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Abstract:

Continuous processes in the plastics, textile paper and
other industries, require several drives working in synchro-
nism. The aim of this paper is to control speed of the multi
motors system, and to maintain a constant mechanical
tension between the rollers of the system. Several control-
lers are considerer, including Proportional-Integral (PI)
and sliding-mode control (SMC). Since the PI control me-
thod can be applied easily and is widely known, it has an
important place in control applications. But this method is
insensitive to parameter changes. The advantage of an SMC
is its robustness and ability to handle the non-linear beha-
viour of the system, and is indicated in comparison with
traditional proportional-integral (P1) control scheme. The-
oretical analysis and simulation results are provided to
evaluate the consistency and performances of this control
technique (SMC).

Keywords: Multi-Motors systems, sliding mode control,
proportional-integral (P1) control.

1. Introduction

Paper industries require several drives for paper pro-
cessing. In the past, a single mechanical line shaft was
used for all drives. Nowadays independent drives are
used. Electronic synchronization has to be ensured for
quality of produced paper rolls. Several control strategies
have been suggested based on robust control or elec-
tronic emulation of mechanical line shaft [1]. Since the
decentralized PI control method can be applied easily
and is widely known, it has an important place in control
applications, where many industrial web transport sys-
tems have used this type of controllers [2]. But this me-
thod is insensitive to parameter changes. A nonlinear de-
coupled control is designed for multi-motors multi mo-
tors system. At the first, an ideal feedback linearization
control system is adopted in order to decouple the ten-
sions and velocity of the web winding system is presen-
ted in [3]centralized and decentralized fixed order Heo
controller results with model based feed-forward for mul-
ti motors systems which provide improved the tension
and velocity regulation is presented in [4]. In this work
the design of sliding-mode (SMC) to control a multi mo-
tors system are proposed in order to improve the perfor-
mances of the control system, which are coupled mecha-
nically, and Synthesis of the robust control and their ap-
plication to synchronize the five sequences and to main-
tain a constant mechanical tension between the rollers of
the system [6]. The advantage of an SMC s its robustness
and ability to handle the non-linear behaviour of the
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system.

The model of the multi-motors system and in parti-
cular the model of the mechanical coupling are developed
and presented in Section II. Section III shows the deve-
lopment of sliding mode controller’s design for winding
system. The proposed structure of the studied propulsion
system is given in the section IV. Simulation results using
MATLAB SIMULINK of different studied cases. Finally, the
conclusions are drawn in Section V.

2. System Model's

In the mechanical part, the motor M1 carries out un-
reeling, M3 drives the fabric by friction and M5 is used to
carry out winding, each one of the motors M2 and M4 dri-
ves two rollers via gears “to grip” the band (Fig.1). Each
one of M2 and M4 could be replaced by two motors, which
each one would drive a roller of the stages of pinching
off. The elements of control of pressure between the rol-
lers are not represented and not even considered in the
study. The stage of pinching off can make it possible to
isolate two zones and to create a buffer zone. [6,7].
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Where o is the coefficient of dispersion and is given
by:
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Fig.1. Five motors web transport system.

The tension model in web transport systems is based
on Hooke’s law, Coulomb’s law, [8], [9] mass conserva-
tion law and the laws of motion for each rotating roll.

A. Hooke's law

The tension 7 of an elastic web is function of the web
straine

L-L
T=ESe =ES—— (3)
0

Where E is the Young modulus, S is the web section, L is
the web length under stress and L, is the nominal web
length (when no stress is applied).

B. Coulomb’s law

The study of a web tension on a roll can be considered
as a problem of friction between solids, see [8] and [9].
On The roll, the web tension is constant on a sticking
zone of arc length a and varies on a sliding zone of arc
length g (cf. Fig. 2, where V(¢) is the linear velocity of
the roll k). The web tension between the first contact
point of a roll and the first contact point of the following
rollis given by:

e(x,t)=¢,(¢) if x<a (1.51)
e(x,t)=¢,(1)e" " ifa<x<a+g (1.52)
e(x,t)=¢,(t) ifa+g<x<L, (1.53)

Where u is the friction coefficient, and L,=a + g + L.
The tension change occurs on the sliding zone. The web
velocity is equal to the roll velocity on the sticking
zone. (1.54)
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Fig. 2. Web tension on the roll.

