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Abstract: 
            Batch processes are very important in chemical industry as they are employed in the production of a 

large number of goods, including fine chemicals, pharmaceuticals, polymers, food, among others. From a 

practical point of view, product quality is one of the most important objectives in batch processing. A 

batch process is also characterized by the repetition of time-varying operations of finite duration. In this 

paper, the design of a robust hybrid controller was done for a batch control process. The proposed model 

involve the development of an iterative algorithm with a fuzzy logic control rules for the control and 

reference tracking of hydraulic pressure, nozzle pressure and cavity pressure in a plastic injection 

moulding machine. Also a PID control model was developed. Mathematical models were developed for 

various stages of an injection moulding process. The proposed model provides a framework for the control 

and improvement of the performance of an injection moulding system. The design and analysis of the 

proposed model was done with MATLAB/Simulink software. The results obtained from the proposed model 

shows an increase in efficiency of 94.25% of system performance. It also provides an improvement of 

24.56% in efficiency improvement when compared with the PID model. 
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I.     INTRODUCTION 

Batch processes are becoming more and more 

important in the chemical process industry, where 

they are used in the manufacture of specialty 

materials, which often are highly profitable. Some 

examples where batch processes are important are 

the manufacturing of pharmaceuticals, polymers, 

and semiconductors (Luo et al, 2019). Start up 

and shut down phases of a production process can 

also be seen as a batch process.  

A batch process is a process that leads to the 

production of finite quantities of material by 

subjecting quantities of input material to an 

ordered set of processing activities over a finite 

period of time using one or more equipment units 

(Liu et al, 2017). The term batch process means 

both the production method from raw materials to 

the final product and the more delimited definition 

concerning the reaction in a batch reactor. 

The control of a batch process is quite different 

from the control of a continuous process. A 

continuous process usually operates at certain 

operating point and the control system tries to 

keep the process at that point despite disturbances 

acting on the process. A batch process involves 

both continuous and sequential parts.  

A batch control system must support a large 

number of functions in addition to the basic 

regulatory control. 

This work involves the optimal design of a robust 

hybrid controller for batch processes with time 

delay. A delay-range-dependent optimal hybrid 

iterative learning control algorithm will be used. 

The scope of the paper includes the following; 

batch processes, optimal hybrid iterative learning 
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control, interval time varying delay, and average 

dwell time. 

 

 

II.     MATERIALS AND METHOD 

a). Materials: The materials and experimental 

tools used for the design of a robust controller 

design for batch processes with time delay include 

the following; 

• Statistical tool for the development of 

mathematical models 

• Matlab/Simulink for the design, 

implementation and analysis of the 

developed models. 

b).  Methods: The research design will be in four 

stages; 

i. To characterize a batch processes with 

time delay for plastic injection moulding 

system. 

ii. To develop mathematical model of a batch 

process control for plastic injection 

moulding system  using the  principles of 

conservation of mass, momentum, energy 

and an optimization algorithm. 

iii. Matlab/Simulink design of the various 

batch process of a plastic injection 

moldings system. 

iv. To develop a control frame work in  

Matlab using  adaptive Iterative Learning 

Control (ILC) with a fuzzy  inference 

system for  the batch process control and 

optimization of an injection moulding 

system. 

 

c). Application of Batch Process in Injection 

Moulding Machine 
Injection moulding is a method of forming a 

plastic product from powdered thermoplastics by 

feeding the material through the machine 

component called the hopper to a heated chamber 

in order to make it soft and force the material into 

the mould by the use of the screw. In this whole 

process pressure should be constant till the 

material is hardened and is ready to be removed 

from the mould. This is the most common and 

preferable way of producing a plastic products 

with any complexity and size. Injection moulding 

makes it possible to mass produce and 

manufacture high precision, three dimensional 

plastic parts as shown in figure 1. 

