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ABSTRACT

Insulated wire manufacturing process goes through number of
phases before yielding a desired quality of insulated wire. The
first phase of wire manufacturing is the controlling of PVC-
temperature to make it free from the moisture. In this paper,
we describe the estimation of first order Transfer Function
(TF) with dead time for the PVC placed in the tray of Electric
Oven (EO). The TF is estimated using the real time measured
response of PVC temperature in EO for the applied step
change in power to EO and with the help of MATLAB. The
estimated TF was verified by making simulation model for it
in MATLAB and comparing the simulated result with
measured data. The time domain response of estimated TF
shows closely represents the real time behavior of PVC
temperature in EO.
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1. INTRODUCTION

In small scale PVC insulated wire manufacturing industries,
there is need to make raw PVVC moisture-free [1] before insert
it in the extruder and also control this moisture-free
temperature. In these industries to make PVC moisture-free,
Electric Oven (EO) is used [2]. It has built-in tray
arrangement in which raw PVC is placed. Then by applying
electric power to the EO the temperature of PVC is raised to
make it moisture-free. When we consider for the simulation of
EO, most of the research papers [3] used the transfer function
of EO. The step response of such types of oven is monotonous
after an initial time. They approximated the response of EO
by the transfer function as given in Equation 1. But they used
the values of parameters from the literature and these are not
adoptable for the EO system of PVC.

G(S) = %ﬂe—ﬂ (1)

Where ‘K’ is the static gain
‘r’ is the apparent time delay
‘T’ is the apparent time constant

Rohit Ramachandran discussed the process identification
method using step response for both open-loop and closed-
loop step response of process to be identified [4]. Saida
Bedoui proposed a method for the systematic determination
of the model's base of time varying delay system [5].
Warren Scott Ferguson presents an approach of designing of
model by closed-loop identification experiment [6] also Tony
Kealy used Closed Loop Identification method under PI
controller [7]. Un-Chul Moon and Kwang. Y. Lee discussed
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Step-Response Model Development for Dynamic Matrix
Control of a Drum-Type Boiler-Turbine System [8]. Parasana
Sankara Rao investigate the Performance of Regression
Techniques used for estimation [9]. A.O’Dwyer briefly
introduced the various techniques of parameter estimation of
time delayed process model [10]. The methods discussed in
most of these papers contain more and complex mathematical
terms. For non-mathematicians scholar, it is difficult to
understand. So we have also used the first order transfer
function with time lag for moisture-free PVVC temperature EO
system and estimated the values of parameters fitted for our
PVC moisture-free process. To estimate the TF which gives
the behavior of PVC temperature contained in EO more
realistic, we measure the real time change in the PVC
temperature EO for the given input value applied in steps
using data logger system and recorded on the computer. After
it using the real time data we estimate the TF for PVC
temperature change by the process reaction curve method
using MATLAB [11]. The process of this parameter’s value
estimation is very simple.

2. EXPERIMENTAL SET-UP TO
COLLECT STEP RESPONSE DATA OF
PVC TEMPERATURE

In the estimation of the TF by process reaction curve method
there is firstly keep the process input i.e. manipulated variable
(MV) at the nominal value and allow the process output to
reach the steady state value. Note the steady state input (MV)
and output controlled variable (CV) i.e. PVC temperature
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Fig.1: Block Diagram of the Data Acquisition System
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values. Then we have to give a positive step change at the
input and record the response of PVC temperature till a new
steady state is reached. Similarly, the step response of process
of change in PVC temperature for the negative step change is
also to note.

