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CHAPTER |
INTRODUCTION

1.1 Background and problem statement

Machine selection processing is part of production planning. This process
aims to assign a job to a specific machine. Over the last decade, a machine-job
assignment problem has been integrated in harmony with job-shop scheduling theory.
But it does not feasible in practice due to the lack of sequencing procedure for
evaluation. Although, the previous studies had investigated it based on main criteria
(e.g. cost, processing time, knowledge, experience from a planner, etc.) but other
variables are particularly required. Other variables such as the number of machines,
varity of machine specifications and other environmental factors that are complex
decisions should be considered with the machine performance trading off.

In addition, the effective machine - job assignment is an important issue in
the injection molding industry. All injection molding machines will be assigned to a
job based on their capacity or physical properties (e.g. clamping force, the dimension
of tie bars and previous job histories. Not only an injection molding machine is able to
influence on the quality of products directly, but the machine performances and life -
times is also. There are a number of common defects in the injection molding caused
by the inappropriate machine such asblack streaking, burn marks, poor part finish,
poor surface detail, color fading, short shot, etc. Besides, the malfunction of electrical
and hydraulic system can be indirectly affected by machine overloading. Then, the
processing time will be extended if a production line is stopped to apply some
modification during mass production. An experienced planner or experts commonly
function to select the machine. These situation risks an irregular machine using as
opposed to an automatic computational scheduler when they have resigned or
inexperienced officer did it. Having the decision support system is able to enhance the
current process and also decrease the human error with more precision, better accuracy

and faster results. However, the implementation of the machine selection system
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mechanism should considers all the possible methods which are familiar with human
decision making, lower cost and shorter time.

A new theory of Machine Intelligence has been called Artificial
Intelligence (Al) that is important role to handle the uncertainty of virtualized
organization. The machine intelligence mechanism should involve the uncertainty
management and provide reason back in linguistic pattern automatically. Ma, Chen
and Xu (2006) stated that the intelligence machine was developed to enhance the
machine's ability to learn the knowledge from environmental changing dramatically,
seeking suitable knowledge, making decision ability under knowledge consideration
and apply them to make better conclusions. A branch of Al that has been become
popular in dealing with the production uncertainty is a fuzzy logic theory. It is easy to
model any ambiguous concept with descriptions and information by using linguistic
terms (Ma, Chen and Xu, 2006). Thus, it is a good alternative way unless other
classical logic. Fuzzy logic has great advantages of description and uncertainty for
machine intelligence application, is suitable for the problem that could not be modeled
in mathematical form and handles the incomparable linguistic inputs. Due to the
outstanding properties of fuzzy logic theory, it gains the possibility to invent an
efficient machine selection system concerning uncertain information. The proposed
system will be used to solve the machine-job assignment problem with similar to
human thinking in a short time.

Therefore, this research aims to develop an automated machine selection
system with fuzzy logic for the plastic injection industry using MATLAB with product
consideration. After that, a comparison between the current system and the proposed

system will be illustrated in the following section with the simulation method.

1.2 Objectives

The objectives of this research are as follows:

1) To develop the injection molding machine selection system on
MATLAB using fuzzy logic in the plastic industry.
2) To improve the efficiency of the machine selection method that

influences on computational time and defect reduction.
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1.3 Scope of Work

1) The scope of this study is limited to the case study of a medium-size
plastic manufacturer in Pathumthani.

2) The data are only observed from machine selection process made by a
factory planner.

3) The user of the proposed system is the planner of the plastic

manufacturer.

1.4 Methodology

e Observation and identification of problem
e Literature Review

e Data collection

e Research planning

e Design framework’s system

e Encoding with MATLAB

e System testing

e Result reporting

e Conclusion and Discussion

1.5 Expected Results

e The proposed system can reduce the evaluation time of the machine
selection process to help a factory planner in the preparation of the production plan.

e The proposed system can reduce the defective product when compared

to the current system.
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e Without loss of generality, the methodology in this thesis can also be

applied to other plastic manufacturers.
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CHAPTER I
LITERATURE REVIEW

This chapter involves foundation of background and literature review
consisting of four important parts. First, it addresses machine selection definition and
role of importance. And relevant theories will be discussed. Second, it focuses on the
characteristic of injection molding machine selection process in industry. In this
regard, such previous researches may share some perspectives with this study and
solution methods that are beneficial to this research. Third, it is given in detail of fuzzy
logic theory. Finally, it includes orientation of MATLAB as the development platform

of this research.

2.1 Machine selection

This part concerns with the machine selection concept and role in

production planning.

2.1.1. What is machine selection

Machine selection is a part of production planning which plays on the
assessment of the most suitable machine to produce the products. All requirements
will be identified and matched to the available machines. The selection of machine is a
part of resource allocation. These resource quantities could be either discrete or
continuous. Generally, the machines are arranged to be a single machine, parallel
machines, or machines in a flow shop, job shop, or open shop (Shabtay and Steiner,
2007). In case of the cost is the highest priority, the machine that has lowest price will
be selected (Tabucanon et al., 1994). This process has judged into a multi-criteria
decision making problem where qualitative and quantitative factors are involved. And
it is emphasized as a significant strategy of the production management, complicated

and talent (Tabucanon et al., 1994; Rao, 2007; Guldogan, 2011).
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There is the difficulty of dividing the machine selection from generic
scheduling problems. Many researches had given precedence to the scheduling
problem term instead of machine scheduling. An effective scheduling always
synchronizes to sufficient manufacturing’s factors appropriation.

Scheduling problem is mapping of jobs to the machines. The definition is
finding of a schedule when a set of jobs J = {Ji...., J,} have to be assigned to a set of
machines M= {Mj, . .. ,My}. And the processing times should be feasible and based
on optimization constraints (Figure 2.1). Scheduling is represented by Gantt charts or

job-oriented.

[ ) Constraints
Activities J

:f Resources ]
Objectives L

Figure 2.1 Scheduling problem process

Scheduling of machine is possibly constrained by machine capacity, shop
floor layout or job arrival phenomena. The differences of machinery and
manufacturing types lead to a diverse set of variables. According to the validation of a
machine schedule, there is a classification of scheduling problems to shop
configuration, job arrival and operation times while some researches called machine
environment and job characteristics. For example, even if a rotary injection molding
machine is a single machine, its behavior is similar to a parallel machine. Thus
scheduling of the rotary injection machine prefers to a parallel machine scheduling
problem (Urs, 2005).

A group of the published articles reviewed the influencing factors in
production scheduling such as late works, setup times, costs, machine availability,
equal processing times, etc. (Sterna, 2011; Allahverdi et al., 2008; Ma, Chu and Zuo,
2010; Kravchenko, 2011; Nowicki and Zdrzalka, 1990; Shabtay and Steiner, 2007).
The objective of these problems is seeking of the production schedule by minimizing
completion times and costs. There are not detailed in the differently machine’s

characteristic.
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2.1.2. Role of machine selection

The manufacturing decisions consist of the selection of material, process,
machining method, robot, inspection system, designing software, process layout,
facility location, vendor and performance evaluation, process condition and product
design. The machine selection is also involved in, not only the selection decision upon
purchasing process but the job assignment is also (Rao, 2007). Machine selection
consequence had raised the flavoring machines to match for any given job and then
scheduled all assigned jobs. The effective selection decision requires comprehension
of the current situation and unpredictable events of manufacturing conditions. The
necessary logical idea always depends on skill and the experience of the planner.
Thus, the computer is underdeveloped for this (Nagarur, Vrat and Duongsuwarn,
1997). In major of researches in production planning areas, they often participated in
machine selection solution in the context of production or machine scheduling
problem. But the conventional scheduling theory had not emphasized in the machine
selection process. Since the day of computer technology still not common and
widespread, the solution of planning required all proficient calculation and decision
skills of human-being thoroughly. Even higher computer technology revolutions were
introduced, rather many industries keep employing the expert or experienced planner
to handle this with the following reasons:

- The realistic of an outstanding selection process’s property that must deal
with uncertainty and imprecision,

- The machine selection mechanism is difficult to form mathematical
model or programming,

- Human logic has skills to learn knowledge and reacts to problem solving
along with unsharpness information and the problem that cannot be modeled,

- Conventional machine scheduling theory had not concerned with the
machine selection process (the process before the job assignment).

These reasons cause an irregular operational flow as opposed to an
automatic computational scheduler.

There is no denying the fact that the importance of high manufactured
volume is replaced by the role of the high business speed which is the rapid reaction to

customers’ orders (Tanev et al., 2004). According to enhance the planning process, the
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upstream innovation, the automation resource allocation is a major key to support that
issue. The intelligence system trend is increasing. Major of researchers who paid
attention in developing the expert system to be a decision-maker had been occurred.
The benefits of the planning by the expert system are getting more effective plan base
on similar standard in every time and no experience required as human (Chujo et al.,

2005).

2.2 Relevance studies of the machine selection

Over the last decades, selection problems have been involved with many
researchers. These researches can be categorized into two major groups based on their
objectives which are the machine selection for purchasing and production. Machine
tools and any specific machines were paid attention to study. The studies aimed to
select the best machine to purchase and produce the required product. Beside of the
mentioned studies, the selection of process parameter and operation were usually
interested to be their topics. Although, these selection styles are not in this research
area, but the concept and the process are similar to the injection molding machine

selection. Thus, it has potential to apply to our study.

2.2.1 Review of applications

Tabucanon et al. (1994) was developed the decision support system (DSS)
by applying an Analytical Hierarchy Process (AHP) and a rule-based technique to
select the most suitable machine for a Flexible Manufacturing System (FMS). Their
study used part information and machine database as the input data. The system was
included by three sub-systems. The first one is the selection the best machine from
four types of CNC machine. The second aimed to reduce the number of candidate
machines to be lower than seven machines within the same type. The rule-based
technique was used as a machine selection model. And the third is the system for
selecting the best machine by using the concept of multi-criteria machine selection.
One advantage of AHP is to allow users to add or deduct machines directly in the
database via an application of Database Management System. However, a

disadvantage is that the first and second systems rely on all answers and the third is
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depended on ratings of users by their high level of knowledge. The problem when this
step has been done by the persons with different skills is the different standard of
rating scores. The DSS named MACSEL by Tabucanon et al. was also used by I¢ and
Yurdakul (2009) for the purpose of machining center selection. The using of AHP was

applied in Lin and Yang (1996), Arslan, Catay & Budak (2004) and Cimren, Catay,
and Budak (2007). All those studies must required score rating based on user skills.
However, Rao (2007) suggested that it was not the best machine selection approach by
comparing to other approaches.

