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ABSTRACT

This paper reports on an investigation and optimization of the injection molding process of
PVC sole. It is aimed to provide optimum injection molding process of PVVC sole thereby reduce
product defects, particularly in Kangaroo shoe factory. To investigate the root cause of defects

in the process and setting optimal values of responsible parameters.

To achieve the above objective, three month data on defects were collected, characterized and
quantified using questioner. The hybrid results of Pareto chart and Failure mode and effect
analysis technique was used to investigate the frequency of defects and their effects for
reasonable selections. Root cause analysis followed by 5-Why was used to identify the root
causes of those defects to come up with responsible parameters. So, that the analysis had done
between process, process and parameters, parameter and parameter, parameter and defects, and
among defects logically and using principles. The overflow and underweight (incomplete)
became targeted defects and melt temperature, injection speed, injection pressure and packing
pressure were determined as the influencing parameters. The Taguchi method is used to design
of experiment and optimize the process. The experimental investigation was conducted under
varying input influential process parameters and optimization to reduce the most frequently

occurring and chronic effects on the quality of PVC sole.

The study reveals that the optimum values of melt temperature, injection speed, injection
pressure and packing pressure were determined as, 160 °C, 10 cm/s, 0.4 bar and 0.4 bar,
respectively. The level of significance of each parameter was determined by the help of analysis
of variance, so that packing pressure contributes 65%, melt temperature 14.62 % and injection

speed 14.68% while injection pressure is statistically not significant.

Finally, the study recommended Kangaroo shoe factory to realize that the current of trial setting
values is not effective and has forwarded optimal setting for influential parameters which is

better than the existing operation condition.

Key words: Optimization, Injection molding, polyvinyl chloride (PVC), Pareto chart, Failure Mode

and Effect Analysis, sole, Taguchi Method, Analysis of Variance, Root Cause Analysis.
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CHAPTER-1
INTRODUCTION
1.1 Background of the Study

Today, the market of product quality is highly in competition within huge number of challenges
or constraints. Many manufacturing industry uses different manufacturing philosophy to
overcome and attain the competitive edge of constraints. Process parameter optimization
techniques (PPOT) have the potential to significantly improve production output, attain quality
and stabilize profitability, thereby ultimately serving to meet manufacturing objectives and goals.
PPOT improve manufacturing processes and products through the use of setting optimum
parameter at which sustainable outputs like, specification, quality, profitability, consumption and
waste are kept constant. To do so, it uses design of experiments (DOE) and investigate the
optimum values appropriate for the given process or system. There many commercial software
packages for the analysis of the experiments. This family of software package includes Matlab,
Minitab, python, and others.

Modern manufacturing industries use different techniques to produce complex shape products:
some of the techniques are hot press molding, injection molding, extrusion, forging, casting and
so on. The result of these techniques is near net shape, meaning very nearer to the finished good
and a few secondary manufacturing process is required. Modern manufacturing industries are
more concerned with the efficient utilization of materials because of the pressing environmental
issues and they need to conserve materials and energy. This leads to the development of near net-
shape processes. To have the near net shape by said techniques, lot of process parameters are
involved. Any change on the process parameters will affect the quality of the product directly,
and even defects manifest on the end products, which will expose the company for unnecessary

Ccosts.

Injection molding is a process in which a polymer is heated to a high plastic state and forced to
flow under high pressure into a mold cavity, where it solidifies. The molded part, called a mold,
is then removed from the cavity. The process produces discrete components that are almost near
net shape (Groover. M, 2007).
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Polyvinyl chloride (PVC) is a versatile thermoplastic material that is used in the production of
hundreds of products that consumers encounter in everyday life and many more that are
encountered less frequently, but are nevertheless very important in construction, electronics,
healthcare, and other applications. It finds widespread use in these applications because of its
low cost and desirable physical and mechanical properties. It is fabricated efficiently in a very
wide range of both rigid and flexible products. PVC also has inherent flame resistance.
Substitutes for PVC materials may be available, but often the alternative materials and processes
are not as efficient or substitution costs are high (Whitfield, 2008). In terms of worldwide
consumption PVC stands in third place behind PE and PP. Thanks to the development of a wide
range of functional additives, in particular thank to effective plasticizers PVC could achieve this
important commercial relevance. PVC is one of the few thermoplastics whose hardness can be
adjusted from rubber-like elasticity up to hard formulations (Hasan, K. M, 2012).

As the PVC indicates, its constituents are Carbon, Hydrogen and Chlorine. The monomers of
PVC combine together to make long chains of PVC and becomes important input for plastic and
shoe industry. These industry mold to different shapes according to the requirements of
applications. Some common applications of PVC are; for water and gas pipe, medical devices,
roofing membrane, credit card, toys, sole, and so on. According to the observation conducted in
the local shoe industry like Anbesa and Kangaroo shoe factory, they are facing challenges in
controlling process parameter to get the required quality during molding process of shoe sole.
This study focuses on experimental investigation optimization parameters of injection molding

of PVC to produce shoe sole with minimum defects.
1.2 Problem Statement

Currently, here in Ethiopia, high priority has been given to manufacturing sector to reduce and
substitutes importing of finished products. The objectives and targets have been set to enhance
the productivity and competitiveness of the sector. Local manufacturing sectors are encouraged
to reduce imported products, by producing here in Ethiopia with low cost and required quality
level. So, to meet this national strategic plan of manufacturing products locally and working on
reduction of defects increases the competitiveness and profitability of the industries in the

international market.
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A huge number of shoe sole of different materials is imported from Asia and Europe countries
to Ethiopia and assembled with locally manufactured shoe body. This rises the prices of locally
manufactured shoes. Some shoe factories in Ethiopia are already started producing soles. But,
they are in challenge of controlling process parameter of injection molding, so that they are
unable to attain the desired quality. At the end of production, the defects manifest the product are
incomplete molded sole, variation in weight, overflows, warpage, voids, swelling, shrinkage,
black dot, sink mark, scratch and sticky to mold cavity. Some of these defects are not detected
easily during the processing, but they have a great effect on the customer satisfaction and other
defects leads to rework of product which leads to unnecessary expenses. Therefore, the process
parameters of PVC sole molding process in most Ethiopian shoe factory, KFS in particular, need
to be controlled. Hence, this study aims at identifying the root cause of defects and optimize
injection molding process of PVC sole.

1.3 Objectives of Study
1.3.1 General Objective

This study is aimed to provide optimum injection molding process of PVC sole thereby reduce
product defects in Kangaroo shoe factory (KSF).

1.3.2 Specific Objectives

To attain the above general objective, the study focuses on achieving the following specific

objectives:

¢+ To identify the injection molding processes (IM) and its associated types of defects.

¢+ To identify process parameters involved in the PVC sole IM process

¢+ To analysis the root cause of the problems (shoe sole defect) using cause &effect diagram
or FMAE

« To identify the significant process parameters that affect the quality of the shoe sole, by
creating a hypothesis based on the relationship between process and defects, process and
parameters and among parameters.

% To optimize process parameters of the IM process using DoE software

¢+ To verify the optimized results using experimental testing’s
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1.4 Scope of the Research

The scope of the study:-

R/
L X4

X/
°e

L)

The data mining was focused on kangaroo shoe factory, PVC sole molding process,
because same process available in the other local shoe factory, so that based on the
availability of resources like laboratory equipments and willingness of the company to
propose study.

The study was focused on the physical defects of PVC sole which leads to rework and
rejects. These defects are the weight variation of sole, flash (Overflows), unnecessary trim,
and so on. The reason is as observation and data from quality department the defects
manifest on the exterior (physical) part are extremely affecting the quality of product. This
influences the productivity and profitability of the company.

Experimental investigation, of the causes for defects was limited to process parameters
those involve in PVC sole IM. Other causes like material property and human error

(operator) was not included in the experiment.

1.5 Limitation of the Research

In conducting this thesis work limitation:-

¢ In measured weight response of the experimental designed, the weight scale has the

*
A X4

capacity of measuring, 0.01 to 20kg. The amount of overflows was supposed to be

measured as a response. The weight of overflows collected was out of the capacity of

weight scale use. Therefore, the indirect measured used to overcome the limitation.
Based on the time boundary given for the study and budget the research focused on the

PVC sole system unit based on reasonable selection in process over PU and TR process.

1.6 Significance of the Study

Generally, the result of this study essentially important input for shoe and plastic industries.

Particularly, for shoe industry in Ethiopia. Polyvinyl chloride (PVC) sole manufacturing can

directly make use of the outcome of the study. The significance of the research is summarized

as follows:-

> It can play important role in increasing GDP of the country by reducing imported products

and productivity of the sector by enhancing the quality of products.
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» Defects which manifest on the PVC sole will be reduced.

> Rework of defects sole like recycling, removal of scratchy will be reduced or avoided.

» Productivity of the PVC sole manufacturing company will increase, energy and cost of
rework will be reduced up on full implementation of the outcome of the research.

» The shoe sole making industries may become competent by producing optimum weight
of PVC sole and with less defects.

1.7 Arrangement of Thesis

This thesis consists of six chapters; Chapter-1 begins with an overview of Injection molding in
modern manufacturing and its role described. The problem of the statement, Objectives, scope

and significance of the study is well explained.

Chapter-2 Focus on a literature review of Injection molding particularly on optimization of
process parameters, shoe sole materials, defect analysis in injection molding and related areas
and RCA by using different methods. Finally, process parameter optimization in injection

molding process by using available methods are well reviewed.

Chapter-3 Provides the material and research methods used for the study. The experimental
procedures and equipment used for the study is explained. In addition, Data collection and the
type of data to be used is highlighted. Data analysis methods to prioritize and interpret results
analysis tools necessary for the study were elaborated and DOE and method of optimization also

included.

Chapter-4 Presents the results and discussion of the major problems of IM of PVC sole. The
ANOM and ANOVA results described in the form ranks of factors, the optimum combination of
influential factors and percentage contribution are well shown graphically and their significance,
defined in the form of tabular. In addition, prediction by Taguchi method, and comparison with

experimental result is indicated.

Chapter-6 Summarize the findings from this study and recommendation for future work also

proposed.
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CHAPTER -2
LITERATURE REVIEW
2.1 Introduction

Many studies were carried out to investigate the influence of the Injection Molding (IM)
parameters on the quality of molded parts and the occurrence of molding defects. Different
researchers’ had worked on experimental investigation of process optimization of different
system as per set of goal to increase quality, productivity, profitability and decrease defects,
wastages etc. To be specific let’s see the literature on IM process parameter optimization, related
works on shoe sole, defects, approach of solving problems in IM process and work related to
PVC.

2.2 Injection Molding

Plastic IM process has been a very challenging process for many manufacturers and researchers
to make a component meeting all the expectations of the customer at low cost and minimum time.
In today’s rapidly rising market demand, IM holds the responsibility of a mass production of the
plastic components. Hence every manufacturer has to take care that the cycle time of the molding
process is optimized properly to meet the market demand (Aditya .M, 2015).

A lot of parameters are involved in the process of IM to have the desired optimum mold which
has been adopted by different researchers. Determining the optimal processing parameter is
routinely performed in the plastic IM industry as it has a direct and dramatic influence on product
quality and costs. There are many factors contributing to the occurrence of defects that affect the
quality of injection-molded parts during the production. These factors are material selection, part
and mold design, and the processing parameters can cause numerous production problems (e.g.,
product defects, long lead time, much scrap, high production costs, etc.), reduce the competitive
price advantage, and decrease the company’s profitability (Mizamzul.M, 2013). The number of
process parameter considered also different based on the purpose they are needed. Five process
parameters (injection speed, melt temperature, mold temperature, metering size, and hold
pressure time) was considered to discuss the effects of process parameters on the micro molding
process and part quality of micro gears (J. Zhao, 2003). In the other case six process parameters

(mold temperature, melt temperature, gate dimension, packing pressure, packing time, and
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injection time) to determine the optimal processing parameter settings to reduce warpage of an
injection-molded plastic part with a thin shell feature (Huang, 2001). According to Aditya M.D
(2015) in IM, quality characteristics are classified as mechanical properties, dimensional or
measurable properties and attributes. In general, some of the main causes of quality related
problems are categorized as follows. Material related defects such as black specks and splays,
filling related problems such as short fills, flash, packing and cooling related defects such as sink
marks voids, Post mold related defects such as warpage, dimensional changes and weight change.
Defect mentioned above except material related defects are mainly caused due to improper
selection of the processing conditions during production (Aditya .M, 2015). As per the
requirement for product, the main factor parameter will be different, so that researchers
investigate according to the shape, material properties, system, etc. Many studies were carried
out to investigate the influence of the IM parameters on the mechanical properties of molded

parts and the occurrence of molding defects (Fei, N, 2013).

Optimization of process parameters of IM process was conducted by several by researchers.
Defects in the plastic pipe was optimized in the plastic pipe manufacturing process and it was
very essential to learn the process parameter and the defect in the plastic pipe manufacturing
process to optimize it (Gadekar, 2015). In general, process parameters affect the final products
and this is not limited to IM process. The same results were obtained on the effect of processing
temperature on tensile and flexural strengths of unidirectional kenaf/PLA composites and found

the optimum temperature is 1600°C (Balachandar, 2014).