To record the change in PVC temperature for corresponding
change in input MV as mentioned above we construct a data
logger system using microcontroller AT89S52 as an
intelligent device [12]. The block diagram of this data
acquisition system is shown in figure 1. It has with the
facilities viz. applying step input for the MV, reading the
current and voltage applied to EO with the corresponding
change in temperature of PVC kept in tray of the EO and
recording all these parameters values in to the memory of
computer. In the circuit of data logger to sense the current CT
is used and for voltage PT is used. The control over the
amount of power to deliver is accomplished with the help of
Zero Crossing Detector (ZCD) to sense the phase change and
Triac driver circuit. The value of control signal to Triac can be
set using keypad provided on system. To record the data
collected by data logger system it is fed to the computer by

Fig.2: Experimental setup to measure the change in
PVC temperature for given input control signal.

serial communication using RS232. The recorded data is in
the text file format and their sampling rate is 5 Second. The
experimental set-up for collecting the data of change in PVC
temperature in EO is shown in figure 2.

For the experiment purpose we used a simple electric heater
with 39Q resistance of heating coil as seen in the figure 2.

Fig.3: A tray containing PVC

Also for the demonstrative purpose we take 1Kg PVC and
filled the tray with it as shown in figure 3. The tray is then
pushed in the EO with inserting the temperature sensor
TCN75 in the PVC material. The sensor gives 10 bit serial
data for the temperature.

Firstly we apply more power to the EO by applying the
suitable firing angle MV. Then to get maximum value for the
MV, we changed it by observing the temperature of PVC such
that the PVC temperature remains below the maximum value
of PVC moisture-free temperature i.e. 90°C as mentioned in
our past work [13]. After trial and error by using data logger
system we found that the maximum value of MV can be used
is ‘6’, which saturates the temperature of PVC in the tray near
to 85°C for the used EO, which is below the 90°C. So we
used the MV value ‘6’ during the applying the steps up signal
at the input to kept the PVC temperature near the glass
transition temperature. After this we reset the system and
allowed the temperature of PVC in the EO came to the
ambient temperature. Before starting the experiment we note
the temperature of PVVC in EO with the help of data logger
system at ambient conditions. It is 24°C. Then to get initial
steady state value of PVC temperature we apply value of MV
equal to ‘2’ to the driver circuit built using Triac BT136. The
power applied to EO due to input signal value ‘2’ rises the
temperature of PVC up to 25°C and get saturated.

As the temperature of PVC gets saturated we start to record
the data in the new text file. To apply the positive step signal
at input we change the MV value to ‘6’ and apply it. Using
data logger system we record the corresponding change in
temperature of PVC on PC till the PVC temperature reached
to the new steady state value. For the ‘6’ value of MV the
PVC temperature rises up to 84°C and get saturated. After
completion of readings for the step up of the PVC temperature
process we start to record the data in new file. Now to apply
step down at the input we make MV value equal to ‘3’ and
applied to the driver circuit. After the dead time, temperature
starts to decrease and gets saturate. The new steady state value
of PVC temperature observed for the used EO is 32°C. Thus
we collect the data of the change in PVC temperature near the
operating temperature for the applied step up and step down
signal at the input MV of driver circuit.

3. DEVELOPMENT OF TRANSFER
FUNCTION MODEL FOR PVvC
TEMPERATURE

3.1 The Method of TF Estimation

For the purpose of developing control relevant dynamic model
of the system, we proposed a first order plus dead time TF
model relating perturbations in outputs to perturbations in
inputs as,

DO~ G(S) = =7 @

= —e
5u(S) TS+1

Sy=y—y;0u=u—1u and G(S) indicates
the TF of system.

The perturbations are defined with respect to operating steady
state. In principle, the process transfer function can be
obtained through graphical procedure by plotting the process
step response with respect to time. In this procedure the gain
is calculated using the steady state change in the output per
unit change in the input. The time constant is taken as time
taken for the process to reach 63.3% of its final value.
However, given noisy step response data collected from a
plant, it is difficult to use the conventional approach of
finding 63.3% of the final value. So a better approach in
presence of measurement errors is used i.e. regression [14].

We formulate the parameter estimation problem as a least
square estimation problem. Firstly we proposed a first order
transfer function with dead time model relating deviations in
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input and output are defined from the steady state operating
point as given in Equation 2. This is equivalent to the
following differential equation given in Equation 3.

déy

~ t 8y =Kéu-e™ ©)

T

For step change in input of magnitude Au (du), the output
response can be expressed as in Equation 4.

