet the recorrects for the fast
response, low overshoot and small (S.S.E) for the 2" order control system. Through using
(VSC) efficiency feature, it is found that, it is possible to obtain high quality control which can’t
be obtained through using conventional control. It is noticed that, these controllers are easy and
also, the switching cct’s is simply implemented, and the system works even if the first structure
is unstable, however it is necessary to have stable over damped structure. The most switching
function algorithms which proposed here for (VSC) systems in different application fields (lift),
claim a 2" order and high order of robustness with respect to parameters variation and external
disturbances. The analysis presented here in treating the question of changing the structure when
a deterministic disturbance acts anywhere in the control system using Matlab programs.

An adaptive model reference algorithm is established to make the control system respond
satisfactory or not there is a disturbance.
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1- Introduction

The search and application in the field of variable structure systems (VSS) has been maintained
at a high level and dedicated to sliding mode control which matter reflects the interest of control
theorists and practicing engineers. Sliding mode control enables efficient control of second-order
and high order nonlinear plants operating under uncertainty conditions, which is common for a wide
range of modern technological processes [1].
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The sliding mode is principle operation mode in variable structure systems consisting of a set of
continuous subsystems, referred to a structures and supplied with an appropriate switching logic [2].
The second-order system is used as a base for such analysis, for variable structure control (VSC) is
a variable high-speed switching feedback control system, this (VSC) is advance in electronic
technology and high-speed switching circuit of (on-off switching) control by the two values of the
different structures to achieved the stability system and minimum error steady state (S.S.E).

The main effect of disturbance leads to a steady state error in the control system, however this
error can be made small by increasing controller gain providing that the stability conditions remain
valid [3].

Variable structure systems offer to the control designer new possibilities for improving the
quality of control in comparison with range of control action, simples a large range of admissible
transient processes in the system. Therefore such systems possess attractive advantage for example
fast response, good transient performance and in sensitivity to variation in plant parameters or
external disturbance [2, 4].

2- Theory

In the field of applied control technology it is well known that all realistic control systems
operate in environments that produce system disturbances of one kind or another [5].

Here the term (disturbances) refers to that special category of system inputs which are not
accurately known and which cannot be manipulated by the control designer, e.g. uncontrollable
inputs. If the presence of disturbance is an inevitable feature, it follows that a properly designed
control system must be capable of effectively coping with the range of disturbances that might
conceivably act on the system, precisely a high performance control system should be designed so
as to maintain the given control designed specification in the face of all disturbances that might act
on the system under actual operating field conductions [6]. The classical control technology coping
with disturbances, are known as (integral action, feed forward action and notch filters). To alter the
steady-state error c/cs of the system closed loop transfer function. (modern control technology) cope
effectively with realistic disturbances in complex multivariable control problems [7].

Research on the development of a modern state variable approach to the disturbance problems in
feed back control design, present an approach called the method of disturbance accommodation
controller (DAC) [8].

The basic idea of variable structure systems can be illustrated by considering the (2-nd order)

with state feedback Kj.

X+aX+(b+k)x=0.............oo..... (1)

Where a and b are the plant parameters and K is the feedback gain. The structure of the dynamic
system by eq. (1) in the phase plane takes different shapes depending on the values of K and the
trajectories, can be sources, sinks spirals saddles etc as shown in Fig.(1). The values of the root of
the (c/cs) equation decide the type of the trajectory the system takes. Therefore if the control law
(Kx) is chosen so that K switches between two different values which charge the structure of the
closed loop system from one of these forms to another the trajectories of qualitatively different form
can be obtained. A simplified block diagram for (VSC) as shown in Fig. (2) [9].
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Fig.(1) Different types of the phase plane depend on the value of gain and
trajectories

Fig.(2) Simplified block diagram for (VSC)

There are many ways to analyses the (VSC) systems performance depending on the criteria
of determining the switching function S(t). In this work the error signal performance will be used to
determine the switching function.