Figure 1: An injection moulding machine (Rutland Plastic, 

2019) 

 

The injection moulding process  
The injection moulding process stages starts with 

the feeding of a polymer through hopper to barrel 

which is then heated with the sufficient 

temperature to make it flow. Then the molten 

plastic which was melted is injected under high 

pressure into the mould.  This process is 

commonly known as Injection.  After the injection, 

pressure will be applied to both platens of the 

injection moulding machine (moving and fixed 

platens) in order to hold the mould tool together.  

Afterwards the product is left to cool which helps 

it in the solidification process. After the product 

gets its shape the two platens will move away 

from each other to separate the mold tool. This 

process is known as mould opening. Finally the 

moulded product is ejected or removed from the 

mould. And the process will repeat itself. 

Injection moulding cycle is shown in figure 2 
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Figure 2: Injection moulding cycle (Murti, B, 2010). 
 

The moulding cycle starts with the retraction of 

the ejector plate, followed by closing of the mould. 

The injection unit melts the polymer resin and 

injects the molten polymer into the mould. The 

ram fed injection moulding machine uses a 

hydraulically operated plunger to push the 

powdered plastic material through a heated region. 

The molten plastic converges at a nozzle and is 

injected into the mould. It is forced into the mould 

in two or three stages described as follows: 

• Stage 1 Filling stage: During this stage, 

the mould cavities are filled with molten 

resin. As the material is forced forward, it 

passes over a spreader, or torpedo, within 

the barrel, which causes mixing to take 

place. This stage is determined by an 

injection velocity (rate), a pressure, and a 

time. Injection velocity is the rate at 

which the plunger moves forward.  

• Stage 2 Packing stage: As the molten 

plastic enters the mould, it cools and 

introduces shrinkage. This stage in the 

moulding cycle is necessary to force more 

melt into the mold to compensate for 

shrinkage.  

•  Stage 3 Holding stage:  When no more 

material can be forced into the mold, the 

molten plastic material can still leak back 

through the gate. The hold stage applies 

forces against the material in the cavity 

until the gate freezes to prevent leaking of 

the melt. In some machines, pack and 

hold are combined into a single second or 

holding stage. Each stage is governed by a 

particular pressure and time duration. 

Once the mold is filled and packed and 

the gate has cooled, the injection 

moulding machine switches to the cooling 

stage. The amount of cooling is 

determined by the cooling time. After the 

cycle is complete and before the next 

cycle can be run, the machine must be 

purged (Rosato D et al, 2010). 

 

III. IMPLEMENTATION OF THE 

DEVELOPED SYSTEMS 
 

(a)  Characterization of a batch processes for 

plastic injection moulding system 

Batch processes constitute a class of group 

processes that play an important role in the 

production and processing of a wide range of 

value-added products. The batch process control 

will be applied to an injection moulding system. 

A typical plastic injection batch process consists 

of the following steps:  

• setting the initial conditions, 

•  input trajectory,  

• designing a batch Process (using 

mathematical equations), 

•  determine the final quality and the output  

The process is illustrated in figure 3(Wang et 

al, 2016).  

 
 

Figure 3: Batch Processes for an injection moulding system 

(Wang et al, 2016).  
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The final product quality is dependent on the 

initial conditions (i.e., raw material properties), 

the process variable trajectories (and their 

cumulative effects) over the batch duration, and 

the ability of the control policy to reject 

disturbances.  

An injection molding machine consists of three 

main parts: the injection unit, the mold (the heart 

of the whole process) and the clamping/ejector 

unit as shown in figure 4. 

 
 

Figure 4: An injection moulding system (Xuebing Li, 2018). 
 

(b)   Development of Mathematical Models for 

plastic injection moulding System 

A mathematical model of plastic injection 

moulding system will be developed and five 

metrics, namely, hydraulic pressure, velocity of 

the ram screw, the ram screw position, nozzle 

pressure, volume of polymer in the cavity and the 

cavity pressure will be derived mathematically. 

Figure 5 shows an injection moulding machine. 

