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Introduction

Fundamental part of university education is to create
connection of theoretical approaches with experimental or
simulation methods for verification. Illustration of practical
physical models is cardinal important for experimental
exercises engineering, for comparing the computer
simulation tasks with practical experiments and with real-
time measured signals from technological aggregates. The
improvement of theoretical findings is done by physical
experimentation during the education process. The
laboratory stands allow easy understanding of the various
technologies and its control [7-10].

In most devices, technological process is performed
by winding different types of materials. The most typical
machines of this group are coiling machines in textile
production, in the paper processing, wire making industry
and etc. Technological process in these devices usualy
requires constant tension of the winded material (textile,
paper, wires, threads and so on) at various velocities [1-5].

The universal stand of the winding band was design in
department of control technologies at Kaunas University of
Technology (Lithuania) for the educational and scientific
purposes. The stand allows demonstrating and investigating
the process of the winding band by controlling its tension
in two ways. First method is done by measuring the
diameter of unwinding roll or by measuring the length of
the band loop. The second method is implemented by
direct measurement of tension force of the band.

Disadvantage of the first method is that it is able to
ensure correct control of the tension force only in the
stabilized case. Determining the tension by the dancer loop
length, the length of the loop should be somehow measured
by the distance meter. In this case, the length of the loop is
proportional to the tension force; however the tension of
the spring and mass of the rolls of loop forms oscillating
chain with the small damping coefficient. Damping of the
oscillating motion should be performed by using electronic
control devices by introducing the signals of the change in
velocity of the length of loop and its derivative into the
control system or by using the mechanical dampers[1]. For
this reason, additional devices and equipment are required.
It is obvious, that the best rewinding system should be the
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system with the direct measurement of tension force of the
band. Therefore, the stand is designed in this way and
investigated in this work.

This work is organized as follows: the structure of the
lab stand is presented in the second chapter. The
development of mathematical model of the lab stand is
presented in the third chapter. The results mathematical
modeling and real measurements are presented in the fourth
chapter. The conclusions are presented at the end of the
article.

Structure of thelab stand for tight band coiling

The tight band coiling system is a variation of the
classical structure of the web coiling. The designed lab
stand exactly imitates industrial coiling process at reduced
size. The path of the band movement on the stand might be
observed in the Fig. 1. The braking torque of the
unwinding roll 1 is controlled by electromagnetic friction
clutch. The unwinding roll 1 (Fig. 1) reel is mounted on the
LENZE electro magnetic braking clutch [11] of type
14.512 with 14.422 control unit 5 used for controlling the
breaking torque. The braking torque is adjusted by
changing the current in the clutch windings trough the
controllable rectifier 5 (Fig. 1).

Fig. 1. Picture of the lab stand

The linear velocity of the band is controlled by the
frequency converter with electrical drive EVS9322—-ES 3, 4
(Fig. 1). The angular velocity of the roll 3 (Fig. 1) is
stabilized by using the feedback signal of linear velocity of
the band. The tension force of the band is measured by the
deformation transducer on the freely moving roll 2 (Fig. 1).
Deformations are transformed into the electrical signal,
which are proportional to the tension force of the band.



Regulator PCTRL2 of tension of the band is
implemented inside the frequency converter 4 (Fig. 1). The
desired tension force of the band is passed to the controller
trough the connected computer. The feedback signal of the
tension force is fed directly to the frequency converter. For
the parameters observation and control the blocks with
control devices 6) and measurements 7 (Fig. 1) are used.

Functional diagram of thelab stand

The functional diagram of the lab stand is presented
in Fig. 2. The band is coiled from unwind roll UR on the
roll WR. The control of the velocity of the tight band is
done through the controller (control unit SC) with feedback
from transducer ST, reference unit HS through the
frequency converter U1, and induction motor M.

(i) -
Fig. 2. Functional diagram of the lab stand

The tension force of the band is controlled by changing
current i of the friction clutch FC winding. The elongation
of the band is proportional to tension force F of the band. It
is evident that signal of transducer FT measures the tension
force of the band. So, the second closed loop regulates the
tension force of the band and consists of the controller GC,
transducer FT, reference unit HG, and converter U2.