A second-order type one control system can be described by the following differential equation
[10] :-

e(®) + 235 c(8) =k, u()ooo, )

Where C(t) is the system output.
u(t) is the system input.
= is the damping coefficient (ratio).
Ks is the system gain
A closed-loop with negative feedback (-ve F.B) and proportional feed forward controllers as
shown in Fig.(3) will be new considered, in which the error differential equation for constant
reference, input r(t)= ro is derived as follow:-
Since u(t) = k¢ e(t) and e(t) = r(t) - c(t).
The equation (1) becomes,
dle de

3t

e + k k. e(t) = r(t) + 2z7(t)
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Fig.(3) Closed loop negative F.B.
And when r(t)= constant=r, (r'(t) = r"(t) =0) the error differential equation is obtained in the form:
%+23§+ke(ﬂ=ﬂ ................... 3)

where the constant k=ks k.. The characteristic (c/cs) equation of the system shown in Fig.(3) is
s2+2zs5+k=0

which has the following two root.
S —
S, =—3—3 —k (4)

S,=—3+47 tk

Clearly the value of these roots and hence the system performance depends on the system
damping coefficient and the product of the system and controller gains.

Therefore at the instant of changing the control input or when the error signal is large than the
system has to respond fastly. This can be achieved by either decreasing the damping coefficient or
increasing the gain of the controlled system. The root in Eqg. (4) will have in this case complex
conjugate values which yield harmonic oscillation in the system output around the steady state.
Such output is not preferable specially if the magnitude the first peak (over shoot) is of percentage
greater then 5%.

If however the values of damping coefficient and gain are switched to largest and smaller values
respectively at certain moment of time (tsw) the one may obtain better performance, see Fig.(4). As
shown in the Fig.(4) the system output in (Vsc) is composed two different response:

C,(t);is under damped,0<t<t,,

C(l)e = N T 5
O c,(t);is over damped;t>t,, ©)
c(t) a
A /\
S /\ N\ /N
= ess
= (%
L c
I a- under damped response
? i b-over damped response
2 | b c-VSC response
5 |
= |
= |
O |
| .
> time
tow t

Fig.(4) The system output (S.S.E)with different response
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The evaluation of the moment of switching (tsw) is in general difficult, instead one way
determine a switching condition when it satisfies the switching performed. [11]. Note that the
evaluation of te in (2"-order) system is not difficult even thought it is used for practical
implemented. Consider the variable damping coefficient system shown in the Fig.(5).

The under damping response e,(t) is obtained when the (+al) is connected and in this case the
system (i/p) ul(t) will be given by [12]:
uy, =k e (t)+a,c(t)...........oooiini (6)

(Y + g e(t) -

A

t
Ks/s(s+2 3) CQ

+a1

{ Plant

9 —

Fig.(5) The variable damping coefficient system with VSC
And hence error differential equation is given by:
() + 23—k, ), () + ke, () =0
for the sake of simplicity the system is normalized by the following definitions (dimension less).
T= t\/E

2z-aq k
251=3 1z

Then

d%s de

F+231;+E(T}=ﬂ ....................... (8)

In similar way for over damped response ey(t) the error differential equation is obtained
u (t) =ke(t) —a, €(t) ..., 9)

§+23g ep(D+e, (D=0 .......................... (10)

where
23+ ag kg,

o
% VB o, a1
Eqg. (10) is the differential equation derived the error signal after switching. It solution is

ep() =crettrc e (12)
where A; and A, are the characteristics equation root given by

“11 = _3:_1JJ§_1
Az = -3, + ';;—1

The constant of integration c1 and c2 are given in terms of the initial conditions
ep(7=0)and &, (z =0) denote

Bo=e(r=0)=elr=ry) | (14)
Ei=8(r=0)=8&(r=1)

Substituting in eq. (12) and its derivative for t~0, then ¢, +c; =E,
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MCLtAC=E;
solving for ¢; and ¢, gives

=BAE 15
C1 A4 (15)
_EAE 16
C2 Py (16)
sub eqg. (15) and (16) in (12) yields
en(t) = ﬁ{(El—ﬂon)e%’ (B —AE)e™ b (17)

Eq. (17) gives the possibilities of determining the condition of switching according to different
criteria. Now if is assumed that the switching will take place only one time then the response of the
variable structure control system will given by Eq. (17) and it will be denoted next by:
e(7)=euwc(7)=en(7); T2Tgyeeeieininininininnnns (18)
the possible criteria to be used for performing the switching of the requirement to obtain a periodic
response after switching.