This model can further be divided into various sub 

phases so as to derive the various mathematical 

models for each phase. The various stages are; 

• Filling phase and  

• Packing  Phase 
 

Figure 5: Injection moulding machine (Xuebing Li, 2018). 

 

In this work, the models for the filling phase and 

the packing phase will be developed. In 

developing these models the following 

assumptions were made 

1. Transition from the filling phase to 

packing phase occurs when the mold 

cavity is filled with the polymer melt. 

2. The transition from the packing to the 

cooling phase occurs when the 

polymer melt in the gate has solidified 

completely. 

i. Filling phase model 

In the filling phase, hydraulic oil is pumped into 

injection cylinder with the action of the hydraulic 

pump. The flow of hydraulic oil into the injection 

cylinder results in forward motion of the screw, as 

the screw is rigidly connected to the piston. This 

in turn pushes the polymer melt into the barrel 

through the nozzle into the cavity and the runner 

as shown in figure 5. 

From figure 5, the filling phase system is further 

divided into sub models for accurate derivatives. 

The sub systems are; 

• the injection cylinder and the hydraulic 

system, 

• The ram-screw and  

• The Polymer delivery system.  

Injection cylinder model 
The basis of analysis of the flow in the injection 

cylinder is the integral form of the mass 

conservation law given in equation 1. �
��� ρ�� + (�	
)������ − (�	
)����� 	=0									                 (1) 

Where, 
A =   the cross-sectional area 

Cv= the control volume, 

dv= the differential  volume 

t= the average time 

U = flow velocity- 

ρ = density. 

The injection cylinder can be represented as a 

control volume shown in figure 6. 
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Figure 6: Schematic of an injection cylinder 

Applying the equation 1 to the injection cylinder 

gives: ����
����� =	q� − 	� ����  (2) 

Where;  �= injection cylinder volume 	� = injection cylinder area P�= the hydraulic pressure q�  =hydraulic oil flow rate into the injection 

cylinder 

z =the screw position. "�= bulk modulus of the hydraulic oil. "� is available as a function of density and 

pressure as given in equation 3.   

 

"� =	 ��#ρ
ρ

   (3.) 

In figure 6 the injection cylinder volume ( �) is 

changing due to the screw movement. Therefore 

the instantaneous  � is expressed as;  

  �=  �$ +		�%     (4) 

Where,  �$ = the initial volume of the injection cylinder. 

In deriving this model, it is assumed that; 

1. The injection cylinder body is rigid and 

there is no expansion due to high pressure. 

2. The density of the hydraulic oil is uniform 

throughout the injection cylinder. 

3. The injection cylinder is isothermal and 

there isno leakage between the screw and 

injection cylinder. 

Rearranging equation 1, the rate of change of 

hydraulic pressure with time can be obtained 

as shown in equation 5.  	����� = ���� &q� − 	� ����'   (5) 

Where,  dz
dt =  + 

 
Ram-screw model 

The hydraulic pressure moves the screw forward 

but the pressure at the nozzle and the friction 

force oppose its movement. Figure 7 shows the 

schematic ram-screw system. In figure 3.6 the 

hydraulic pressure moves the screw forward but 

the pressure at the nozzle (	P�) and friction force 

(	f�) oppose its movement.  

 

 

Figure 7: Schematic of ram-screw 

 

Applying Newton’s second law to the screw will 

results in equation 6 

M �./�� =	A�p� − 	2p� − F�                  (6) 

Where, 	2 = nozzle cross-sectional area, P� = the pressure inside the nozzle also called 

nozzle pressure, F�= the friction force against the screw system 

movement 

M = the ram-screw system mass. 

The friction force, F� , includes the viscous 

friction due to shearing the polymer melt between 

the screw and barrel and the mechanical friction 
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in the fitting, which is negligible in comparison 

tothe viscous friction force. 