59(t) = Kdu - [1 - expit-=2)] (4)

Here 5?(1“) represents estimated value of the process
output, given estimates of K, T and 1. Let us introduce
notation,

t = kT ; 8y(k) = 6y(ty)
Where t, = kT, represents k’th sampling instant and Ts
represents sampling interval. Since there are errors in
measurement  of y(tk) = y(k) we can define
measurement error e(k) by Equation 5.

e(k) = &y(k) — 69(k) ®)

The unknown parameters K, T and t can be estimated by
solving following constrained nonlinear optimization problem
given in Equation 6.

Min Min
Yi-1le()]? = i=1[8y (k) — 8y (k)]
KTt KTt
Subject To Constraints (6)
T>0;7>0

This is a nonlinear optimization problem and we solved this
using function ‘fmincon’ from Optimization Toolbox of
MATLAB. k =1 in the above summation expression indicates
the time instant at which the step change was introduced. The
data before introduction of the step change has been neglected
while formulating the optimization problem. Also, N in the
above summation indicates the sampling instant where the
output reaches a new steady state after the step change has
been introduced.

3.2 Estimation of Values of Parameters K,
Tandr

Now in order to solve the constrained optimization problem
given in Equation 6, we write a function on MATLAB
platform which computes function given in Equation 4. For
this we put the applied step input value and corresponding
PVC temperature values from the recorded data. Then to
evaluate the function we write a MATLAB script file as given
in Program 1.

=====|| Program 1: myfun.m ||
function f=myfun(x)
u=4;

y=[25,25,25,25,25,25,25,25,25,25,25,.....,26,25,26,26,26,2
6,26,26,26,26,26,26,.....27,27,27,27,28,28,.......50,50,50,50
,50,50,......66,65,66,66,65,66,66,66,65.......,75,75,75,76,76,
75,76,76,75,75,75,76.....80,81,81,81,81,81,81,81,80,81,81,
81,81,81,81,81,81.....82,82,82,83,83,83,82,83,83,83,83,82,
83,83,83,83,83,83,83,83,83,83,83,83,83,83,83,83,83,83,83
,83,83,83,83,.....83,83,84,84,83,83,84,83,84,84,84,84,84,8
4,84,83,84,84,84,83,84,84,84,83,83,84,84,84,84,84,84,84,

84,84,83,84,84,84,84.....,84,84,84,84,84,84,84,84,84,84,84
84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,8

4,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,84,

84,84];

N=length(y) ;
for i=1:N
t(i)=(i-1)*5 ;
end
f=sum((y-(x(1)*u*(1-exp(-1*(t-x(3))/x(2)))))-"2) ;

Here u indicates the value of step input change, y accumulates
the measured values of change in PVC temperature for the Au,
t gives the time vector and the f is the function of formulated
optimization problem as given in Equation 6. This program
need to store with the name ‘myfun’, so we save this script
file in a separate file named ‘myfun.m’ in a folder, which
gives a guess of vector x (vector containing values of
parameters). To pass this function in ‘myfun.m’ file to
MATLAB subroutine fmincon we write another script file in
which the ‘fmincon’ command is used. It is given in Program
2.

The function ‘fmincon’ attempts to find a constrained
minimum of a scalar function of several variables starting at
an initial estimate. It is generally referred to as constrained
nonlinear optimization [15]. We use this to find the minimum
of our problem specified by,

A*x <b @)
With the command
x = fmincon('myfun’,x0,A,b)

Where A is linear constraint matrix and b is its corresponding
vector. X0 is the initial point for x, it can be a scalar, vector, or
matrix. The above mentioned command starts at x0 and
attempts to find a minimizer x of the function described in
myfun subject to the linear inequalities given in Equation 7.