Experimental investigation and root cause analysis of defects, are very important to control the
problem associated with quality. The presence of defects on products after the manufacturing and
production is a loss to the company as it leads to the rejection and rework i.e. manufacturing
which taken again more time thereby increasing the overall lead time. If the lead time increases,
there is a possibility of customer dissatisfaction for further collaboration (H. Deepthi, 2016).

2.3 Shoe Sole and Sole Materials

A few works are available on shoe sole, especially on optimization of the problems arise with
shoe quality and soles. Shoe design is one of the most technical and innovative issues in the field
of ergonomics, especially sport science to improve sport activity performance of individual and
to control health problems comes with design issue. As an example (Shimoyama .K, 2011)
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designed optimization of a sport shoe sole structure by evolutionary computation coupled with
Eigen mode analysis based on the finite element method and come up with recommendation of
different modulus elasticity for midsole, rear foot, mid foot, forefoot and center so that the
midsole weight becomes lighter. The anatomy of shoe is indicated in Figure 2.1. Among the

different anatomy shoes, this study focused on outsole.
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Figure 2. 1 Anatomy of Shoe (Pande, 2018)
The anatomy of shoe has their own effect on ergonomics of shoes. For example the effects of

various features of shoe design on cushioning, stability, friction, and energetics through

observations in sport shoe biomechanics was summarized (Frederick, E. C, 1986).

There are so many kinds of shoe sole developed and they have quite different characteristics.
According to investigation on material, the characteristics of materials are different from sole to
sole (Martin Hung, 2015). Some of the materials currently used for the application of sole are
provided in Table 2.1

Table 2. 1 Some of Sole Materials (Martin Hung, 2015).

No [Material Advantages Disadvantages Remark

1 | Leather sole | Good thermal insulation, Light | Less oil resistant
weight, Moisture released, Can | Less wear resistant
adapt quickly to the foot shape

2 | Rubber Heavy oil resistant, Slippery Heavy, Easy to spit Which is quality
sole resistant, Good thermal cream, Easily spike, problems
insulation, good wear resistance, | Hard, Permeability, Environmental
easy to break, good flexibility, Fear of oil soaked, issues
good hardness, waterproof Hygroscopicity bad
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3 | PU Sole Low density, Soft, Flexible, Absorbent, Easy Classified as oil
Comfortable, Good resistance to yellowing, Easy to based and water
oxidation, excellent wear break, Poor elongation | based foam
resistance, high hardness, , Not water proof, Poor | Fifth largest plastic
excellent shock, absorption, better | ventilation for shoe sole
thermal insulation, Good
chemical reaction, Easy to fold

4 | EVAsole Lightweight, Good elasticity, easy to absorb water, Used for jogging,
Easy to fold, Good flexibility, bad for the walk, casual shoes,
Excellent coloring, Not oil environment, easy to and foot training
resistant become dirty shoes in the bottom

5 | TPU sole Environmentally, friendly, Heat resistance, Hot
Excellent mechanical strength, water resistance,

Abrasion resistance, Oil resistance to,
resistance, Flex resistance, compression is poor,
Abrasion resistance, Good hard, heavy, poor
appearance ventilation

¢ | TRsole Feel good, Yan color, Good Weight, Bad wear, TPR on the basis of
finish, high technical content, Poor flexibility, poor new and improved
100% recycled, Eco-friendly bending, shock- products

absorbing ability, Poor
ventilation

7 | PVC Sole Cheaper, Qil resistance, Abrasion | Non-slip performance
resistance, Good insulation is poor, Poor texture,
properties poor ventilation

Among all materials given in Table 2.1, PVC, TR and PU is used in local industries like KSF of
Ethiopia, based on availability of supply. As tried to mention on the topic of this paper, the
focuses on the investigations and optimization of IM process of PVC sole to reduce defects
occurring in the process. The reason of selection of PVC was that, the problem observed is on
the process of PVC injection molding led to concentrate and react. The physical, mechanical and
thermal properties of PVC is given Table 2.2. PVC is ideally suited for applications where
maximum chemical resistance is required. To conduct experiment the properties of the material

under consideration (PVC) is very important.

Table 2. 2 Properties of PVC (Plasticsintl.com, esmatec data sheet)

Property Values Units
Physical

Density 1.47 glcc
Water absorption 0.06 %
Rockwell Hardness 115 R-scale
Mechanical

Tensile Modulus 3100 MPa
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Yield strength 55 Mpa
Flexural strength 3326.4 Mpa
Yield strength 88.3 Mpa
Tensile strength 60 Kg/cm?3
Elongation 350 %
Resilience 25 %
Thermal

Linear coefficient of expansion 3.25x10° In/in/°F
Glass transitional Temperature ~70 °C
Melting Temperature 160 °C

A granule form of PVC is added to injection chamber through hopper and fed into a heated barrel
and forced to flow into a closed mold cavity under high pressure and temperature conditions.
After the molten plastic cools and hardens to the configuration of the cavity, the finished product
will be ejected at the end of the manufacturing cycle (Allen. 2010).

Hopper Heater Mold cavity Mold

Screw Barrel Nozzle Moveable platen

INJECTION UNIT CLAMPING UNIT

le »le >l

Figure 2. 2 Diagram of an IM Machine and Flow of Material (Johnson, H, 2016).

2.4 Defects Analysis and Root Cause Identification

Defect Analysis means identifying, locating, interpreting, evaluating and generating corrective
and preventive actions (Pandyrajan, S. K, 2015). Defects occur in IM are different from type of
due to difference in the type of design and process parameters. But, commonly observed defects
are flash, warpage, bubbles, shrinkage, unfilled section, sink marks and ejectors marks and others
(Custom Part Net, 2017).

Different methods can be used to analysis defects of different process. Defects were analyzed

and optimization of the process parameters for sand casting was done and the quality control
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tools like Histograms, Pareto Analysis and Fish bone diagrams are used to analyze and identify
the defects, major defect and various causes for the defect respectively (Anil Rathore, 2017). In
the other case, metal IM- process, optimization, defects and microwave sintering on WC-Co
Cemented Carbide optimization of metal IM parameters was required to obtain the optimal
combination parameters which effectively reduce cost and time consuming for the process as
well as reduce the defect in the final product (Shahbudin, 2017). Finite element method (FEM)
also used to optimize defect due to improper process parameters. According to Bao-Hong (2006)
et.al in order to get good overall performance Aluminum-alloy box-shaped work pieces with ribs,
a process of overall extrusion was adopted based on the complex shape and structure of the work
piece and then simulated with FEM and simulation results show that part of the box bottom is
not fully filled. There were defects, such as pits, folding, or insufficient strength of some ribs.
The optimized solution was determined after the root cause analysis of existing defects and the

original process were improved (Bao-Hong and L. W, 2006).

Here in Ethiopia, the project which was focused on minimization of excessive trimming and
rejected leather by integration of 7 QC tools and quality control story formula was done on Sheba
Leather private limited company (PLC) (Kassu Jilcha, 2017). It was done to overcome high cost
of skin leather and customer complaint in parallel excessive trimming and rejection of leather.
Therefore, the team set a target to reduce by 50% for each key performance indicator based on
studied original situation, Cause Analysis was done to identify critical root causes. During
analysis fish bone diagram was used by asking 5 whys for each cause and possible

countermeasures were established and implemented (Kassu Jilcha, 2017).

Generally, literatures show that before going to process optimization, finding defects and their
root cause are very important. This study was followed the same concept, that first defects
manifesting in the process were clearly defined and analyzed for root cause identified.

2.5 Parameter Optimization of Injection Molding Process

Optimization of molding conditions or process parameters are crucial for productivity and quality
of desired products. Researchers were worked on the optimization process parameter to achieve
the required quality, cost and time. To do so, used different optimization techniques and tools.
Some of the tools used are Taguchi approach, mathematical models, and Fuzzy logic, Artificial

Neural Networks, Case Based Reasoning, Finite Element Method, Principle Component Analysis
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Non Linear Modelling, Genetic Algorithms, Linear Regression Analysis, Grey Rational Analysis
and Response Surface Methodology (Abdi Aziz, 2014).

Defects in the plastic pipe was optimized by Taguchi method in the plastic pipe manufacturing
process and the study made, the reasons for the wastes were improper setting of operational
parameters and mixing raw material with wrong proportion (Gadekar, 2015). According to Anil
(2017) after root cause analysis defects identified by quality control tools, optimization of the

casting process parameter is done by Taguchi DoE technique (Anil Rathore, 2017).

As observed on the previous works of researchers, control of process parameter has a crucial
effect on the quality of product. There are different optimization techniques available to
determine the optimum values of process parameters. This study focuses on root cause analysis
of IM process of PVC sole and optimization of influential parameters by using optimization tools
based on the result of root cause analysis, Optimization by Taguchi approach followed by
ANOVA is preferred for this specific study and the reason is explained under methodology

section.
2.5.1 Optimization Techniques

Traditional experimental design procedures are too complicated, very expensive and not easy to
use. To solve the problems, different scholars like, Taguchi used a special design of orthogonal
arrays (OA) to study the entire parameter space with only a small number of experiments there
are a lot of method to design experiment e.g. Response Surface Methodology (RSM), Shainin
Systems and Taguchi Method. They have their own advantage and disadvantages. Taguchi
Method and RSM are frequently used method in process parameter optimization (Kowalczyk,
2014). Taguchi Method need less data compared to RSM to find optimum conditions i.e. needs
less time, cost and energy. Therefore, based on the reason mentioned under methodology Taguchi

approach is selected over methods for this study.
2.5.2 Taguchi Approach

After World War |II, the Japanese initiated a major effort to participate in the world
market. The first products were inexpensive, but poor quality. So, the Japanese government setup
government agencies. One of the companies were Electrical Communication Laboratories (ECL)

of Japan, hired Dr. Genichi Taguchi to reduce the cost of experimentation. Taguchi developed a
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series of experiments that resembled partial factorial designs and featured orthogonal (balanced)
arrays. The experimental method is called “The Taguchi Approach”. Taguchi method requires
less data to find the optimum condition than Response Surface Methodology (RSM) or full
factorial. Therefore it is recommended to use Taguchi method if the experimental run is time
consuming and costly (Said, M, 2015).

Taguchi views design of any system as a three phase program: 1. System design, 2. Parameter
design and 3. Tolerance design. Genesis of new idea, concepts, processes etc., due to
technological advancements, comes under system design. Parameter design improves
product/process uniformity and can be used to cost savings. This means that certain parameters
are set to make the performance less sensitive to causes of variations. Tolerance design phase

improves quality at a minimal cost (Abohashima, 2015).
2.6 Summary

According to the literature reviewed regarding IM process and its related optimization problem
different issues are addressed. IM is one of the widely used manufacturing process in the plastic
and shoe industry. However, when the injection molding process is not optimized or when the
process parameters are not properly selected the production process is not being effective and the

following problems may rise:

» Filling related defects like incomplete, overflows, weight variation
» Cooling related defects like sink marks, voids

» Post mold related defects warpage, dimensional change

As observed, large amount of defects and reworks are occurring in KSF especially in the PVC
sole IM. The root cause of the problem was not identified, operating by trial and error i.e. needs
an engineering solution. IM process parameter optimization for plastic of different shape like a
pipe and other was published by a different scholar but, for PVC sole not yet. Many studies had

done RCA for casting defects, while a few were available on polymers like PVC.

Finally, from what observed and reviewed from books, journals, magazines and other sources,
gap observed, combined together gives the topic of the study as investigations and optimization
of IM process of PVC sole to reduce defects occurring in the process.
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CHAPTER -3

RESEARCH MATERIALS AND METHODOLOGY

3.1 Materials

This study focuses on the IM process of Polyvinyl chloride (PVC) of which its chemical

composition is Carbon, Hydrogen and Chlorine. PVC has an amorphous structure with polar

chlorine atoms in the molecular structure. Having chlorine atoms and the amorphous molecular

structure are inseparably related. The monomers of PVC combine together to make long

molecular chains and becomes important input for plastic and shoe industry. These industries

mold it to different shapes according to the need of applications. The physical, mechanical and

thermal properties of PVC were given in Table 2.2. Based on the properties levels of control

parameters for experiment was decided.

3.2 Research Methods

In this study both primary and secondary information source was used. The secondary data were

used for initial works to confirm that the stated problem is really occurring or not. In addition, the

registered defects were collected from the magazine of KSF to cross check the official information,

prioritize defects and to get detail concern of the study. The primary data were gathered from

experimental results; contains raw data and original information. To attain the objective of this

study the following research methods are employed. Literature review has done to have a more

detailed background and theoretical knowledge regarding IM process. This provides evidence of

familiarity with the areas covered in the study. Previous studies, journal papers, online articles

were reviewed critically. In general the following research methods followed:-

\/

2 02 2 2 2 2 2

Literature reviewed

Observation of local shoe sole producing factory

Selection of company and Process

Data collection on defects (Secondary data)

Prioritizing defects based on frequency and effects on final products

Root cause analysis for prioritized defects to identify responsible process parameter
Conduct experiment ( Primary data)

Analysis experimental results
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Figure 3. 1 Methodology Flow Chart

3.2.1 Experimentation

In the study for experimental purpose to collect primary data, experiment were conducted to
control process parameters those affect the quality of PVC sole in KSF. So, that the following

procedures and equipments were used:-

A. Experimental Procedures

i.  Detail observation of IM process for understanding purpose.
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Vi.

