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ABSTRACT

This report demonstrates the integration of Engineering Process Control (EPC) and
Statistical Process Control (SPC) for the control of product concentration of an isothermal
CSTR. The objectives of this study are to evaluate the performance of Ziegler-Nichols
(Z-N), Direct Synthesis, (DS) and Internal Model Control (IMC) tuning methods and
determine the most effective method for this process. The simulation model was obtained
from past literature and re-constructed using SIMULINK MAT LAB to evaluate the process
response. Additionally, the process stability, capability and normality were analyzed using
Process Capability Sixpack reports in Minitab. Based on the results, DS displays the best
response for having the smallest rise time, settling time, overshoot, undershoot, ITAE and
ISE. Also, based on statistical analysis, DS yields as the best tuning method as it exhibits

the highest process stability and capability.
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CHAPTER 1
INTRODUCTION

1.1 RESEARCH BACKGROUND

In today’s competitive market, many manufacturing industries are seeking ways
to optimize process performance and improve product quality in order to maintain a
successful operation. For this, two methods are commonly practiced, namely
Engineering Process Control (EPC) and Statistical Process Control (SPC) (Duffuaa &
Noman, 2004).

Variations are undoubtedly among the major concerns for every manufacturing
industry. The concept of variation states that no two products will be perfectly identical
even when extreme care is taken to ensure the products remain synonymous between
one another (Mahesh & Prabhuswamy, 2010). Variations can be classified into two
categories, namely common cause and special cause (Jiang & Tsui, 1999). Common
cause variation contributes to more than 80% of product defect due to equipment failure,
gradual deterioration, wear and tear, irregular scheduled maintenance and many more.
These variations are natural and is inherent within the process, which makes it difficult
to be completely eliminated. On the other hand, about 20% of the defect is due to special
cause variation such as improper tuning, incorrectly adjusted machinery and wrong

choice of material (Hossain, Choudhury, & Suyut, 1996).

Within the field of Chemical Engineering, reactors are looked upon as the
“heart” of every chemical process. This is because of its important role in converting
raw materials into specified products, which can be utilized by the general public.
Continuous Stirred Tank Reactor (CSTR) is a common type of reactor that is commonly
used in manufacturing industries. However, due to its complex and non-linear
characteristics, control of product concentration is difficult to achieve and often requires

an accurate model. (Kumar, 2012).
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