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TEMPERATURE CONTROLLER / MELAMINE PRODUCTS / EXTRUSION-

MACHINE / MATHEMATICAL MODEL / PID CONTROLLERS

Nowaday, the melamine is one of the popular utensils which is beautiful and
durable, so that Srithai Superware Public Company Limited want to increase
the efficiency and reduce the production cost. The extrusion process of melamine
is significant and consume large amount of electricity because it is necessary
to maintain the mold temperature at 150-170°C. The mold control process is divided
into 2 phases: the first phase, it takes about 2 hours for heating the mold
from a temperature of 25°C to 150°C before entering to the extrusion process,
the second phase is to maintain the mold temperature at 150-170°C
that depends on the characteristics of the utensils to be molded. Srithai Superware
Public Company Limited has 300 extrusion-machines that have been used more than
40 years. The temperature of extrusion machines are maintain by PID controllers,
the feedback temperature is measured at the mold plate (T2), resulting
in  overshooting temperature response. Therefore, this research presents

the design of the PID temperature controller for the melamine extrusion process.



The mathematical model is established through the method of system identification.
The temperature responses show the effectiveness of the temperature control that

meets the company requirements.
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HAAIAIANNTN (3.3)

Qo = hAAT = LAT (3.3)
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323 AANUAIUNIUANINTDY (Thermal Resistance)
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2 E = _QcondZ - Qconv2 n QcondS 7l QdistZ (3.9)

[} 1 Y U d' % Y v d’
FATIMINENANUTOUTEN I THUN 2 AU 1 92 1AaauIn (3.10)

Tz _Tl
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12 Idaumsaiugui (3.13)

C dT,

3 E = _Qconda‘ - Qconv3 - Qdist3 (3.13)

[ 1 9 J d' @ Y o d'
f]i?”lﬁfﬂiiﬂEJWIﬂ’NiJi’é]Hi%‘H’JNI“]iuTI 3012 ﬂgllﬂﬂﬂﬁllﬂ”li‘ﬂ (3.14)

T,-T,
Qcond3 = R (3'14)
cond 3
8ATIMIMeMANNSoUgNIeUNIUDMIMIANLSOUAIANMSTN (3.15)
T,-T,
—_3 air
QconvS - R (3.15)
conv3
4 1A -4
Tan  C, fe  anwganuienveuninui (J/°C)
Qungs 19 BATIMITIEMANNTOUIEHIN Touh 3 i 2 (W)
Rows A0 AIANUAMMIUANNToUTZH I Tsun 3 Ad 2 (W /°C)
Quns 19 8A5IMITIBMANNTOUIEH I Iyui 3 A Fuadewn (W)
Rows A2 AIANUAIUNINAINTOUTZHI Twun 3 1 daaaden (W /°C)
A o ' Yy A =
Qigs A0 BaNIMImemanuioungnsunIuvedlaun 3 (W)

NANMITN (3.7) 1ag (3.8) unua luanmsn (3.6) a2 ldaaaumsn (3.16)

dT T,-T
Cld_tl: I°RN —(F;—Z)—Qdm (3.16)

cond 2
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NAUMIN (3.10), (3.11) az (3.12) unum luaumsn (3.9) v ldasaumsn 3.17)

dT, __ (Tz _Tl) _ (Tz _Tair) _ (Tz _Ts) .
C2 dt - R R R Qdistz (3'17)

cond 2 conv2 cond 3

NNAUMIN (3.14) 1az (3.15) unum luaumsin (3.13) 3 laaaaumsh (3.18)

dT T,-T T _Tair
C, dt3 :_(Fz 2)_( ; )_Qdists (3.18)

cond 3 conv3

MNNAUMIN (3.16), (3.17) uaz (3.18) ansntagdaums Ideg lumeumsulasunilag

' ]
aA o ' Y v
QuUUNNA WIS T, T, nay T, laasl

. T,-T
C.T,=1°RN —M—Qdistl (3.19)
cond 2
. (T,-T) (T,-T,) (T,-T
C2T2:_(|I\i 1)_( ; )_(F\z’ 3)_Qdistz (3'20)

cond 2 conv2 cond 3

. T.-T,) (T.-T.
C3T3=—(Fz 2)—(; a”)—Qdistg (3.21)

cond 3 conv3

3.3 nuudiaeeimilsaan (State Variable Models)

'
o v v =1

o [ = @ I 4 = dy
LL‘U‘Umamm’Juﬂiﬁl,@@mgﬂaﬂym$Lﬂuﬁum‘§m§wuﬁﬁmmauﬂuw‘LNGINL@E}
a1 o a J o v @ [

UszTeminemsmuirmualsnouiunes dinsuainils xt) nuudalsifealigdunuds

qunsn (3.22)