The friction force was calculated by 

approximating flow in the ram screw in the 

System as (Christoph et al, 2018); 

	F� = 2πη$R�67�(	L$ + 	z) 9(:76	)�;<=>?@76 A
�
               (7) 

Where, 

η$ = polymer viscosity R� = barrel radius L$= initial length of screw inside the barrel 

s = inverse of power law index (1/n) 

n= power law index kC= is the ratio of screw radius to the nozzle 

radius v�= ram screw velocity. 

Rearranging equation 6, the rate of change of 

velocity of the ram-screw with change in time can 

be obtained as shown in equation 8;  �./�� =	 6E (A�p� − 	2p� − F�)                            (8) 

The ram displacement is simply calculated by 

integrating its velocity as given in equation 8 

� �./�� = 	z                (9) 

 

Polymer Delivery System Model 
During filing, the mass of polymer in the polymer 

delivery system at any instant equals the total 

amount of polymer mass flow through the nozzle 

from beginning of the filling as seen in figure 5. 

 If the flow is assumed incompressible, the 

volume of the polymer in the cavity ( F) is; 

V� =	� HFdt�
$                               (10) 

Differentiating the volume of polymer with 

respect to time during the filling phase, the flow 

rate can be obtained as given in equation 11 

H� =	 �.I��         (11) 

Equations 5 to equation 11 forms the Filling 

Phase model of a plastic injection moulding 

system and can be summarized as follows;  

JK
KK
L
KKK
M 	����� = ���� &q� − 	� ����'�./�� = 	 6E (A�p� − 	2p� − F�)

��
�� =  +

��N�� =	�O�P &	2 ��
�� − q�'

�.I
�� = H� QK

KK
R
KKK
S

                  (12) 

 

ii.  Packing Phase Model 

In the packing phase, it is assumed that the cavity 

is already filled and compression of polymer in 

the cavity starts. A cavity pressure profile reflects 

closely the state of the material inside the mould 

Cavity. The building up of the cavity pressure 

starts from the filling phase; the cavity is a 

summation of equation 10 and the rate of change 

of the cavity pressure.  

In figure 5, for a given total volume (V� ) of 

polymer melt the rate of change of the cavity 

pressure is proportional to the flow rate of the 

polymer melt.  And this can be derived from the 

integral form of the mass balance for the cavity 

after filling. As given in equation 13. 

 ��T�� =	�O�U HF      (13) 

Equations 12 and equation 13 forms the packing 

Phase model of a plastic injection moulding 

system and can be summarized as follows;  

JK
KK
L
KKK
M 	����� = ���� &q� − 	� ����'�./�� = 	 6E (A�p� − 	2p� − F�)

��
�� =  +

��N�� =	�O�P &	2 ��
�� − q�'

��T�� 				= 				�O�U HF QK
KK
R
KKK
S

    (14) 

 
 

(c)  Mat lab/Simulink Designs of the Various 

Mathematical Models 

Using equation 12 the filling phase model was 

developed using various blocks in Matlab 
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Simulink. Figure 9 Show the Simulink model of 

the filling phase model of a plastic injection 

moulding machine. 
 

 
 

Figure .8: Simulink model of an injection moulding 

machine (Filling phase) 

Deploring equation 12 the packing phase model 

was developed using various blocks in Matlab 

Simulink. Figure .9 shows the Simulink model of 

the packing phase of a plastic injection moulding 

machine. 
 

 
 

Figure .9: Simulink model of an injection moulding 

machine (packing phase) 
 

(d) Development of a batch control framework 

for Plastic Injection Moulding System  
To achieve the design objective of a hybrid batch 

control system for a plastic injection moulding 

machine an iterative learning controller will be 

designed. Iterative learning control (ILC) is a 

technique for improving the transient 

response and tracking performance of any 

physical system that is required to execute a 

particular operation repeatedly. ILC is a technique 

for systems with repetitive or iterative operations, 

which are modified based on the observed error 

(or are programmed to learn) to control the input 

signal at each repetitive operation. Fuzzy 

inference rules will also be adopted for the tuning 

of the ILC algorithm using human knowledge of 

the controlled plants within the format of IF–

THEN rules related on input–output data 

set. Figure 3.10 represents the block description of 

the adaptive controller  
 

Figure 10: controller design block for an industrial batch 

process. 