Vil.
Viii.

iX.

Defects to be controlled were identified based on frequency and its effects on final
products as overflows and underweight.

Control factors (influential parameters) identified as melt temperature, injection speed,
injection pressure and packing pressure based on RCA results.

Fixed parameters are mold temperature, volume of injection, regrinding percentage and
holding time.

The values of control factors were decided based on the range of operation of IM
machine and, the mechanical and thermal properties of PVC.

The levels of control factors were decided based on the availability of raw material
(PVC) and IM machine range of operation.

The number of experiments were designed by using Taguchi Approach as L27.
Primary data were collected from the experimental results.

Experimental response collected and analyzed to reveals the result and discussion.

B. Experimental Equipments

The equipments used to conduct experiments and for measuring was IM controlling system

(Figure 3.2), weight Scale machine (Figure 3.3) and Sole Flex testing machine (Figure 3.4). The

detail explanation and purpose of the equipments in the activity is as follows.

Different process parameters involved in the PVC sole Injection Molding are adjusted by using

digital control system or control panel. So, adjusting different value of input and measuring the

outputs was made in this study. The control system has the option in which different values of

melt temperature, injection pressure, injection speed, volume of molten, packing pressure,

holding time and other operational accessories can be adjusted. The values of control factors

were adjusted as per DOE and the results were recorded for further analysis.
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Figure 3. 2The Injection Molding Machine setup
The experimental results measured by weight scale and which was considered as response of the
conducted experiment. The investigation continued to have optimum values of process
parameters with less amount the mentioned defects. Weight Scale machine was used in the
experiment to measure the weight of sole. The type of weight scale machine called CAMRY,

which has the capacity of measuring up to 0.01 to 20kg.

Figure 3. 3 The CAMRY Weight Scale
The durability and strength of sole was determined to verify the resistance to flex cycles. After
optimum values of process parameters are obtained, verification of the durability of sole at
optimum process was checked by Flex Testing machine. Among existing types of Flex Testing
Machine, GOTECH TESTING MACHINE was used based on the availability of the machine in
the company. It has the capacity to test 4 (four) sole at the same time and displays the number of

cycles digitally.
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3.2.2 Data Collection

In this study both primary data and secondary data were used. Before conducting experiment,
data of three months was collected from the magazine of KSF on defects occurring in the PVC
sole production process. The collected data was not clearly showing the types of defects rather
mentioning as rejected and accepted. To identify the type of rejected products, the following

methods were used.

# Most defective process were identified (PVC sole IM process) as given in Table 4.1.

# The type of defects occur in PVC sole IM were collected as given Table 4.2.

# Three months (December to February) data were collected from magazine of KSF as
given in Appendix C and it’s compressed in Table 4.3.

# Questionaries’ were used to characterize and quantify the collected data.

# Experimental data were registered to control prioritized defects (Overflows and

Underweight) as given Table 4.16.
In general the type of data used in this study is both primary and secondary.

A. Secondary Data
The secondary data which was collected from magazine of KSF were used for initial work to
identify the types of defects, frequency and its effects on final products. Therefore, the secondary

data used are:

> Registered defects from December to February.
» The data used in this range was partially primary i.e. two third (2/3) of the data collected

in February with the involvement of the researcher.

B. Primary Data
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The primary data used in this study are:-

> Defects were collected to select the process and identify types of defects (Table 4.2).
» Questioner used to characterize and quantify the collected defects from secondary data
(Appendix D).

» Data were collected from experimental results by measuring the responses (Table 3.16).

3.2.3 Data Analysis Methods

In this study, different analysis tools were used for characterization of defects based on frequency
and its effects. In addition, the data gathered through different methods was analyzed using the
following technical tools:-

e Pareto chart

e Failure mode and effect analysis (FMEA)
e Root cause analysis (RCA)

e Software (Minitab17 and Sigma XL)

The Pareto Principle arranges the data in descending order based on frequency and indicates that
highly frequently occurring defects are needed to be solved. In this study, the perspective is
partially accepted that highly occurring defects effect, on the final product might be negligible.
Therefore, FMEA was used in combination with Pareto principle and the hybrid effects of both
tool were applied. Therefore, based on the results of Pareto Chart and FMEA, the root cause of
defects in KSF was captured by the help of Fish bone (Ishikawa) principles and supported by
software package known as Sigma XL which works in integration with Microsoft office packages.
For identifying the root causes of each defects, significant process parameters were identified by

using RCA with integration of Breakdown analysis (BDA).
3.2.4 Design of Experiment and Optimization Method

There are a lot of method to design experiment e.g. Response Surface Methodology (RSM),
Shainin Systems and Taguchi Method. Taguchi Method and RSM are frequently used method in
process parameter optimization. Due to the high cost and time consuming, the trial-and error
process is not suitable for complex manufacturing process in determining the optimal IM process

parameters. Taguchi method can efficiently find the best specified process parameter level
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combination with the minimum experiments. So, based on the following constraints Taguchi

method was selected over others types of method for this thesis work.

I Allowed number of Experiment in the company (KSF)
ii. Time boundary for the final work

iii. Available resources (Raw materials)

iv. Simplicity of Method.

V. Background.

Now days a lot of software packages being developed from time to time in DOE to simplify the

tedious manual works like investigating the optimum values of appropriate process parameters

or systems. There are many commercial software packages for the analysis of the experiments.

Among the existing software packages, based on their availability, the followings were used:-

Minitab 17 was used to design experiment and apply Taguchi Approach, and optimize the data

collected through the experiments and Analysis of Variance (ANOVA) for the analysis of each

influential parameters significance and percent contributions.
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CHAPTER- 4
RESULTS AND DISCUSSIONS

This chapter deals with the results and discussion of the critical investigation and obtained results
by using techniques proposed in the previous section.

4.1 Observation of Local Shoe Sole Producing Factory

Before starting the study, problems of the country were especially on manufacturing area were
under thought (researcher) and recognized that a lot of products were imported to Ethiopia. The
owner of the research looking to reduce imports by increasing the capacity of local industry.
Among them foot wear industries were exposed to the problem. As indicated in appendix B three
footwear producing company in Ethiopia namely Anbesa, Kangaroo and Walia shoe factory was

selected for initial survey which is included under Appendix A.

For the experimental investigation and data collection, Kangaroo shoe factory (KSF), Ethiopia,
was selected. This company is manufacturing different shoes for local market and export
standard. As tried to mention under problem statement section, the company has been facing a
lot of defects. The same situation is happening in other industries according to the survey results.
Some of them are handled by foreign investors, and not willing to accept the proposed study. In
addition others don’t have full laboratory equipment’s that are required for the study. Some
governmental factory like Anbesa shoe factory was changing place from previous area to another.
Doing some transitional work, they are not offering such kind of proposal for a limited period of
time. So, KSF is selected as appropriate company for the proposed study.

Kangaroo shoe factory is producing different sole from various material like PVC, PU and TR.
The soles have their own advantage and disadvantages as explained under literature Table 2.1.
As given in the Table 4.1 more defects are occurring in PVC sole molding process. To identify
the most defective process, data were collected on different defects and by observation of the
process in the three (3) sole molding units (TR, PVC &PU) in KSF and types of defects were

observed.
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Table 4. 1 Types of Defects and the associated Process

S.N Machine unit

Type of defects TR PVC ‘ PU
1 Overflows v v v
2 Voids v v v
3 Oil Scratch v | X X
4 Warpage X v v
5 Shrinkage X v v
6 Sink mark X v v
7 Black dot/ speck v v v
8 Underweight (Incomplete) v v X
9 Weight Variation X v X
10 | Sticky to mold X v X
11 | Wear (scratch) X v X
12 | Grey color v X X
13 | Weld line X X v
14 | Swelling X v X
15 | Brittle (Dry) X v X
16 | Others v v v
Total defects 7 13 8

v' 1 Occurring , X: not occurring

The number of commonly occurring defects in TR, PVC and PU unit are 7, 13 and 8 respectively.

The reason for selection of PVC sole process optimization is that relatively a lot of defects

meaning thirteen (13) defects were occurring in PVC sole molding process. So, improving the

quality of PVC sole enhances the productivity of the factory.

4.1.1 PVC Sole Injection Molding Machine

An IM machine is a machine which produces components by IM process. The main units of a

typical IM machine are the clamping unit, the plasticizing unit, and the drive unit which is shown

in Figure 2.2 under literature. The clamping unit holds the injection mold. It is capable of closing,

clamping, and opening the mold. The drive unit provides power for the plasticizing unit and

clamping unit. Clamping force is the force that pushes the two mold halves together to avoid

opening of the mold due to internal pressure of the plastic melt in the mold. The clamping force of

typical IM machines range from 200 to 420KN. In the flow chart Figure 4.1 shown, the IM process

for PVC sole stages in which raw material passes to reach the finished part, next to the box process

parameter or constraints need cares are explained. The flow charts of IM process for PVC sole in

Figure 4.1 was obtained by observation of the process.
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Figure 4. 1 Flow charts of IM process for PVC sole
At different stages through the process various parameters are involved and different defects are
manifesting in the process. So, from flow chart to meet the goal of the study, all process
parameters are identified as (1) Regrind percentage, (2) Melt temperature, (3) Mold Temperature,
(4) Injection pressure, (5) Injection speed, (6) Packing pressure, (7) Packing time and (8) Cooling

time.
4.1.2 Defects in PVVC Sole IM Process

As one of the first and important specific objective of this study, critical investigation of Injection
molding (IM) process and defects occurring in the process were conducted. The defects occurring
in the process were also collected and defined. The defects occurring in the PVC sole injection
molding is listed with detail explanation in Table 4.2. Based on the observations performed,
description of each defects are given, and in some cases the preferable term to describe the up

normality of the product was taken from previous work of scholars.
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Table 4. 2 The Targeted Defects in PVC sole of KSF

Description
S.N | Types of Defects
Overflow (Flash) is the excessive material leaking out from locations where
Overflows Lo
1. the mold separates such as the parting line.
. Air trapped within or close to the surface of an injection molded and forms
Voids
2. vacuum on PVC sole.
3 Warpage Warpage is a distortion where the surfaces of the molded part do not follow the
intended shape of the design.
Shrinkage Shrinkage is when the dimension of the molded part decreases in dimension or
4., reduction thickness.
Sink marks are local depressions in a molded part surface. (Phadke, 2008). Sink
marks are local depressions formed in an injection molded part due to differential
5. Sink marks cooling. Combination of processing parameters leads to Sink marks and voids.
6. Black dots Black dots are dark spots found on the surface a molded part (sole).
Underweight Underweight is when the molded part (sole) both left and right leg becomes less
7. than expected weight.
Weigh iati . S o . .
8. eight variation Weight variation is the condition in which the right and left leg sole are not equal.
Sticky to Mold Sticky to Mold is the fm_al product (PVC) sole at the stage of ejection cannot easily
9. removed from mold cavity.
Scratch (wear) Scratch (wear) is when the surface of molded part eroded by the surface of mold
10. cavity but expected to be smooth.
Swelling Swelling is when the thickness of sole greater than the normal thickness and
11. thickness size not uniform.
A screw with too low a compression ratio for the material being molded will not
Brittle (Dry) properly melt and mix the material. This results in weak bonds between the individual
12, molecules in the material and the part exhibits brittleness.
Based on the first ten days observation, all above mentioned defects are registered.
Others But, in case if there is any defect which is not considered was taken as others. So,
that Miss-alignment (of sole and leather) and grey color formation of sole are those
13. included under other with low percentage of occurrence and effects on the price.

4.2 Secondary Data Analysis

4.2.1 Secondary Data

The secondary data collected from KSF magazine for initial analysis and to quantify the defects,

questioner was used. Three successive months’ data were taken for further analysis of defects

and the raw data is included in Appendix C. The total amounts of production in the given period

of time is given in Table 4.3. As shown, several of defects are occurring in PVC IM process, but

the type of defects are not clearly defined. As the third specific objective of this study,

investigating the significant process parameters that affect the quality of the shoe sole by creating

hypothesis based on the relationship between process, process and defects, defects and defects,

Investigations and Optimization of Injection Molding Process of PVC Sole

24




process and parameters and among parameters are included by identifying most frequently
occurring defects. For further analysis the type of defect, with its quantity should be identified,
i.e. root cause of the problem recognized. The challenge is how to come up to the right percentage
defects happened in the given months, since the data registered is not classified rather general

total number is indicated.

Table 4. 3 Total Production of PVC sole and Defects of three Months.

