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Abstract - The paper deals with equipment for plastic
materials analysis. This equipment is called thermoanalyser.
The general principle of analysis is based on the
temperature measurement and the temperature control on
the desired temperature and simultaneously on penetrating
measurement of the deforming tip into microsample. From
these data and from force on the deforming tip we can
determinate many plastic materials properties. The first
problem was measurement, the second problem was the
temperature control in two furnaces. There is the pole
placement algorithm (2™ and 3™ order) used. The last part
of the paper deals with the storing of the materials
parameters to the database.
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1. INTRODUCTION

The determination of parameters and the evaluation of
properties of the polymer materials in the dynamic mode are
very demanding as for time and finances. For the dynamic
polymer properties there was made the thermomechanical
analyser, controlled by personal computer in our workplace.
It is shown on Fig. 1.

2. PROPOSED SOLVING

Our solving of this equipment with the help of "the basic
spectra" enables to realize the fast check of mixture stability
and homogeneity at the products from polymers by means of
the microsamples [1]. The elaboration and storing of "the
dynamic spectra" enable to increase the application area of
the thermomechanical apparatus also for the evaluation of
products putting out of service after the fulfilment of the
service duty.

It will provide the criterion for the decision and
possibilities to use polymer wastes as the secondary raw
material or the including into the group of disposed waste.

For the measuring, control and data processing there is
used special program system based on the real time system.
Mechanical apparatus is connected with the help of special
unit with the control computer [2].
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Fig. 1.Thermomechanical analyser

3. COMPUTER AND PROGRAM SYSTEM

The tasks of computer are as follows:
the temperature control in the range up to 400 degrees,
the measurement of the microsample temperature with
the heated chamber at the contact point of the

deforming tip,

the measurement of the tip penetrating into the
microsample in the range 2 mm,
the frequency and form of the loading course,
the evaluation of the measurement result from the
measured variables in digits and graphs,

processing material data to the databases system.

The scheme of main program modules is shown Fig. 2.
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Fig. 2. Block scheme of program system
4. CONTROL OF TEMPERATURE

For the temperature control of the thermoanalyser, the
PID controller is used [3], [4]. The controller parameters are
derived on the basis of the pole placement approach. The
controller is designed especially for process control without
overshoot of the process output.
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Fig. 3. Control system scheme

4. 1 The 2" Order Controller
Let the controlled process and controller be described by
transfer functions in the form (Bobal & Kubalcik, 1994)

_M_Bz_1 _U(z)_Qz_l
Gslz)= 0 A Gr(2) = ) O
where
A7) =14 a2+ a,27 @
Bz )=bz" 45y 3)
ol )= g0+ gz 4o 0
are second degree polynomials,
F(zfl): (l—zfl) (5)
Pl =1+ pyz ™) (6)

are first degree polynomials and Y(z),U(z), E(z)=W(2)-Y(z)
are the Z-transforms of the process output, the controller
output and the error (W(z) is the Z-transform of the

reference signal). Then the transfer function Gy can be
transcribed into the form

u(k) = (1 - pl)u(k - 1) + plu(k - 2) + qoe(k) + qle(k - l) + q2e(k - 2) (7)

We derive the following transfer function for the closed
loop system

%
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In the denominator of the transfer function (8), there is
the characteristic polynomial. We assume the following
polynomial identity

AW sl )=nk) o

with desired polynomial

pl)=(1-c}' (10)

The characteristic polynomial (10) has a quadruple real
pole z1p34=c (0 <c <1). The parameter c¢ influences the

speed of the closed control loop transient characteristic and
controller output changes, too.

The polynomial identity (9) and polynomial (10) give a
set of four linear algebraic equations

b g, tp, ta-l  =-4c
2
bzqo+b1q1 +(al-1)pl+a2—a1: 6¢ \ (11)
b2q1+ blqz * (az_al)pl_ 4, = '446
bzqz - 4P - ¢

Solving the equations (11) we obtain four unknown
controller parameters

qo, 91, 42 p1 = f(ay, az by, by, ¢ (12)

Temperature control with controller based on pole
placement approach (2™ order) is shown on the Fig. 4.
and 5.

4. 2 The 3" Order Controller
In many cases we need to control the temperature on the
reference signal with Z-transforms

= 13
7 (13)
The controller is described by transfer [4] in the form

oz

Gp(zh) =
w(=) Flz7' P!