Lin and Yang (1996) developed an expert system by applying of AHP to
select the machine types among FMC, NC and conventional machines. The survey of
the expert’s experiences has done and used as the evaluation principle. Arslan, Catay
& Budak (2004) used a decision support system to buy the new machine tool. Their
software made the decision from machine database. The criteria of the software are
machine working conditions, e.g. force and power and the scores of productivity,
flexibility, etc. could be calculated by the model. The multi-criteria weighted average
was used to calculate the weights from many manufacturers. Then, a few numbers of
candidate machines would be demonstrated and analyzed the cost/benefit. Cimren,
Catay, and Budak (2007) analyzed the cost also (i.e. purchasing, operation and
maintenance costs). Moreover, the result of ranking based on reliability, precision and
robustness analysis were demonstrated by sensitivity analysis was used as the final
process. And Tsai et al. (2010) surveyed the machine tool selection criteria from
management level and consultants. Because, the standards of making the decision are
different so they used AHP as the tool for applying in 4-axis machining center
selection. They used the software package named ‘Expert Choices’ in the calculation
of weight and results.

Chu & Lin (2003), Byun and Lee (2005) and I¢ and Yurdakul (2009) used
fuzzy TOPSIS to select a robot, a rapid prototype and the machining center
respectively. The TOPSIS was also applied together with AHP by means of fuzzy
extension, namely fuzzy TOPSIS and fuzzy AHP, to weight inexplicit criteria by
Oniit, Kara, Efendigil (2008). Fuzzy AHP was early proposed in 1992. It was the using
of prominent point of fuzzy theory to enhance users’ evaluation with interval values.

The interval values are more convenient than fixed values. Because, they are able to
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represent the importance of each criteria by fuzzy number which is better than precise
number. They used fuzzy TOPSIS for assessing scores of CNC machining centers
rated by purchasers.

According to the study of Lababidi and Baker (1999), fuzzy number was
also used in the expert system in a pattern of fuzzy multiple attribute decision-making
(FMADM) model. The system aimed to select the batch-dryer for foodstuffs. Wang,
Shaw, Chen (2010)used the same kind of model to purchase new machine for
supporting of Flexible manufacturing cells (FMC). This model is realistic and
economically.

From these studies, fuzzy theory was emphasized to be a highly effective
approach to simulate human decision logically. Then, a number of articles were
adapted this principle as the core tool for solving machine selection problem. One of
them is the study of Hanna and Lotfallah (1999). They used fuzzy logic to solve the
crane selection problem in order to support the project. This problem required the
transformation of parameter values in qualitative and the term that cannot be used by
the classical decision process to be quantitative values. Subramaniam et al. (2000)
proposed the selection process by three machine selection rule that are Lowest average
cost, Least average process time and Least aggregate cost and process time. These
rules were applied to machine selection by considering the minimization of processing
cost and time. They can support the functionality of production scheduling by means
of dispatching rules under production factors such as due dates, number of suitable
resources to process a job operation, and machine breakdown. Subramaniam, Ramesh
and Raheja (2002) identified the most suitable machine for scheduling with the fuzzy
machine selection process. The simple machine selection rules were cooperated to
enhance the performance of each of the four dispatching rules. This study used the
fuzzy inference system which is included of the normalization, fuzzification, fuzzy
inferencing, defuzzification and denormalization processes. The outputs of a fuzzy
inference system are TC’ (Tardiness Coefficient) and CC’ (Cost Coefficient). After
that, the lowest weight machine would be selected based on the calculation model of
(TC’ x SPTi) + (CC’ x SPCi). SPTi (Shortest processing time of each machine) and
SPCi (Shortest processing cost of each machine) are metrics which demonstrate the

performance measurement of dispatching rules. After the efficiency comparison
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between fuzzy machine selection approach and machine selection rules was
performed, the results showed that the proposed approach could improve the
scheduling significantly both in terms of Mean Job Tardiness and Mean Job Cost. For
this application, the fuzzy approach can be adapted in a traditional job shop
environment that uses rigid rules and the processing condition are always changing.
The comfortable in dealing with the machine selection problem of fuzzy approach was
found in Al-Hawari et al. (2010) as well. They reinforced the matching of 2D laser
scanner with many aspects by fuzzy logic. The 2D laser scanner is including of
various models and types. The 11 factors and weights were collected from the experts
which are composed of common selection factors, they are static and dynamic factors.
The explanation of static factors is independent factors of the applications, the type of
scanner though such as cost. And dynamic factors are opposite such as measurement
accuracy. The linguistic value of the fuzzy logic processing will transform static
factors to be as in fuzzy sets and IF-THEN rules for dynamic factors. The most
suitable laser scanner would be the highest rating score (the value of Center of gravity,
COQG). Kulak et al (2005) showed the satisfying association of crisp criteria and fuzzy
criteria in the problem with low data volume. Moreover, fuzzy logic was applied in
other aspect such as fuzzy — based multi - objective goals or fuzzy goal programming
by Chan and Swankar (2006). Their objectives were maintaining of total machining
cost, set-up cost and material handling cost to be lower than the goal.

All of the studies has been used the selection criteria that vary by the
nature of the machine. The criteria of each study are represented by the parameter
values of machine which consists of machine specification, costs, productivity,
procedure, etc. And these criteria show the relationship between the parameters and
the objectives or KPI. In fact, multi-criteria decision making problem is able to
optimize limited objectives. And we can use the same or different parameters for the
same machine types depend on the objectives. The parameter is usually machine
specification. But in case of the objective or KPI is the minimization of cost, for
example, a user might be required to add more parameters in terms of purchasing cost,
production cost or maintenance cost to his model. For the details of parameter,

objective or KPI (Key Performance Index) of each study is reported in Table 2.1
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Some papers aimed to find out a suitable machine before purchasing, they
also considered machine’s price. Others are the selection of machine tool, process
parameters and operations, and construction project. Thus, there is no application for
injection molding machine selection where any selection based on precision-based
methods (concept of accurate measure and crisp evaluation) and the unique decision
criteria of it. Other research applications have used many methods such as simulated
annealing, fuzzy algorithms, expert systems, goal programming methods, neural
networks and genetic algorithms, etc. All of them require a lot of knowledge and
higher advanced computation than human brains. Therefore, a simpler and systematic
approach is the better alternative choice (Rao, 2007). Typically, the selection process
of an injection molding machine has to deal with qualitative and quantitative mixing
categories that are difficult to be transformed into mathematical models. An expert
system is the system that has individually been made decision by itself. It initiates
alternative approaches in Artificial Intelligence or Intelligence Machine to more
possibility. Generally, the modeling and analysis of decision systems with fuzzy set
application has been applied in a large number of production management researches.
Because, it has ability to deal with imprecision both quantitatively and qualitatively
variables like human’s decision (Guiffrida and Nagi, 1998). Moreover, fuzzy sets
theory applications utilize development costs and time better than other Al techniques
even same results, less decision maker’s knowledge-base requires and more realistic.

We have found no research attempted to investigate in the injection
molding machine selection between planning process. Almost rather interested in
scheduling and process parameter optimization as in Table 2.2. And these scheduling
approaches have not mentioned on machine allocation by matching the specification
of each machine to desirable product.

During 1998 to 2009, we could find out more 400 application articles that
mainly applied fuzzy set theory to production and operation management. Most of
them were dedicated in the area of capacity planning, scheduling, inventory control,
and product design researches. Their approaches were majoring on the combination of
fuzzy logic with other Artificial Intelligence techniques such as genetic/evolutionary
algorithms and neural networks. Nevertheless, all applications do not restrict only one

type of fuzzy techniques but depending on the problem’s characteristic. There were
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many publishing researches interested in selection process modeling using fuzzy logic
and expert system. They determined the statements of high benefits to handle
imprecision and vagueness that this ensured the attractive performance to handle any
imprecision and uncertainty of the manufacturing environment. Table 2.2 indicated
that although MCDM or MADM approaches were implemented in selection problems
similar with fuzzy logic. But the core competency of fuzzy logic is applicable and
practicable, this induced fuzzy logic is more preferable in industrial environments

where the high complexity algorithm and time consuming are unacceptable.

Table 2.2 Examples of previous studies in area of injection molding machine

Type of problems Authors Techniques
Scheduling Nagarur et al. (1997) Goal programming

Harris et al. (1998) shared more than one job on a machine

Stier et al. (1999) -

Dastidar & Nagi (2005) Mathematical model

Cao et al. (2005) Heuristic search algorithm based on Tabu

search

Huang et al. (2011) Sequential Genetic Algorithm (SGA)
Process parameter | Kwong et al. ( 1997) Case-based reasoning
optimization Shelesh-Nezhad, & Siores (1997) | Case-based reasoning

He et al. (1998) Fuzzy logic and other techniques

Bozdana & Eyerci'og™lu, (2002) Expert system

Mok & Kwong (2002) Fuzzy logic

Metaxiotis et al. (2003) Fuzzy logic

Nagahanumaiah et al.(2008) Fuzzy logic

Lin & Lian (2010) Fuzzy logic

2.2.2 Fuzzy logic core competency

We could synthesize beneficial properties of taking on fuzzy logic to be
the solution for injection molding machine selection via previous researches as
following issues,

1) Broad applicable and practicable in selection problems

2) Flexibility to modify by user without high knowledge background

3) Realistic
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4) Handle imprecision and vagueness in the dynamic environment of
industrial

5) Lower computational time than other Al techniques

However, this term does not represent the best answer when the
manufacturers have to face with unsteady decision making. Nevertheless, fuzzy logic
implementation is a foundation of user-friendly, realistic process, understandable for
un-expert decision maker, minimization of programming and computation times,
enhance planning process by decreasing human’s bias in general organization (Hanna

and Lotfallah, 1999; Chujo et al., 2005) and adaptable with another system as in Harris

et al.’s research. However, this technique most invented in academic researches and a

few of business improvement projects (Wong & Lai, 2011). Thus, more intelligence
applications in industries are necessary.

This research aims to be a pioneer who applies the benefits of fuzzy set
theory via fuzzy logic system in developing the automated plastic injection machine
selection system. This system will enhance and gaining more profitability of
production planning by decreasing planner’s obligation and errors from experienced

variations. The details of fuzzy set theory will be discussed further in next section.