Month December January | February Total
Total production 2341 2944 3096 8381
Number of defects 229 311 330 870
Percentage of defects 9.78 10.56 10.66 10.38

4.2.2 The Quantity of Defects

After detail explanation of the defects prepared for understanding purpose, the key persons like
quality controller, production manager, supervisor and operators are used for estimation of
amount each defects percentage from the total amounts of defects (870), which is mentioned in
Table 4.3. Questioner paper was prepared in detail and distributed for them and average of each
defects from respondent was taken. While proceeding questioning, oral explanation about the
defects in local language to control miss-understanding evaluation of feedback from respondent.

The qualification and job title of the respondent is given in Table 4.4.

Table 4. 4 Respondent Position in KSF and Qualifications

S.N Position of respondent No of peoples Quialification

1 Production Manager 1 Mechanical engineer

2 Quality control 2 Industrial Engineers

3 Technical manager 1 Chemical Engineer

4 Supervisor 2 Senior IM specialists

5 Operators 6 Chemists & senior operators
Total 12

Both primary and secondary data were used. Primary data were collected by using
questionnaire and interview, while secondary data were obtained from the company’s

magazine. The questionnaires were distributed to KSF workers. Accordingly, twelve (12)
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copies of questionnaires were distributed. The 12 respondents who have enormous of
experiences with the company’s product and PVC sole IM process, used to analysis the total
percentage of defects occurs in the process. The results obtained from respondents are included
in Appendix E.

= Total number of defects x Average % percentage
100

Amount of eachdefect @~—m—0—7—7—2m—2—m07—————— ... 4.1

Table 4.5 is obtained by using Equation 4.1 and Appendix E.

Table 4. 5 Results of Respondents and Percentage of Defects

AmocljJeangISeach Total production
SN Type o_f defects Average (8381) percentage
occurs in PVC Percentage (%) of defects = of defects
(AP) 870*AP/100% (%)
1 Overflows 31.130 271.15 3.24
2 | Vvoids 2.167 18.85 0.225
3 Warpage 2.858 24.83 0.294
4 Swelling 3.375 29.36 0.350
5 Shrinkage 1.375 11.96 0.143
6 Black dot 2.375 20.66 0.246
7 Underweight 26.00 226.20 2.699
8 Weight Variation 22.083 192.13 2.291
9 Sticky to Mold 2.167 16.675 0.199
10 | Scratch (Wear) 1.670 13.775 0.164
11 Sink mark 1.875 16.313 0.195
12 | Dry (Brittle) 2.457 22.113 0.262
13 Others 0.500 6.163 0.073
Total 100 870.00 10.381

As we can see from Table 4.5 the values of each defects occurring in KSF are provided. But, to
run for further analysis reasonable defect selection is very important. So, Pareto principle is used

to identify the most frequent defects.

4.2.3 Defects Prioritization

Prioritization of defects was based on frequency (Pareto chart), effects (FMEA) and hybrid results

of both frequency and effects were considered and the following results obtained.

Investigations and Optimization of Injection Molding Process of PVC Sole

26




A. Frequency of Defects

Pareto is a principle named after Italian economist Vifredo Pareto that specifies unequal

relationship between inputs and outputs. The principle states that 20% of the invested input is

responsible for 80% of the results obtained. 80/20 rule is the law of vital few, or the principle of

factor sparsely, states that for many events roughly 80% of the effects come from 20% of the

causes (Zasadzien, (2014). The length of the bars represents frequency and arranged with longest

bars on the left and shortest to the right. Pareto chart principle, analysis data by arranging in

descending order and calculate the cumulative amount and cumulative amount percentage of each

defects (Gorener, 2013). Then draws graph to identify the most frequently occurring defects among

the identified types of defects.

Table 4. 6 The Descending order of Defects Quantity, Cumulative Amount and Percentage

Amount . Cumulative
Defects of Ciﬁ%'j;': € Amount

SN Defects Percentage

1 | Overflows 271.13 271.13 31.164

2 | Underweight 226.2 497.33 57.164

3 | Weight Variation 192.13 689.46 79.248

4 | Swelling 29.32 718.78 82.618

5 | Warpage 24.81 743.59 85.470

6 | Brittle 2211 765.7 88.011

7 | Black dot 20.66 786.36 90.386

g | Voids 18.85 805.21 92.553

9 | Sticky to Mold 16.67 821.88 94.469
10 | Sink mark 16.3 838.18 96.343
11 | Scratchy (Wear) 13.77 851.95 97.925
12 | Shrinkage 11.92 863.87 99.295
13 Others 6.13 870 100
Total 870

According to the Pareto principle, the defects were provided in Table 4.6 and the Pareto chart

shown on Figure 4.2.
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Figure 4. 2 Pareto chart of Defects for PVC Sole
Pareto charts of December, January and February reveals that Overflows (flash) and Underweight
are the most commonly observed defects. It is found that these defects are responsible for about
80% of the rejection and hence according to Pareto principle study focuses on these defects. By

the intention of solving, these defects will avoid the occurrence of the other forms of defects.

Defects of any type have an impact on the quality of the product and, as a result, on the success
and way of realizing the production objectives. From the Figure 4.2, we easily observe the 80%
of defects are covered by overflows and underweight (incomplete), and while 20% is reserved by
weight variation, swelling, warpage, black dot, brittle (dry), sticky to mold, voids, Sink mark,
scratch (wear), shrinkage and others. According to Pareto principle except overflow and

underweight, others types of defects are insignificant.

Pareto principle solve the highly frequently occurring defects by considering it will solve the
other type’s defects indirectly. But, it does not indicate the effects of each defects on the final
results of products. Therefore, another quality control tool which focus on the effect of defects
on the final product quality and profit is needed. Like large number of defects are occurring, but
its effect on the final product may be negligible. Therefore, to overcome this kind of problem,

hybrid application of Pareto principle and Failure mode and effect analysis (FMEA) was used.
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So, that FMEA is selected for the mentioned reason to consider each defects and their effect level

on the final product in cost wise and customer satisfaction.
B. Effects on Final Products

Nowadays, FMEA is widely used and it can be said that FMEA has become standard practice in
many companies all over the world. Some application area of FMEA is in retail, mechanical,
construction, chemical and service industries, in companies for hardware and software
development, information systems, food production companies, plastic injection companies, in

power plants, civil engineering, telecommunications (Nikola, 2017).

There are different categories of FMEA,; these are Design FMEA is a method defining the

potential or known failure modes, ensuring the identification of failures and implementation of
regulatory activities before first production is executed. It focuses on identifying potential risk

on new design of a product. Process FMEA used to analyze manufacturing and assembly
processes after they are implemented. In addition, it looks at each process step to identify risk
and possible error from many different sources (Gorener, 2013). Process FMEA was used in this

study.
Risk priority number (RPN) =S*O*D........ccooiiiiiiiiii e 4.2

Risk priority number (RPN) should be calculated for the entire design or process and documented
in the FMEA. The highest RPNs should get highest priority for corrective measures. Before, RPN
the variables Severity (S), Occurrence (O) and Detection (D) should be weighted.

1. Severity of effect (S):- Severity measures the seriousness of the effects of a failure mode.
Severity categories are estimated using a 1 to 10 scale.

2. Probability of occurrence (O):- Occurrence is related to the probability of the failure mode
and cause. Occurrences are estimated 1 to 10.

3. Detection (D):- The assessment of the ability of the “design controls” to identify a potential
cause. Detection of preforms are generated on the basis of likelihood of detection by the
relevant company design review, testing programs, or quality control measures. Detection
also estimated 1 to 10.

4. Risk Priority Number (RPN):- The Risk Priority Number is the product of the Severity (S),
Occurrence (O), and Detection (D) ranking. The RPN is a measure of design risk and
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compute between “1” and “1000” (Shiva kumar .K, 2015). Analysis of FMEA following

the above mentioned steps are very important. Accordingly;

Step 1: Identify potential failures and effects; in case of this study defected PVC sole collected

for three month were considered as the failure. They were identified and quantity of defects are

given in Table 4.5. Based on that criteria set for evaluation, it is explained in Table 4.7 which

leads to Severity Ranking Criteria.

Step 2: Determine severity (S).

Each effect is given a severity number (S) from 1 (no danger) to 10 (critical). These numbers

helps to prioritize the failure modes and their effects. If the severity of an effect has a number

9 or 10, actions are considered to change the design by eliminating the failure mode, if possible,

or protecting the user from the effect. A severity rating of 9 or 10 is generally reserved for those

effects which would cause injury to a user or otherwise result in litigation (Prajapati and D. R,

2012). Accordingly, the severity criteria for this thesis work was adjusted as in the Table 4.7.

Table 4. 7 Severity Ranking Criteria

Rank Effect Criteria

1 None No effect

2 Very Slight Negligible effect on performance. Some Users Notice

3 Minor Minor effect on performance User is slightly dissatisfied.
4 Moderate Reduced performance with gradual performance degradation
5 Severe Degraded performance, but Safe usable.

6 High Severe Poor performance. Very Dissatisfied user.

7 Very High Severe Very poor performance, highly dissatisfied User

8 Extreme Severe In operable but safe

9 Hazardous Probable failure with hazardous effect

10 Extreme Hazardous Unpredictable with hazardous effect

Step 3: Probability of occurrence (O).

In this step, it is necessary to look at the cause of a failure mode (defects) and how many times it

occurs. A failure mode is given an occurrence ranking (O), ranging from 1-10. Occurrence also

can be expressed in percentage (Prajapati and D. R, 2012).

occurrence of defects or failure.
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In this study, based on the total amount of production of three months, occurrence of defects were
classified. The probability that a defect will occur during the given period of time in the PVC sole
IM system was described in potential occurrences per total production. Individual failure mode
(defect) probabilities are grouped into distinct, logically defined levels. Based on the data in Table

4.5 probability of occurrence and assumption had taken to give weight for occurrence of defects.

Table 4. 8 Occurrence Evaluation Criteria (Calculated based on Table 4.5)

Occurrence (O) Efg::fe;i;ZéQ’ month) | propability of Failure
1 < 0.00005 Never/ Negligible
2 0.00005 < 0.0005 Slightly
3 0.0005 < 0.005 Very Low
4 0.005 < 0.05 Low
5 0.05<0.5 Fair
6 05<5 Moderate
7 5<10 High
8 10<50 Very high
9 50 <1000 Extremely high
10 1000 < Always Occur

Step 4: Failure detection (D)

First, an engineer should look at the current controls of the system, that prevent failure modes
from occurring or which detect the failure before it reaches the customer (Prajapati and D. R,
2012). Therefore, failure detection indicates if the defects are easily detected or not. The assigned
detection number measures the risk that the failure will escape detection. A high detection
number indicates that the chances are high that the failure will escape detection, or in other words,

that the chances of detection are low.

Table 4. 9 Detection Evaluation Criteria

Failure detection

Rank (D) Detection
1 Extremely likely detected
2 Very high probability of detection
3 High probability to be detection
4 Moderate high probability of detection
5 Medium probability of detection
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6 Slightly medium probability of detection
7 Low probability of detection

8 Very low probability of detection

9 Remote likelihood

10 Absolutely impossible to be detected

Table 4. 10 Risk Priority Number Computing and Rankings

Types of Severity | Occurrence | Detection
S.N Defects (S) O) (D) RPN=S*O*D Rank
1 Overflows 7 4 2 56 1
2 Voids 6 3 3 54 1
3 Warpage 4 3 4 48 5
4 Swelling 6 3 2 36 9
5 Shrinkage 6 3 2 36 6
6 Black dot 3 3 7 63 3
7 Underweight 6 4 2 48 4
8 Weight Variation 6 4 2 48 2
9 Sticky to Mold 7 3 2 42 8
10 Scratch (Wear) 6 3 2 36 9
11 Sink mark 5 3 3 45 7
12 Dry (Brittle) 6 3 3 54 3
13 Others 5 2 4 40 10

As it is given in the Table 4.10 FMEA analysis resulted another ranking which is different from

the rank given by Pareto chart. The defects to be ignored in the case of Pareto even takes first

rank in the case of FMEA.