(14)
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Fig. 3. Time response of the control with pole placement controller

(2™ order) - step shape of the reference value
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Fig. 5. Time response of the control with pole placement controller
(3™ order) - step shape of the reference value
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Fig. 4. Time response of the control with pole placement controller

(2™ order) - ramp shape of the reference value

where 0" = qotqiz' + gz + g3 27

F(z" =(1-z')
PE") =(1+py2").
are polynomials of diofantic equation
ACHFEY P + BE") 0" =D
There are degrees of these polynomials:
deg(P) =deg(A)—-1=2-1=1
deg(D) = deg(A) + deg(P) + deg(F) =
= 2deg(A) + deg(F)-1=4+2-1=5
deg(Q) = deg(F) + deg(P)=2+1=3

We desired polynomial

DEY=(1-¢z'y

(15)

(16)

(17

(18)

(19)

(20)
@n

(22)

The polynomial identity (18) and polynomial (22) give a

set of five linear algebraic equations

Fig. 6. Time response of the control with pole placement controller
(3" order) - ramp shape of the reference value

qob: + p +a;-2 =-5¢
qoby + q1by +pi(a-2)+ 1-2a,+a,= 1067

q1by + gob1+p1(1-2a1+ay) +a,-2a, =-10¢°

@bot qsbitpi(ai-2a5) + ay = 5t

5
=-c

(23)

qsbtpiay

Solving the equations (23) we obtain four unknown
controller parameters g, g1, ¢», g3 and p.
The resulting transfer function of controller is

qo + %24 + 6]2272 + ‘1353
1+ (p1 - 2)2_1 + (l -2p )2_2 +pz

Gy (Z_l)z (24)

3

Temperature control with controller based on pole
placement approach (3™ order) is shown on the Fig. 6. and 7.

5. DATABASE SYSTEM

After the unknown sample parameters finding out with
the help of the statistical program modules ,,Fig. 7, there is
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possible to compare the sample parameters with the
parameters of the known plastic materials stored in the
database system in the MS ACCESS for Windows
environment. The database system assists with the search for
similar samples or with finding out the rate of the wearing of
the sample. We can define the kind of the sample or we can
add the sample parameters to the database.
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Fig. 7. The statistical modules of the control program
6. CONCLUSION

The thermomechanical analyser has proved competent
for the measurement and the parameters ascertaining at
polymeric materials. The next task is to fill the database
with the parameters of particular plastics what takes some
time yet.

Acknowledgements: This work was supported in part by
the Grant Agency of the Czech Republic under grants No.
102/02/D020/A, under grant No. 102/03/0070 and by the
Ministry of Education of the Czech Republic under grant
MSM 281100001.

REFERENCES

[1] Z. Navratil, K. Stoklasa, F. Tomis, ”Instrument for
microtermomechanical”, Termochimica Acta 92, 363-366,
Elsevier Science Publishers V.B..

[2] T. Sysala, V. Vasek, Z. Navratil, “Thermomechanical
Analyser Control”. In: Proceedings of the 7" International
DAAAM Symposium, Vienna, Austria, 1996, p. 431-432.

[3] V. Bobal, M. Kubal¢ik, “Self-Tunnig Controller for
Temperature Control of a Thermo-Analyser”. In: Proc. 3rd
IEEE Conference on Control Applications. Strathclyde
University, p. 1443, Glasgow.

[4] M. Kubaléik, V. Bobal, “Adaptive 3rd Order Controller
Tuned According to Pole Placement”. In: 5™ International
DAAAM Symposium, University of Maribor - Slovenia, p.
231.

[5] J. Balaté, “Vybrané staté z automatického tizeni”, University
Science Book, Brno, Augusta s.r.o0, 1996.

[6] M. Viteckova, “Syntéza linearnich regulac¢nich obvodi -
metoda inverze dynamiky”, University Science Book, VSB
Ostrava, Ostrava.

Authors: Ing. Tomas$ SYSALA, Ph.D., Doc. Ing. Vladimir Vasek,
CSc., Department of Automatic Control, Faculty of Technology,
Tomas Bata University in Zlin, ndm. TGM 275, 762 72 Zlin, Czech
Republic,

ﬁ ++420 57 603 3103 ++420 57 603 3333
sysala@ft.utb.cz

Q vasek@ft.utb.cz

1670


mailto:sysala@ft.utb.cz
mailto:vasek@ft.utb.cz

	P80: 
	Numb: 
	Numbx: 
	C: 1667



	P81: 
	Numb: 
	Numbx: 
	C: 1668



	P82: 
	Numb: 
	Numbx: 
	C: 1669



	P83: 
	Numb: 
	Numbx: 
	C: 1670