2.3 Injection molding machine selection

This topic emphasizes on general information about the injection molding
machine selection, common selection criteria of its, impact of inappropriate injection
molding machine selection on products, and common defects in the injection molding

industry.

2.3.1 General information

The real-world case of machine selection, the injection machine is
obviously representative of complexity machine selection process. Their scheduling is
an instance of flexible job shop scheduling problem (FJSS) class which a finite set of

customers’ orders will be assigned on a finite set of machines (Tanev et al., 2004). But
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other researches had judged in parallel machine scheduling (Nagarur et al., 1997;
Huang et al., 2011; Cao et al., 2005).

The injection molding is a huge market section in the world. One of
statement has been mentioned regarding in the assessment the molders economic
index (MEI) value indicated. In the United States, the popularity of medical molding
industrial is caused by growing of healthcare-service consumption along with an aging
population rapidly. The injection molding plants generally involved with highest
productivity rates, highly advanced product design and materials technology (Dastidar
and Nagi, 2005). New companies often maintain their economic condition by keeping
away from spending unnecessary budgets to set up a new plant with many machines.
They are going to select some of them to ensure the profitability caused by higher
demand and sufficient capitals. After that they will let new machine’s specification
launch variously. Injection molding machine uses Clamping Force (ton)to refer
machine’s capacity. The opening-closing direction of mold in each of these machines
is controlled by their tie bars (Figure 2.2) which different dimension of tie bars will

specify mold’s dimension (Wang, et al., 2005; Dastidar & Nagi, 2005).
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Platern Platern
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Figure 2.2 Tie bars of the injection molding machine
Source: fulongweb.en.alibaba.com and www.crown-cm.com/plastic-injection-

molding.asp
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An injection molding machine could have similar or different dimension of
tie bars and some of them might have overlapping range of clamping force. Therefore,
a company requires variety machine’s specifications to variety support in a wide range
of customer orders. Typically, the injection molding operation is a single-stage
manufacturing process. A number of products will be produced on shared machines
with their specific mold (Dastidar and Nagi, 2005). Many manufacturers used their
machine with more than one product colors because a mold (or die) is expensive
(10,000 dollars each). Thus, the number of mold models available was limited. Molds
should be considered as secondary resources, but the previous researches said
secondary resources are not restricted (Chen, 2007). One mold is able to use with more
than one injection molding machine with different machine’s capacity and machine’s
dimension. But the available mold or the tie bar dimension were constraints. As the
result, a mold can be shared in many machines with a specific range of distance
between tie bars. However, manufacturer prefers to assign a mold to a certain machine
after optimal condition was determined. Therefore, these referred to the one-to-many
relationship between the goods and molds and between the molds and the machines

(Tanev, et al., 2004).

2.3.2 Injection molding machine selection criteria

In 1997, Nagarur et al concerned with scheduling forinjection molding
machine with mold-machine compatibility as a major factor. They called that the
compatibility factors which include both technical and economic factors.

- Technical factors, including of tonnage, pressure, open distance, tie-bar
space, mold dimension, temperature, etc.

- Economic factors, including of shot weight size

Some research referred clamping force as a rule of injection machine
selection decision to process a product (Nakason, 2004). It is an internal control
variable which has high potential to influence on product quality (Lin and Lian, 2010).
In a plastic manufacture case study, the way of machine selection requires more than
knowing clamping force as supported by Rao’s research. The most suitable machine
cannot be selected by single criteria, but it needs to deal with technological, economic,

ethical, political, legal and social factors (Rao, 2007). Although machine size which is
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stated as clamping force have proved to be the main criteria but the others still be used
differently in each manufacturer. Presently, there are no other criteria in published

articles except clamping force.

2.3.3 Impact of the inappropriate selection of the injection molding
machine

The factors in the occurrence of defects in injection molding do not only
plastic resin treatment condition, process parameters setting. But also the selection of
the injection molding machine is also (Yusoff, Rohani, Hamid & Ramly, 2004).
Because, inappropriate machines effect to decrease product quality, machine
performance and injection mold both directly and indirectly. The major solutions were
the improvement materials preparation, machine modification and mold maintenance.
It supports with the saying that the successful injection molding is officially depends
on three things that have mentioned (Gordon, 2010; Bown, 1979).

Gordon (2010) has found that the problem in plastic injection involves
with the matching properties. For example, short shot is the character of the indented
product or uncompleted part caused by the variation and low quality of virgin resin. It
induces the cooling and solidifying in the media before it will be filled in a cavity (the
hollow space in the mold where the plastic is formed to shape) of the mold. In the
view of machine, part stuck, machine error, pump run off, mold blockage and mis —
alignment are the reasons. Yusoff, Rohani, Hamid and Ramly (2004) illustrated the
relationship between process parameters and short shot parts. These parameters consist
of backpressure, manifold temperature, holding pressure transfer, and screw rotation
speed. The parameter of pressure can be inferred from the insufficient clamping force
of the machine have applied to injection mold. In opposite, too low clamping force
(ton), too high injection pressure and incompletely mold setup cause flashing of the
product. By the factor of perfectly mold setup is the tie bars. Tie bars are four steel
rods that control the direction of closing unit. The tie bar corrosion should be
investigated regularly to avoid the leakage of melting plastic from the closing mold.
Voids and sink marks are the shrinkage of injected parts after passed through the
nozzle or partly cooling down inside the barrel. According to avoid these defects, shot

size should be increased. This solution also improves the amount of poor surface
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detail. Discoloration and delamination will appear when the type and color of resin has
changed on the next batch. Furthermore, short of purging time, unsatisfactory cleaning
of screw barrel and nozzle are factors as well. Sometimes, delamination is caused by
over shot size of machine. Therefore, appropriate shot size is able to reduce both
delamination and poor surface detail. Other effect of insufficient purging for screw
barrel nozzle is burn marks (on part). The different melting point of plastic can effects
to the contaminated low melting point plastic burned in high melting point plastic. To
reduce the risk of burn marks on the product, the similar type and color of material
should be used on the same machine. Thus, it cannot hesitate to say that selecting the
right machine can avoid the risk of more one defect at once. For the details of defect

descriptions and causes will be placed on the next section.

2.3.4 Common defects in plastic injection molding industry

The defects in plastic injection have a variety of types and can be
classified by the appearances. Some of them might have similar causes and some
might not. The plastic manufacture usually found some defects but other manufacturer
may not find the same because the opportunity of occurrence is different. Inspector
and quality staff are persons who have the authority to identify the defects of a part. A
defective can be identified more than one defect depends on the clarity of each defect
and knowledge of the inspector. Thus, if the quality staffs have a better understanding
of the characteristics and factors in the occurrence of each defect, the determination of
problems and solution are able to be enhanced. From the studies, the most common
defects in the plastic industry have collected as follows.

1) Air bubbles — Air entrapped in the molded part. The empty space in
the rigid molded part (Figure 2.3).

Causes: Moisture, entrained air or not typical material flow pattern.



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 25

Figure 2.3 Air bubbles

2) Black dot or streaking — Black spots or brown streaks appear on the
surface of molded part (Figure2.4).

Causes: Contaminated plastication system or improper drying.

Figure 2.4 Black dot

3) Brittleness — The tendency of a molded plastic part to break or crack
under conditions in which it would not normally do so.
Causes: Processing temperatures too high, contaminants/fines present, improper
drying, wet resin, improperly sized cylinder, poor mold design or too high regrind.

4) Blush, frost, and folds — A clouded discoloration normally found at
gate locations, but they can be found anywhere on the part surface.
Causes: The stress which caused by process conditions or mold dimension lead to melt
fracture around the gate.

5) Burn mark — A degraded or oxidized plastic part in a molding. It
shows as small dark brown or black discolorations on the surface (Figure 2.5).

Causes: Excess shear heat, too high melting temperature or low temperature pigments.
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Figure 2.5 Burn mark

6) Cracking — Fine cracks or deeper cracks on the surface of a molding
(Figure 2.6).
Causes: High stress in mold or too high external force for the part, incompatible

chemical that applied to the finished part.

Figure 2.6 Cracking

7) Discoloration — The color of the material changes from the standard
(Figure 2.7).

Causes: Improper size of cylinder, excess processing temperature or contamination.

Figure 2.7 Discoloration
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8) Distortion (warping) — The alteration of the original shape of the
molding from that required (Figure 2.8).
Causes: Irregularly packing density, no uniform flowing of material, not enough

cooling in ejection, improper knockout system or poor part design.

Figure 2.8 Distortion (warping)

9) Delamination (Pits, Orange peel, Wrinkles) — The layers of melted
resin which separate from the main selection of a molding, look like the onion skins.
Causes: Low temperature process, improper drying or contamination.

10) High gate — A long feathery string of plastic are the little tip left on
the part between the runner and the part after ejection: it is called a high gate (Figure
2.9). The string or high gate vestige gives the negative look and feel of the product
when it is contacted with the user’s hand (P6tsch and Michaeli, 2008).

Causes: Too high nozzle temperature, too early gate freeze off, too high

decompression time, poor heat insulation at gate or poor valve gate operation.

Figure 2.9 High gate
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11) Pin mark (Ejector mark) — The streak left by the ejector pin on the
surface of molded part (Figure 2.10).

Causes: Not enough cooling of material during the ejection process.

Figure 2.10 Pin mark

12) Excess shrinkage (small parts) — The shrinkage of the parts.
Causes: Improperly balanced mold temperatures (colder on movable half), surface
irregularities in the mold (polish cavity surfaces) or improperly cycle time.

13) Flashing (on parting line) — The penetrated material on the edge of a
molded part (Figure 2.11).
Causes: Too high internal cavity pressure, the damage on the contacting surface of
two sides of the mold from over packing, insufficient mold clamping force, too high

melt temperature or mold malfunction.

Figure 2.11 Flashing
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14) Flow mark (flow lines) — The areas of dark streaks or lines that are
generally found during the cavity filling process for some plastics like POM or PE.
Directionally "off tone" wavy lines or patterns (Figure 2.12).

Causes: The material may cool before the mold cavity is full or injection speed too

slow (Bociaga and Jaruga, 2006).

Figure 2.12 Flow mark

15) Gate smear — The surface flaw appearance on the molded part.
Causes: Unsuitable gate location, too much injection fill rate or small gate size.

16) Jetting — A ripple pattern on the surface of a molded part, usually
emanating from the gate area.
Causes: An irregularity spreading of melt into cavity at high injection speeds.