 

In figure 10 the reference inputs and the feedback 

from the process output are measured and 

compared, the error from this comparison is fed to 

the adaptive Iterative learning controller. The 

controller outputs the required trajectory 

parameters in other to reduce the system 

disturbances and maintains the tracking 

performance of the model. The fuzzy logic 

controller observes the feedback output and 

makes necessary compensation and fine tuning 

before given out the output for comparison with 

the reference signal. 

 

 

ITERATIVE LEARNING CONTROL (ILC) 
Iterative Learning Control (ILC) is a design 

technique that can be used to overcome the 

shortcomings of traditional controller design, 

especially for obtaining a desired transient 

response, for the special case when the system of 

interest operates repetitively. 

ILC Algorithm for the Proposed Model 
The steps below represent the algorithm of an ILC 

process to achieve a control reference tracking of 

various parameters in an injection moulding 

process.  

 

 

OError 

Reference 
Signal 

FUZZY 

LOGIC 
CONTROLLER 

ILC 
CONTROLER 

System to 

be 

controlled 
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Step 1 

a. Input parameters 

b. Initialize control input  (V� ) 

c. Set   k = 0 

d. Initialize reference tracking Signal (WX) 
Step 2 

e. Calculate Number of element  in output 

sequence (YZ[\) 
f.  Compute the Output  ]� 

Step 3 

g. Calculate  the error (^_) (^_ = WX − ]�) 
h. UpdateV�		`. ^		V_b6 

Step 4 

i. Check if WX = 		]� 

j. Update the learning process 

k. End 

 Otherwise,  

l. Set k= k + 1  

m.  Repeat from Step 2 

K represents the number of iterations. V� = cdef	Wgh^	ceW	ij�Wgkd`l	mW^nnkW^ ]� = ij�Wgkd`l	mW^nnkW^ o = peqhWed	`qmkh 
Figure 11 represents the iterative learning control 

flow chart for an injection moulding system. 

 

 

 
The Matlab code for the iterative learning process 

control is given in appendix B and figure 12 

represents the Simulink block created with the 

ILC algorithm 

 
 

Figure 11: Iterative learning control for plastic injection 

moulding system 

N

Y

WX = 		]� 

Is 

Calculate (^_ = WX − ]�) and 

Update V�(V� + o^_) 

Set k =k +1 	
 

Update Learning and 

OUTPUT V� 

 

Figure 11: ILC Flow Chart for injection Moulding System Dynamic 

START 

 

Initialize  V� ,WXand set k=0 
 

Calculate YZ[\  and 

Compute ]� 

 

STOP 

Y
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The control of the cavity pressure determine if the 

product will come out well, hence the need to 

provide a dynamic control of the cavity pressure 

to ensure good performance of the product. To 

achieve this, the iterative learning control with the 

fuzzy logic controller will be used in other to 

obtain an optimum performance of the cavity 

pressure. Figure 13 represents the Simulink model 

of the hybrid iterative learning control system for 

a plastic injection moulding process. 

 
 

Figure 13: Proposed model for batch control of plastic 

injection moulding machine 

 

A PID model was also design to compare the 

performance of the proposed model under 

different conditions.  The PID controller was used 

to control the input signal to the hydraulic 

pressure, nozzle pressure and mould cavity 

pressure. The PID controller anticipates what the 

error will be in the immediate future and applies a 

control action which is proportional to the current 

rate of change in the error. From figure 14, the 

feedback input measures the cavity pressure and 

compares it with the input response from the 

volume of polymer melt in the mould cavity and 

the PID makes the desire control on the product 

by controlling the cavity pressure. 
 

 
 

Figure 14: PID control for an injection moulding machine. 