Development of the block diagram of the laboratory
stand

Functional diagram of the laboratory stand is shown
in Fig. 2. Asit was discussed previoudly, the tension force
of the band depends on the friction clutch FC. The
increased torque, developed by friction clutch, increases
the tension force of the band. As a result the tight band will
elongate. Process of band coiling might be illustrated by
the simplified kinematical diagram (Fig. 3).

Investigated process of the tight band coiling is made
by assuming that the band is elastic and has no weight [4].
In diagram: L is the length of the band for range B when
the band is not tight (Fig. 3); | is elongation of band due to
tension force. During the stabilized process, the amount of
material coming into the range B equals to the amount of
leaving material. That does not happen during transient
response, because the tension force F and elongation | are
being changed.
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Fig. 3. Kinematical diagram of tight band coiling process

Length of the band coming into range B is L,
(winded-off length), and L; (winded-on length) is the
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length of band coming out of the range, recalculated to the
length of the loose band. The elongation of the band due
tension force in the range B equal s to:

|:L1—L2+|0.

@

where |, — the initial elongation of the tight band, at the
starting moment t=0 s.

The relative elongation is proportional to the tension
force F and it equalsto:

S=lL. 2

The speed of the moving loose band v, is obtained by
multiplying speed of the moving tight band by the value
a<l. For the band moving between the shafts it is possible
to write the following system of the equations [4]:
dy,

o

3)

Here Dy, is the initial diameter of coiling bobbin; b is the

thickness of the band; F isthe tension force; v; isthe linear

speed of the coiling; v, isthe linear speed of unwind unit.
The first, the fourth and the sixth equations of the

system are nonlinear. Therefore the tight band system is

nonlinear also. The dynamic of the friction clutch and

unwind roll section can be described by set of differential

and algebraic equations (4).
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Here is is the excitation current of friction clutch, Us is
supply voltage of the clutch, L is inductance of the
excitation winding of the clutch, Rs is the active resistance
of the excitation winding of the clutch, d, is the decrease of
diameter of unwind roll, b is the thickness of the band, w, —
angular velocity of unwind roll, v, is the linear velocity of
the unwinding band; D, is maximum diameter of unwind
roll, R; and R, - corresponding radii of wind and unwind
rolls, ky is transferring coefficient of the clutch, Mg is the
torque produced by tension force; Mg is the torque
developed by the clutch, M, — estimated friction torque of
the unwind unit; k; is the friction coefficient; F is the
tension force of the band, M, — loading torque of the



winder, Js is the inertia of the unwinding roll, i — reduction
coefficient of the gearing, My, is the load torque of the
motor.

The first equation of this system in (Eq. 5) gives the
dependency of the excitation current i of the friction clutch
on the supply voltage Us. The second, third and fourth
equations gives us angular velocity of unwind roll o,
decrease of diameter of unwind roll d,, and radius of
unwind roll R,. The fifth equation - dependence of the
linear speed v, of unwinding band on the angular velocity
of unwind roll w, and radius of unwind roll R,. The sixth
equation - dependence of the torque Mg on the tension
force F of the band and radius of unwind roll R,. The
seventh equation — dependence of the torque developed by
clutch M on the excitation current is. The ninth equation —
dependence of the load torque M, on the tension force of
the band F and diameter of winding roll R.

The dynamics of the rewind roll section have been
composed by using structural schemes of coiling process
[3] and mathematical description of dynamics of the tight
band [4]. In such a way the block diagram of a whole
system (Fig. 4) consist of two parts. winding unit (WU)
and friction clutch unit (FCU).
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Fig. 4. Block diagram of automatic control system of the stand

According to the third system of equations 5, 6 and 9
equations are nonlinear. Hence, the system of composition
of the tension force of the band is not linear. So, the
stabilization, analysis of control and the other
investigations of such systems are quite complicated.
Therefore, often systems are investigated by using only
analytical methods i.e. mathematical modeling.

The mathematical model of the lab stand is created
according to the block diagram (Fig. 4.) with MATLAB/
SIMULINK package [6]. Tight band coiling consist of
electrical drive (frequency converter and induction motor),
gearing and winding shaft. To stabilize the linear speed of
the winding band feedback loop was used according to
linear rolling speed.