17) Nozzle drool — Resin leakage from the nozzle or from the nozzle area
into the mold during the injection phase (Dominick et al, 2000).
Causes: Nozzle too hot, barrel front zone too hot, pressure or plastic trapped between
the nozzle tip and mold bushing.

18) Part dimensions (too large) — Part is too large when the specification
was compared.
Causes: Poor mold design or overpacking.

19) Poor surface finish — Scars, gloss or wrinkles that appear on the
surface of the molded part.
Causes: Rubber particle aggregation from improperly temperature and packing
pressure, the shear/extensional stress that generated in the melt during mold filling

from the frozen part of the melt or thermoplastic stresses that produced from the
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material that has frozen in the interior of the plastic (Provatas, Edwards and
Choudhury, 2002).

20) Over cut — The indented finish part from cutting process (Figure 2.13).
Causes: The molded part is trimmed over by human or into a tool using negative or

positive pressure.

Figure 2.13 Over cut

21) Odor (gassing) — The odor of burning material which is contaminated
with the plastic resin. To identify the type of contaminants, burning characteristic will
be considered together with the odor.

Causes: High melt temperature, contamination or resin holdup spots

22) Freeze — off — Material freezing off before complete mold filling
Causes: Processing temperatures too low or improper nozzle design

23) Scratch — White appearance or a large size flaw from surface damage

under scratch condition (Figure 2.14).

Causes: Under the stress raiser restricting the applicability during tensile, impact or

fatigue loading.

Figure 2.14 Scratch
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24) Scuffing — A roughness on the surface of molded part.
Causes: Material decomposition (Provatas, Edwards and Choudhury, 2002) or
amorphous resins that is still hot and soft when ejected from the mold cavity.

25) Short shots — An incomplete molded part (Figure 2.15).
Causes: Insufficient melt volume, high - pressure drop in mold, blockage in flow at the

feed-throat, inadequate shot size or mold malfunction.

Figure 2.15 Short shot

26) Splay or silver streaking — A “splash-like" appearance on the surface
of a molded part, mainly occur near the gate (Figure 2.16).

Causes: Contaminated material.

Figure 2.16 Splay or silver streaking

27) Sink mark — An unwanted depression in the surface of a molding
during the cooling process if some area is not cooled adequately (Figure 2.17).
Causes: Poor part design, mold malfunction, undertaking, insufficient part packing

process or tooling
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Figure 2.17 Sink mark

28) Staining — A dull or discolored area of a mold.

Causes: Contamination by foreign matters or other resin, contamination by eroding
material of the molding machine or fats/oils in contact with the melt.

29) Sticking (cavity) — The sticking in the molding by mechanical or

vacuum adhesion of the molding to the surface.
Causes: Too high polish, too low polish, scratch in the mold, over packing in the mold,
degraded materials, crazing of the part surface, insufficient ejection force, insufficient
part cooling, too high nozzle temperature, and too high melt temperature (Bozzelli,
2007).

30) Sticking (sprue) — The cold runner that blocks the sprue gate.

Causes: Scratch in sprue, overpacking, sprue too soft, sprue not frozen, too high
nozzle temperature, and too high melt temperature (Bozzelli, 2007).

31) Voids — Voids are hollows in the thick sectioned part. Voids occur
when material is flowing from hot center section to cold mold walls. Material volume
shrinks after gate or other melt - path areas have frozen (source:
http://www.kenplas.com/service/imtroubleshooting.aspx#Voids).

Causes: Insufficient part packing process or tooling.

32) Weld lines — The distinct dark lines on the surface of injection
molded part where the confrontation of two or more melts flow possibly had occurred.
Causes: Nonuniform material flow, poor mold design or mold malfunction.

33) Window — An area of transparent material in an otherwise translucent
molding. The large knit or weld lines.

Causes: The two or more flow are flowing around an object standing proud in a plastic
part and meets together at the end of filling
(http://en.wikipedia.org/wiki/Injection_molding).



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 33

34) Witness mark (Faint mark) — A mark or line on a molding where
different parts of the mold come together or ‘mate’. It will occur along the parting line.
Causes: Flow stagnation during injection-compression transition. Two mating mold
components

35) Unmelted — Some articles or weak part that contaminated on the
surface of the molded part.

Causes: Surface defect or weak part.

2.4 Fuzzy logic

Experts usually use their common sense to solve the problems that
involved with indistinct terms. For example, they might say, “The temperature is
slightly high, we can accept it for a while.” (Negnevitsky, 2005; Ross, 2010). Other
experts have no difficulties to understand this statement if they have the background
with the kind of problems. But, how to use computer to represent the expert
knowledge vague and ambitious terms is still difficult. In 1930s, Jan Lukasiewicz
introduced the fuzzy logic (or multi-valued logic) by studying the representation of
fuzziness based on such terms as tall, old and hot. Instead of classical logic operates
with only two values 1 (true) and 0 (false), Lukasiewicz proposed the interval range of
truth values to all real numbers between 0 and 1. Instead of the probability, a number
in this interval represents that whether a given statement was true or false. Later, in
1937, the first simple fuzzy set and basic fuzzy set operations were defined by Max
Black. In 1965, ‘Fuzzy sets’ paper was published by Lotfi Zadeh. He explored the
possibility theory into a formal system. An application of natural language terms
which called ‘fuzzy logic’ was introduced by him also, let him became the master of
fuzzy logic (Negnevitsky, 2005; Yen, Langari and Zadeh, 1994; Ross, 2010).

Fuzziness can be described by fuzzy logic based on the concept of degree
of all things; such as beauty, age, height, temperature, distance, etc. It illustrates how
people think and models the meaning of words, decision making and common sense in
formal pattern. It is a new, more human-liked, intelligent systems. By definition, fuzzy
set theory covers fuzzy logic, fuzzy arithmetic, fuzzy mathematical programming,

fuzzy topology, fuzzy graph theory, and fuzzy data analysis (Wong and Lai, 2011). In
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the same way as classical logic, in application, fuzzy logic have been integrated into
areas of industrial process control through consumer product, aerospace and
Bioengineering. Fuzzy logic plays a similar role in shaping a suitable rule-based, or
linguistic, control strategy. There are succeeded applications and implementations of
fuzzy set theory for years. Then, the development of the fuzzy set theory has been
supported by a lot of national and international associations, i.e. the International
Fuzzy Systems Association (IFSA), the Spanish Association of Fuzzy Logic and
Technologies. The using of fuzzy set theory as an important methodology for
modeling and analyzing decision systems have particularly interested in industrial
engineering research due to the ability to model both quantitatively and qualitatively
problems. It can handle the modeling gaps in descriptive and prescriptive decision
models.

In the manufacturing section, production planning and control (PPC)
techniques are employed in various dimensions. There are a high number of
publications in fuzzy production planning and control researches after Zadeh’s
research in 1965. Fuzzy logic applications were distributed into 2 major groups that
are business sector and social problems. And decision support system application on
production planning and scheduling is judged in the business sector. The benefits of
fuzzy logic by Zadeh are accurate, reliable, flexible and manageable the uncertainty of
humans. Next challenges are fuzzy logic users should feel more trust than non-user in
handling with fuzziness of real data to be more satisfied and wider application
(Metaxiotis, Psarras, and Samouilidis, 2003).

In 1994, Guiffrida and Nagi surveyed all articles that relied on fuzzy set
theory against production management research, they have found 695 papers using it
in the way of Fuzzy multiple objective decision making and 450 papers of production
control. Guiffrida and Nagi referred to Karwowski and Evans’s statement regarding to
the disturbances of the decision maker’s mental model by imprecision and indistinctly.
They require experience and massive data to create assessment concepts (Guiffrida
and Nagi, 1994). Mula et al. had reviewed published researches for 1983 to 2004
concerning in uncertainty modeling in production planning problems. They presented
models of fuzzy set theory and fuzzy logic that applied in manufacturing uncertainty.

Fuzzy modeling approach was proposed via aggregate planning, material requirement
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planning, manufacturing resource planning, inventory management and supply chain
planning (Mula et al., 2006).

Moreover, it was a good cooperator with artificial intelligence in planning
on constructing a production plan and it is an appropriate methodology making

headway with this science (Metaxiotis, Psarras and Samouilidis, 2003; Guiffrida and

Nagi, 1998).

2.4.1 Fuzzy logic system

After the introduction of the fuzzy set concept as a math tool for dealing
with uncertainty by Zadeh in 1965. Fuzzy logic is used to reduce the gap between
symbolic processing and numeric computation. They form the basis of control
strategies, including decision making or supervisory control. In 1985, the first logic
chip at Bell Telephone Laboratories was developed by Masaki Togai and Hiroyuki
Watanabe. This design guided fuzzy computers. Their structures are more similar to

the human brain than the present-day computers.

Imprecise data

Decisions

v

Indistinct statement Fuzzy logic system

Figure 2.18 A fuzzy logic system (Negnevitsky, 2005)

The fuzzy logic system enhances real world problem solving management,
which contains high complexity and fuzziness. Fuzzy sets help to model the
uncertainty involving with ambiguity, imprecision, and information insufficiency. The
process of fuzzy logic system utilizes all imprecise data and indistinct statements and
converts to suitable decisions as in Figure 2.18. Negnevitsky (2005) referred that
“Fuzzy logic is determined as a set of mathematical principles for knowledge
representation based on degrees of membership rather than on crisp membership of
classical binary logic”.

From Negnevitsky (2005), fuzzy Logic is the mechanism for reasoning

with fuzzy rules, rules take the form:
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“Ifx1is Ay, x5,18 Ay, ..., Xy 18 A, then y is B”

2.4.2 Fuzzy set
A fuzzy set is defined as a set with fuzzy boundaries (Negnevitsky, 2005)
or not obvious boundaries. And let any uncertainty can be modeled; ambiguity,
imprecision, and lack of information regarding a problem or a plant, etc.
2.4.2.1 Mapping of classical sets and fuzzy sets to the
functions
Generally, it is mapping of elements or subsets on one universe
of discourse to the elements or sets in another universe. When X and Y are two
different universes of discourse, if an element x is contained in X and corresponds to
an element y contained in Y, it is represented as f : X — Y (the mapping from X to Y).
If X is universe of discourse and its elements are X, in classical
set theory, crisp set A of X is defined as function fa(x) called the characteristic
function of A.
fa(x) : X — 0,1,
where

(1, ifx €A
fA(X)_{o, ifx ¢ A

Fuzzy set contains the elements. These elements vary degrees
of membership in the set. Nevertheless, members of a crisp set would not be members
unless their membership was completed in that set. Elements in the fuzzy set can also
be members of the other fuzzy set on the same universe. A real number value is
mapped with fuzzy set. If x is a member of fuzzy set 4, then the mapping is as below:

ta (x) — [0, 1].

