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Abstract—n order to facilitate the teaching of industrial
processes and experiments on the twin-screw extrude
control debugging, and be closer to the actual tasg, to
reduce the debugging costs and the risk of debuggin
process, the paper designs a hardware-in-loop sinmatlon of
twin-screw extruder experiment system which is cles to
scene, low cost and high safety. The system throughe
establishment of twin-screw extruder’s mathematicamodel
on computer to simulate the realistic system and #re is
hardware practicality in the computer simulation loop. The
hardware based on C8051F020 can operate in the
simulation loop in real time. In computer softwaredesign,
we desigh man-machine interface that is intuitive @d easy
to operate, can reflect twin-screw extruder main opration
information vividly. Finally, twin- screw extruder’ s 3 heater
temperature mathematical model and PID incremental
control algorithm are presented.
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1 System Overview

Twin-screw extruders is one of the major
mechanical equipment in food processing industry, i
assemble it to the laboratory for experiment, thieep
is high, and there is hidden threat against saftiign

debugging of the equipment. The hardware-in-loopsignal,

simulation technolody is the application of
engineering simulation technology which is used/ver

control information to PC and receives PC'’s curren
state information; controller operats control aitfon

to control the virtual twin-screw extruder. System
principle is shown in Fig. 1.

In Fig. 1, the twin-screw extruder controller
operates control algorithm and output control signa
as: system on/off signal, automatic/manual signal,
lubrication pump run/stop signal, injection valve
on/off signal, cooling pumpl2. 3 run/stop signal,
main motor run/stop signal, main motor speedup
signal, main motor deceleration signal,feed motor
run/stop signal, feed motor speedup signal , feed
motor deceleration signalyt motor run/stop

The Host Compute

=

RS-232

]

RS-232/RS-485
Convertor

A"} Closed Loop Communication Cable

U

U

Virtual Controlling quantity Twin-screw
Twin-screw Extruder
Extruder Controller

I
Figure.1 Twin-screw extruder hardware-in-the-loop
simulation system diagram
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cut motor speedup signal, cut motor
deceleration signal, heaterl2. 3 run/stop signal,
urgent stop signal,and heater2. 3 temperature

wide. It is a computer simulation loop access somecontrolled quantity. Virtual twin-screw extruder

kind of hardware. In this paper, a set of twin-scre
extruder system is designed based on

thecontrol

accepts signals from controller and responds to the
signals, operates related simulation

hardware-in-loop simulation technology,this system g|gorithm,gives 3 motor speed output and 3 heater

has two pieces of hardware circuit platferoomputer
and relative softwares. This study is to establish
twin-screw extruder's mathematical model on
computer, in terms of its strong operation abiliyn
simulation algorithm, choose C8051F020 S&Ms
the core of hardware circuit platform (lower conmgiit
and computer (PC), theyonnect through serial

temperature sensor output. PC provides interface to
show, set, modify parameters of twin-screw extruder
and reflect twin-screw extruder working conditioh o
animation and various pictures. Twin-screw extruder
hardware-in-loop simulation system real product
picture as shown in Fig. 2

communication, the lower computer sends the current
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computer’'s software used the compiler environment
IDE, Keil c.The communication flow chart is shown
in Fig. 4. Communication between KingView and VB
through the DDE to achieve, VB and the C8051F020
MCU through serial interface to communicate.

