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ABSTRACT 
The temperature in the extrusion process is the important parameter which determines the stability and 

thereby the quality of the product. This literature study is aimed to review the various methods used in 

the extrusion process for the measurement and control of temperature. In this study the knowledge of 

the previous work is gained. The various results recognized in the study suggested the alternative 

technique to control the temperature in the extrusion process. This technique of using anti-windup 

compensator to controller gives better performance than the conventional controllers.  
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INTRODUCTION 
 
 The extrusion is a process in which the material is passed through series of stages to get the deformation by 
melting it first and later into a die to get the desired form. The different stages require different temperatures for 
operation and the operator find its challenging as even a slight change in temperature might change the quality 
of the product. Among all the extruders available, the single screw extruder is most preferred due to the 
reliability, operation simplicity, etc. shown in Fig.1In this study due to the availability in industry and the 
availability of process mechanism, we have chosen the single screw extruder as the process equipment and the 
temperature as the controlling parameter of importance.  
 

 
Fig. 1: Single screw extruder. 
 
II.Previous studies on Temperature control: 
 The initial work on this control of temperature started with Fontaine[1] in his research he developed the 
transfer function model and proposed a control strategy to remove certain instabilities in the process but 
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compromised on the quality of the product. Later Fingerle[2] suggested a modification in the design of the 
extruder with the PID controller though his work showed an improvement in temperature control, the change in 
design of the extruder was considered as the limitation. Dormeier[3] designed a PID control algorithm to control 
the melt temperature with three heating zones. It showed better performance than other analog controllers but 
failed to regulate high frequency disturbances. Hassan and parnaby [4] improved their system with adaptive 
control and developed a model reference steady state computer controller. The authors proved that the controller 
was able to sustain the temperature with small variations to the essential limits. Muhrer et al. [5] introduced a 
cascade (PI) control scheme to regulate the temperature by manipulating the barrel zone temperature. The 
controller has to be tuned for various operating condition to attain the proportional and integral gains of the 
controller.Germuska et al.[6] used the screw speed, die heater power and the mass flow rate thereby they 
developed an adaptive and multivariable control approach to control the melt pressure, temperature and 
extrudate thickness. The controller for controlling the temperature and pressure showed good performance but 
the extrudate thickness controller failed to perform well due to the noisy thickness measurements. Chan et al.[7] 
[8] and Nelson et al.[9] proposed Laplace transfer function model to give the dynamic response of an extrusion 
process. The above models assume isothermal processing conditions. Strauch et al. [10] presented data’s on the 
percentage energy consumption by different components of a 63.5mm diameter single screw extruder. They 
stated that the process heating as a backup function and the energy is majorly provided to the machine via the 
drive (or) the screw. Kochhar and paranaby[11] and paranaby et al.[12] used time series technique to model the 
extrusion process parameters. Thereby manipulating the screw speed and die restrictor valve setting the control 
scheme was proposed for temperature and pressure with flow rate. The output predicted by the model is nearer 
to the measured temperature. Taur et al.[13] introduced the Fuzzy PID temperature control for the extrusion 
process. He used If-then rules and triangular membership function which gives excellent control capabilities. 
Tasi and Lu [14] proposed a single loop fuzzy supervisory predictive PID controller for extruder barrel 
temperature control. Various experiments are conducted to know the controller setpoint tracking performance 
and the successful output is attained. Chi Huang Lu and Ching-Chih[15] Tsai Presented a Adaptive decoupling 
predictive temperature controller for the extrusion barrel in a plastic injection molding process which reduces 
the overshoots less than 3oC and all the steady state errors remained within ±0.5oC. This methodology is proved 
to be powerful under setpoint changes, load disturbances and parameter variations. Rosato et al.  [16] reported 
that the energy efficiency of the extrusion process depend upon the factors such as torque available on screw, 
screw rotational speed, heat control and material being processed. Though there is occurrence of energy loss 
about 3% to 20% it is majorly caused by drive system. Wu chungsu&Ching-Chih Tsai [17] implemented a 
discrete time variable structure control with three problems considering the i) choice of sliding surface, ii) 
computation of the surface variable and iii) self-tuning. They proposed a variable structure control which proved 
the improvement in the proposed methods effectiveness. Chi-Huang Lu &Ching-Chih Tsai [4] combined the 
adaptive and predictive control and proposed the adaptive decoupling predictive temperature process for 
extrusion process. They used the TMS320C31 digital signal processor for recursive least square estimation 