The fuzzy set A of universe X is defined by function p,(x)

called the membership function of the set A
p():X - [01],

where
Uas(x) = 1ifxis totally in A;
Us(x) =0if xisnotinA;
0<p,<1ifxispartly in A.
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The membership value will be “1” if it belongs to the set. But the
membership value will be “0” if it is not a member of the set. Thus, membership in a
set is binary. The membership of the crisp set A and fuzzy set A are shown in Figure

2.19 and Figure 2.19 respectively.

A A
X U
1 A 1 A
0 > X 0 > X

(a) Membership function of crisp A (b) Membership function of fuzzy set A
Figure 2.19 Mapping of membership function of (a) crisp A and (b) fuzzy set A

The degree of membership is the value in the range 0 to 1, can be called a
degree of membership or membership value, but less sharp from the set in classical
theory. Figure 2.20 is the set of high income dividing in two views of set in classical
theory and fuzzy set. The left figure shows the sharp boundary of low income and high
income, the right figure is gradually changing of boundary. Number 1 represents the
income is completely in the set of high income, if the value is 0, means that income
value is not in the set of high income.

Note that each and every term in the term set is defined as a fuzzy set via

its membership function, e.g. P : X — [0, 1].

Sharp boundary

Low income High income High

£ 18000 Income £ 18000 Income
(a) Set in classical theory (b) Fuzzy set

Figure 2.20 Set of high income is illustrated as in (a) set in classical theory and
(b) fuzzy set
Fuzzy and crisp sets can be also presented as shown in Figure 2.21. The

boundaries of crisp set are sharp, but the fuzzy subset is ambiguous. Crisp set is used
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to explain no uncertainty and fuzzy set is used for uncertainty situations. The transition

of fuzzy set can be gradually changed.

Fuzzy subset A 1

»
»

Fuzziness Fuzziness

Crisp subset A
Figure 2.21 Fuzzy and crisp sets (Negnevitsky, 2005)

2.4.3 Membership function
The characteristic of the membership function is composed of three
properties i.e. core, support and boundary. The Figure 2.22 illustrates those properties.
2.4.3.1 Core
The membership value in this region is 1 or it means full
membership (1) in the set A. The elements, which have the membership function as 1,
are the elements of the core, i.e., here uy(x) = 1.

A

Core
ta(x) D EE—
1
> X
0 < >
< > Support | o >
Boundary Boundary

Figure 2.22 Features of membership function (Negnevitsky, 2005)
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2.4.3.2 Support

If the region of universe is characterized by nonzero
membership in the set 4, this defines the support of a membership function for fuzzy
set A. The support has the elements whose membership are greater than 0.

2.4.3.3 Boundary

If the region of universe has a nonzero membership, but not
full membership, this defines the boundary of a membership; this defines the boundary
of a membership function for fuzzy set 4:

The boundary has the elements whose membership are
between 0 and 1, 0 <wuy(x) < 1. These are the standard regions defined in the
membership functions.

The membership function needs to be calculated first and then gaining of
outputs. The construction of membership function has to define a parametrizable
membership function, not point to point which is good to use in major of triangular
membership function and trapezoid membership function because of good solution
output for application. If the learning of membership function with neural network is
required, the Gaussian membership function will be a good choice.

To construction of fuzzy set, one of the most practical approaches relies on

the knowledge of a single expert. The expert will be interviewed for his knowledge.

2.4.4 Linguistic variables and hedges

The linguistic variables are basic of fuzzy set theory and used in fuzzy
rules. The probable range value of a linguistic variable indicates the universe of
discourse of that variable. For example,

If speed is slow then stopping_distance is short

The advantages of linguistic term

1) Easier to express knowledge in linguistics term than human experts.

2) More understandable.

In addition, hedges are terms that modify the shape of fuzzy sets such as
very, somewhat, quite, more or less and slightly. Hedges can be the verb, adjectives,
adverbs modifiers or even whole sentences and also break down continuums into

fuzzy intervals and more clearly show a fuzzy set overlap which a human could not
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identify. The examples of an internal pressure in the mold fuzzy set are very high,
moderately high, slightly high, neutral, slightly low, moderately low and very low

The applications of hedges give mathematical modification in the fuzzy

sets as in Table 2.3.

Table 2.3 Representation of hedge in fuzzy logic

Hedge Mathematical Graphical Hedge Mathematical Graphical
expression representation expression representation
A little [ia (x)]1-3 Slightly [pa O
Very (14O Extremely [1aCOP
Very very (s GO]* More or less /#A ()

2
Somewhat / 11, (%) /\ Indeed 2[pa (0]
if0<p, <05

1—2[1—#A(x)]2
if05<u, <1

Source: (Negnevitsky, 2005)

2.4.5 Basic fuzzy set operations

This topic gives three basic operations of fuzzy sets.

1) Union

DefinitionLet A and Bbe fuzzy sets defined over U. Then their
union,AVB, is defined in terms of puz(uw) and us(u) as
tavs (W) = max(uz(u), uz(w)).

2) Intersection

DefinitionLet A and B be fuzzy sets defined over U. Then their

intersection, AAB, is defined in terms of uz(u) as pz,5(w) = min(uz(w), us(w))



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 41

3) Complement

Definition Let A be a fuzzy set defined over U. Then its complement, —A4,
is defined in terms of pz(w) as u_z(w) = 1 — uz(w).

By the way, the union, intersection and complement equivalent to OR,

AND and NOT respectively. Figure 2.23 contains truth tables for more understandable

the ideas.
A [ B [ Min(AB) A [ B [ Max(AB) 1-A
0 0 0 0 0 0 1
0 1 0 0 1 1 0
1 0 0 1 0 1 NOT
1 1 1 1 1 1
AND OR

Figure 2.23 Standard logical operations and basic fuzzy set operations

The diagrams for fuzzy set operations are shown in Figure 2.24 which
contain three basic operations of fuzzy set; Intersection, Union and Complement.
Another operation such as Containment, describes a set can contain other sets; will not

be stated in this research.

ANB

v

Intersection

Not A

»
»

X

0 Complement

Figure 2.24 Basic operations of fuzzy sets (Negnevitsky, 2005)
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2.4.6 Fuzzy IF-THEN rules
Lotfi Zadeh proposed new method by capturing human knowledge in
fuzzy rules for the complex system. The fuzzy sets and fuzzy operators act as the
subjects and verbs of fuzzy logic. Conditional statements, IF-THEN rules, make fuzzy
logic useful, lead to the completely sentence (www.coursehero.com).
The structure of a single IF-THEN rule is as follows:
Ifxis Athenyis B
Where,
- A and B are the linguistic term of a fuzzy set (for example High)
- x is the membership value of an income input (Uy ;e (X))
By,
- ‘x is A’ is called the antecedent and describes a condition
- ‘y is B’ is called the consequent and describes a conclusion
And if using with MATLAB will be understood by form:
Ifx ==Atheny ==
Both antecedent and consequent can have multiple parts. For example, in
the laundry problem, the two inputs would determine the washing machine cycle, a
rule with multiple parts in the antecedent could be:

If quantity if Small and softness is Soft then the cycle is Light

2.4.7 The difference between classical and fuzzy rules
As in Table 2.4, the difference of classical rules and fuzzy rule are

exampled.
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Table 2.4 IF-THEN rules in classical and fuzzy rule forms.

Classical IF-THEN rule Fuzzy If-THEN Rules

Rule: 1 Rule: 1
IF injection speed is > 100 IF injection speed is high
THEN stopping_distance is long THEN stopping_distance is long

Rule: 2 Rule: 2
IF injection speed is <40 IF injection speed is low

THEN stopping_distance is short THEN stopping_distance is short

A fuzzy rule can have multiple antecedents and multiple consequents also,
for example:

IF clamping_force is low

AND distance between_tie-bar is small

AND shot weight is low

THEN  machine is low

The output of each rule is a fuzzy set, but usually we need to obtain a
single number representing the expert system output which is a precise solution. The
method to transform these output fuzzy sets to be a single number will be detailed in

section 2.4.8.

2.4.8 Fuzzy inference
Fuzzy inference is a process of mapping from giving input to an output,
using the theory of fuzzy sets. Fuzzy inference techniques were proposed in 2
methods; Mamdani-style and Sugeno-style inferences. The Mamdani-style inference
process is shown in Figure 2.25.
2.4.8.1 Mamdani-style inference
This method is the most commonly used since 1975. Professor
Ebrahim Mamdani built the first fuzzy system to control the machines of steam engine

and boiler. The process is performed in five steps:
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1) Fuzzification of the input variables

The crisp inputs will be fuzzified against the appropriate
linguistic fuzzy sets.

2) Rule evaluation

The fuzzified inputs will be applied to the antecedents of the
fuzzy rule. The fuzzy operator (AND or OR) is used to obtain the result as a single
number from multiple antecedents. This number is then applied to the consequent
membership function. For the disjunction of the rule antecedents, they will be
evaluated by the OR fuzzy operation which the union is typically used in fuzzy expert
systems. The max and the probor build-in OR methods are contained in MATLAB
Fuzzy Logic Toolbox.

Fuzzification of the

input variables

1L

Rule evaluation

1L

Apply inference

method

11

Aggregation of the

rule outputs

11

Defuzzification

Figure 2.25 Mamdani-style inference process (Negnevitsky, 2005)

The probabilistic OR is also called algebraic sum which could be
calculated from:
Haup(x) = probor [pa(x), pp(x)] = pa(x) + pp(x) — pa(x) X pup(x)
The conjunction evaluation, the AND fuzzy operation intersection, is
calculated from:

Hang(x) = minfu, (x), pp(x)]
or prod method in the Fuzzy Logic Toolbox,
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tang(x) = prod [us(x), ug(x)] = pa(x) X ug(x)
Note that different methods might cause dissimilar results. However, the

customization of AND and OR operations allowed for user in most fuzzy packages.

3) Apply inference method

This process is the conclusion of the rule based on the degree
of matching. The matching can be separated into two main methods: the clipping and
the scaling methods. The clipping method, correlation minimum, is most common
method. The scaling method, correlation product, is better method for maintaining the
original shape of the fuzzy set.

4) Aggregation of the rule outputs

An input often matches with multiple fuzzy rules. To combine
the inference results of these rules, the output of the aggregation process is one fuzzy
set for each output variable.