% X(t) = ax(t) +bu(t) (3.22)
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Tupsainanedulsannsauaasaumsaaa (State Equation) laadaumsa (3.23)

d
—Xx= Ax+Bu (3.23)
dt
Tash X Ao alsamauedss UL
u Ao duwAveITZUY

g‘/ 4 . (Y = =1 [} d‘
FINNIAUMTIOIANA (Output Equation) t1Uam)5Renlgiunuasaumsi (3.24)
y(t) = cx(t) + du(t) (3.24)
lunsaivanegauilsansameunand Aaunsn (3.25)

y=Cx+Du (3.25)

° @ A Jd Y a J A
suudiaesdsaaanauysarzliznoudledunaLaz 1A NA N NIZ TN
9
Ao a 4 o o a J
Tuamdtetl ladnsigdvnudiaes Tasmvualnounavesszuudeainszud i wag
o A a 1 A [ 9
wIaRvesszUUAeguMnilumaaz Tau vinaunsh (3.19), (3.20) uag (3.21) aunsndald

oglusivosaumsana lddsaumsi (3.26) wazaumaerAnadsdunsn (3.27)
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0 - +
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1 Q 1 0 0] Qusu
+ R Tair +#0(-10 10 Qdistz
conv2
1 0 001 QdistS
L RconvS a
10 0][T,
y=0 1 0| |T,
00 1||T,

NANMIN (3.26) AuNIounualsegnaiielagaaumsn (3.28)

CT, | [-a a o m] [o Q
CT,|=| a —(a+b+c) c T,|+|b|T, +| O
C.T, 0 c —(c+d) || T, d 0
1 0 0] Qusu
-0 1 0| Q>
0 0 1]|Q,
Taoh  a Ao 1
Rcond2
b Ao 1
Rconv2
c Ao 1
Rcond3
d Ao 1

RCOI’]V3
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(3.26)

(3.27)

(3.28)
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These Program is used to Open-loop Idenification for Melamine Products
in Extrusion machine

Program with Narongsak Seekaew

Write on Matlab

November 2014

***************************Start Program********************************

%0bjective Function

function f=iden2(X)
cle

clear all

%Initial temperature zone

t1(1)=30;
t2(1)=30;

t3(1)=28.8;

%Load data output and input

load T3

load I

% Initial set zero

sum_error1=0;
sum_error2=0;

sum_error3=0;

%Parameter constant set

h=1;
N=3;
ta=32;

R=50;
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%Numerical model of Melamine Products in Extrusion machine
for i=1:1:5400
K11=(-t11)y*(X(1)/(X(2)*¥1000))) + (122()*(X(1)/(X(2)*1000))) +
(I()A2*R¥N/AX(2)*1000))-(X(5));
k12=(t1()*(X(1)/(X(4)*1000))) - (2()*(X()+X(3)+
X(7))/(X(4)*1000))) H(t3(1)*(X(7)/(X(4)*1000)))+ (ta*((X(3))/(X(4)*1000))) -(X(6));
k13=(2()*(X(7)/(X(10)*1000))) - (3()*((X(7)
+X(8))/(X(10)*1000))) + (ta*((X(8))/(X(10)*1000)))-(X(9));
y11=t1(i)+k11%h;
y12=t2(i)+k12%h;
y13=t3(i)+k13%h;
K21=(-y 1 1*(X(1)/(X(2)*1000)))+Hy 12*(X(1)/(X(2)*1000)))+
(1) 2*R¥N/AX(2)*1000))-(X(5));
K22=(y 1 1*(X(1)/(X(4)*1000))) - (y 12*((X(1)+X(3)+
X(7))/(X(4)*1000))) +(y13*(X(7)/(X(4)*1000)))+ (ta*((X(3))/(X(4)*1000)))-(X(6));
k23=(y 12*(X(7)/(X(10)¥1000))) - (y 13*((X(7)+
X(8))/(X(10)*1000))) + (ta*((X(8))/(X(10)*1000)))-(X(9));
SRR R QR 6k
%Error of model
t1(i+1)=t1()+h*(0.5*k11+0.5*k21);
2(i+1)=t2()+h*(0.5*k12+0.5*k22);
£3(i+1)=t3()+h*(0.5*k13+0.5*k23);
sum_error2=sum_error2-Ht3(1)-T3(1))"2;
end
sum_error=sum_error2;
%Fitness function of GA
f=sqrt(sum_error/5401);

return
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1. INTRODUCTION

The RAPCON platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. It is fully integrated into Matlab/Simulink
and has a broad range of inputs and outputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The RAPCON platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the RAPCON platform has 8 x 12 bit analog inputs, 2 X 16 bit
capture inputs, 2 X 16 bit encoder inputs, 1 X 8 bit digital input, 2 X 12 bit analog outputs, 2 X 16 bit
frequency outputs, 2 X 16 bit pulse outputs and 1 x 8 bit digital output. The board also contains 2 H-bridges
with 5 A capability to drive external heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
software of the RAPCON platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block, Digital Output Block and Pulse Output Block. The platform
achieves real-time operation with sampling rates up to 15.2 kHz.