 

IV. RESULTS AND DISCUSSIONS 

 Results 

Simulations were conducted in Matlab and results 

of the corresponding nozzle pressure (Pn), 

hydraulic pressure (Ph) and cavity pressure were 

obtained for the various batch processes as 

developed in equation 12 and in equation 14. 

Table .1 gives the various parameters used for the 

simulations. 

Table 1: Parameters for simulation evaluation 

Parameters Value Ram	screw		mass(y) 4Kg `q`h`gd	ljd`q�^W	�edkz^	( �$) 0.016m
3
 

initial  nozzle volume  2$ 0.012m
3
 

initial  nozzle area 	2$ 0.3m
2
 												`q{^lh`eq	ljd`q�^	gW^g	(	�) 0.55m
2
 					|kd}	ze�kdkn	ec	medjz^W	z^dh	(" 3360MPa 

|kd}	ze�kdkn	ec	hi^	ij�Wgkd`l	 3330MPa 

barrel radius (R�) 0.0175m 

ratio of screw radius (kC) 10 

initial length of screw (L$) 0.052m 

power law index (n) 0.822 

inverse of power law index(s) 1.217 

 

a) Results for the fuzzy logic controller 

Figure 15 represents the rule view of the fuzzy 

logic controller, it consist of two inputs (Energy 

demand response and energy consumption) and a 

controlled outputs used for the effective 

management of energy usage. 

 
 

Figure 15: Rule viewer for the batch control process. 
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Figure 16 shows the surface of fuzzy controller 

using the various rules. The Surface view shows 

the relation between the inputs and outputs at any 

point in the intervals [0, 100] using the Centroid 

de-fuzzification method. 
 

 
 

Figure 16 surface viewers for the batch control Process. 

 

From figure 16 the two dimensional surface 

viewer can be obtained for the control outputs and 

hydraulic pressure flow rate. This is illustrated in 

figure 17. 
 

 
Figure 17: Surface viewer for control output against 

hydraulic pressure flow rate. 

In Figure 17 shows a control output range for 

hydraulic pressure from 0 to 200Pa, this control 

output is used to control the plastic injection 

material at the filling phase. From figure 17,an 

increase in hydraulic pressure from 0 to 200Pa 

was observed as the flow rate increase to 0.01.The 

systems maintains a constant pressure of 200Pa 

from 0.01 to 0.09 as the flow rate increases. The 

pressure drops to zero when the process is 

completed. 
 

 

 

b) Results for PID controller 

In other to obtain a linear plant model and control 

parameters for hydraulic pressure, nozzle pressure 

and cavity pressure as given in chapter three, the 

PID controller designed in figure 15 was tuned 

and the various tuned parameters are as follows: 

Proportional (P) =-0.85024 

Integral (I) =-0.66557 

Derivative (D) =-0.16707 

Rise time = 1.3seconds 

Settling time = 9.86seconds 

Overshoot =26.1% 

Figure 18 Shows parameters for the tuned 

response of the PID controller. 

 
 

Figure 18: PID tuned parameters response. 

 
From figure 18 the rise time, settling and 

minimum overshoot show a good plant model 

response for the hydraulic pressure, nozzle 

pressure and the cavity pressure. Figure 19 

shows the tuned response and the block 

response for the proposed model 

. 

 
 

Figure 19: PID tuned/block response parameters. 
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c) Result comparison 

Results obtained from the proposed model with 

that of the PID control model will be given for the 

batch process of a plastic injection moulding 

machine. Three scenarios will be explored; 

• Reference Tracking for Hydraulic Pressure  

• Reference Tracking for Nozzle Pressure  

• Reference Tracking for Cavity Pressure 

 

Hydraulic Pressure Reference Tracking 

In figure 20, the reference tracking signal for the 

hydraulic pressure (Ph) to maintain optimal 

performance of the plastic injection moulding 

machine at the filling phase was given and 

simulated alongside with the other two models. 