Investigation of dynamics of the winding process

The research of dynamics of coiling of the tight band
has been done by using the mathematical modeling within
MATLAB/SIMULINK. The step response of tension force
on the band by using friction clutch has been investigated.
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The curves (Fig. 5) shows good control quality of the
tension force to the reference signal of tension force witch
appears ten second after the start. The system response to
step of linear speed after 15 seconds is good enough but
stabilization of the tension force appears with oscillations.
Similar experiments were performed with the real
system, firstly giving step of linear speed and later step of
tension force. For the measuring and registering the
changes of linear speed and tension force the digital
oscilloscope with two input channels were engaged. The
scales of the signal measurement are: for measuring force
40 [N] per division and for measuring speed 0.2 [m/s] per
division. During the first experiment values of the running
coiling processes were as follows. tension force
F=const=107.6 [N]; step of linear speed v from 0.3 to 0.6
[m/s] (Fig. 6a). The force F was dightly oscillated
similarly to results of mathematical modeling (Fig. 5).
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Fig. 5. Simulated curves of the tight band winding

Veasuretme: 17168
Measura date: 2007-05-
S ONTON 0 G 5

sasue tme: 175812
Measvie i Msriz
A 500 ms TR: EXT+AC BC GH2: 5

OVIDIV DG T OV/DIV DG TB A 500 ms TR EXT+AG

Ny

(]

CHI

o

0 0

0 1 a) 3 4 ts 0 1
Fig. 6. Experimenta results a) tension force response to the step
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In the second round of experiments the values of the
running coiling processes were as follows: step of tension
force F from 53.8 to 107.6 [N]; keeping the linear speed
v=const= 0.3 [m/g]. Good coincidence of experimental
results with results obtained by mathematical modeling was
observed (Fig. 6b).

Conclusions

1. The lab stand with rea tide band coiling system was
designed and compared with mathematical model. The
stand is designed in the way to control the rewinding
process with direct measurement of tension force. With
this stand there exist several possibilities to demonstrate
and investigate various conditions of coiling process for
educational and scientific purposes.

. The mathematical model has been developed to
simulate the real stand for tide band cailing.
Mathematical modeling allowed to investigate the
dynamics of coiling system and to find the relationship
between the tightness of the band, and the coiling speed.



3. The results of the mathematical modeling well coincide 5. Ramonas C., et.al. Dyr)arnic mode! of the tight band coilling
with the real experimental results. Therefore this model process // Automation and Control  Technologies.
might be used for determining optimal PID controller proceedings of the international conference. Kaunas:

arameters of the real tide band coiling system. Technologija, 2005. P. 3741,
P 9y 6. Matlab and Simulink are registered trademarks of The

MathWorks, Inc. (www.mathworks.com).
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V. Kubilius, €. Ramonas, A. Lipnickas, R. Rutkauskas. Dynamic of a Rewinder with Feedback by Tension Force // Electronics
and Electrical Engineering. — Kaunas: Technologija, 2008. — No. 1(81). — P. 41-44.

Processes of rewinding the tight bands of various elastic materials are very often in various technological lines. The highest process
control quality is achieved only by employing feedback signal of tension force of the tight band. Therefore in this article there is
proposed structure of control system and strategies for control with direct measurement of tension force in a rewinder system. The
proposed control strategy allows stabilizing the tension force neglecting the change of diameters of the unwinding and rewinding rolls.
The tension force of the tight band is controlled by using the electromagnetic friction clutch while the linear speed of coiling is adjusted
by frequency drive. For the proposed system the performance evaluation and adjustment the equations of nonlinear control system with
three closed loops are developed and modeled by using “MATLAB/SIMULINK” program package. The results of the mathematical
modeling have shown good coincidence with the real experimental results. Therefore the mathematical model might be used for
determining optimal PID control parameters of real tide band coiling system. 111. 6, bibl. 11 (in English, summariesin English, Russian
and Lithuanian).

H. Kyounaroc, Y. Pamonac, A. JIununkac, P. Pyrkayckac. /IuHaMuKa MOTAJIKH ¢ 00PaTHOI CBSA3BIO N0 CHJIC HATHAKECHUS JICHTBI
//InexTpoHuka u iekTporexHuka. — Kaynac: Texnoaorus, 2007. — Ne 1(81). — C. 41-44.