5) Defuzzification

Defuzzification is the last step in the fuzzy inference process.
In order to express the crisp number (single number) in the final output of a fuzzy
system, the defuzzification is required.

There are two major defuzzification techniques: the Mean of

Maximum (MOM) and the centre of gravity (COG) or centroid technique.

The Centre of Gravity (COG) — This is the most popular method to discover the point
where a vertical line would slice the aggregate set into two equal masses to calculate
the weighted average of a fuzzy set. In theory, the COG defuzzification is calculated
over a continuum of points in the aggregate output membership function which can be

expressed as follows:
b

Jo HaCO)xdy
b

J, ma(x)dx

But in practice, COG can be obtained by calculating it over a sample of

CoG =

points.

_ Xr=aMa(0)x

COG =
Yi=aba(x)
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2.4.8.2 Sugeno-style inference

Michio Sugeno was first introduced this fuzzy inference.
Sugeno-style fuzzy inference is quite related to Mamdani method, Sugeno changed
only a rule consequent (Negnevitsky, 2005). Negnevitsky also indicated that the
Mamdani-style inference require much computation time to find the centroid of shape.

A comparison format of two inference processes is placed in the Table 2.5.

2.4.9 The comparison of fuzzy inference system

The Sugeno-style inference, the output of each fuzzy rule is constant. In
the same way, all consequent membership functions are performed by singleton
spikes. A zero-order Sugeno system might be suitable for some problem’s needs

which require singleton output functions.

Table 2.5 Comparison of two fuzzy inference processes

Mamdani-style inference Sugeno-style inference
IF x is Al IF X is A
AND yisBI AND vyisB
THEN zisCl THEN zisf(x,y)orzisk
X, y and z are linguistic variables X, y and z are linguistic variables
Al, Bl1, and C1 are linguistic values A and B are fuzzy sets
f(x,y) is a mathematical function
k is constant

Source: Negnevitsky (2005)

For more clearly consider of applying fuzzy inference type, the
comparison of advantage for Mamdani-style and Sugeno-style was shown in Table
2.6.

Regarding to trading-off advantages of these two inference styles, Sugeno
style (Figure A.1) is suitable for problems with the functioning or mathematical is
output. Thus, this does not relate to our automated machine selection system and does

not support to our objective. Therefore, Mamdani-style inference system will be raised
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to be the solution method. Figure 2.26 shows the operation of Mamdani-style

inference system.

Table 2.6 Advantages of two fuzzy inference processes

Mamdani-style inference

Sugeno-style inference

- Widely acceptance for capturing
expert knowledge
- Instinctive act

- Similar with human’s decision

- Efficient computational time

- Suitable with optimization and adaptive

technique

- Very attractive in dynamic nonlinear systems

- The output surface is continually

- More suitable for the mathematical model

output
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Figure 2.26 Mamdani-style fuzzy inference structure (Negnevitsky, 2005)
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2.5 MATLAB

The previous topics concerned about background of problem,
characteristic and solution method that involve in this research. Thus, the development
platform would be described. This research, the computing program named
MATLAB will be employed as a tool of research.

MATLAB is a Numerical Computing Environment program that has as
own computing environment, and having own language for programming. Name of
MATLAB is the combination of words ‘Matrix’ and ‘Laboratory’. It originated in
1970 as a Fortran language’s connection between LINPACK (the libraries that used in
linear algebra computing) and EPISPACK (the libraries that used in Eigen Value and
Eigen Vector computing) in accord to minimize user time to learn Fortran. In 1984,
MathWorks rewrote MATLAB using C language and founded JACKPAC libraries.
They have been developing continuously until including GUI (Graphical User
Interface) and Simulink (the simulation solution) at present (Sa-Nguansatra, 2010).
Mathematica is a one competitor of MATLAB. It is a type of symbolic computation
program. However, MATLAB is more convenient because it is similar to common
imperative programming languages, is a programming in terms of stating that change a
program state, while Mathematica uses its own functional language.

MATLAB allows easily matrices manipulation, plotting, algorithm
implementation, user interfaces creation and interface with programs in other
languages. It is used in industry and academic and be able to compile on widespread
operating systems such as Windows, Mac OS, Linux and Unix, etc. MATLAB
applications, in area of classification and assessment problems that were proposed,
present the possibility of applying their existing features on desired fuzzy system
although have not discovered its late application on machine selection expert system
(Pravadalioglu, 2005; Mahanty and Gupta, 2007; Wen, 2008; Akgun, in press; Li et
al., 2010).
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CHAPTER I
RESEARCH METHODOLOGY

This chapter contributes idea of research study area for selection of data
source and collection, details of methodology for prototype system development and

design.

3.1 Research methodology flowchart

The overall research steps are illustrated in Figure 3.1. It begins with
observation and identification problem. And it is finished with conclusion and
discussion. The inputs and outputs of each step are determined in this flowchart. This
flowchart will be used to be a main guide through this research.

3.2 Detail of methodology

To ensure the study approach and scope, research methodology was
identified in initial phase of working. All details of this research methodology are
shown as the following steps:

3.2.1 Observation and identification problem

First of all, an identification of problem should start with desired area
observation for taking on ideology from operators in shop-floor. In case of this
research work, interviewing the planner from from a plastic manufacturer is
conducted. Then, the existing work flow can be explored.

After the investigation had finished, the planning operation that the
machine selection is involving can be generated. It is found that a planner has to deal

with various orders per month manually and matches a suitable machine to those
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orders by using machines information database and working procedure from engineer
department. Then, the planner rearranges production scheduling. This working process
reflects production planner’s role deeply. If the planning process have stopped

immediately and have not sub-agent, production line might be disrupted.

| INPUTS OUTPUTS
Olt;serv_?_tion_ and Shop-floor
entification & ;
oroblem Observation Existing Planning
Operations Diagram

- Y Previous Studies
Literature (Journal. Rook. ete) T

Review »  Feasibility Approach

\ 4
Research
Plannina > Research Plan

Planner Interviewing

A

. Customer Orders
Data Collecting u

[

Machine Information

Machine Selection

Criteria
\ 4 : :
Design Machine Selection
framework and Framework
Bullding & Linguistic variables,
e fuzzy sets and fuzzy rules

\ 4

Encoding with
MATLAB

MATLAB software

Machine Selection
Prototype

A 4

System testing

\ 4

Result Reporting Comparison Result
(current and proposed

systems)

Y

v

Conclusion and
Discussion

Figure 3.1 Overall research methodology flowchart
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3.2.2 Data collection

Research used injection molding machines information from the case
study of a plastic manufacturer in Pathumthani, a medium-size industry which always
handles more than circulating 300 products that need planner’s decision to allocate
among 35 machines every month depending on orders from 50 customers above.
Moreover, a number of urgent orders always induce additional decision before new
schedule’s arrangement. The interview was executed to a production planner to
comprehend the selection logic idea of each resource allocation cycle. This research
figures out which machine or job attributes will be required. Then, all influent
machine and job parameters during machine selection phase were obtained and use as
antecedents of rules in fuzzy logic system along this study. In order to avoid the
excessive information and complicated system, eleven injection machines were
selected for developing the program. They have increasing parameters familiarly

trend. Table 3.1 shows the machine’s information of sample machines.

Table 3.1 Machine information from the case study of a plastic manufacturer

Distance Distance

wjrcnhbigf Machine Name focrlsgn(ﬂigg) between tie between tie weisghhc;t(g)
bars X (mm) bars Y (mm)
1 TOSHIBA IS30EPN-1Y 30 260 260 28
2 JSW J30 ED 30 260 260 28
3 JSW J50 Ell 50 310 310 56
4 NIGATA NN50E 50 310 300 60
5 TOSHIBA IS50EP-1.5A 50 310 310 56
6 NIIGATA 50 300 300 45
7 NIIGATA 50 300 300 45
8 NIIGATA 50 300 300 45
9 JSW J55 Ell 55 310 310 23
10 NIIGATA 75 350 380 100
11 NIIGATA 75 350 380 100
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The work flow of a planner’s machine selection decision is analyzed to
design a new automated machine selection system. The linguistic variables and their
ranges are assigned, fuzzy sets are determined in universe of discourse and
membership values to each parameter are defined.

3.2.2.1 Traditional injection molding machine selection
approach

The medium-size plastic manufacturer has 35 injection
molding machines which have been operating for more 50 of 300 products every
month. They received customer orders, include product specification and then machine
information to construct production plan and scheduling,

Overall business process is composed of information sharing
network for production planning process has showed with the Figure 3.2. Purchase
order are initially sent from customer to a planner by sales and a job will be matched
with a suitable machine by using machines information database and working
procedure from engineer department. Then, the planner expresses production

scheduling.
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Figure 3.2 Current plastic production planning operations

3.2.2.2 Elapsed time of current machine selection process

The machine selection step will be started after a planner
received orders from sales department. This process will be finished when the target
machine number was identified. The total elapsed time of current machine selection
process per a product is 147 seconds. Total selection time average is at 63.45 seconds.
Table 3.2 shows the total elapsed time of the machine selection process for one

product (one task).
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Table 3.2 The total elapsed time of current machine selection process for one product

No. Operations Time (second)
1 | Receive task description and check 20
2 | Access the databases of product specifications 22
3 | Compare task description and machine’s specification and 105

identify machine number. The machine’s specification are
included of:

- Clamping force

- Distance between tie bars

- Shot weight

- Product color of previous job

- Material grade

Total elapsed time 147

3.2.2.3 Machine selection criteria

After all injection molding machine selection criteria were
observed from the production planner. Main criteria are following into

e Clamping Force (Ton)

e Distance between Tie Bar (HxV)

e Shot Weight (g or 0z.)

e Product Color

e Material grade

Figure 3.3is showing how to select an injection molding
machine by judgment with machine’s specification, capacity and structure, and
product requirements from the plastic injection molding industry.

3.2.2.4 User requirements

This study has collected necessary requirements from user to
develop the system. All user requirements involving with the proposed system are here
as follows:

1) Simple checks

2) User is planner
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3) Develop user manual

4) The selection criteria are clamping force, distance between

tie bar X, distance between tie bar Y, shot weight, product color and material grade

the range

5) The system can handle the batch input

6) The system shows a notification box if any input is out of

7) The output is machine number

8) The system can be integrated with Microsoft Excel

9) Simple user interface

10) Develop checklists

11) Simple modify by user

Clamping Force
(Ton)

A

Distance between
Tie Bar (mm)

A

Shot Weight
(goroz.)

