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ABSTRACT

The plastic parts having complex three dimensional structures are produced by Plastic injection molding system. The
quality of the product is determined by controlling the temperature of the mold cavity. The mold cavity temperature control
with the conventional ON/OFF, PI, and PID controllers have several disadvantages. This paper proposes the method to
reduce settling time and undershoot in cavity temperature control with selected evolutionary algorithms. The controller
parameters are optimized with Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) Algorithm for PID and I-PD
controllers by considering Mean Square Error (MSE) as fithess function. Compared to conventional methods the
parameter optimization using soft computing methods such as GA and PSO improves the performance indices of PID and
I-PD controllers.
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1. INTRODUCTION

In the modern era, many engineering applications use polymeric materials due to its advantages and properties viz.
hardness, tensile strength. The Plastic Injection Molding (PIM) system produces plastic products with desired shape and
size. The quality of the final product of the PIM system created interest in researchers to focus on cavity temperature
control. The melt temperature plays a vital role and the change in melt temperature during molding should be as small as
possible. Since, the load changes will lead to deformation of size, color, shape, dimensions, and quality of the product [1-
2], the melt temperature has to be controlled by proper design of controllers.

The conventional ON/OFF control has its own disadvantage like weak control and chattering. The chattering leads to the
undesired shape of the product and the heaters will wear out. The control of mold cavity temperature with Proportional
Integral (PI) controller results in an efficient cooling for the Injection molding system [2-3]. Pl and PID controllers are
predominantly used in all Industrial control applications [4]. But the PID controller has the drawback of proportional kick,
which results spike in the controller output. The kick can be avoided by introducing I-PD controller, a variant of PID
controller [5-6].

The optimized controller parameters play a major role in improving the performance of the controller. The optimized PID
controllers are obtained with Fuzzy logic technique, which improves the performance of the conventional PID controller [7-
8]. Evolutionary optimization techniques like GA (Genetic Algorithm), PSO (Particle Swarm Optimization), BF (Bacterial
Foraging), and ACO (Ant Colony Optimization) will result in the optimization of the controller parameters. [9-10]. In this
paper, the GA optimized I-PD controller for a PIM system is simulated with mean square error as fithess function and
compared with fuzzy PID and convention Ziegler—Nichols PID. The performance of I-PD controller is improved by
optimizing 1-PD controller parameters with PSO.

The remaining section of the paper is organized as follows: The process of cavity temperature control in PIM and |-PD
controller structure is described in Section 2. Ziegler—Nichols (ZN) Tuning of controller parameters and the fuzzy tuned
PID and I-PD is described in Section 3. With settling time as optimizing criteria GA based PID and I-PD is proposed for
mold cavity temperature control system in Section 4. In section 5, details of PSO algorithm and optimization of controller
parameters are detailed. The comparison of simulation results using various methods for controlling the temperature of
mold cavity of PIM are presented in Section 6. The findings of the paper are concluded in Section 7.

2. CAVITY TEMPERATURE CONTROL AND I-PD CONTROLLER
2.1 Cavity Temperature Control System

In PIM, there are four phases of actions viz., filling, packing-holding, cooling, and plastication. Mold cavity temperature is
coming under the cooling stage in which the melt, which is injected into the mold cavity, is allowed to cool for the
solidification. In this process, the variable to be controlled is the part temperature which is normally achieved by controlling
the average temperature of the mold cavity [1]. Variables which directly affect the mold cavity temperature are the flow
rate and temperature of the coolant. The flow rate of the coolant can be changed easily compared to the coolant
temperature. So the coolant flow rate is taken as the manipulated variable.

The coolant flow rate is changed by changing the pumping speed of the DC motor. The relationship between different flow
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rates indicated by the set of DC motor inputs and the cavity temperature can be achieved by obtaining several open loop
test data and then subjected to system identification [2]. The parametric model for system identification is Auto-Regressive
Exogenous (ARX) that uses a least squares formulation to relate system inputs and outputs. The obtained ARX model of
the plant is converted into a continuous form for further analysis and the process model [2] obtained is given in Equation

).

—0.017425% — 0.003464s + 0.0005151
5° + 0.4216s° + 0.05852s + 0.0002201

Gp(s) =

2.2 |1-PD Controller

The control action of the conventional PID controllers leads to overshoot / undershoot and increased settling time. The
I-PD controller shown in Fig. 1.
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Fig. 1: I-PD controller

From the above figure it is observed that in the modified form of PID controller, the control action m(t) is based on integral
of error e(t) and proportional and derivative of measured variable y(t). The controller output of [-PD controller is given by

).

m(t) = K, Ie{tj + %j e(t)dt (;,-—{tju +T %)] (2)

3. ZNAND FUZZY TUNED CONTROLLERS

In conventional PID controller, the controller gain determines the desired output, and its tuning is a challenge to the
researchers.