C. Hybrid Results

The combined effects of frequency and effect based prioritization give us the result which

considers both Pareto chart and FMEA of defects on the final products in terms of profitability

and customer satisfaction. The following graph shows the combined results of both Pareto and

FMEA.
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Combined results of Pareto Chart & FMEA Ranks

Others 4.34 40

Shrinkage 11.86 36
Scratch (Wear) 14.51 36
Sink mark 16.31 45
Voids 18.85 —54
Sticky to Mold 18.85 42
Dry (Brittle) 20.66 — 54

Black dot 21.37 — 43
Warpage (24.86 — 48
Swelling 129.37 3%
Weight Variation [ (92 ]2
Underweight (Incomplete) [~~~ 2262~ 148
Overflows [=——————————"—"—=9707 : :

0] 50 100 150 P{00) 250
= Pareto chart Results FMEA Results

Figure 4. 3 The Combined Effect Graph of Pareto Chart and FMEA

Table 4. 11 The Comparison of Pareto and FMEA results

Types of Defects Pareto chart Ranks FMEA Ranks Total Rank
Overflows 1 2 1
Underweight (Incomplete) 2 4 2
Weight Variation 3 4 3
Swelling 4 8 8
Warpage 5 4 6
Black dot 6 1 4
Dry (Brittle) 7 3 5
Sticky to Mold Cavity 8 6 10
Voids 9 3 7
Sink mark 10 5 9
Scratch (Wear) 11 8 11
Shrinkage 12 8 12
Others 13 7 13

The combined effects of both Pareto chart and FMEA give us the total ranking which is based
on the frequency of defects and its effects on the final product. Therefore, as given in Table 4.11
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overflow is leading in both cases while underweight follows in total ranking. Therefore, both
overflow and underweight (incomplete) were considered as the problem of the system unit as
well as for the company. To control or troubleshoot the problem, finding the root causes of these
defects is crucial steps. Therefore, effect is already identified, and the investigation to find the

causes, for identified effect is very important.
4.3 Root Cause Analysis for main Defects

According to (Duphily, 2014) root cause and analysis (RCA) techniques are methods that work
well for simple problems (Brainstorming and 5-Why’s) as well as methods that work well for
very complex problems (Advanced Cause & Effect Analysis and Process Mapping).The outcome
is shown at the end of a horizontal line (head of fish), and branches leading from this line identify
the highest level category. Typically used categories (sometimes known as 6M). Mother Nature
(Environment, surroundings), Material (Physical items, requirements, standards), Man (People,
skill, management), Measurement (metrics, data), Methods (process, procedures, systems) and

Machine (equipment, technology) ((Duphily, 2014).

In this study, it has been believed that knowing the cause of a defect is a means to arrive at a best
solution to get the parameter responsible for the given defect. In order to identify the root cause
of the main two defects, Overflows and Underweight, the cause and effect diagram was drawn.
According to K. George (2008), the causes of defects could be categorized in four categories
(4M): Machine, Material, Method, and Man.

In this study, 4M was taken based on observation of the physical process and brainstorming
session was conducted with the production manager, quality control, and senior operator, to find
out the root causes of the defects. The other 2M (Mother Nature or environment and
Measurement method) are excluded in this study based on the nature of the problem identified
which is so far from environment and measurement affection. To come to the right cause of the
problem from general to specific procedures by using 5-Why or Break down analysis (BDA) to
come into the root of the problem. Based on the experience in the maintenance gained from
industry, this procedure was trusted as a right way to analysis and get root causes. In industry
experience of the researcher (my experience) e.g. like detecting horrible sound of shaft rotation.

1. Why horrible sound? To answer the question, using common sense like visualizing and

touching.
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2. Why Very hot? Tracing shaft connection with other types of machine elements (Bearing
or Gear).

3. Why wear in between shaft and bearing? Miss-alignment during assembly.

4. Why miss-alignment? Method of aligning and miss-match or look other machine
components.

5. Why miss-match? Selection during purchase, so that change the current bearing with right

specification.

The above flows indicates how to troubleshoot the challenges in maintenance and it is
knowledge gained from industrial experience while working Heineken brewer Share Company
of Ethiopia. The same is true in this study, to investigate the responsible constraints from 4M
(Machine, Material, Method and Man) fishbone diagram supported by 5-Why was used. Five
time “Why” questions asked in iterative and interrogative manner to explore the cause-and-
effect relationships underlying a particular defect. Five Why used to strength the proposed
constraints by cause and effect diagram to determine the deep root causes of a defect or problem

by repeating the questions.

Fishbone diagram in this case used to indicate the possible inputs for the said defect while 5 -
Why used to show flow of investigation. To draw fishbone diagram Sigma XL which is
integrated with Microsoft excel 2013 was used. In the cause and effect (Fish bone) diagram,
there are a lot of things to be included but to make precise and simple a limited amount of
conditions those leads to occurrence of the defects were included.

The principal constraints suspected are explained on the wings of fish as Machine, Material,
Method and Man, while causes directed by straight arrow to inclined wings in parallel with
main bone. The sub causes are indicated by using 90° bended arrow to causes as indicated on
Figure 4.4 and 4.5.
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Figure 4. 4 Fishbone Diagram for Overflows

Owverflows

Overflow is the excessive material leaking out from locations where the mold

separates such as the parting line and edge of nozzle supply molten to cavity. Based on the

brainstorming discussion with teams selected under questioner, the root causes of the overflows

are under Method and Machine.
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Figure 4. 5 Fishbone Diagram for Underweight
The following format is prepared based on the past experience of BDA to get the root analysis
based on 5-Why procedure. The format filled by the operators and experienced person in the

process with the owner of the study.

Table 4. 12 The Breakdown Analysis for Overflows occurring in KSF

SYSTEM UNITS Kangaroo Shoe Factory, Ethiopia
Type of defect

PVC Sole
Overflows Injection

Molding system.

Description of fault Finding:
Overflow is the excessive material out leaking from locations at parting line and edge of nozzle.

Remedy Explanation. Mold cavity fills and overflows, but the amount of material injected
Yes/No to mold cavity is constant.

Analysis 1: Analysis 2:

Naol Dessalegn (KSF workers)

Why1 Why2 Why 3 Why 4 Why 5
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occurs.
Clamping force
should be again
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As indicated in the Table 4.12 through BDA the root causes for Overflows which is the most

frequently occurring as well as their effects on the final product were identified as melt

temperature, injection pressure, injection speed and packing pressure. In addition, to overflow,

underweight also influences on the sole quality according the above analysis. So, that BDA

analysis for underweight also given in the Table 4.13.

Table 4. 13 The Breakdown Analysis for underweight occurring in KSF

Type of Defect
Under Weight

SYSTEM
UNITS

PVC Sole IM
system.

Kangaroo Shoe Factory, Ethiopia

Description of fault finding:

Underweight is when the molded part (sole) becomes less than expected weight.

Remedy: Yes/No

Explanation. The amount of weight from left and right leg sole are
sometimes not equal, one of them becomes less than expected weight.

Analysis 1: Analysis 2:
Naol Dessalegn (KSF workers)
Why1 Why?2 Why 3 Why 4 Why 5
Molded part Low injection High injection Overflows of Underweight
(Sole) cannot be the pressure leads molten leads to ?
underweight? causes for to underweight? > Overflows
= Low injection underweight? Underweight? | Decreasesthe | Flash out
pressure? &> Because the yes amount of > High
No. amount of &> Overflows injected pressure
molten molten from 5 High
injected is cavity. Speed
constant. > Theflashout | |ow
clamping
force
> Low
viscosity
of molten
to leaked.
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The BDA analysis in Table 4.13 was not easily identified as in that overflows, the responsible
constraint in this case was not part of process, rather other types of defects among registered
types of defects. The relationship between overflows and underweight is directly proportional,
meaning as the amount of overflows increases the amount of underweight also increases in the
process. This implies, one defect depends on the other. But, which defects occurs first and
which one follows, will gives us the hint of their dependence. As observed during the study
underweight (Incomplete) depends on the overflows. Because, underweight by itself implies
deficiency. So, logically deficiency and overflows are opposite indication of quantity of
something in the given container. In this case, the container is mold cavity and getting supply

of specified amount.

Overflows can be root cause for Underweight (Incomplete). In the case, high external force
(Injection pressure) can cause overflows especially on liquid and solid (in powder form). After
the external impact is removed the amount of quantity in the container will be reduced. The
amount of reduction from expected value will be equal to the amount of removed quantity by
external impact. In this case the external impact is taken as injection pressure and container is
mold cavity. But, injection pressure by itself only couldn’t be responsible for occurrence
defects, the condition of cavity even has contribution for the faults, like parting like gap which
is controlled clamping force (packing pressure). Further material (molten) comes into the cavity
contributes for the problem like very low viscosity easily leak through parting line. Therefore,
focusing on the root cause investigation for overflow is trusted as indirect troubleshooting for

underweight (Incomplete).

overflow
\ grooves /
ejector pins

Figure 4. 6 Overflows
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To control the overflows which is occurring in the PVC sole IM system, optimization of the
process parameters those involves in the process will give us the optimum amount both

overflows and underweight. IM has four stages.

Stage 1. Plasticization: - Granules of materials (PVC) were added to hopper & temperature
applied i.e. changes into molten state. Process parameters are melting temperature and regrind

percentage.

Stage 2. Injection: - Melted material in barrel injected to mold cavity. Process parameters

involved in the process are: - mold temperature, injection pressure and injection speed.

Stage 3. Packing: Packing pressure applies to control molded part quality from voids. The
process parameters involved in this stage are packaging pressure, packaging time and cooling

time.

Stage 4. Ejection: - Cold molded part sometimes coolant is used, but it depends on the material
under consideration. In the case of PVC sole injection molding no coolant involved rather
exposed to ambient temperature. It is the stage in which molded part ejected from mold cavity.

So, the total process parameters in injection moldings are:

(1) Melt temperature, (2) Mold temperature, (3) Injection Pressure, (4) Injection speed, (5)
Packing Pressure, (6) Packing time, (7) Cooling time and (8)Regrinding percentage

Table 4. 14 Processes Parameter Responsible for the Occurrence Overflows

Parameters involves in . . .
the occurrence of Description of each process parameter with hypothesis and whether

Overflows included in the investigation or not with reason from Root cause analysis.

The regrinding percentage indicates the amount of recycled PVC added to

the new raw material. PVC is Thermoplastic Polymer its property, offers

that recycling is possible. In this project the percentage of regrinding is

considered as constant and very less significant in the formation of

1. Regrinding | overflows, based on the observation made overflows also occurs without
percentage | adding regrind PVC.

Overflows is much related with volume of mold cavity, superficially
geometry wise. By considering the process when molten PVC injected into
mold cavity it overflows But, overflow is not continuous meaning there is

2. Mold also a chance in which the Sole is formed without overflows on the surface
\(ia}/lty mold cavity through Parting line. Therefore, Mold cavity design is
olume

considered a constant.
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Holding
Pressure

Holding Force is sometimes known as Packing pressure in injection
molding process. It clamps the mold cavity to control the gap formation in
the parting line, that mold have shape of mold cavity. Mold will have un
expected shape without clamping pressure even can scattered. Therefore
holding pressure is considered as one of the process parameter which
influences for the formation of overflows.

Nozzle
Diameter

As an input parameter for PVC Sole Injection Molding system Nozzle
diameter is considered. But, in this study System unit with uniform nozzle
diameter is used. Therefore, Nozzle diameter is considered as constant
parameter in the experiment.

Melt
Temperature
(TM)

Melting Temperature is the Temperature which transforms granules of
PVC into molten state. It is very important parameter to control overflow.
As the Temperature increases Viscosity decreases. Decreases in viscosity
leads to increases in flow rate. That means with low pressure we can have
good flow rate compared to high viscosity with high pressure. TM is
considered in the investigation.

Injection
Pressure

Is the pressure which supplies molten state of PVC to mold cavity. The
amount of Injection Pressure has great impact on the mold part, high
injection pressure causes leakage or damage to mold cavity. While, Low
injection pressure cause incomplete. There Injection pressure is considered
as one of the influencing parameter in the experimental investigation.

Injection
Speed

Injection Speed is the speed at which molten state of PVC reaches mold
cavity. In this study it’s considered, because it influences the formation of
overflows that very high speed leads to material damage and overflows in
parallel with high melt temperature.

Volume of
material to
injected

The volume of injection which is supplied to mold cavity is assumed to be
constant. The reason is that to reduce the number of experiment to conducts
that the volume of injection varies with the size of sole (shoe). So, that
single serial of shoe size (40) taken to measure weight and volume of
material is constant.

Therefore, the following parameters are considered as the responsible process parameter for

the occurrence of defects.

Mo

Melt Temperature
Injection Speed
Injection Pressure
Packing Pressure
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4.4 Design of Experiments

Design of experiment (DOE) is very important tool to significantly reduce the time required for
experimental investigation, as it is effective in investigating the effects of multiple factors on
performance as well as to study the influence of individual factors to determine which factor has

more influence, which less.

The most important stage in the design of an experiment lies in the selection of control factors
(Hasan, K. M, 2012). That is why back tracing from total defects selection of essential defects
needed to be controlled (Overflows and Underweight (Incomplete)) were specified. Then after
coming to root cause, to identify the responsible process parameter (control factor) were the long
journey among all parameters melt temperature, injection pressure, injection speed, mold
temperature, packing pressure, holding time, cooling time and regrinding percentages. Among
all parameters suggested here melt temperature, injection speed and packing pressure are selected
the most influencing process parameter for the occurrence of overflow and underweight

(incomplete).

Due to the high cost and time consuming, the trial-and error process is not suitable for complex
manufacturing process in determining the optimal IM process parameters. Taguchi method can
efficiently find the best specified process parameter level combination with the minimum
experiments. So, based on the reason mentioned under methodology Taguchi method is selected

over others types of method for this thesis work.

An experimental plan for four parameters with three levels was organized by the Taguchi method
as provided in Table 4.15. Melt temperature taken from the PVC data sheet was set to 160 °C for
level 1 and 180 °C for level 3, and level 2 was set to 170 °C which was an average value of these
two levels. VValues of injection pressure, injection speed and packing pressure taken from ranges

in which operators are using through experience and operation condition of the machine.