 

 
 

Figure 20: Comparison of reference tracking signal during 

the filling phase 

 
Figure 20 shows the reference tracking signal 

(Reference Signal for Ph), proposed model 

controller for Ph and PID controller for Ph. At the 

start of the filing phase the reference hydraulic 

pressure increases from 0 to a 2300Pa at time 

0.8seconds and maintains a constant pressure till 

the end of the simulation at 10seconds. The 

Purpose of designing these controllers is to 

replicate the specified reference trajectory of the 

hydraulic pressure in other to obtain an optimal 

control of the plastic injection moulding machine 

in a batch process. 

The PID control model shows an increase in the 

hydraulic pressure from time 0second to 2 

seconds and gradually decreases to about 1200Pa 

at time 10seconds, this model show a high 

deviation from the reference tracking signal. The 

propose model also gave an increase in hydraulic 

pressure at the start of the simulation to 

0.9seconds and maintain a constant hydraulic 

pressure for the remaining duration of the 

simulation. 

 

Nozzle Pressure Reference Tracking 

Figure 21, represent the nozzle pressure of the 

batch control of injection moulding machine. The 

reference tracking signal for the nozzle pressure is 

given with the simulated results obtained from the 

proposed model and the PID controlled model. 
 

 
 

Figure 21: Comparison of reference tracking signal for 

nozzle pressure. 

 

In figure 21, the proposed model shows a close 

tracking of the reference signal with minimal 

deviations. While the PID model shows large 

deviations from the reference tracking signal of 

the nozzle pressure. This is as a result of the 

inability of the PID controller to create a learning 

process and adapt to dynamic changes of the 

reference tracking signal. 

Cavity Pressure Reference Tracking 
Controlling the cavity pressure is an effective 

control strategy for the injection moulding process. 

The importance of cavity pressure arises because 

of its close interaction with most of the process 

variables and its influence on important micro 

structural aspects, such as orientation and 

crystallinity, surface characteristic and mechanical 

properties. Figure 22 represents the comparison of 

cavity pressure obtained during the packing phase 
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of the batch process for both models with the 

reference tracking cavity pressure. 

 
 

Figure 22: Comparison of the cavity pressure during the 

packing phase. 
 

In figure 22, the reference old cavity pressure (Pc) 

gradually increases from 0seconds to a maximum 

value of 550Pa at 10seconds. The Proposed model 

shows close reference tracking with the reference 

mould cavity pressure with minimal deviation as a 

result of the iterative learning algorithm with the 

fuzzy logic control rules that has the capacity to 

learn a process and replicate that process for 

effective control and optimal performance. While 

the PID controller maintains a steady increase in 

mould cavity pressure from 0seconds to 10 

seconds but shows a wide deviation from the 

reference tracking mould cavity pressure. 

 

V.        CONCLUSION  
 

In this project, a batch process control technique 

was developed using a hybrid control strategy. 

This strategy involve the  development of an 

iterative learning algorithm and a fuzzy logic rule 

based for fine tuning  and controlling various 

system parameters. The control technique was 

applied to the control of a plastic injection 

moulding machine. Mathematical models of a 

plastic injection moulding machine were 

developed for various batch control stages. The 

proposed control design was applied to the plastic 

injection moulding machine for optimal control of 

the hydraulic pressure, nozzle pressure, cavity 

pressure and various flow rates in the system. PID 

control model was also developed for 

performance comparison with the proposed model. 

 Recommendations 

 This A critical evaluation of the work presented 

in this thesis reveals areas that deservefurther 

study. In particular, the following issues merit 

further research: 
 

1. The proposed methods adopted for modelling 

batch processes in this dissertation include an 

iterative learning control (ILC) with a fuzzy 

logic rule base for tracking reference signal in 

the system. This method performs better but 

still has some lapses in the control of the 

nozzle pressure and other parameters. This can 

be improved on by using an artificial neural 

network (ANN) with ILC that has the capacity 

of training, testing and validating the data to 

be used and replicating such process with 

accuracy instead of depending on human 

knowledge for the fuzzy logic control. 
 