3.1ZN Tuning

ZN tuning, is a closed loop tuning method based on quarter decay ratio performance criteria. The controller parameters
are obtained with crossover frequency w and amplitude ratio A [11].

. . 1
Ultimate Gain K, = i (3
im
Period of sustained oscillations B, = w (4
The PID controller parameters are calculated based on the following equations.
Proportionzl Gaim K = 0.6 K, (3)
Intzgral Tme T; = 0.5 B, (6)
Derivative Time Ty = 0.125 5, (7

3.2Fuzzy Tuned Controller
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The PID controller parameters, Kp, Ki, and Kd are tuned based on the forty nine set of rules. Error and rate of change of
error are the inputs to the fuzzy inference system and Kp, Ki, and Kd are outputs. The rules are written in rule editor of
fuzzy inference system as shown in Fig. 2.

|
B Rule Editor: Fuzzy Interference_Structure_IPD_MOLD  L-ce oD SN
File Edit View Options

1. If (E is NB} and (EC is NB) then (Kp is PB)(Ki is NB)(Kd is PS) (1) ~
2. If (E is NB) and (EC is NM) then (Kp is PB)(Ki is NB)(Kd is PS} (1)
3. If (E is MB) and (EC is NS} then (Kp is PM)(Ki is NB)(Kd is Z0) (1)
4.If (E is NB) and (EC is ZO} then (Kp is PM)(Ki is NM)(Kd is Z0) (1)
5. If (E is NB) and (EC is PS) then (Kp is PS)Ki is NM)(Kd is Z0} (1)
8. If (E is NB) and (EC is PM) then (Kp is PS)(Ki is ZO)(Kd is PB} (1)

7.If (E i= NB) and (EC is PB) then (Kp is Z0)(Kiis Z0)(Kd is PB) (1) i
If and Then and and
Fi= Friz Knim Ki iz K iz
- rs NS Fs rs NS -
Z0 NK Z0
P3 NS
o PM - Z0 b PM hd

|:| not |:| not |:| not

Add rule |Chan|:|erule| ﬂﬂ
||__Hel | _Close ||

Fig. 2: Rule Editor of Fuzzy Inference System

The ranges of controller parameters are selected based on the gain values obtained during ZN tuning method. The range
of Kp, Ki, and Kd are selected as 0 to 8, 0 to 0.12 and 0 to 0.1 for Fuzzy PID controller and 0 to 2.8, 0 to 0.035 and O to
0.1 for Fuzzy I-PD controller respectively.

4. SOFT COMPUTING BASED PID AND I-PD CONTROLLER
4.1 GA based PID and I-PD Controller

The stochastic global search method Genetic algorithm (GA) mimics the process of natural evolution. In a given search
space GA, the probabilistic optimization algorithm starts without the knowledge of correct solutions and gives a good
solution. The best solution can be arrived with reproduction, crossover, and mutation as evolution operators [14-16].

The controller tuning performed using genetic algorithm results in the optimum gain values [10]. Objective functions play a
major role in Genetic Algorithm in order to tune PID controller parameters. Performance indices such as settling time,
overshoot, integral square error, integral absolute error, and mean square error are the criteria mostly used for controller
tuning. In this work minimization of Mean Square Error (MSE) is selected as the objective function. The flowchart of the
GA optimization algorithm is shown in Fig. 3.
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Fig. 3:. Flowchart of GA optimization algorithm

The GA tuned PID and I-PD controller parameter gain values are given in the Table 1.

Table 1: GA Tuned Controller Parameters

Controller Parameters

Ko Ki Kq
GA PID 7.7613 0.2163 23.0360
GA I-PD 8.5292 0.3160 25.9892

4.2PSO0O based PID and I-PD Controller

The particle swarm is a collection of particles, and the particles interact during the search to solve a problem. The swarms
are the complete population of the bird or fish and particle is each member in a population [9], [17-18]. During the optimum
search of the swarm, the particles share information about their own experiences and previous experiences of all the other

particles.