C. Mass conservation law

Consider an element of web of length L = L, (1+¢).
With a weight density p, under an unidirectional stress.
The cross section is supposed to be constant. According
to the mass conservation law, the mass of the web re-
mains constant between the state without stress and the
state with stress
pSL = p,SL, = P 1 (4)

p, l+e

D. Tension model between two consecutive rolls.
The equation of continuity, cf. [8], applied to the web
gives:

gp op¥V) _
ot Ox

By integrating on the variable x from 0 to L, (cf. Fig.
2), taking into account (4), and using the fact thata + g
<< L, weobtain

ai L \_n N
dt\1+e, ) 1+g, l+g,

(5)

Therefore:
de (I+¢,)’

—L 2=y ~—2 V. (l+¢,). 6
dt ! I+¢, 2 2) (©)

This equation can be simplified by using the approxi-
mation

g, << 1 and g, << 1
2 (7)
Mz(l—sl)(uz.sz)
1+ ¢

And using Hook's law, we get:

dT,
L, dtk =ESV, =V D)+ T Vi,

~T.2V, . =Vo). (8)
k=2,3,4,5.

where L, , is the web length between roll k-1 and roll &,
T, is the tension on the web between roll k-1 and roll &,
V. is the linear velocity of the web on roll k, Qk is the
rotational speed of roll k, R, is the radius of roll k, E is
the Young modulus and S is the web section.

E. Roll velocity calculation
The law of motion can be obtained with a torque ba-
lance:

d(J, Q
L) _ R (1, ~1,)+ Cem, +C, )

Where Q, = V,/R,, is the rotational speed of rollk Cem,
is the motor torque (if the roll is driven) and C; is the
friction torque.

F. State space representation

The nonlinear state-space model is composed of (10)
for the different web spans and of (11) for the different
rolls. Under the assumption thatJ, R, (k = 2,3,4,5) is
varying only slowly, which is the case for thin webs, V,
can be chosen as a state variable in (11), leading to the
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following linear model:
E X=At)X+BU
Y=C(t)X (10)

where
X'=[T, T; T, Ts J,T()Q J,Q, J3Q; J,Q, JT(1)<]

Y=, T;T,Ts V], (11)
U= [uyuy us uy us (12)

3. Design of sliding mode speed

and current controllers

A Sliding Mode Controller (SMC) is a Variable Structure
Controller (VSC). Basically, a VSC includes several diffe-
rent continuous functions that can map plant state to
a control surface, whereas switching among different
functions is determined by plant state represented by a
switching function [8], [9].

To control the speed of the induction machine, the
sliding surface is defined as follows:

S(wm)z w; -w, (13)

The derivative of the sliding surface can be given as:

$0,)=1v, {3, )OK? 10

Taking into account the mechanical equation of the
induction motor defined in the system of equations (1),
the derivative of sliding surface becomes

: . (PL,b, . f P

S(w )=w, | ——mrtd j 2y ——C 15

( m) m ( JL, qs J m .] r] ( )
The current control is given by:

i =i+ (16)

qs gseq qs

To avoid the chattering phenomenon produced by the
Sign function we use the Saturation function Sat in the
discontinuous control defined as follow:

S ;o if SIpS
[SJ ¢ ¢
sat $ = S
Sign SJ ;o 0f >1
¢ ¢ (17)
Where ¢ is the boundary layer thickness.
The discontinuous control action can be given as:
iy, = ko sa(s(0)/9,) (18)
k., : Positive constant.
JL - | P
i‘{-wq :2r*(wm +LWM +er (19)
P Lm¢dr J J

The Fig. 3 shows the SMC control strategy scheme for
each induction motor
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Fig. 3. Block diagram for each motor with SMC control.