Parameter = fopen('TF_parameters','a’)
A=[0-1-1];
b=0;
fori=1:2:21
forj=0.1:1:11
for k=0.1:1:11
X0=[i j K] ;
x= fmincon('myfun’,x0,A,b)

fprintf(Parameter,'%4.8f\t %4.8f\t %4.8f\t %4.8f\t ........
%4.8f\t %4.8f\n",i,j,k,x(1),x(2),x(3)) ;

end
end
end

fclose(Parameter) ;
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The above set of commands is also saved in the same folder
with file named ‘EO_TF_Parameters’. The first statement of
program-3.2 creates an excel file with the name
‘TF_parameters’. It used to save the values of vector x. From
the constraints defined in Equation 6 we obtain the vector A
as [0 -1 -1] and b as [0]. The statement with ‘fmincon’ passes
the function ‘myfun’ to its subroutine to find the values of
parameters which gives the minimum error in the measured
value and estimated value.

The estimated values of the parameters is also depends on the
initial guess values of it stored in vector defined by x0. To
find the estimated parameters values with various initial guess
values we used the ‘for’ loop as shown in second Program 2.
The statement “fprintf” writes the parameters values from the
vector ‘x’ in excel file ‘TF parameters'. Thus after running
the program file ‘EO_TF_Parameters’, the resulted values of
parameters are stored in the file ‘TF parameters’. When
opened it we observe that the parameters values are
maximally repeated for the various combinations for the
vector x0. In case of our measured values of PVC
temperature, the obtained values for different initial values
after executing the Program 2 are 14.225 for K, 10697.65 for
T and 2311.76 for the 7.
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Fig.4: Simulink model to check TF model of EO

The obtained value of the parameters is used in the proposed
TF model for the PVC temperature in EO. Then we create a
simulink model [16] as shown in figure 4 to compare the real
time measurement to the output result given by estimated TF
model. We apply the step up and step down signal of the same
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Fig.5: Comparison of Measured temperature and
temperature given by modeled TF for same input

magnitude as applied during real measurement to the input of
TF model. Then by observing and comparing the time
response graph of real measurements and output of proposed

TF, we hand tune the value of parameters to obtain optimum
output from the purposed TF model of PVC temperature in
EO. The optimum value for the parameters we achieved are
K=14.01, T=9000, t=2400 and the graph of comparison is
shown in figure 5. Thus the proposed TF model for the PVC
temperature in EO is given in Equation 8.

_ 1401 24005
G(S) = 90005+1 € ®)

The output time response of estimated TF given in Equation 8
and time response from the real measurement is shown in the
figure 5. From it we can say that the graph of measured PVC
temperature and the graph of PVC temperature given by
estimated TF model are mostly overlapped. So the estimated
TF model for the change in the PVC temperature in the EO is
adequate and it can be used to study the PVC temperature
controlling process.

4., CONCLUSION

In small scale PVC insulated wire manufacturing industries,
there is need to make raw PVC moisture-free before insert it
in the extruder and also control this moisture-free
temperature. For that purpose they use the Electric Oven with
tray arrangement to fill the PVC. So to control PVVC moisture-
free temperature we have to design a controller. The designing
of controller using real system of EO is uncomfortable and
time consuming. To bypass it we estimated a simple first
order plus dead time TF model for the moisture-free PVC
temperature placed in EO.

The real time behavior of PVC temperature placed in EO was
collected using a data logger system. Using the step-up
response of PVVC temperature we estimated a first order TF by
the process reaction curve method. Using the function
‘fmincon’ in MATLAB we estimated the TF parameters
value. To verify the estimated TF, a simulation model is
constructed using Simulink toolbox of MATLAB. Then by
observing the both responses we again tune it to achieve the
response closer to the real measurement. Finally the achieved
TF model shows the closely representation of the real PVC
temperature behavior in EO. This estimated TF can be used to
design and develop virtually any type of controller to control
the PVC temperature and then applied to real process. Thus
we saved the time and also the power required for iteratively
doing the real experiment during design of controller.