We assume that the switching will taken place such that the system response cross the zero value

in Fig.(6). Then it is required to determine first the moment (z,). Making the differential on
Eq.(17).

e(t

» t time

Output steady state error

€m

v

Fig.(6) system response time before and after switching VSC

d 1 . .
Lety=—"—[4(E,~4LE, " — 4 (E,~ AE )| oo (19)
db ﬂl _ﬂ'z

in order that the first derivative equally to zero, should have at (tn);
M(E1- A Eo) %™ =2y (Eq- M Eg) ™

OR
el = AHE-AE) (20.a)

A(E - 4E,)
LT, = ! |n{12(El_ﬂlE°)} ceeeeernn(20.D)

/11_12 ﬂ’l(El_ﬂ’ZEo)

and in order that we will have zero (em) then from eq. (17), we get:
(E1- M Eo) €™ —(Ep- M Eo) ™ =0 ...oooiii. (21)
OR
g _ B AR g (22)

Eo _ﬂz Eo
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] A A
substitute for et =" ™

{lz(El—%Eo)}{(ErﬂlEo)} 0 (23)

AEAE) | (E—aE) 70
After simplification we get:
R L O U (24)
El_ﬂ’ZEo ﬂ’l
Eq. (24) represents a condition for dead beat response. It is satisfied in two cases
either[ﬁ —1} =0 (25)
A
Which means 4, =4, in which nothing now, or (E, -4E;)=0.............. (26)

Which relates the values of the error signal and its derivative of the pervious response before
switching.
In order word or can define the switching condition to be:

s(t) =&a(t)- A €a(t)eeeveeneen. (27)
The under-damped structure to over damped structure and from Eq.(17) the error response after
switching become according to e (7 ) = E xe* ............ (28)

from Fig.(7) illustrate the variable structure response [13].
A

D
—~

~—+
~—

Switching moment

Output steady state error

» time
T

T Tm

Fig.(7) The response system of variable system structure

Now its required to determine analytically the moment of switching z,
The solution of eq.(8) is ea(z )= me™" + me™" ............. (29)
Where r and r, the (c/cs) root given by:-

e Jﬁ_ T (30)

and constants m; and m;, can be computed from the initial condition.
ea(0) =1 and e,4(0) = 0;
i-e from 1=m; + m,
O=mirp+msar;
Which yield,;
2

e me= 31)

nL—r, rn—r,

m; =

Then
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At the switching moment z,; s(z,) =0

OR
rxr nt I nt I
el 4 ehn e +re® [=0........ 33
e 2ok - (33)
_r1><r2+/11><r2 efin r1><r2_/11><r1 ehn — (34)
ot ror e
r
ehr)n _ I WA =) (35)
rz(/11_ 1)
ng =t ln{rl(ﬂi_rz)} ............................ (26)
L= r2(ﬂl_rl)

3- Hlustrative results and calculations:

The purpose of (vsc) is to investigate the (S.S.E) in error response of a second order control
system in the following without disturbance with disturbance and S.S.E operates to get the
maximum and settling values of error signal are the objectives to be noticed.

To find the transfer function (T.F) of the closed loop system by;
c(s) G(s)

=—— e (37)
R(s) 1+G(s)H(s)
From Fig(8) to give that:
r(t)=1 c(t
® () > 42.3 =( ) °
s(s+7.7)
Fig.(8)Closed loop (-ve F.B)with controller
c(s) wn?
RG) s*+ 2zwn+wn? . (38)

Togetwn =6.5; 3= 029
And gives the error response of the system by eq. (36) that:

e(t)= e [cosw, /1 —3>t+ li.,sm W, 1;1 —32t] . (39)
3

tm = 0.6 ; over shoot % in this system; setthng time (ts)
e,, = over shoot % = & ——