Color

A

Material
Grade/Type

Select machine that clamping force consistent
with required product

Select machine having comprehensive distance
between Tie Bar with mold size of product’s
specification

Select machine having comprehensive shot
weight with product’s weight but less than
maximum shot weight of machine avoid
material overflows

Select machine worked last job with colored
similar to required product if possible

Select machine worked last job with the best
material grade, easiest cleaning could be
obtain

Figure 3.3 Injection molding machine selection process
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3.2.3 Design framework and building a system
Regarding to integrate a new system to a current planning process, the new
business workflow and overall system diagram will be designed.
3.2.3.1 New business workflow
After the analysis of work flow of planner’s machine selection
decision to design a new automated machine selection system, the current working
process was improved concordantly with a new machine selection system. The new
workflow introduced in Figure 3.4 and Figure 3.5 is a new business process diagram
that integrated with the proposed machine selection system.
3.2.3.2 Overall system diagram
In the sections of MATLAB analyzing and machine database,
the overall system diagram is designed in Figure 3.6. The system is composed of two

subsystems, i.e. fuzzy inference system and system II.
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Figure 3.4 Machine selection framework
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1)  Fuzzy inference system: This system is used to match
machine group to an order. The inputs of this section are product specification or task
description which is consists of clamping force, distance between tie bars and shot
weight. In other hand, output is the number of machine group (n) which are 1 to 6. The
details of each group will be shown in Table 3.3.

The data for construct the fuzzy inference system are
considered step by step as follows:

e Clamping force: This is the force between both sides of
injection mold in the unit of ton. If an injection mold is provided with adequate
clamping force, two sides of injection mold will be jointed completely without
leakage. Thus the expected machine must not have clamping force lower than the
product requirement. Figure 3.7 demonstrates a close step of forced injection mold by

clamping force.

Figure 3.7 Close and open steps of forced injection mold by clamping force

Source: www.beejaymolding.com/Clamping-unit.html

e Distance between tie bar: The length between tie bars both
vertical and horizontal axis. Tie bars help to maintain the right direction during closing
- opening of injection mold. Any injection mold can be installed into a machine if its
dimension does not exceed this value. In this research, the variable can be separated to
be two fuzzy sets as follows:

- Distance between tie bar X: The length between of two tie

bars in horizontal axis. From Figure 3.8, the distance between tie bar X is 1,520 mm.
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- Distance between tie bar Y: The length between of two tie

bars in vertical axis. From Figure 3.8, the distance between tie bar Y is 1,280 mm.
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Figure 3.8 Distance between tie bars of the injection molding machine
Source: www.mbhi-pt.co.jp/injec_e/products/MMV/1600MMVtool.htm

e Shot weight: The maximum weight of plastic is injected
directly into injection mold per feeding. The product should have weight equal or
lower than maximum shot weight of machine to avoid material overflow.

2)  System II: This system operates to select the most
suitable machine. The most suitable machine is the machine that used to produce the
preceding job with similar material color with required job and also has ever produced
the material with easiest cleaning. The output of this system is the machine number.

3.2.3.3 Fuzzy variable determination

In Figure 3.6, output of fuzzy inference system is a selected
machine group. That means the 11 machines was classified by considering similarity
of machine. The number of group of machines is represented by ‘n’. Thus, there are 6
groups of injection molding machine. The details of machine groups had given in

Table 3.3.
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Table 3.3 List of sample machines

Clamping Distance Distance Shot
Machine | Machine . between between .
Machine Name force : . weight
Group number (Ton) tie bars X | tiebarsY @
(mm) (mm) 9
TOSHIBA
) M1 IS30EPN-1Y 30 260 260 28
M2 JSW J30 ED 30 260 260 28
M6 NIIGATA 50 300 300 45
2 M7 NIIGATA 50 300 300 45
M8 NIIGATA 50 300 300 45
M3 JSW J50 Ell 50 310 310 56
3
TOSHIBA
M5 ISS0EP-1 5A 50 310 310 56
NIGATA
4 M4 NN5OE 50 310 300 60
5 M9 JSW J55 Ell 55 310 310 23
M10 NIIGATA 75 350 380 100
6
M11 NIIGATA 75 350 380 100

3.2.3.4 Define linguistic variables

This part is the development of our system by mainly
determining the linguistic variables and their ranges, fuzzy sets in universe of
discourse and membership values to each parameter. All variables were classified in
range by representing with linguistic term (Table 3.4) and then were transformed to
the degree of membership by data changing phenomena.

For example, if clamping force is 30, then the linguistic term is
‘Very low’ then the degree of membership range is 1.0. The objective here is to advise
a user to produce any product on the machine group 1 if it requires 0 - 30 tons of
clamping force. That means the degree of membership in “Very low’ set is 100%.
These products should not be processed on the machines that have more than 30 tons
of highest clamping force. That means the degree of membership in ‘Low’ set is 0%.
And if the clamping force changed to be 31, then the degree of membership range in
‘Very low’ is 0. As a result, the degree of membership range in ‘Low” will be 1.0.

That also means products prefer to be processed on the machines that have more than
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30 tons of highest clamping force. That means the degree of membership in ‘Low’ set
IS 100% and the degree of membership in “Very low’ set is 0%.

Table 3.4 Linguistic variables and their ranges

Linguistic variable Range Linguistic value
Clamping Force (tons) 0-30 Very low
31-50 Low
51-55 Medium
56 — 80 High
Distance between Tie Bar X (mm) 0-260 Very low
261- 300 Low
301 -310 Medium
311-350 High
Distance between Tie Bar Y (mm) 0-260 Very low
261- 300 Low
301-310 Medium
311-380 High
Shot Weight (g.) 0-22 Very very low
23-27 Very low
28-44 Low
45— 55 Medium
56 - 59 High
60 — 105 Very high
Machine group 0-1 Gl
1-2 G2
2-3 G3
3-4 G4
4-5 G5
5-6 G6

3.2.3.5 Fuzzy sets determination
Fuzzy sets can have a variety of shapes. However, a triangular
or a trapezoid often satisfies the expert knowledge and simplifies the process of

computation significantly. Figure 3.9 shows the fuzzy sets for all linguistic variables
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used in this fuzzy inference system that are clamping force, distance between tie bar

X, distance between tie bar Y, shot weight and machine group.
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3.2.3.6 Fuzzy rules construction
After fuzzy sets of input and output variables had illustrated,
then the 384 rules were constructed and added into this system. The output of the
fuzzy inference system in this problem is machine group. There are n groups of
machine, but in this study group of machine can be classified to six machine group
corresponded to machine specifications (n=6), these are classified by the similar
machine specification. The fuzzy inference system diagram is illustrated in Figure
3.10.
The number of rules
= No. of clamping force’s fuzzy sets x
No. of distance between tie bar X’s fuzzy sets x
No. of distance between tie bar Y’s fuzzy sets x
No. of shot weight’s fuzzy sets
=4 x4 x4 x6=384rules
In this problem, the “AND’ operator was applied to construct
all fuzzy rules. It provided the corrected results. These fuzzy rules will have multiple

antecedents, for example:

IF ClampingForce is Verylow
AND TiebarX is Verylow

AND TiebarY is Verylow

AND Shotwt is Veryverylow
THEN MCgroup is G1

Or,

1. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G1)

2. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G1)

3. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G1)

4. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G1)
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The structure of all fuzzy rules has designed as in Figure 3.10.
This diagram consists of four inputs which could generate 384 fuzzy rules. The result
of each rule will be calculated via aggregation of rule consequent process. Finally, the
aggregated results will be transformed by defuzzification process to be crisp output or

machine group as in this case.

If (Clamping_force is very_low) and (Dis._tiebarX is Very_low) and (Dis._tiebarY

i Rule 1 is Very_low) and (Wt.perShot is Very_low) then (MachineGr. Is 1)
npu
(C()llamplng iorce, Rule 2 If (Clamping_force is very_low) and (Dis._tiebarX is Very_low) and (Dis._tiebarY
amping_force) is Very_low) and (Wt.perShot is Low) then (MachineGr. Is 1)
Input 2 N Rule 3 If (Clamping_force is very_low) and (Dis._tiebarX is Very_low) and (Dis._tiebarY
(Distance Between Tie-Bar |, is Very_low) and (Wt.perShot is High) then (MachineGr. Is 1)
Dis._tiebarX) L Output
Rule 4 If (Clamping_force is very_low) and (Dis._tiebarX is Very_low) and (Dis._tiebarY Machine Group (1-6)
Tnput3 is Very_low) and (Wt perShot is High) then (MachineGr. Is 1)
(Distance Between Tie-bar I, :
Dis._tiebarY)
Input 4
(Shot Weight, Wt.perShot)

\Rule 384 If (Clamping_force is High) and (Dis. _tiebarX is High) and (Dis. _tiebarY is High)
and (Wt.perShot is Very_high) then (MachineGr. Is 6)

Figure 3.10 Fuzzy Inference System Diagram

3.2.3.7 System 11 development

In according to identify which machine is the most suitable for
a job, the output of fuzzy inference system (machine group) has to be completely
evaluated by other criteria that are product color and material grade. The decision flow

chart of selection by these criteria is shown in Figure 3.11.

e Product color: This attribute is color of product that we
want to produce. It will be matched with any machine that is used to produce the same
color in the latest batch. For example, if product color is white, the product color of
the latest batch of selected machine should be white also or nearly clear color
(colorless). If a machine group processes in the same color in more than one machine,
the material grade will be considered. In this study, there are four product colors, i.e.
clear, white, grey and black.

e Material grade: This attribute refers to the complication of
cleaning process and raises more risk of contamination from material burning of each
material grade. If the material grade of a job is A, the last batch of a suitable machine

should have produced in the same grade or nearly. The four grades of material were
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assumed by four symbols that are A, B, C and D. If material grades is sort by the
ability of cleaning, the A > B > C > D is achieved. That means A is the easiest
cleaning material and D is the hardest one.

For example,

If a product ‘A’ has judged to processed on machine group 1 (n
= 1) and the product specifications are 25 tons of clamping force, mold dimension is
280x280 mm, weight is 40.5 g, clear color and material is B grade. Thus, the output of
fuzzy inference system is G2 because it larger than the range of G1 (260x260 mm).
That means this product should be processed on the machine group 2. This group
consists of three machines, i.e. M6, M7 and M8. They had produced clear, clear and
black products; and material grade of them are B, A and B respectively. Therefore, M6
and M7 are feasible to process this order by considering of product color. Finally, M7

had processed with the easiest cleaning material thus the selected machine is M7.