5. ACKNOWLEDGMENTS

The authors would like to thank the proprietor,
PRECISE CABELS, Shirgaon MIDC, Gokul Shirgaon,
Kolhapur, India for allowing us to observe the real process
carried out during wire coating and providing valuable
information related to it.

6. REFERENCES

[1] Leonard 1. Nass and Charles A. Heiberger.
“Encyclopedia of PVC,” Vol. 1: Resin. Manufacture and
Properties' 2nd Edition, Marcel Dekker Inc. (1982).

[2] PRECISE CABELS, Shirgaon MIDC, Gokul Shirgaon,
Kolhapur.

[3] Emine Dogru Bolat, 2007, “Implementation of Matlab-
SIMULINK Based Real Time Temperature Control for
Set Point Changes”, International Journal Of Circuits,
Systems and Signal Processing, Vol. 1, No.1, pp. 54-61.

[4] Rohit Ramachandran, S. Lakshminarayanan and G.P
Rangaiah, 2005, “Process Identification Using Open-

15



(5]

(6]

(7]

(8]

(9]

International Conference in Recent Trends in Information Technology and Computer Science (ICRTITCS - 2012)
Proceedings published in International Journal of Computer Applications® (IJCA) (0975 — 8887)

Loop and Closed-Loop Step Responses”, Journal of The
Institution of Engineers, Singapore, Vol. 45, No. 6.

Saida Bedoui, Majda Ltaief, Kamel Abderrahim, 2012,
“New Method for the Systematic Determination of the
Model’s Base of Time Varying Delay System”,
International Journal of Computer Applications, Vol. 46,
No.1, pp. 13-19.

Warren Scott Ferguson, 2001, “Optimal CLOSED-
LOOP Experiments FOR Accurate STEP RESPONSE
Model Identification”, a Thesis of University of
Toronto.

Tony Kealy, Aidan O’Dwyer, June 2002, “Closed Loop
Identification Of A First Order Plus Dead Time Process
Model Under PI Control”, Proceedings of the Irish
Signals and Systems Conference, University College,
Cork, pp. 9-14.

Un-Chul Moon and Kwang. Y. Lee, 2009, “Step-
Response Model Development for Dynamic Matrix
Control of a Drum-Type Boiler—Turbine System”, IEEE
Transactions on Energy Conversion, Vol. 24, No. 2, 423-
430.

Parasana Sankara Rao, Kiran Kumar Reddi, 2012,
“Performance Evaluation of Regression Techniques for
Effort Estimation”, International Journal of Computer
Applications, Vol. 52, No.6.

[10] O'Dwyer, Aidan, 2000, “Time delayed process model
parameter estimation: a classification of techniques”,
Proceedings of UKACC International Conference on
Control 2000, Cambridge, England, September 4-7.

[11] “Proces Control Laboratory Experimental Procedure and
Instructions for Preparing Lab-Report”, document
available at http://www.che.iitb.ac.in/courses/uglab/
cl431/controlcompre.pdf dated 03/12/2011.

[12] Mazidi M.A., Mazidi J.G., McKinlay R.D., “The 8051
Microcontroller and Embedded Systems” Pearson
Education India, 2007.

[13] Sunil S. Nirmale, Tukaram R. Kumbhar, R. R.
Mudholkar, 2011, “Fuzzy based Decision System for
Moisture-Free PVC Temperature”, International Journal
of Applied Engineering Research, Vol. 6, No.12, pp.
1543-1554.

[14] Larry D. Schroeder, David L. Sjoquist, Paula E. Stephan,
Understanding Regression Analysis: An Introductory
Guide, SAGE Publication, 1986.

[15] ‘fmincon’ help available at http://www.mathworks.in/
help/optim/ug/fmincon.html dated 05/12/2011.

[16] Mathworks Inc. MATLAB User Manual for MATLAB
and Simulink Toolbox.

16


http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Larry+D.+Schroeder%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22David+L.+Sjoquist%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Paula+E.+Stephan%22
http://www.mathworks.in/