2. More intelligent models can be developed on 

how best to control the variations in 

temperature, injection speed, pressure and 

shear imparted on the material as the screw 

pushes the material forward, and the piston 

forces the material into the mold. 
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APPENDICES 

 
APPENDIX A: 

 
Fuzzy logic Control Rules for batch process Control of plastic injection 

moulding machine 

1. If (FLOW__RATE__(Qh) is Qh3) and (FLOW__RATE__(Qn) is Qn1) 

then (HYDRAULIC__PRESSURE(Ph) is 

Low_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Low__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

Low__Cavity__Pressure) (1)  

2. If (FLOW__RATE__(Qh) is Qh3) and (FLOW__RATE__(Qn) is Qn2) 

then (HYDRAULIC__PRESSURE(Ph) is 

High_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

High__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

High__Cavity__Pressure) (1)  

3. If (FLOW__RATE__(Qh) is Qh3) and (FLOW__RATE__(Qn) is Qn3) 

then (HYDRAULIC__PRESSURE(Ph) is 

Medium_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Medium__Nozzle_pressure)(PRESSURE__CAVITY(Pc) is 

Medium__Cavity__Pressure) (1)  

4. If (FLOW__RATE__(Qh) is Qh1) and (FLOW__RATE__(Qn) is Qn1) 
then (HYDRAULIC__PRESSURE(Ph) is 

Low_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Low__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

Low__Cavity__Pressure) (1) 

5. If (FLOW__RATE__(Qh) is Qh1) and (FLOW__RATE__(Qn) is Qn2) 
then (HYDRAULIC__PRESSURE(Ph) is 

High_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

High__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

High__Cavity__Pressure) (1)  

6. If (FLOW__RATE__(Qh) is Qh1) and (FLOW__RATE__(Qn) is Qn3) 
then (HYDRAULIC__PRESSURE(Ph) is 

Medium_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Medium__Nozzle_pressure)(PRESSURE__CAVITY(Pc) is 

Medium__Cavity__Pressure) (1)  

7. If (FLOW__RATE__(Qh) is Qh2) and (FLOW__RATE__(Qn) is Qn1) 
then (HYDRAULIC__PRESSURE(Ph) is 

Low_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Low__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

Low__Cavity__Pressure) (1)  

8. If (FLOW__RATE__(Qh) is Qh2) and (FLOW__RATE__(Qn) is Qn2) 
then (HYDRAULIC__PRESSURE(Ph) is 

High_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

High__Nozzle__pressure)(PRESSURE__CAVITY(Pc) is 

High__Cavity__Pressure) (1)  

9. If (FLOW__RATE__(Qh) is Qh2) and (FLOW__RATE__(Qn) is Qn3) 
then (HYDRAULIC__PRESSURE(Ph) 

isMedium_Hydraulic_pressure)(NOZZLE__PRESSURE(Pn) is 

Medium__Nozzle_pressure)(PRESSURE__CAVITY(Pc) is 

Medium__Cavity__Pressure) (1)  
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APPENDIX B: 

 
Iterative Learning Control Algorithm for batch process Control of 

plastic injection moulding machine 

 

function [u_k,yD_k,k_new,Useq_new] = fcn(Yseq,y_k,Useq,k,gamma) 

%#codegen 
 

Nseq = numel(Yseq); 

 
k_new = k+1; 

 

ifk_new>Nseq, 

k_new=1; 

end 

 

yD_k = Yseq(k); 

 

u_k = Useq(k); 

 

e_k = yD_k - y_k; 

 
Useq_new = Useq; 

 

k_learn = k-1; 
ifk_learn<1, 

k_learn=Nseq; 

end 

 

Useq_new(k_learn) = Useq_new(k_learn) + gamma*e_k; 

 

 

 

 

 