Table 4. 15 Control factors and their levels

S.N Factors Designation Low Medium High Units
1 Melt Temperature A 160 170 180 °C
2 Injection Speed B 10 15 20 cm/s
3 Injection Pressure C 0.2 04 0.6 Bar
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4 Packing Pressure D 0.1 0.3 0.4 Bar

In the Taguchi method, the term ‘signal’ represents the desirable value (mean) for the output
characteristics and the term ‘noise’ represents the undesirable value for the output characteristics.
Taguchi uses the S/N ratio to measure the quality characteristic deviating from the desired value.
There are several S/N ratios available, depending on the type of characteristics: “smaller is
better”, “nominal is the best”, or “larger is better” (Kowalczyk, 2014). Basically, there are three
objective functions for calculating the S/N ratio in the Taguchi method, which are smaller-is-
better (EQ. (4.3)), larger-is better (Eq. (4.4)), and nominal-is-the best (Eq. (4.5)) (Wang, Y, 2014).

S/N =—10|ogl(ZYi2) ......................................................... 4.3
n
S/N =—10|ogl(zi2) ......................................................... 4.4
n“3Y,
L
SIN==1010g= (> =5) oeiiiiiiiii e 45
n o

Where S/N ratio, n is the number of experiments, Y the value of response and i" experiment,
and m is mean square error. In this study, melt temperature, injection speed, injection pressure
and packing pressure as factors while Weight were chosen as the responses for the optimization.
High number of defects especially overflows and underweight (incomplete) of PVC sole is
occurring. So, opposite measurement was taken, that the amount molded part which is left in
the mold cavity was considered. Most of the parts became underweight and some part of the
molten overflows which is somewhat difficult to measure. Therefore, “Larger-is-better” S/N
ratio was preferred for this study to reduce the amount of overflows. The experiments were
performed to identify the optimum factor settings to achieve the minimum percentage of

overflows in PVC sole IM process.

In this study, twenty seven experiments were conducted at different parameters settings. For
this Taguchi L27 OA was used, which has twenty seven rows corresponding to the number of
tests, with four columns at three levels. According to the principle of Taguchi, the number of

Experiments must be > system degrees-of-freedom (DOF).
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DOF=1 + (#factors x (#Levels -1)) --------- TR -----—-—--4.6
— DOF=1+(4x(3-1)=9

According Taguchi approach the minimum number of experiment required to run is L9 (3%
OA, but conducting more than DOF, helps to get better combination for optimal combination.
In Taguchi OA for four control factors at three levels the minimum numbers of experiment
should be conducted is L9 and the second option L27. L27 was preferred for this study, which
is an L27 (3%, has four factors in the inner array. Recall, the inner array represents the control
factors. There is one response for each noise condition in the outer array for each run in the
inner array.

"7 Worksheet 1 ™™

4 1 c2 = c4
A ) c D
1 160 10 CE: o1
2 160 10 02 0.1
) ] 3 160 10 02 0.1
Taguchi Desigr: Design x
. e 4 180 15 04 03
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e ox & 180 15 04 03
T 160 0 06 06
. | & 1680 20 o6 0.6
. 3 160 0 06 06
—— 10 170 10 04 06
. cl [#] a 4 [ 3 [ 1 170 10 04 06
A B C D Weight 12 170 10 04 0.6
1 150 0 02 [§ 020 e Designs. . 12 170 15 06 a1
2 = " 02 [X E ™ Add a signal factor for dynamic characteristics —— 14 170 15 oe o1
3 160 10 02 [X 022 _ 15 170 5 06 0.1
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Figure 4. 7 L27 Orthogonal Array on Minitab
In the Table 3.16, the four control factors are designated by A, B, C and D. Larger is better S/N

ratio was selected. In the equation 4.4, the response Y, was replaced by the values of weight (W).
4.4.1 Experimental Trials

The following figure indicates experiment 1(a), 8 (b) and 13(c) results. Randomly taken based

on their visible differences.
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(b) (c)

Figure 4. 8 Response pictures

As shown on Figure 5.1 the trials shows incomplete (weight) output. Therefore, measure weight

and desire for maximum can be the right selection.

Assumption and realities during experiment

1. During experiment running, mold cavity temperature was not taken in consideration as
room temperature.

2. Volume of PVC injected to mold cavity was considered to be constant for Ethiopian
male shoe size 40 or USA size (7) or UK size (6.5).

3. Weight scale used has the capacity to measure from 0.01 to 20 Kg and most of the
overflows are less than 0.0l1kg. Therefore, “maximum is better” alternative
measurement of Taguchi was used for underweight as indirect troubleshooting for
overflows.

4. To complete experiment, it was taken 14 hours (within 9 days), because the equipment
used are always busy with regular duty.

5. Analysis “larger is better” taken for underweight based on the relationship analysis
performed between overflows and underweight (Incomplete).

Table 4. 16 Standard L27 Orthogonal Array and Response

No. of Run A B C D Weight (Kg) S/N (dB)
-13.979

1 160 10 0.2 0.1 0.20
-13.556

2 160 10 0.2 0.1 0.21
-13.152

3 160 10 0.2 0.1 0.22
-12.396

4 160 15 0.4 0.3 0.24
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-12.765
5 160 15 04 0.3 0.23

-11.701
6 160 15 0.4 0.3 0.26

-10.752
7 160 20 0.6 0.4 0.29

-11.057
8 160 20 0.6 04 0.28

-11.373
9 160 20 0.6 0.4 0.27

-11.057
10 170 10 0.4 0.4 0.28

-11.057
11 170 10 04 04 0.28

-11.373
12 170 10 0.4 0.4 0.27

-19.172
13 170 15 0.6 0.1 0.11

-17.721
14 170 15 0.6 0.1 0.13

-16.478
15 170 15 0.6 0.1 0.15

-15.391
16 170 20 0.2 0.3 0.17

-14.425
17 170 20 0.2 0.3 0.19

-14.895
18 170 20 0.2 0.3 0.18

-12.041
19 180 10 0.6 0.3 0.25

-11.701
20 180 10 0.6 0.3 0.26

-12.041
21 180 10 0.6 0.3 0.25

-12.396
22 180 15 0.2 0.4 0.24

-12.041
23 180 15 0.2 0.4 0.25

-12.765
24 180 15 0.2 0.4 0.23

-16.478
25 180 20 0.4 0.1 0.15

-15.918
26 180 20 0.4 0.1 0.16

-17.077
27 180 20 0.4 0.1 0.14

4.5 Analysis of Experimental Response
4.5.1 Analysis of Mean (ANOM)

The data analysis procedure using Taguchi experimental framework involves both ANOM and
Analysis of Variance (ANOVA). The ANOM helps in identifying the optimal setting of process
parameters combination while ANOVA establishes the relative significance of factors in terms

of their percentage contribution to the response (Gaitonde, 2012).
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Figure 4. 9 The Analysis of Mean (ANOM)
From session window of Minitab 17 the ANOM data is obtained as shown in Figure 4.10 and

4.11 for both raw data and S/N ratio.
4.5.2 The Optimized values of Influential Process Parameters

In chapter four as shown in Figure 4.9, the ANOM results were generated by using Minitab 17
and the ranks are given in Table 5.1 and 5.2 for both S/N ration and raw data respectively. The
ranks in both raw data (weight) and S/N confirms that in both cases the ranks are the same. So,
that from the Table 4.17 and 4.18 or the graph of Figure 4.11 and 4.12 decided, the optimum

values in which minimum overflows or maximum weight can obtained.

Table 4. 17 Average Response of S/N ratio and Ranks

Level A B C D
1 -12.303324 -12.2173 -13.622 -15.948
2 -14.618706 -14.15951 -13.3135 -14.4168
3 -13.606507 -14.1517 -13.5929 -11.5412
A 2.31538231 1.9421919 0.308679 4.406756
Rank 2 3 4 1

The result indicates that based on the S/N ratio for “larger is batter”, the ranks are arranged as

packing pressure (D), melt temperature (A), injection speed (B) and injection pressure (C)

respectively.
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Table 4. 18 Average Response of weight and Ranks

Level A B C D
1 0.2444 0.2467 0.2100 0.1633
9 0.1956 0.2044 0.2233 0.2256
3 0.2144 0.2033 0.2211 0.2656
A 0.0489 0.0433 0.0133 0.1022
Rank 2 3 4 1

The raw data mean also confirms that S/N ratio results, the same rank as that of S/N ratio.
Therefore, for optimizing weight of PVC sole, A1-B1-C2-D3 is the optimal combination.
Moreover, the ranks of all the parameters were sorted by delta (A), in the range of three levels.
The parameter having higher rank corresponding to higher delta value that means, the factor
contributes to the IM process more than other lower rank parameters. Figure 4.10, which was
generated by Minitab 17 indicates the combination values of influential parameters at which

optimum weight can be obtained in IM process.

Main Effects Plot for SN ratios
Data Means

A B C D

-1

-12
ﬁ -13
d
v ./.\‘
§ -14

-15

-16

160 170 180 10 15 20 0.2 0.4 0.6 0.1 0.3 0.4

Signal-to-noise: Larger is better

Figure 4. 10 Main Effect Plot for SN ratio
The graph in Figure 4.10 contains three curves representing the S/N response table for the weight
of PVC sole. Greater S/N response values indicate better performance. From the figure with

increase of melt temperature of PVC sole weight will decrease. Similarly with increase in injection
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speed weight decreases (Overflows increases) and with increase in injection pressure, weight
increases and reach optimum value, then decreases. In addition as packing pressure increases, the

weight of PVC increases that means the amount of flash out (Overflows) decreases (controlled).

Main Effects Plot for Means
Data Means

A B C D
0.275
0.250
g 0.225 \h‘ /\—.
é 0.200
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Figure 4. 11 Main Effect Plot for Mean of Response
Weight (response) obtained was used to calculate the signal-to-noise (S/N) ratio to obtain the
best setting of the parameters arrangement. Signal to noise (S/N) ratio was calculated as provided
in Table 4.16. The prime objective of this study was to find optimum levels for each of the
variable to arrive at a combination of these factors that could result in minimum overflows or
optimum weight. As indicated on Figure 4.10 and 4.11, it can be observed that A1-B1-C2-D3 is

the optimum combination for optimum weight or minimum occurrence of overflows.
4.5.3 Analysis of Variance (ANOVA)

This method was first developed by Sir Ronald Fisher in the 1930s as a way to interpret the
results from agricultural experiments. ANOVA is a statistically based, objective decision-making
tool for detecting any differences in the average performance of groups of items tested. ANOVA
helps in formally testing the significance of all main factors and their interactions by comparing
the mean square against an estimate of the experimental errors at specific confidence levels
(Anoop, C.A. & Kumar, 2013). ANOVA is a method of portioning variability into identifiable
sources of variation and the associate DOF in an experiment. ANOVA establishes the relative
significance of factors in terms of their percentage contribution to the response (Gaitonde, 2012).
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Variables of ANOVA

In ANOVA, variables involved for analysis are very important for decision made for the final

results. So, in this study the standards, hypothesis, equations and variables taken are defined as
follows (Gaitonde, 2012).

1. Sum of squares

i.  Total sum of squares (SST):

The total variation in the data. It is the sum of the between and within variation. SST is the total
variation in the values of the response variables.

r c —\2
SST = ZZ(Xij_X) ................................................................ 4.7
)
X1y 3x 48
_sz PP
i=l j=1

Where, r: Number of rows, c¢: Number of column, Xij: the i Observation in the j™ column,
X : Grand mean.

ii.  Between sum of squares or Treatment sum of squares (SSTR)

SSTR is the variation in the data between the different samples or treatment levels. SSTR is as
adjusted sum of square (Adj. SS) on Minitab.

SSTR =1 (K, = X)? oo 4.9
i=1

?: Grand mean

X = Mean of the i treatment levels

r = number of rows in i" column.

ii.  Sum of Squares for Error (SSE)

SSE indicates the within variation or Error sum of squares, variation in the data from each
individual treatment.

kn _
SSE = zz(xij—xi)z ................................................................... 4.10
i=1 j=L
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K= number of groups (factors)

2. DOF
Degrees of freedom for treatments, DOF sstr = C-1. There is always leave one possibility out in

regression, so need to create ¢ — 1 dummy variables. Degrees of freedom for error,
DOFsse = n—c.
3. Average source of variation
Average source of variation depends on the data results of SST, SSTR and SSE.

a. Total mean square (MST),

VSR = o e 411
n-1
b. Mean Square treatment (MSTR) or (Adj. MS).
MSTR = S R e e, 4.12
c-1
c. Mean square Error (MSE)
MSE = S0 SO e, 413
n-c DOF

4. Hypothesis and Result Interpretation
The ANOVA statistical interpretation and analysis ground is based on the following hypothesis.
Based on the results of the hypothesis, the significance and percentage contribution of the control
factors in the variation of response will determined. Therefore, in this study the interpretation

and obtained results, based on the following basic hypothesis.

a. Null hypothesis (Ho)
The basis of Null hypothesis is; there is no difference between groups mean i.e. population mean
is equal. By default Null hypothesis is correct or valid until hypothesis get evidence which
support to reject the hypothesis.

b. Alternative Hypothesis (Ha or H1)
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The base of Alternative Hypothesis, it considers that there is the difference between groups.
There is relationship between the treatment and outcomes or response. Anytime reject hypothesis,

there is a chance for the formation of mistake (Dahiru.T, 2008).