The RAPCON platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated into Matlab to
achieve real-time operation in Matlab under Windows. The salient features of the RAPCON platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

o Power supply: 6 — 15 V, minimum 0.15 A, regulated

o Interface: 460800 baud, 8 bit data, no parity, 1 stop bit

e Analog inputs: AO-A7, 0 — 5 V analog, 12 bit resolution
o Capture inputs: C0-C1, 0 — 5 V digital, 16 bit resolution
« Digital inputs: D0_d0-D0_-d7, 0 — 5 V digital, 8 lines

o Encoder inputs: EO-E1, 0 — 5 V digital, 16 bit resolution

o Frequency outputs: FO-F1, 0 — 5 V digital, 16 bit resolution
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¢ Analog outputs: BO-B1, 0 — 5 V analog, 12 bit resolution

 Digital outputs: G0_g0—-G0_g7, 0 — 5 V digital, 8 lines

o Pulse outputs: HO-H1, 0 — 5 V digital, 16 bit resolution

o Filtered pulse outputs: LO-L1, 0 — 5 V analog

o H-bridge outputs: P0—P1, 0—(supply voltage) V digital, 5 A

« Voltage regulator output: VDD, 5 V, 0.25 A, regulated power supply
e Ground: GND, 0 V

o Sampling rate: up to 15.2 kHz

1.2. Requirements

o PC with Windows XP or later and an expansion slot for a serial card

o Serial crossover (null modem) cable

e Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target
o RAPCON hardware (real-time control board) 1.5 or later

e RAPCON software 1.5 or later

o Power supply (regulated, 6 — 15 V and at least 0.15 A without any load)

1.3. Absolute Maximum Ratings

« Power supply voltage: minimum 3 V, maximum 16 V

« Each analog, digital, capture and encoder input: minimum —0.3 V, maximum +5.3 V

« Each analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

« Each filtered pulse output: minimum —25 mA, maximum +25 mA

« Each H-bridge output: minimum —5 A, maximum +5 A

« Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
minimum —200 mA, maximum +200 mA

o Voltage regulator output: maximum 0.5 A (total)

o Operating ambient temperature: minimum 10 °C, maximum 50 °C
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2. HARDWARE

The real-time control board is based on a dsPIC30F2012 digital signal controller. It has a total number
of 8 X 16 bit inputs and 8 X 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The board is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridges with 5 A drive capability are included on
the board to drive external actuators or loads. The functional block diagram of the board is shown in
Figure 1, where AO—A7 are the analog inputs, BO-B1 are the analog outputs, CO-C1 are the capture
inputs, DO_d0-D0_d7 are the digital inputs, EO-E1 are the encoder inputs, FO-F1 are the frequency
outputs, G0_g0-G0_g7 are the digital outputs and HO-H1 are the pulse outputs; ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the input-
capture module, OCM represents the output-compare module, DIP represents the digital-input port, DOP
represents the digital-output port, QEM represents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs are the lowpass filters with outputs LO-L1 and HBs are the H-bridges
with outputs PO-P1; and pC is the central microcontroller, UART is the universal-asynchronous-receiver-

transmitter unit and PC is the host computer.

PC
A0 UART
: | ADC oy B0
— G|
Co — — FO
a1 ICM _I_, _I-’ OCM | Fi
nC
s - G0_g0
020 : | pIp Yy L por : ,
DO_d7 —| J‘ ‘l‘ —> G0.g7
E) — i
= QEM PWM [~ HI

Figure 1. Functional block diagram of the board.

The layout of the board is shown in Figure 2. The inputs and outputs are connected to the board
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience. Access to the on-board 5 V, 0.25 A voltage regulator output is also provided for

external light power supply requirements.
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Abstract

Nowadays, the melamine is one of the most thermosetting plastic used for tableware such as
plate, dishes and cup efc., because of the excellent hardness and high thermal resistance properties.
In the manufacturing process, melamine is compressed and heated to form into the desire shape that the
temperature control of compression mold is required. The temperature control system of mold in Srithai
Superware Public Company Limited (Thailand) has the close loop control system with PID controller.
It has overshoot in the temperature response. Therefore, this paper presented the mathematical model of
heat transfer in melamine extrusion machine using adaptive system and design PI controller for control
the mold temperature.
Keywords: Adaptive system, Mathematical models of melamine container in extrusion machine,

System Identification
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e=T-T (22)
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) a = wet
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