algorithm. Yusuf et al.[18] Proposed Fuzzy genetic algorithm in extruder barrel temperature control. The 
simulation output reveals that the controller gave much faster settling time without any overshoot.Ravi and 
Balakrishnan[19][20][21][22]used AI in controlling the temperature of the extruder. They compared the 
performance of PI controller with FLC based controller and concluded that the Fuzzy controller performs better 
with less overshoot. They also used Neurofuzzy control which gives good performance than Fuzzy and PID 
controllers.Ismail yusuf et al. [23] proposed a Fuzzylogic controller normally with manual membership 
functions and they also used genetic algorithm to find the accurate membership function for the system then 
applied them in Fuzzylogic controller. In which the overshoot is decreased from 1.2800 (FLC) to 1.0011 (FGA). 
Hence this proves the GA based FLC performance is better than normal FLC. Chamil Abeykoon et al. [24] used 
a thermocouple mesh technique to measure the die melt temperature profile of a single screw extruder. The 
model obtained can be used to predict optimum process setting to achieve the desired average die melt 
temperature. Thus the result gives a strong potential to reduce melt temperature variations by between 3.1% and 
60.9%.Heur and Verheijen [25] stated that the major energy consumers in the extrusion processes are the 
motors, heating units, cooling processes and compressors. They highly recommended the use of frequency 
controllers for energy saving purposes. Chamil Abeykoon et al. [26] proposed a system for monitoring the die 
melt temperature by using a thermocouple mesh technique leaving behind the point based measurement method. 
Then they generated data using thermocouple mesh technique that data is used to formulate a new nonlinear 
dynamic model to predict the die melt temperature profile in single screw extrusion process. In their work they 
showed that the screw speed is also one of the important parameter which affects the melt temperature. Seyed 
Kamaleddin Mousavi Mashadi et al.[27] designed the PID controller, Fuzzy controller and implemented it. He 
also estimated a linear equation from fuzzy equation using regression method then designed a controller by 
using Regression method which gives better performance than Fuzzy controllers. Manikiran and Ramesh[28] 
intended to reduce the settling time and undesirable overshoot in temperature control of the plastic extrusion 
system. Therefore they introduced Fuzzy-PID and ANN-PID controllers. It gives better performance than 
traditional methods .S.S. Nirmale et al. [29] proposed a temperature controller for controlling the electrical oven 
to remove the moisture from raw PVC materials in extrusion process. They compared the conventional PID 
controller with the Fuzzy PD + conventional I (FPD+I) controller. The FPD+I controller gives better 
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performance than PID controller with small overshoot, lower rise and settling time. It works good under 
disturbance and set point tracking. Chamil Abeykoon [30] Introduced a novel soft sensor to predict the Die melt 
temperature profile in polymer extrusion process. Then he compared results obtained from the experimental 
evaluation and the predicted output from novel soft sensor. The soft sensor includes two dynamic models they 
are melt temperature profile prediction(MTPP) and IR temperature prediction (IRTP). The predicted values 
gives good accuracy to the experimented values. But there is an occasional prediction error less than ±5oC were 
available. Chamil Abeykoon et al. [31] concerned about the process energy demand in polymer extrusion. They 
proposed a model which shows that the screw speed has the greatest influence on the total energy demand of the 
extruder. They also insisted that the optimum process operating point should be selected by considering both 
thermal and energy efficiencies. Though the model they introduced is good, the extruder total energy and other 
process parameters are highly complex he suggests to formulate new techniques to enable selection of an 
optimum operating point with the highest possible energy and thermal efficiencies. Chamil Abeykoon et al. [32] 
made a study to explore strategies for determining an optimum process operating point by optimizing both the 
extruder energy and thermal efficiency. They also stated that the process energy efficiency increases with screw 
speed. However process thermal fluctuations increase with screw speed and these variations depend on the 
screw geometry and the die radial position as well. Rajesh singh et al. [33] introduced a GA-PID controller for 
the room temperature control with size 10*10*10 cubic feet. In this system they used Atmega16 microcontroller 
for their convenient. This controller gives the energy saving upto 12.11% with lower settling time, less 
overshoot and lower cost when compared to conventional heaters. 
 
III. Proposed controllers: 
 A simple controllers widely used in industrial control is PI and PID controller. But the parameter selection 
for the KP, KI, KD gains is always a challenging work. Many tuning algorithms were developed, but still it is a 
most important twinge to select exact algorithm for designing PID gain values for the exact system for an exact 
process control. The Ziegler Nichols Tuning method is used to tune the PID controller by setting up the values 
of 
 
Table 1: Tuning parameters. 

VALUES PI CONTROLLER PID CONTROLLER 
Kp 3.0375 4.05 
Ki 0.049430431 0.109830508 
Kd 0 37.3359375 

 

 
 
Fig. 2: System block diagram without compensator for simulation. 
 
