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SLIDING MODE CONTROL LAW

FOR UNCERTAIN NONLINEAR MULTI MOTOR SYSTEMS

DIEU KHIEN TRUGT CHO HE TRUYEN DONG NHIEU DONG CG CO TINH DEN YEU TG PHI TUYEN

ABSTRACT

Multi-motor drive systems are nonlinear, multi-input multi-output (MIMO)
and strong-coupling complicated system, including the effect of friction and
elastic, backlash. An emerging proposed technique in the control law is the use
of adaptive sliding mode control scheme for the stabilization of closed system.
The results of theoretical analysis and simulation show that this controller
ensures the quality requirements even when the system is affected by nonlinear
factors caused by the mechanical structure.
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TOM TAT

Hé truyén dong nhiéu dong co la hé truyén ddng phi tuyén, nhiéu dau vao,
nhiéu dau ra (MIMO). Day la hé dong luc hoc phi tuyén, chiia cac lién hé ma sét,
dan hoi, 46 do co khi gilta cac khdp; cac mi lién hé nay lam cho mé hinh cta doi
tuong diéu khién trg nén phi tuyén va co thong so bat dinh. Bo diéu khién trugt
thich nghi dugc dé xuat d€ 6n dinh hé théng kin. Qua két qua phan tich Iy thuyét
va md phdng cho thdy bo diéu khién nay dam bao dugc cdc yéu cau chdt lugng
ngay ca khi hé thong chju anh hudng cla cic yéu t6 phi tuyén do cau tric phan
(0 gay ra.

Tir khéa: Hé nhiéu dong ca, diéu khién trugt, khe hd, dan hi.
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1. INTRODUCTION

Multi-motor drive systems have been employed in
systems moving paper, metal, material being quite popular
in manufacturing systems and researched by many authors
in the recent times. The control method utilized artificial
neural network (ANN) technique has been presented by
Bouchiba et al. (2017) [2]. However, the disadvantage is to
investigate the appropriate networks with associated
learning rules in control design. Furthermore, the
effectiveness of tracking problem or the stabilization of the
cascade system are not still considered under the
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influences of using neural network approach. Dominique
Knittel et al. proposed many linear controllers under the
consideration of the approximate model of multi-motor
systems without elastic, friction as a linear system to design
the controller based on the transfer function technique [3,
4]. The framework of the classical Pl controller and H infinity
to eliminate disturbance was proposed in the work of [3, 4].
In the elastic multi-motor drive systems, it is necessary to
estimate the belt tension to establish the associated state
feedback controller. However, the difficulties of the control
design lie in the fact that measurement of this belt tension
by using sensors. The sliding mode control (SMCQ)
technique based state feedback control enables to
eliminate influence of disturbances and unknown
parameters was proposed in [2, 5]. The sliding mode based
control has been paid much attention in recent years
because it is a widely relevant control methodology for
uncertain/disturbed systems. Therefore, an adaptive sliding
mode controller is proposed to obtain tracking
effectiveness. The stability of closed system is obtained and
verified by theory analysis, simulations.

2. DYNAMIC MODEL AND PROBLEM STATEMENT

The multi-motor system model considering the
components of friction, elastic and tension is as Figure 1.
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Figure 1. The Two-Motor Drive System
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Where w; and w, are the rotor angular speed and the
beltpulley angular speed; F is the tension of the belt; T is
the moment of Motors; T, is load torque; v is the expected
line speed; ris respectively the radius of beltpulley; ¢,, c,, b;,
b, are the stiffness and the friction coefficient; J, J, are the
inertia moment of Motors and Loads; ay is gear clearance
limit angle. In [1, 6], the multi-motor system (in Figure 1)
using two induction motor is described by the following
dynamic equation (1).