For the indirect field-oriented control (IFOC) tuning
parameters we need two surfaces S, and S, the first for the
I4 regulator and the second for i, regulator respectively
where: [10,11]

S1 :idz_ids (20)
Sy =i, —i, (21)

The derivate of S, can be given as:

Lo
=gy

From equation (1) and (27 ) we can obtain:
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The virtual voltage controller IV, is given by:

V=V AV

dseq

dsn* (22)

The voltage discontinuous control IV, is defined as:

qsn

Vdsn :kl ‘Sat(S] /¢1) (23)

According to Lyapunov stability criteria [10], our spe-
ed loop system's stable if: S, §,<0 by means that K is
positive constant.

The equivalent control V,, is given as:

Lok 1 Lm 2 .
VdSW:G'Ls(ldS-’-G‘LS(RS-’-RV(LVJ J.ldy

. L R, .
—Ww_._ —
s L L2¢’) (24)

s

The derivate of can be given as:
S, =i~

qs qs

From equation (1) and (34) we can obtain:
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The voltage controller I, is given by:

VeV, +V, (25)

gseq qsn

The V,,, equivalent control actions defined as:

Vq‘\'eq =0 'Lx (l* qxlim+ws 'ids
1 L L .
+——| RAR| =2 [ i +—"0 W
G.LA( ‘ (Lj ] * GLL " 2 (26)

The voltage discontinuous control V,, is defined as:
Vo =k, -sat sz/d)z) (27)

For the same reason condition of K, K, are positives
constant.

4. Simulation results

The winding system we modelled is simulated using
MATLAB/SIMULINK software and the simulation is carried
outon 10s.

To evaluate system performance we carried out
numerical simulations under the following conditions:
Start with the linear velocity of the web of 5m /s.

The motor M1 has the role of Unwinder a roll radius R1
(R1=2.25m).

The motors M2, M3, M4 are the role is to pinch the tape.

The motor M5 has the role of winding a roll of radius R5.

From the Fig (4-6), we can say that: the effect of the
disturbance is neglected in the case of the SMC control-
ler. It appears clearly that the classical control with PI
controller is easy to apply. However the control with sli-
ding mode controllers offers better performances in both
of the overshoot control and the tracking error.
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Fig. 4. The linear speed of unwinder M1.

As shown in Figs (4-6). An improvement of the linear
speed is registered, and has follows the reference speed
for both PI controller and SMC control, but in case of PI
controller, the overshoot in linear speed of Unwinder is
25%. Figs (4-6) show that with the SMC controller the

system follows the reference speed after 1 sec, in all
motors, however, in the PI controller the system follows
after 2 sec. Fig (9) shows the phase plot of the sliding
surface(s) of SMC control.
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Fig. 5. The linear speed of motors M2, M3 and M4.
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Fig. 6. The linear speed of winder M5.

As shown in Fig (4-6). An improvement of the linear
speed is registered, and has follows the reference speed
for both PI controller and SMC control, but in case of PI
controller, the overshoot in linear speed of Unwinder is
25%. Figs (4-6) show that with the SMC controller the
system follows the reference speed after 1 sec, in all
motors, however, in the PI controller the system follows
after 2 sec. Fig (9) shows the phase plot of the sliding
surface(s) of SMC control.
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Fig. 7. The phase plot of the sliding surface(s).
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5. Conclusion

The objective of this paper consists in developing
a model of a winding system constituted of five motors
that is coupled mechanically by a strap whose tension is
adjustable and to develop the methods of analysis and
synthesis of the commands robust and their application
to synchronize the five sequences and to maintain a con-
stant mechanical tension between the rollers of the
system.

The simulations results show the efficiency of the SMC
controller technique, however the strategy of SMC Con-
troller brings good performances, and she is more effi-
cient than the classical PI controller.
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