Table 2: Comparison of various parameters. 

CONTROLLER ISE ITSE IAE ITAE 
PI controller 29.15 763.8 55.36 3872 

PID controller 28.3 600.3 50.58 2096 
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 The addition of anti-windup compensators will reduce the overshoots caused by the integral part of the 
controller section. An anti-windup [34] compensator consists of a nominal controller appended with anti-windup 
compensation. An important property of anti-windup compensation is that it leaves the loop unaffected as long 
as saturation does not occur. Consequently, the control action provided by the anti-windup compensator is 
identical to that of the nominal controller, as long as the control signals operate within the saturation limits. 
Anti-windup was originally used for preventing the integrator state in PID controllers from growing large and 
cause overshoots and limit cycles. Anti-windup compensation is the simplest and most commonly used 
modification of a linear controller, aiming at retaining stability and most of the performance in such a system. 

 
 
Fig. 3: System block diagram with compensator for simulation. 
 
Table 3: Comparison of various parameters. 

CONTROLLER ISE ITSE IAE ITAE 
PI controller with compensator 9 49.5 9 49.5 

PID controller with compensator 7 46.3 7 46.3 

 
RESULTS AND DISCUSSION 

 
 The various simulation results for the above controller block diagrams are provided here. These results 
show that the addition of anti-windup compensator to the system gives better performance by reducing the 
overshoots caused by the conventional controllers. 
 

 
 
Fig. 3: Simulation result. 
 
V. Conclusion: 
 This work provides a review of previous attempts made in extrusion process temperature controllers to 
understand the actual thermal behavior of the melt flow while evaluating controller performance. A number of 
techniques have been used in extrusion process. Experimental evaluation shows that various controllers have 
some performance drawback this can be overcome by the addition of anti-windup compensators which reduces 
the overshoots caused by the integral part of the controller section. An anti-windup [34] compensator consists of 
a nominal controller appended with anti-windup compensation. The reason behind using anti-windup 
compensation is that it leaves the loop unaffected as long as saturation does not occur. To prevent the integrator 
state from growing large and cause overshoots and limit cycles we have opted for anti-windup compensation. 
Hence the usage of anti-windup compensator will improve the performance of the controller system. The 
response curves shows that the controllers with compensator give better performance than the controllers 
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without compensator. There is no overshoot occurrence in compensated controllers. There is no oscillation in 
the system response 
 

REFERENCES 
 
1. Fingerle, D., 1978. Autogenic melt temperature control system for plastic extrusion. Journal of Elastomers 

and Plastics, 10(4): 293-310. 
2. Dormeier, S., 1979. Digital temperature control–a way to improve the extrusion process. SPE ANTEC Tech. 

Papers, 25: 216-19. 
3. Hassan, G.A., J. Parnaby, 1981. Model reference optimal steady‐state adaptive computer control of plastics 

extrusion processes. Polymer Engineering & Science, 21(5): 276-284. 
4. Abeykoon, C., 2014. A novel model-based controller for polymer extrusion.Fuzzy Systems, IEEE 

Transactions on, 22(6): 1413-1430. 
5. Lamb, J.W., 1996. Miscellaneous data on materials for millimetre and submillimetre optics. International 

Journal of Infrared and Millimeter Waves,17(12): 1997-2034. 
6. Chan, D., L.J. Lee, 1984. Dynamic modelling of a single screw plasticating extruder. SPE ANTEC Tech. 

Papers, 30- 77. 
7. Chan, D., R.W. Nelson, L.J. Lee, 1986. Dynamic behavior of a single screw plasticating extruder part II: 

Dynamic modeling. Polymer Engineering & Science, 26(2): 152-161. 
8. Strauch, T., F. Gliese, G. Menges, 1985. Energy usage and conservation in extrusion plants. Proceedings of 

polymer extrusion III, London, England, 2-1. 
9. Kochhar, A.K., J. Parnaby, 1977. Dynamical modelling and control of plastics extrusion 

processes. Automatica, 13(2): 177-183. 
10. Parnaby, J., A.K. Kochhar, B. Wood, 1975. Development of computer control strategies for plastic 

extruders. Polymer Engineering & Science, 15(8): 594-605. 
11. Taur, J.S., C.W. Tao, C.C. Tsai, 1995. Temperature control of a plastic extrusion barrel using PID fuzzy 

controllers. In Industrial Automation and Control: Emerging Technologies, International IEEE/IAS 
Conference on (pp: 370-375). IEEE. 