AQ, =w, —w,; AP, =w,-w,

. 1
W, = K_[kc1 f1 (A(P1 )+ kb191 (Aw1 )= (TU + r1F21 )]
8]

. 1
W, = K_[kcz £(A9,) +ky, .9, (Aw,) = (T, —1,F, )]

L2

| : o)
F, =G| rw, —I’zsz(1+C—F12)

o

Fr =G, |:r1wL1 —Lw,(1 +%Fz1):|
12°
y=F,

In which, Aw,, Aw,, Ag,, Ap, are the errors of angle
speed and the errors of angle in presence of backlash,
elastic; C,, is hardness constant of the material when
stretched; The functions f(A), g,(Aw) are nonlinear

functions depending on the gear clearance.

0if [Ag|<a,  g(Aw)=Awf(Ag)
f(A@) =1 Ap—a, if ¢>a, ; _[oif |Ag|<a,
A +a, if <-a,, | 1if |Ag|> a,
b
k, = _CZU_IJ_"'“; k, = .de'“ are coefficient depending on
[

dm dm
the mechanical stiffness and friction.
The state variable:

.
x=[X, X, X3 X, X5 X] ‘
;
:[A(P1 A(Pz Wy W, F21 F12:|T
The control variable: u=[u, u,] =[w,, w,] ;
We have:
X; =U,— X35 X, =U, —X,

: 1 v
Ky =k fi00) +hyy9,00) = (T +1%6)]

L1

. 1 y
Xy = K_[kcz-fz (Xz) + kbz 9, (Xz )— (TLZ —hXe )]
L2 @)

. 1
x; =G, |:r1x3 1%, (1 +FX5):|

12°

. 1
Xs =Cp, [nx3 —LX, (1+ﬁxé):|

12°

The model is described by equation (2) belongs to the
class of nonlinear systems as follows:
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d
—Xx=Ax+B(u+u,(x,t 3
gk = A Bluru(x 1)) G
Set e =x™ —x then there is an error-driven model:
ie:Ae+B(u+ud(e,t)) (4)
d— - - T
Where:
[0 0 -1 0 0 0]
00 0 -1 0 0
00 0 o oo
A= KL1
00 0 0 o0 =2
KLZ
0 C,r C,r, 0 0
10 0 C,n -C,r, |
(1 0 o0 0 |
0 1 0 0
5|0 0 VK, 0|
oo o K, |
00 0 0
00 0o 0 |
e ]
0 w, e,
0 w e
L_J(Qlt)= . ju= r2 ;e= 3
‘ kc1f1(e1)_kb1g1(e1)_TL1 0 €,
kczfz(ez)_kbzgz(éz)_TLz 0 €
_e6_

3. ADAPTIVE SLIDING MODE CONTROL DESIGN

In this section, the main work is to find a state feedback
control law based on the adaptive sliding mode control
technique for the class of multi motor systems.

Selecting a sliding surface of the form:
s=ae+¢& (5)
with a,& > 0 are the design constants.

A(x, t), B(x, t) are nonlinear functions that can be
approximated by a perceptron neural network as follows:

N Pa
A()> A al ) =y, 0= 3 auy, (0

. . ©)
B(X) » B(X'qtt) ) =q,Y,(X) = quiybi ().

Where 0,, 6,; are variable coefficients; ,(x), Y(x) are
the components selected based on the basis functions and
pP.. P, are the corresponding node number.

All signals of closed loop will be bounded and 6,, 6,
converge to:
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0. =argmin{sup A(x,t)+D(x,t)— A(X,Gai)}
%) xeQ)
§ (7)

8, —argmln{sup B(x

™ xeQ)

al

B'(x,00)=B" (x,eg)[so|m +B (x, E)E,)E?T(x,@L)I1 ®)

Inside g, is the coefficient of determination; I, is a

homogenous matrix mxm.