Incorrectly reject Null is called type one error. This is intentionally or unintentionally bias, most
likely to exaggerate the difference between groups or not. The probability of making type I error
is called alpha (o). The probability in which error formed by fail to reject Null hypothesis when
you should have to reject Null is called beta () which is the probability of type Il error. The
probability of finding a difference between groups if one truly exists is known as Power. Power
is equals to (1- B). It is good for having high power 80% or more, in other words 3 = 20% is very

good. The type Il error value and power has inversely proportion relation (Carlson, 2012).

c. P-Vvalues

P-value is the probability of obtaining a result at least as extreme as the current one, assuming
null is true. If the Null hypothesis is correct the P-value will be there, meaning the average
between groups should be at least 20 %. Based on the values of P level of significance of each
factors is determined by comparing the values with o whether statistically significant or not
(Dahiru.T, 2008).

If P < o : Statistically significant
P> o : The observed difference between groups is not statistically significant.

The analysis was carried out for the level of 95% confidence level (i.e. for a 5% significance
level). Meaning o is taken as 5% which is not arbitrary. In any statistical analysis of ANOVA it
was taken as 5% to correlate the above mention hypothesis to reject or accept. The meaning of
this percentage is that 5% of incorrectly rejecting Null hypothesis is acceptable. In general the

following summary is taken (Titus Corporation, 2018):
P < 0.05: Statistically significant
P > 0.05: Not statistically significant
4. F- Ratio

Statistically, there is a tool called an F- test named after Ronald Fisher to see which design

parameters have a significant effect on quality characteristic. In the analysis, F- ratio is a ratio of
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mean square error to residual, and is traditionally used to determine the significance of a factor
(Aryan, R. and John, F. (2017). F-ratio was used to test the null hypothesis the statistical results.
If the null hypothesis is correct then this ratio should be close to one. If some of the sample means
differ substantially, however, the ratio will be much larger. Large values of F therefore

correspond to strong evidence for rejecting Ho.

E oo ISR 414

MSE

All the variables ANOVA were calculated by Using Minitab 17 and the results from Session

window is pasted below while the organized data for result and discussion is included in the
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Figure 3. 5 ANOVA Variables by Using Minitab

The following data was taken from session window of Minitab 17.
Taguchi Orthogonal Array Design
L27 (374)
Factors: 4
Runs: 27
12 3 4

Factor Information

Factor Levels Values

A 3 160, 170, 180
B 3 10, 15, 20

C 3 0.2, 0.4, 0.6
D 3 0.1, 0.3, 0.4

Analysis of Variance
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Source DF Adj. SS Adj. MS F-Value P-Value
A 2 0.010941 0.005470 41.03 0.000
B 2 0.010985 0.005493 41.19 0.000
C 2 0.000919 0.000459 3.44 0.054
D 2 0.047763 0.023881 179.11 0.000
Error 18 0.002400 0.000133
Total 26 0.073007
Model Summary
S R-sqg. R-sqg. (adj.) R-sqg. (pred.)
0.0115470 96.71% 95.25% 92.60%
Coefficients
Term Coef SE Coef. T-Value P-Value VIF
Constant 0.21815 0.00222 98.17 0.000
A
160 0.02630 0.00314 8.37 0.000 1.33
170 -0.02259 0.00314 -7.19 0.000 1.33
180 -0.00370 0.00314 -1.18 0.254 *
B
10 0.02852 0.00314 9.07 0.000 1.33
15 -0.01370 0.00314 -4.36 0.000 1.33
20 -0.01481 0.00314 -4.71 0.000 *
C
0.2 -0.00815 0.00314 -2.59 0.018 1.33
0.4 0.00519 0.00314 1.65 0.116 1.33
0.6 0.00296 0.00314 0.94 0.358 *
D
0.1 -0.05481 0.00314 -17.44 0.000 1.33
0.3 0.00741 0.00314 2.36 0.030 1.33
0.4 0.04741 0.00314 15.08 0.000 *

Regression Equation

Weight = 0.21815 + 0.02630 A*160 - 0.02259 A*170 - 0.00370 A*180 + 0.02852 B*10
- 0.01370 B*15 - 0.01481 B*20 - 0.00815 C*0.2 + 0.00519 C*0.4

+ 0.00296 C*0.6 - 0.05481 D*0.1 + 0.00741 D*0.3 + 0.04741 D*0.4

Fits and Diagnostics for All Observations

Obs. Weight Fit Resid Std. Resid.
1 0.20000 0.21000 -0.01000 -1.06
2 0.21000 0.21000 -0.00000 -0.00
3 0.22000 0.21000 0.01000 1.06
4 0.24000 0.24333 -0.00333 -0.35
5 0.23000 0.24333 -0.01333 -1.41
6 0.26000 0.24333 0.01667 1.77
7 0.29000 0.28000 0.01000 1.06
8 0.28000 0.28000 -0.00000 -0.00
9 0.27000 0.28000 -0.01000 -1.06
10 0.28000 0.27667 0.00333 0.35
11 0.28000 0.27667 0.00333 0.35
12 0.27000 0.27667 -0.00667 -0.71
13 0.11000 0.13000 -0.02000 -2.12 R
14 0.13000 0.13000 -0.00000 -0.00
15 0.15000 0.13000 0.02000 2.12 R
16 0.17000 0.18000 -0.01000 -1.06
17 0.19000 0.18000 0.01000 1.06
18 0.18000 0.18000 -0.00000 -0.00
19 0.25000 0.25333 -0.00333 -0.35
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20 0.26000 0.25333 0.00667 0.71
21 0.25000 0.25333 -0.00333 -0.35
22 0.24000 0.24000 -0.00000 -0.00
23 0.25000 0.24000 0.01000 1.06
24 0.23000 0.24000 -0.01000 -1.06
25 0.15000 0.15000 -0.00000 -0.00
26 0.16000 0.15000 0.01000 1.06
27 0.14000 0.15000 -0.01000 -1.06
Note

R: Large residual

SE Coef: Standard error of coefficient and estimates the variability between coefficient

VIF: Variance inflation factor indicates Status of predictors where VIF =1 not correlated, 1 < VIF <5 =
moderately correlated and VIF > 5 highly correlated.

T-value: Measures the ratio between the coefficient and its standard error.

5. Percentage contribution

The ANOVA results can also be used to determine the contribution percentage of each control

factors on the output by the following equation (Akbarzadeh, A. and Sadeghi, 2011).

%) (SSTR— DOFXMSE) %100 415
p (%) = ST 4.

A — (0.010941 —2X 0'000133))(100 ez
pALA) = 0.073007 TR0

B0 = (0.010985 —2X 0.000133) 100 — 1468
p Bl = 0.073007 - e

0.000919 — 2 X 0.000133
p C(%) = ( )x1oo — 0.89%
0.073007

D) = (0.047763 —2X 0.000133>X100 _ 506

p L) = 0.073007 R

6. Predicting mean and S/N
Using the before mentioned data of S/N and Mean, the optimum weight can predicted by using

the IM parameters as follows.

i. Predicting Mean

As explained under ANOM the optimal settings for maximum weight or minimum overflows is
Al-B1-C2-D3.

According to (Anup .K, 2015) mean can be predicted as
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Predicted mean = A1 (Mean) + B1 (Mean) +C2 (Mean) +D3 (Mean) — 2 ( Xweight =0.218)

Where, XW is the total mean of response (weight) and the average of response the factor is taken

ii. Predicting S/N Ratio

Predicted S/N = A1 (S/N) + B1 (S/N) + C2 (S/N) + D3 (S/N) -2x (Mean S/N)

The mean of each influential parameter and optimum value included in Table 3.18 were taken to

predict both weight and S/N ratio.

Table 4. 19 Data used for Analysis of both Predicted Mean and S/N.

SN Al B1 C2 D3

w SIN W SIN w SIN w SIN
1 0.2 -13.9794 0.2 -13.9794 0.24 -12.3958 | 0.29 -10.752
2 0.21 13.1515 0.21 -13.5556 0.23 -12.7654 | 0.28 -11.0568
3 0.22 -12.3958 0.22 -13.1515 0.26 -11.7005 | 0.27 -11.3727
4 0.24 -12.7654 0.28 -11.0568 0.28 -11.0568 | 0.28 -11.0568
5 0.23 -11.7005 0.28 -11.0568 0.28 -11.0568 | 0.28 -11.0568
6 0.26 -10.752 0.27 -11.3727 0.27 -11.3727 | 0.27 -11.3727
7 0.29 -11.0568 0.25 -12.0412 0.15 -12.3958 | 0.24 -12.3958
8 0.28 -11.3727 0.26 -11.7005 0.16 -12.0412 | 0.25 -12.0412
9 0.27 -11.3727 0.25 -12.0412 0.14 -12.7654 | 0.23 -12.7654
Mean 0.244 -12.30 0.256 -12.22 0.22 -11.95 0.265 -11.541
Total mean of weigh 0.218 Kg
Total Mean of S/N -13.509 Db

4.5.4 Significance of Influential Parameters

The significance of the influential factors by comparing with p-value and in terms of their

percentage contribution on the variation occurred were analyzed. The detail work was included

in the previous chapter. ANOVA is appropriate tool for the mentioned purpose and its variables

obtained from the analysis is organized as in Table 4.19, and the values are collected from session

windows of Minitab 17 which was shown in chapter four.

Table 4. 20 Analysis of Variance

Source of Variation | DOF | SSTR MSR F- P- Significance
Value | Value (2=0.05)

Melt Temperature (A) 0.010941 | 0.005470 41.03 0.000 Significant

Injection Speed (B) 0.010985 | 0.005493 41.19 0.000 Significant
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Injection Pressure (C) 2 0.000919 | 0.000459 3.44 0.054 Not
significant

Packing Pressure (D) 2 |0.047763 | 0.023881 179.11 | 0.000 Significant

Error 18 | 0.002400 | 0.000133 -- -

Total 26 | 0.073007 | -- -- -

In Table 4.19, the significance of the influential parameters were indicated, by comparing the

P value with alpha (o) and decision had made. P < 0.05 significant while P > statistically not

significant. Based on information provided in Table 4.19, that melt temperature, injection speed

and packing pressure has significant contribution for the formation of variation in weight. But,

the percentage of contribution not clearly defined. Table 4.20 was prepared based on the result

of equation 4.15.

Table 4. 21 Percentage Contribution of each Control Factors.

Factors DOF SST SSTR MSE o (%)
A 2 0.073007 0.010941 0.000133 14.6219
B 2 0.073007 0.010985 0.000133 14.6822
C 2 0.073007 0.000919 0.000133 0.89443
D 2 0.073007 0.047763 0.000133 65.0581
Error 18 0.073007 0.0024 0.000133 0.00822

The percentage contribution of the control factors in the formation of variation on the

weight of PVC sole were indicated in the Figure 4.12
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P (%)

s A sB C =uD mError

Figure 4. 12 Contribution Percentage for Parameters

As indicated in Figure 4.12, packing pressure contributed high percentage for the formation of
variation and the most important parameter affecting the weight of the PVC Sole in other words
highly influences the formation of overflows while melt temperature and injection speed are
contributing nearly the same amount on the occurrence of defects.

4.5.5 Mathematical Model

Upon identifying the most important input parameters, the linear polynomial regression model
generated by the help GLM of Minitab 17. Therefore, the mathematical model used for predicting
the suitable value is, the linear polynomial regression by considering the full linear polynomial
model as indicated in equation (4.16). The coefficients of factors that affect response value are
provided in Table 4.21.

The general linear equation was used for the mathematical model, where Y (response), Po
(Constant) and coefficient, Xi (indicates the factor and its level (i) (Kowalczyk, 2014).

Y = Po + P1X1+ P2Xo+ P3Xs+ PaXa+ P1aXao+ P22Xoo+ P3sXaot PaaXaz 4o 4.16
Table 4. 22 The Coefficients of Factors that affects the values of Weight
Parameters Designation Factors Coefficient Designation

setting values of factors Used.
(Co)
Constants -- -- 0.21815 Po
Melt Temperature (A) Al 160 0.02630 Cl1
A2 170 -0.02259 C12
A3 180 -0.00370 C13
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Injection Speed (B) Bl 10 0.02852 Cc21
B2 15 -0.01370 C22
B3 20 -0.01481 C23
Injection Pressure (C) Cl 0.2 -0.00815 C3l
C2 0.4 0.00519 C32
C3 0.6 0.00296 C33
Packing Pressure (D) D1 0.1 -0.05481 C41
D2 0.3 0.00741 C42
D3 0.4 0.04741 C43

The data in the Table 4.5 was obtained from session windows of Minitab 17. Based on the
general linear equation used for the mathematical model for weight and substituted coefficients

of influential factors as given below.