12. Tsai, C.C., C.H. Lu, 1998. Fuzzy supervisory predictive PID control of a plastics extruder barrel. Journal of 
the Chinese Institute of Engineers, 21(5): 619-624. 

13. Lu, C.H., C.C. Tsai, 2001. Adaptive decoupling predictive temperature control for an extrusion barrel in a 
plastic injection molding process.Industrial Electronics, IEEE Transactions on, 48(5): 968-975. 

14. Rosato, D.V., N.R. Schott, Rosato, M.G. (Eds.), 2001. Plastics Institute of America Plastics Engineering, 
Manufacturing & Data Handbook. Springer Science & Business Media. 

15. Su, W.C., C.C. Tsai, 2001. Discrete-time VSS temperature control for a plastic extrusion process with water 
cooling systems. Control Systems Technology, IEEE Transactions on, 9(4): 618-623. 

16. Yusuf, I., N. Iksan, N.S. Herman, 2010. Weight-feeder control for plastic extruder using fuzzy Genetic 
Algorithms. In Computer and Automation Engineering (ICCAE), 2010 The 2nd International Conference 
on, 3: 145-149. IEEE. 

17. Ravi, S., P.A. Balakrishnan, 2010. Temperature Response Control of Plastic Extrusion Plant using 
Matlab/Simulink. International J. of Recent Trends in Engineering and Technology, 3(4). 

18. Ravi, S., M. Sudha, P.A. Balakrishnan, 2011. Design of intelligent self-tuning GA ANFIS temperature 
controller for plastic extrusion system.Modelling and Simulation in Engineering, 12. 

19. Ravi, S., P.A. Balakrishnan, 2010. Modelling and control of an anfis temperature controller for plastic 
extrusion process. In Communication Control and Computing Technologies (ICCCCT), IEEE International 
Conference on (pp: 314-320). IEEE. 

20. Ravi, S., P.A. Balakrishnan, C.N. Marimuthu, C. Sujitha, 2014. Design of Synthetic Optimizing Neuro 
Fuzzy Temperature Controller for Twin Screw Profile Plastic Extruder Using Labview. Intelligent 
Automation & Soft Computing, 20(1): 92-100. 

21. Yusuf, I., N. Iksan, Suryana N.A. Herman, 2010. Temperature Control for Plastic Extruder Used Fuzzy 
Genetic Algorithms. In Proceedings of the International MultiConference of Engineers and Computer 
scientists, 2. 

22. Heur, R.V., M. Verheijen, Power quality & utilization guide: Plastics industry-energy efficiency. 
23. Abeykoon, C., P.J.M artin, K. Li, A.L. Kelly, 2014. Dynamic modelling of die melt temperature profile in 

polymer extrusion: Effects of process settings, screw geometry and material. Applied Mathematical 
Modelling, 38(4): 1224-1236. 

24. Mashhadi, S.K.M., M.Z. Savzevar, J.G.D. Yekan, 2013. Simulation of Temperature Controller for an 
Injection Mould Machine using Fuzzy Logic.Journal of mathematics and computer Science, 7(1): 33-42. 

25. Nirmale, S.S., T.R. Kumbhar, A.S. Athanikar, R.R. Mudholkar, 2014. Comparative Study of PID and FPD+ 
I Controller of PVC Moisture-Free Temperature. 



70                M. Thirumarimurugan et al, 2016/ Journal of Applied Sciences Research. 12(3) March 2016, Pages: 65-70 

  

26. Abeykoon, C., 2014. A novel soft sensor for real-time monitoring of the die melt temperature profile in 
polymer extrusion. Industrial Electronics, IEEE Transactions on, 61(12): 7113-7123. 

27. Abeykoon, C., A.L. Kelly, E.C. Brown, J. Vera-Sorroche, P.D. Coates, E. Harkin-Jones, M. Price, 2014. 
Investigation of the process energy demand in polymer extrusion: A brief review and an experimental 
study.Applied Energy, 136: 726-737. 

28. Abeykoon, C., A.L. Kelly, J. Vera-Sorroche, E.C. Brown, P.D. Coates, J. Deng, M. Price, 2014. Process 
efficiency in polymer extrusion: Correlation between the energy demand and melt thermal stability. Applied 
Energy, 135: 560-571. 

29. Singh, R., P. Kuchhal, S. Choudhury, A. Gehlot, 2015. Implementation and evaluation of heating system 
using PID with genetic algorithm. Indian Journal of Science and Technology, 8(5): 413-418. 

30. Öhr, J., 2003. Anti-windup and Control of Systems with Multiple Input Saturations: Tools, Solutions and 
Case Studies. 