In order to approximate A(x,t);B(x,t) an updated

adaptation rule is defined as follows:
6; =n,ay,()s
At (9)
eb = nbal'pb (X)Sueq
Minimum estimated error:
e, (1) =A(x,t)+D(t) A (x,6))
g, (x,t)=B(x,t)-B’ (X,GZ)
The control signal u(t) ensures the stability of the

closed-loop control system and compensates for the
approximate errors as:

u(t) =u, () -u (t)

0oy =B76,00)] " (A
e P 4B (x,65)B7(x,0") | | +x,~Bsgn(s

(10)

(1)

)] (12)

u (t)=B"s(g, ju, |+, ) (13)

Prove that the system is stable

The Lyapunov candidate function is selected as follows:
1g +liea 92
2 2n, 2 n,

Where 6,=6,-6",;6, =6,
the adaptive law. We have:

V= (14)

-6, are the deviations of
V=sé+éaéa +ébéb (15)
Substitute equation (12) into (5) and take the derivative:
S=aé=a(x—x,)
A(x,t)+B(x,t)u(t)+D(x,t)

A6t -B(xt)ug (1)~ Bsants

(A(x,t) +D(x,t)—A(x,t))

+(B(x,t)—é(x,t))ueq(t)—B(x,t)uc(t)—Bsgn(s)
Transform equation (10) to get:

=A(x,t)+D(t)—A(x,Ga) (

= B(x,t)—@(x,eb)

(16)

g, (% t)+A" (x,GZ)—A(x,Ga)
g, (x,t)+B" (x, GZ)—Q(X,Gb)
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Replace (17) into (16):

éza[(sa(x,t)+A (x e, )
+(sb (x,t)+B*( )
—B(x,t)u,(t)—PBsgn( s}

have again

A(e
B(x.0

\_/ )
\_/

8

—~

~
~

B*(x,eb)—é(x,eb) q)b(e’;—eb 1,0,
Replace (19) into (18):
—, 6
é:a[( ( LI) ) ( Ll)b b)ueq(t) (20)
B(xt)u. (t)-Bsgn(s)
From (20), (15) and (5) we have:
V:sa( g, (xt)+&, (X% t)u, (t)-B(x,t)u ()—Bsgn(s))
=sa(£a( t)+&, (X, t)u, (t)—E — & |u, —Bsgn(s)) 21

<—asfsgn(s)

with a>0;sgn(s)>0 infer V <0 Vx e Q. Therefore, all
signals of the closed system are blocked and 0,, 6, goes to
0.,0, when t — . So the closed system is stable.

4. SIMULATION RESULTS

Consider two Siemens three-phase asynchronous
motors with the same parameters, specifically as follows:
Pan = 4kW; L, = 0,1958(H); L, = 0,202(H) ; L, = 0,2065(H);
R, = 1,275(Q); R, =1,663(Q); p = 2 ng, = 1400v/p;
Ji, =7,47.10°Kgm? J,; , = 8.258.10°Kgm?; Roller radius 1, 2
r, r, = 0,03m; C;, = 04N/m; ¢ = 360Nm/rad; b = 0,02;
Material ribbon length | = 0,6m.

To clearly validate the efficacy of the adaptive sliding
mode control scheme, we consider the following cases:

Case 1: Tension response when gear clearance a,, = 0,08
rad (4,58

Tension [N]

—— Real tension
—— Settension
—— >ettlension |

0 2 4 6 8 10
Time [s]

(@)
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Figure 2. Tension response when gear clearance a, = 0,08rad, the input
signal is constant (a)and step function (b)

Case 2: Tensile response of the system considering the
influence of the moment of inertia of the load
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Figure 3. Tensile response (a) and speed response (b) to the influence of
moment of inertia J,,=4J; J,=)
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Figure 4. Experimental system model of two-motor drive system
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Figure 5. Set signal and real-time tracking signal

Comment: From the simulation results, it is found that
the adaptive sliding controller gives good control quality.
Under the influence of nonlinear factors such as gear
clearance, elastic coefficient, frictional moment and
moment of inertia on the load, the system still ensures
accuracy in dynamic mode. and static mode, the error in
static mode is always zero in different cases.
5. CONCLUSION

This paper described an adaptive sliding mode control
law the two-motor system in presence of elastic and
backlash, friction. The effectiveness of the proposed control
scheme was pointed out by theory analysis, simulation and
experimental results.
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"Khoa Kj thuat diéu khién, Hoc vién K thuat Quan su

2Khoa Ky thudt dién, Truting Dai hoc Dién luc

*KhoaKy thuat ca s&, Hoc vién Phong khong - Khéng quan
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