Weight = Co + C11A1+ C12A2+ C13As+ C21B1+ C22Bat+ C23Bs+ C31Ci+ C32C2 + C33C3+ CarDit
C42D2+ Cu3Ds.

After substituting the values of coefficients in Table 4.21, the following linear polynomial

regression was developed.

Weight = 0.21815 + 0.02630 A: - 0.02259 A: - 0.00370 Az + 0.02852 B: - 0.01370 B2
- 0.01481 B3 - 0.00815 C1 + 0.00519 C; + 0.00296 Cs - 0.05481 D1 + 0.00741 D2 + 0.04741 D3

4.6 Verification of Results

The confirmation experiment is very important, for approving the results obtained through
analysis. In this study, verification or a confirmation experiment was conducted by utilizing the
level of optimal process parameters A1-B1-C2-D3.The purpose of the confirmation experiment
in this study was to validate the optimum PVC sole injection molding conditions that whether

suggested by the experiment that corresponded with the predicted value.

By using the optimum value meaning 160 °C, 10cm/s, 0.4 bar and 0.4 bar as indicated in the

following Figure 4.13 and PVC sole were produced at the given process parameters.
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Figure 4. 13 The Optimum Values Setting on Control Panel

The weight of the product was measured and flex cycle was verified. Finally, as indicated in
Figure 4.14 the initial register for the Flex cycle machine was 10,066,324 and after testing final
digital display indicates 10,096878 cycles and the difference becomes 30,554 cycles.

Figure 4. 14 The Initial Register (a) and (b) Final result for Flex Cycle

4.6.1 Prediction of results

Before conducting confirmation test results by experiment, prediction was performed. Based on

the results of Table 4.18, the elements of prediction are included and calculated as:-

Predicted mean = 0.244 + 0.246 + 0.22 +0.266 — 2 (0.218)
=0.284 kg.
Predicted S/N = -12.30 + (-12.22) + (-11.95) + (-11.541) — 2(-13.5095)
=-9.043 dB
Therefore, by this prediction, the PVC sole injection molding deliver the best weight (0.284kg).
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4.6.2 Confirmation of Results

The mean and S/N ratio predicted based on the results obtained under ANOM by using optimal
settings for maximum weight or minimum overflows is A1-B1-C2-D3. As explained under
chapter three, data used to predict Mean and S/N was in Table 4.18. The comparison between
predicted and confirmation test is given in Table 4.6. The verification test was conducted at the
optimum value of melt temperature (160 °C), injection speed (10 cm/s), injection pressure (0.4
bar) and packing pressure (0.4 bar). The flex cycle checked to verify the condition of sole at the
optimum value. The sole in Figure 4.15 was produced at optimal combination of influential
parameters.

Figure 4. 15 PVC Sole Obtained at Optimum value
Table 4. 23 Comparison between Predicted and Experimental Confirmation

Combination Weight SIN
Predicted Al1-B1-C2-D3 0.284 Kg -0.904Db
Experiment Al-B1-C2-D3 0.29 Kg -10.75dB

The values of predicted by using Taguchi approach is approximately near to the value which is
experimentally obtained. This implies that without confirmation tests, Taguchi prediction can
give us the better prediction for optimal condition.

Table 4. 24 Confirmation Test Results
S.N Weight (Kg) Cycles S/N ratio (dB)

1 0.29 30,554 -10.7520
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As the KSF standard the flex cycle should be in the range of 25000 t0o30000 cycles. Therefore,
as the company requirement, the product produced at optimum values of the study is qualified.
The Ethiopian standard Agency (ESA) checks conformity assessment on sole and gives level,
in addition to other criterions the sole should resist crack before 30000 flex cycles.
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CHAPTER-5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Injection molding process optimization is one of the factors that plays a significant role in the

effectiveness of rate of production and quality of product, trial setting parameters, strongly

affect it. This study has discussed an experimental investigation and optimization of IM of PVC

sole to reduce defects, particularly in KSF, Ethiopia. After careful analysis and based on the

results achieved on the current research work, the following conclusions are drawn.

» The critical investigation of IM process and its defects were done through observation,

collection of data and characterizing to groups of defects. Underweight and Overflows were
found to be the main defects in in PVC sole IM process, they occur due to improper or not
controlling the process parameters associated with the process.

A lot of process parameters involved in the process of PVC sole of IM, but melt
temperature, injection speed, injection pressure and packing pressure were identified and
selected as the prominent factors/parameters responsible for the occurrence of overflows
and underweight (incomplete).

The optimum settings of influential parameters i.e. melt temperature, injection speed,
injection pressure and packing pressure in the PVC sole of IM process ware experimentally
investigated and obtained as 160 °C, 10 cm/s , 0.4 bar and 0.4 bar, respectively. The
experimental design was done by Taguchi approach and their ranks were based on S/N ratio
“large is better”, in the setting of values of packing pressure, melt temperature, injection
speed and injection pressure, respectively. So, that the control levels required for each
parameter is according to the ranks among which, high number 4 needs less attention while
rank number 1 requires serious attention.

The significance of the influential parameters in the 95% CL was analyzed, so that except
injection pressure, all parameters have a significant effect on the response. The significance
level of each influential parameters in terms percentage contribution for the occurrence of
defects (overflows and underweight) were found to be 65% for packing pressure while both
melt temperature and injection speed were contributed nearly the same amount namely,
14.62 and 14.68 %, respectively. In addition, based on ANOVA results, shows that the
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packing pressure is the most significant factor for occurrence of overflow, while injection
pressure is the least important. Melt temperature and injection speed are significant and

have approximately the same effect.

5.2 Recommendation

Based on the analysis made, results obtained and conclusions drawn, the following

recommendations are developed.

>

KSF should realize that the current PVC sole IM trial setting values is not effective. This
study has forwarded optimal setting for influential parameters which is better than existing
operation condition. As there is no or very limited standards of optimal settings of
operational values for IM process in the system, the findings obtained in the work are
recommended to be directly impended by the company.

Total control of overflows is challenging part in PVC sole IM, and better and accurate
control can be of the overflow can be made using high precision (digital) weight scale
machine and measuring the overflow rather than molded part.

The percentage of regrind added to base material should be known, as the percentage of
regrind increases the original property of product changes; which as great effect on the

quality product.

5.3 Future works

Based on the scope of the study and time constraints there are problems identified but didn’t

encompassed in this work. Therefore planned as future work, some of them are:-

During selection system unit based on the amount of defects occurring PVC Sole was
selected. But in other units like PU and TR defects are occurring, and a lot of process
parameters involves in the system and needed to be controlled. Especially PU is
thermoset, any kind of defects leads to reject i.e. very sensitive to the company.

PVC sole has relatively high weight compared to PU and TR, needs to be analyzed. The
causes of increases PVC sole in weight relatively, mold design currently used is general
design. So, as future work of the study mold design for specifically for PVC sole and to

achieve nominal weight is planned.
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Appendix A: Survey Questionnaires

Adama Science and Technology University
School of Mechanical Chemical and Materials Engineering

Department of Manufacturing Engineering

Questionnaires for thesis work in partial fulfillment of degree of Masters of Science in Manufacturing
Engineering. It is aimed at collecting data and information to identify possible problems in shoe industry
in Ethiopia and suggest possible course of action.

I. Choose the appropriate answer from the given alternatives.

Is your company is producing all components of shoe?

A.Yes B. No
Is your company is producing for all gender?
A. Male B. Female C. Both

Shoe sole your company is?
A. Producing B. Importing C. From local factory D.A&B E. ALL
Which sole is being produced in the company? (Note: Selecting more than one is possible)
A. PU B.TR C.PVC D. TPR E.EVA F. ALL
For the sole being produced in your Factory, the raw materials?
A. From sister company  B. From local supply C. Imported
For the shoe sole which not produced in the organization, the challenge is?
A. Availability of raw materials supply B. Technology problem
C. we are satisfied with the one being produced D. Expensive
For the sole being produced in your organization, what are the challenges?
A. Not satisfied with the quality of final product with compared to the imported
B. Often defects are manifesting on the final products

C. No problem and we are satisfied with our products

D.A&B
Do you have equipment to test the final sole quality?
A.Yes B. No

Among the following test equipment, select which is available in your factory?
A. Sole Adhesion Tester B. Flex cycle Tester C. Both D. None
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Appendix B: Response of Survey

Three footwear producing company in Ethiopia namely Anbesa shoe factory (X), Kangaroo

shoe factory (Y) and Walia shoe factory (Z) was selected for initial survey made under

Appendix A. The results for Z is not included because of they are not offering shoe kind of

proposal.

S.N in Appendix A | Companies

X

A

C

O > > <

A

PU, TR & PVC PU, TR & PVC -

OO N[O O B W N

0> o>
0> 0 >0
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Appendix C: Production and Defects

Data collected from the magazine of KSF from December to February and used in Table 4.4

Date Total Production No of Defects Percentage (%0)
December 85 8 9.41
4/12/2017 85 0 0
83 0 0
Week 1 79 3 3.80
11/12/2017 153 26 19.99
Week 2 96 18 18.75
160 24 15.00
167 13 7.78
18/12/2017 164 14 6.25
110 14 8.54
Week 3 81 0 0
102 6 5.88
61 17 27.87
158 15 9.49
25/12/2017 18 0 0
72 3 4.17
Week 4 290 31 10.69
148 18 12.16
229 19 8.30
January 152 9 5.92
01/01/2018 55 12 3.64
62 9 14.52
Week 1 152 14 7.69
149 25 10.20
53 12 22.64
08/01/2018 174 19 10.92
182 28 15.38
Week 2 109 10 9.17
75 6 8.00
42 2 4,76
28 2 7.14
15/01/2018 82 9 11.00
96 12 12.50
Week 3 0 0 0
133 14 10.52
81 5 6.17
78 7 8.97
196 10 5.10
23/01/2018 250 36 14.40
250 23 9.20
Week 4 285 25 8.77
110 11 10.00
150 11 7.33
January& February 230 28 12.17
29/01/2018 222 21 9.45
106 11 10.40
Week 1 127 16 12.60
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144 10 6.94
February 312 33 10.58
05/02/2018 260 17 6.54
156 20 12.82
Week 2 242 13 5.37
256 18 7.03
165 21 12.72
12/02/2018 28 3 10.70
233 16 6.86
Week 3 116 12 10.34
70 10 14.30
90 15 16.67
19/02/2018 57 7 12.28
116 35 30.0
Week 4 166 24 14.45

Appendix D: Questioner in KSF

After working in KSF was decided observation production flows in different departments are

done and collection of data from primary and secondary sources were proceeded. As indicated

in Table 4.3 the quantity defects of PVC Sole in December, January and February mentioned,

but the defects are not clearly defined. Therefore Appendix C is used to group defects from the

total amount.

Section A. Based on the observation and analysis made during stayed in a few days in your

company, it’s identified that a lot defects are occurring in PVC sole system unit compared to

others. Those defects are mentioned in the following table, so based your experience give mark

from 100 % in section B.

Designation

Type of defects occurs in PVC

Description

Overflows

Voids

Warpage

Swelling

Shrinkage

Black dot

Underweight

Weight Variation

Sticky to Mold

Scratch (Wear)

Sink mark

Dry (Brittle)

Zr|Xle|=|T|O|mmoO|lo|m| >

Others ( )
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experience?

Section B. How many percentage you give for the above mentioned defects based on your
Note: A+B+C+D+F+G+H+1+J+K+L+M=100%.

A D= G J= M=
B= E= =
H K=
C= =
F | L=
Appendix E: Percentage of defects
Percentages given by Respondents (R)
R1 Avg.
Overflows 32 | 33| 3 | 31 | 27 | 27 |36 | 31| 34 | 24| 33 30 | 3117
Voids 3 1 1 3 2 5 2 1 2 1 5 2.17
Warpage 2 | 4| 1 1 4 2 |10 | 4 3 025 | 0 2.85
Swelling S | 2] 3 4 9 4 | 2| 3 2 0.5 2 4 3.38
Shrinkage 05| 4 | 0 0 1 0| 3|2 1 1 1 3 1.38
Black dot 3 1 1 3 2 4 3 | 3 4 2 05 2 2.38
Underweight | 28 | 22 | 27 | 25 | 28 | 25 | 13 | 22 | 24 | 28 | 32 38 | 26.00
Weight 20
Variation 18 | 19 | 25 | 16 | 20 | 24 | 23 | 27 | 27 | 28 18 | 22.08
Sticky to 1
Mold 1] 0 3 3 1| 4] 5 2 15 | 15 0 1.92
Scratch 0
(Wear) 5 | 5 2 1 3 /0|1 1 1 0 0 1.58
Sink mark 1 5 2 1 3 4 2 | 2 0 2 0.5 0 1.88
Brittle 3 | 4| 2 1 4 3 1| 3 0 9 0.5 0 2.54
Others 151 0 | 3 1 0 2 0] o0 0 1 0 0 0.708
10 100.0
Total (%) | 100 | 0 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 0
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