MHorue TeXHOJIOTMIECKHe MPOIECCH IPOTEKAIOT ¢ IPHUMEHEHHEM IIepeMaThIBaHUs Pa3JIMIHbIX MaTepuaioB. [Ipyn nepemarsiBaHUH
JICHTOYHBIX MAaTEpHalOB HAWIYyYlIHe II0Ka3aTelId PeryJupoBaHHS MOXHO IOIYYUTb, HCHOJb3YS CHUCTEMBl C HEIOCPEICTBEHHBIM
HM3MEpEeHHEM CHIIBl HATsKEeHHs JIeHTHl. B pabore paccMmaTpuBaeTcst CHCTeMa IepeMaThIBaHUS YIPYTOW JIEHTHI, MO3BOJISIOMIAS
MIPOU3BOJUTH IIEPEMATHIBAHUEC C IOCTOSHHOM CKOPOCTBIO M IIOCTOSIHHOE CHJIOH HATsSKEHUS JIEHTHl IPU HM3MEHECHUM JAUaMETPOB
pa3MaThIBaéMOr0 M HaMaThIBAEMOTo pyJaoHOB. CHila HATSDKEHUS PETYIHPYETCsl HMPH MOMOINM ITOPOIIKOBOH My(TBHI TOPMOMKEHUS.
CKOpOCTh TIepeMaThIBaHHs CTAOWIM3HPYETCS YacTOTHBIM AaCHHXPOHHBIM JJICKTPONPHBOJIOM. I TIOJy4eHHOH TPEeXKOHTYpPHOI
HEJIMHEHHOM CHCTEMBl aBTOMATHUYECKOIO PErYJUPOBAHUS CHAEIAHO MAaTeMAaTUYeCKOe OIUCAHUE, HA OCHOBE KOTOPOH co3jaHa
CTPYKTYpHasi CXeMa M OCYIIECTBICHO MareMaThdeckoe monenupoBanue npu momomy nakera MATJIAB/CUMYJIMHK. Pesynbratet
MaTEMaTU4ECKOr0 MOJEIMPOBaHMS JOBOJBHO TOYHO COBIAJAlOT C OKCIEPUMEHTAIBHBIMU  HcciefoBaHusMH. Co3naHHas
MaTeMaTH4ecKas MOJelNb MOXeT OBITh HCIOJIB30BaHA st onTtuMm3anuy mapamerpoB [T /I-perymasropa B peanbHO# cucreme
riepeMaTbiBanus JIeHThL. V. 6, 6u6i. 11 (Ha aHrimiickoMm si3bike; pedepaThl Ha aHIIIMHACKOM, PYCCKOM M JIMTOBCKOM S13.).

V. Kubilius, €. Ramonas, A. Lipnickas, R. Rutkauskas. Vynioklés su jtempimo jégos griZtamuoju rysiu dinamika // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 1(81). — P. 41-44.

Daugelyje irenginiy technologinis procesas vykdomas pervyniojant ivairias medziagas. Geriausius reguliavimo rodiklius galima
gauti naudojant tiesioginio juostos jtempimo jégos matavimo sistema. Darbe nagrinéjama lanksgios juostos pervyniojimo sistema,
igalinanti pervynioti pastoviu grei¢iu palaikant vienoda itempima keiciantis nuvyniojimo ir uzvyniojimo ritiniy skersmenims. Juostos
itempimo jega keiciama milteline stabdymo mova, o vyniojimo greitis stabilizuojamas asinchronine daznine elektros pavara. Gautai triju
kontury netiesinel automatinio reguliavimo sistemai surasytos pagrindinés matematinés priklausomybés ir ju pagrindu sudaryta
struktarine schema bei atliktas matematinis modeliavimas naudojant MATLAB paketa. Matematinio modeliavimo rezultatai gana
tiksliai sutampa su eksperimento rezultatais. Taigi sukurtas matematinis modelis gali bati panaudotas realios jtemptos juostos
pervyniojimo sistemos optimalaus PID reguliatoriaus parametrams nustatyti. 11. 6, bibl. 11 (angly kalba; santraukos lietuviy, anglu ir
rusy k.).