From Fig.(9-a,b) to plot e(t) ; c(t) respectively and from Fig.(5) to determine that 2- structure in the
system from table (1).
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Fig(9-b) the relationship between time and
output In the Vsc
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Table(1) simulation the (vsc) and properties

svstem Properties off i?;]:rzgileerrs Damping Fesge?g?i(e?]?m Roots equation for the Egn:v\;ﬁgﬁlirﬁ%g Moment of |Error response
y structure | P2ram coefficient system switching |for the system
(gain) system
Secg)nd ki=1 31-091 =015 |;=-0.1-j0.999 2,=-2.618] ;=0.2 msec 11=1.3msec | e(t)=0.325
order
system ki=423 |31=_g25| @1=0.258 |r;=0.25-j0.937 M=-2| 1,=0.15msec |1;=0.981 msec| e(t)=0.0703
42.3 31 ki=215 | 31-995 | 0:=0.01 |=-0.25-0.937 »=-3.732 t,=0.114 msec | 1;=1.67 msec | e(t)=0.0937
S(s+7.7
( ) ki=423 | 31-01 a3 =0.084  |r;=-0.1-j0.990 M=-2| 1,=0.05 msec 11=1.2 msec | e(t)=-0.054
. Controller | Damping | F.B. : Moment of
system Properties K, 2, o Roots ry, A, Time t, switching T, Error e(t)
ki=1 32-15 0.279 | r,=-0.1+j0.99; 2, =-0.381 | 0.432msec 2.303msec 0.523
_ 423 S, k=423 | 125 | 0202 | r,=025+j0.937, %=-05| 0.353msec | 3.056 msec 0.435
S(s+7.7) ki =215 0.25 0.687 | r;=-0.25+j0.37; 1,=-0.267 | 0.236 msec 3.624 msec 0.366
ky =423 1.25 0.361 | r,=-0.1+j0.99; A=-0.5 | 0.203 msec 3.836 msec 0.2
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From

because the

disturbance

table(1) shows the error transfer function of the structure s; and s, are similar
approximately because the same type of disturbance the only difference is the switching sequence
system starts with over damped structure then switches to the under damped structure.
Fig.(10) shows the effectiveness of the error response performances in Fig.(11) shows the switching
occurrence for 2-nd order (S.S.E) with disturbance the main effect of external disturbances is to
impose a (S.S.E) theoretically (S.S.E) represents one of the powerful control tools to eliminate
effects on the system. But in fact the simulation show that a complete rejection of

disturbance effects can not to achieved through the purposed (S.S.E) design in Fig.(11).

4
2.29

2.00

error (e)

A-without disturbance
B-with disturbance using S;
C- with disturbance using S,

0.7-%

—p
2] 31 41 s el 71 4 9 10] time (sec)

Fig.(10) sse response for second order in the VSC

error (e)

N A-VSS error response
B-SI structure
C-SIlI structure

_————.

time (sec)

oIt T2l 131 141 151 Tl 171 1Ig'l |9I|1()=

Fig.(11) Switching occurrence for second order in
the VSC with disturbance
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Accordingly the simulation results summarize that there are steady errors according to the

following cases:

1- disturbance at the input i.e, G(s) =1.

2- disturbance at the output state feedback.

3- selection of switching conditions and sequence mode matched.

In order to evaluate the efficiency of different types of switching conditions (on-off) state or
types of variable structure conditions on the (S.E.E) behavior, its interesting to make performance
comparison.

Calculated the switching timing of (S.E.E) performance under effect of different input types as
shows in table (2).

Table (2) S.E.E performance under effect of different input types

Input type Switching timing Performance
ty t t3 ty ts
Re_ference 1 133 51 53 3.4 Accep}able ess
input =0
disturbance 2.7 3.55 No other switching Oscillatory
unacceptable
e
1.3 1.7 1.98 2.31 performance
and : -
o with ess = 0.13
distribution

The vsc needs least amount of information about the uncertainties and exhibit the best
performance. This represents a superiority in addition to the more commonly known advantages of
variable structure techniques like insensitivity to model uncertainties [11].

Conclusions

The following points summarize the resulted conclusions :
1- Using (VSC) it is possible to obtain high quality control which cant be obtained by conventional
control.
2- The realization of these controllers is easy and also the switching circuit is simply implemented.
3- The system works even if the first structure is unstable however it is necessary to have stable
over damped second structure.
4- Analysis and mathematical formulation improve output state feedback a logarithm response
against disturbance.
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