Analoginput channel — ——>| K—>  RS485 communication
Analog output channel ~ [<—— K— Clock cireuit
9]
=
-
Switchinput channel > e <—— External reference voltage
B
z
- Switch output channel ~ [<—— c} —>  ACoutput channel
Figure 2 Twin-screw extruder hardware-in-the-loop
simulation system real product picture
Keyboardand LCD [ ——> DC output channel
2 Design and Realization of the
Cotnparator circuit I F——  External oscillator
System i

. Figure 3 The structure of hardware platform
2.1 Design of Hardware Platform g P

Hardware platform of the system is based on DDE Seral
Cygnal's SOC single chip, and choose C8051F020 as | Kingyiew # ¥ VB Program (¢ ¥ (8051F020 MCU
the core. This platform consists of several pads a Communicition

following: switch input and output channels can be
used to simulate actual twin-screw extruder 200mstt
or states switch quantity signals; analog input 1) Kingview software programming
channels are used to simulate twin-screw extruder's  Configuration software, also called monitoring
three temperature sensors on the heaters, which cabnfiguration software (SCADA, Supervisory Control
acquire temperature of the target; analog outputand Data Acquisiton Data Acquisition and
channels are used to simulate controller exportingmonitoring Control), refers to some special sofvar
amount of voltage control to the 3 heaters; keyhoar of Data Acquisition and Control, which is a softevar
and LCD part are used to set and display the vaflue platform and development environment that is of the
a given heater temperature, the value of a givetoimo primary monitoring layer in the automatic control
speed, automatic/manual work state and other system. SCADA is a general level of software
parameters; RS485 communication interface fortool using flexible configuration mode, providing
single-chip part playing the role of communications ysers rapid construction industrial automatic aantr
between PC and lower computer. In order to make thgystem with monitoring function. Choose 6.5.1
platform with the versatility also designs AC/DC Kingview to develop man-machine interface, the
output driver channel, storage, clock, comparata a interface consists of curves, forms and animati t
outside oscillator circuits, etc. The system hamwa response the function state of the real equiprant
platform structure is shown in Fig. 3. and reaction equipment operation status of
2.2 Software Design animation,@hey are: the operating parameters st an
the operation of the screen, machine running screen
The characteristics of the experimental systemreal-time curve of heater temperature, history ewf
mainly concentrated in the software, including heater temperature, real-time curve of the pressure
mathematical model of virtual twin-screw extruder, history curve of the pressure, real-time curves of
system communications, a lively man-machine motor speed, history curves of motor speed, alarm
interface, control procedures,control algorithm.eTh screen. When the monitoring system runs, the variou
software of the system as follows:make use ofscreen images can make use of the corresponding
Kingview 6.5.8 to develop man-machine monitorial button in the switch under the touchview. Virtual
interface;found communications between PC and the&win-screw extruder running animation as shown in
lower computer through the VB programming, the Fig. 5.
lower computers’ data processing and display are on
PC through the VB programming, too;the lower

Figure 4  Flow chart of system communication
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2)VB program . 3 Heater Temprature Model .
Because of characteristics of the visual

programming VB!, we can use it to rehabilitate CONtrol and Simulation
various parameters from controller on CRT, such as
the main motor speed settings, 3.1 Mathematical Temperature Model of the
Opration Picture Heater
Regard the twin-screw extruder heaters as the
inertia ratio tache[5], the transfer matrix is

Gu(s) Gp(9) Giu(9)

] G(s) = Gu(8) Gpi(s) Gu(9) (1)
: GSl(S) GSZ(S) GSS(S)
= In (1), G;(9) LTS 3, j=1. 2. 3,
< @' Q = [ b= [lnln T;S+1
@ Ry L | o g i @ is the ratio of coefﬁciemtTij is the inertial time

L

| | | = | | | =
ter Setting and 0 Report | _Hlam | History Temp_Reabtime T:mpi History Speed | 3eal-ime Spee listory Pressur | alime Prt5su§767®nstant, Gll ( S) , Gzz (S) , G33 ( S) are respecnvely