In this work the set of K,,Ki, and Kq values are considered as particles for optimizing the controller parameters for PID and
I-PD controllers. After the completion of iterations, the particles move towards the optimum place in the three dimensional
space problem, and results in best solution [19-20]. The flowchart of the PSO optimization algorithm is shown in Fig. 4.
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Fig. 4: Flowchart of PSO Optimization Algorithm

Initialization of swarm position and velocity are done based on the Equations 8 and 9.
Initialization of Position
A= Repig 200" (S (8)
Initialization of Velocity
vl = 0.1 = randn(dim, n) (9

Where, Xmax&Xmin- Boundary of the position

dim - Dimension of the design space

n - No of particle
Updating the velocity and position
Velocity updation

Vo= W e, rand()* (py- 2k earand()* (pF- ) (10)

Where, w - Inertia factor (in between 0.4 & 1.4)
c1- Self confidence of the particle
co- Swarm confidence (in between 1 and 2)

4393 |Page
October 2016 www.cirworld.com



ISSN 2321-807X
Volume 12 Number?9
-

Journal of Advances in Chemistry
pi— Personal best

pd- Global best

Position updation
?11. = Ay [:1 1'\
o A R 2 J

The PSO optimized PID and I-PD controller parameter gain values are given in the Table 2.

Table 2. PSO Tuned Controller Parameters

Controller Parameters

Kp Kj Kg
PSO PID 7.2211 0.2151 34.8532
PSO I-PD 7.5462 0.2181 31.5568

It is found from the table that the proportional gain and integral gain values are marginally reduced and derivative gain is
increased in I-PD controller compared to PID controller.

5. RESULTS AND ANALYSIS

The feasibility of improving the performance of different optimized controllers in control of cavity temperature of PIM is
studied with computer simulation. The study also includes the comparison of performance indices like settling time and
peak overshoot of ZN, Fuzzy, GA and PSO optimized PID and I-PD controllers. The response of the Cavity control system
with PID controller and proposed I-PD controller are shown in Fig 5, and Fig 6.
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Fig. 5: Response of Cavity control system with PID controller
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Fig. 6: Response of Cavity control system with I-PD controller

From the figures, it is observed that with ZN I-PD controller, the undershoot is reduced from 76.56% to 37.73%
compared to ZN PID controller. The controller parameters obtained with the ZN tuning procedure do not provide a
satisfactory response and so the evolutionary algorithm is used for the control of mold cavity control system. It is observed
that the settling time of GA optimized I-PD controller is 3.73 minutes and it out performs than any other controllers for the
selected application. The percentage peak undershoot is also considerably reduced to 2.65 percentage in PSO optimized

I-PD controller compared to others. Table 3 shows the comparative analysis of performance indices of different controllers
employed.

Table 3. Comparative Analysis of Performance Indices

Settling time Undershoot
Performance Indices )
(min.) (%)
PID 12.5 76.56
ZN
I-PD 12.07 37.73
PID 12.4 49.2
Fuzzy
I-PD Offset 8.07
PID 4.1 70.5
GA
I-PD 3.73 4.63
PID 6.7 42.48
PSO
I-PD 5.9 2.65

The comparison of I-PD controller with different algorithms is shown in Fig.7.
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Fig.7: Comparison of I-PD controller with different algorithms

From the above figure it is inferred that undershoot present in ZN based I-PD controller is reduced to 5.9% in PSO based
I-PD controller and the fuzzy based I-PD controller produces offset. The presence of undershoot may result in improper
cooling of mold and, in turn, it would affect the product quality, but it is minimal in cavity temperature control with PSO
based I-PD controller.

The settling time is improved with PSO based I-PD controller compared to all other selected methods which in improves
the production rate of the molding machine. The robustness of the PSO I|-PD controller is also checked with load
disturbance rejection, which is depicted in Fig.8.
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Fig. 8: Load disturbance rejection by PSO I-PD controller

From the above figure, it is observed that when 10% of load disturbance is given to the process, the cavity temperature
control system with PSO |-PD controller rejects the disturbance within 86 seconds.
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6. CONCLUSION

The performance indices of the I-PD controller are improved with the proposed Particle Swarm Optimization for the PIM
system under study. The undershoot is minimized to 2.65% compared to other methods. The settling time is reduced 9%
in GA optimized I-PD controller compared to the GA PID controller and 12% in PSO optimized I-PD controller compared to
PSO PID controller. Hence it is concluded that the reduction in undershoot with PSO I-PD controller, preserves
dimensional stability and mechanical properties of mold products in injection molding machine. The performance of the
control system can be improved by adopting multi objective optimization and hybrid algorithm.
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