Figure 5 Virtual twin-screw extruder running animation the transfer function of the heatetieater2 heater3,

feed motor speed settings, cutting motor speedGiJ (s) (i 7 j) is heater i of heater j coupling transfer

settings, heaterlheater 2 heater 3 temperature set function. Taking the symmetry into
value, the proportional gain, integral time constan G, (s) =G, (s)

derivative time constant, the current measuredaccount: I _

temperature of heater.lheater 2. heater 3, the Using the bilinear transformation[6] ,get heater 1,

current measured speed value of main motor, the?: 3 in Z domain output columns below

current measured speed value of feed motor, theY,(Z) G,(Z) GL(Z) GaL(2)|U,.(2)

current measured value of cutting motor, samplin _

Seriod, and so on. ? PO, (2) |2 6u(2) G,(2) G(2)|V,@)| @
3)The lower computer program Y3(Z2) | |Gu(Z2) Gi(2) Gyi(Z)]|Us(2)
Twin-screw extruder controller has two work U

mode: manual mode and automatic mode. Manualn (2), U.(2) . U2(2) . 2(2) respectively

work mode, the functions :isthe lubrication pump represent to the control volume of output from the

start / stop, the heater start / stop, the motant gt Y, (2) Y,(2) Y:(2)

stop. accelerate decelerate, cooling pump start / stop, tgmlperature cotnrt]rollter, 11 h\ tz 2,‘ hs ¢ respe;:t

injection valve on / off, need to switch the keylzba -Ively represent heaterl’s, heater 2's, heatepsut.

by pressing the corresponding key to achieve. Th(ﬁ'ght after ,f'n'Sh 'domg Z _nverse
shortcomings of the manual mode is that can transform ,heaterlsheater 2’s heater 3's difference
not control in closed--loop, and it belongs to the Y, (k) Y, (k) Ys(k)
open- -loop control, unless it was interfered bgpie, ’ ’
or else some of the implementing agencies will notdomain is available. Among them\,(l(k) . Y2 (K) N
change the state of their old campaign.While in they ) _
automatic work mode, the controller of acquires > ~ respectively represent heaterl'beater 2's
real-time state information of the implementation heater 3's value of the temperature output at kdim
agencies, through the port output correspondingg$ig 3 5 pyeater Temperature Control Algorithm
to controlled-object, all the work is automatically
finished, without manual intervention Virtual twin-screw extruder heater .12. 3
Controlled-object is a virtual twin-screw extruder, temperature control algorithm are same .Heatertd is
including one lubrication pump, three heaters, éhre be described as an example.
motors, one cooling pump, one injection valve, etc. When the heater start/stop flag for the 1, running
Note. It needs to receive the control signal fromheaterl temperature control algorithm, or, the rmbnt
controller output before running the campaign ef it volume of heater 1 is set to 0.
own model program Heaterl temperature control algorithm use PID
control algorithm. PID control algorithm has such
advantages: the principle simple, easy to achirue,
static error, etc, can meet the needs of majofity o

equation formula in the time
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industrial processes. After years of developmemt an 4  Conclusion and Qutlook
application, development from analogue controlter t

digital controller, performance improved constantly In this paper, in virtue of hardware-in-loop

Digital incremental PID control algoritifh as — gimylation technology, we design a set of twin-gcre
follows: extruder experiment system. The physical partfisf t
AR =Kl ]-ek-D+KeR+KJeR-Hk-D+ek-2] system are C8051F020 SCM hardware circuit
(3) plattorm and a computer. The software parts are
K, h ional tKI . configuration software, Windows advanced VB and C
In (3), s the proportional constant,”! Is language. Then three heater temperature coupling
the integral time constant Ko is the differential ime ~ model and temperature control algorithm are stydied

- - . through actual debugging, simulation and control
constant, HK). &k =D&k =2) 5 respectively  effect are good ,can achieve actual twin-screw
different values of bias at all times, and there extruder experimental simulation.The experimental

e(k) =T, —t(k) @) system with high simulation quality of actual
twin-screw extruder, low cost and good security
In the formula Tsetis heaterl temperature setting, features, very suitable for electronic technologyl a

t(k); computer control technology of experimental
is heater 1 temperature measured value for the keaching.
moment.
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