Input Machine
Group (MGr)

s

No

66

No

Yes|

Select M/C with the
most similar color of
previous job

—VYes

Yes|

Select M/C with the
most similar color of
previous job

—VYes

Yes—

Select M/C with the
most similar color of
previous job

—VYes

Yes

Select M/C with the
best material grade
of previous job

Select the Ist
priority
machine

No

Yes

Select M/C with the
best material grade
of previous job

Select the Ist
priority
machine

If selected
M/C#1

No

Q%

Yes

Select M/C with the
best material grade
of previous job

Yes—|

Select the Ist
priority
machine

5

Stop

Figure 3.11 Decision flowchart of Product color and Material grade variables (n = 6)

3.2.4 Encoding with MATLAB

This step is included of encode the fuzzy sets, fuzzy rules and procedures

to perform fuzzy inference using MATLAB. Within this system, interval variables will



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 69

be normalized to being in range of [0,1] and then will be carried on fuzzy inference
process with Mamdani-style. Finally, the applicable system is enhanced via Graphic
User Interface using MATLAB tools.

B tMM_Selection02 ol = =]
Injection Molding Machine Selection System

Step 1: Product Specification 1 2
Select by Product Code l Add ]
Clamping Force (30 Tons
Mold Dimension 290 i L z g 4
290 1 |DnF26P-001 30 260 24 -
Mold Dimension '"'" 2 |TceE3zsnzs 30 300 3|
S EE 30 g 3 |JEOZ6P-021... 50 300 3)
Product Color Grey - 4 |DNF26P-002... 45 310 3
Product Grade  |A - 5 |DNF26P-003... 48 310 3z
6 |DNF26P-003 £ 310 3
) 7 |onF2sP02 £ 260 2
Select afile Browse 3 |DNF26P-028 60 340 3
9 |DNF26P-002... 85 310 £
r— 10 [DNF26P-014... 70 350 3
11 [MPHSS164-0... 45 310 3 —
12 |MPHSS183.0.. 48 3o 3 nputs - product specification | 3
1 2 3 4 5
Clear input 13 [MPHES094-0 N 310 3 L]
14 [TCEE338057. 55 260 27|11 30 40 345 E Cle ~
< v 2 30 280 200 30A Gre
3
Step 2: Previous Jobs Inputs - previous jobs | 4 4 s
« i f
M1 [Oear v [A 1 2 L
M2 Clear - A ¥ 1 (A Clear Results 6
M3 Clear - A - 2 |a Clear 1 2 3 4 —
M4 [Clear = A = | 3 1a Clear 1 |cted machine is W TOSHIBA ISIDEPN-1Y 1
MG Clear = A = L4 s Clear 2 eted machine is W TOSHIBA IS30EPN-1Y 1
We g A 5 |a Clear
l = z 6 |a Clear
M7 Clear - A - 7 |a Clear
M8 Clear - A - 8 |a Clear
M3 Clear - A - 9 |a Clear
M0 Clear ~ A 10 |& Clear
11 Clzar - A - 11 |A Clear
Step 3: Click START to run program »> | START 5 = W .

Figure 3.12 User interface of prototype system

Figure 3.12 shows the proposed system which is composed of four
sections as follows:
1) Variable inputs — This section is composed of:

a. Product Specifications: A user needs to fill up with
product specification or upload a data file (*.xIsx format only) before click ‘Add’ to
feed data to system database or ‘Reset’ to clear all data.

b. Previous Jobs: A user can choose the historical data of
each machine’s previous jobs with drop-down list of both Product color and Material
grade. And then click ‘Submit’ to execute the system.

2) Variable input display — This section is composed of:
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a. Inputs - Product specification: This section shows input
variables, i.e. clamping force, distance of tie-bar X, distance of tie-bar Y, shot weight,
product color and material grade, that were uploaded.

b. Inputs - Previous Jobs: This section shows input
variables, i.e. material grade and product color of previous job that were uploaded.

3) Result display — In this section, the selected machine will be presented

and details will be given in the columns of machine number, machine name and

machine group and exemplified in Figure 3.13.

| Machine number | | Machine name | | Machine group |
Eesults \ 7 7
1 2 3’ g’
1 |The selected machine iz M1 TOSHIBA I1S30EPN-1Y 1 -
2 |The selected machine is M1 TOSHIBA I1S30EPN-1Y
3 |The selected machine is M3 JSW SO EN 2 -

Figure 3.13 Example results that generated from proposed system.

4) Elapsed time — In this section, the computational time of system will be

counted.

3.2.5 System testing

Crisp values of all fuzzy intervals are input into system and will be tested
in order to ensure smoothly and accurately output results. Then, the computational
time is compared to versus human performance. The data for testing are as follows:

e Clamping Force (Ton)

e Mold dimension (mm): The dimension of injection mold
will be compared with the length between tie bars both vertical and horizontal axis.
Any injection mold can be installed into a machine if its dimension does not exceed
that machine’s distance between tie bars.

- Mold dimension X: The length mold in horizontal axis. From
Figure 3.14, mold dimension X is represented by ‘B’.

- Mold dimension Y: The length of mold in vertical axis.

Figure 3.15, mold dimension X is represented by ‘D’.



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 71

I= |

b

GPEe)

&
._._-.'__¢|._.p_._._
&

Cf D

7T ]

1

Figure 3.14 Injection mold

e Shot Weight (g or 0z.)
e Product Color

e Material grade

3.2.6 Results, conclusion and discussion
The advantage and disadvantage among two systems of proposed system
and old system will be represented along with result reporting. Then, the shortcoming

in system for improvement in future will be discussion.

3.3 Research tools

The research tools are composed of hardware and software as follows:

3.3.1 Hardware

Intel(R) Core™ 2 Duo P8400 @ 2.26 GHz
3.00 GB of RAM

100 GB of Hard Disk

NVIDIA 9200M GS

o

O O o

3.3.2 Software
0 Microsoft Windows 7 with 64-bit Operating System
o MATLAB R2010a
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o Microsoft Office Visio 2007
O Microsoft Office Word 2007
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CHAPTER IV
SYSTEM SCRIPTS AND DESCRIPTIONS

This chapter reports the comparison of traditional method and proposed
system performances. The proposed system was the consequence which had accurate
performance and closed to human being’s decision. This system could decrease

computational time and risks of human error from a current method.

4.1 System development

This section consists of the system development paradigm step by step and
the compositions of interface and codes. The designed membership functions are used
to construct our model. All features and layout are designed to support a user with

user-friendly operation steps.

4.1.1 The process of system construction
The process of injection molding machine selection system can be
categorized into two major steps. There are the process of Fuzzy Inference System
development and System Il development. In the initial phase, Fuzzy Inference System
has been created owing to be the first evaluation step to getting the most suitable
machine group. And the System Il is used to account the most appropriated machine
within the selected machine group by previous system. The following sections purpose
to reveal all approaches for the proposed system development.
4.1.1.1 Fuzzy inference system
1) The access method of MATLAB is started by clicking of
MATLAB R2010a in Start Menu in Figure 4.1.
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. Hp
| Maintenance
| MATLAB
|\ R2010a
o Activate MATLAB R2010a
4} Deactivate MATLAB R2010a
4\ MATLAB R2010a ) |

| Microsoft Office

-

1 Back

| Search programs and files L ‘

Figure 4.1 Opening of MATLAB program

2) The default desktop of MATLAB will display in Figure 4.2.
The layout of the desktop is composed of Current Folder, Editor, Command Window,

Workspace and Command History.

‘ MATLAB 7.10.0 (R2010a]

| File Edit View Debug Parallel Desktop Window Help
OS] % mm & @B | @ curent Folder
* Shortcuts (2] Howto Add (2] What's New

C=RCIE = Editor # O 2 X | Workspace oA x|
MNMEgHE|RR20 (DB Aesi|E-BRBRE[-] 0] B6E %S|~
R -] [+ [x[Ea(|0 Name + Value

c aEl

@B ror

D MName =

D xeldr
userjs
D sgrmnooptll.sqm
D sgrmnooptl0.sqm
D sgrmnooptdd.sqm
D sgrmnooptd8.sqm
D sgrmnooptl7 sqm
D sgrmnooptds.sqm
_| sgmnocptds.sqm
_| sgmnooptd4.sqm
_| sgmnooptd3.sqm
_| sgmnooptd2.sqm
_| sgmnooptdl sqm
_| sgmnooptd0.sgm
__| sgmdatall.sqm
| sgmdatal0.sqm
| sgmdatad.sqm
| sgmdatad&.sqm
__| sqmdatad7.sqm
™ 4

>

El [ 3

Command History + 0 a x
%-- 12/11/2555 13:58 1+
~%—— 13/11/2555 0:24 1
~%-— 13/11/2555 11:42 1
~%-- 13/11/2555 14:52 1
Details w | Command Window 0O A x || ~%-- 14/11/2555 16:14 1
(T) New to MATLAB? Watch this Video, see Demos, or read Getting Started. x *-- 27/11/2555 10:15 1
= = ¥ ~%—— 2Tf11/2555 10:42 1
~%—— 28/11/2555 12:26 |
~%-— 28/11/2555 17:13 |

from the active settings drop-down list. For more information, see He

Select a file to view details

Click here if you do not want to see this message again.
@ ~%—— 28/11/2555 17:14 1
flv > - %-— 28/11/2555 17:22 1~
< . v < n r

4 Start| Ready

Figure 4.2 Default desktop of MATLAB 7.10.0 (R2010a)

3) Set the Current Folder as the directory that will be used to
keep all files concerning the injection molding machine selection system. For this
research, those files had saved in EX\THESIS\Fuzzy System01 as Figure 4.3. Please be
reminded to set the same directory for the same project in every time of starting
MATLAB.
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‘ MATLAB 7.10.0 (R20103]

File Edit View Debug Parallel Desktop
NS sR20C RABR |0

|5 Shortcuts [#] Howto Add (7] What's New

=
H:\Program Files\MATLAB\R2010a
ENTHESIS

E

H:\Users

EEHGEHE

|| MCselection.fis

u mecExcludedFiles.log

machine group.xls
inputl.mat

@ Input_mcselection02.xlsx

|j IMM_Selection_mcc_compone..,

u IMM_Selection_main.c

u IMM _Selection_delay_load.c

(=) MM _Selection.prj

ﬁ IMM_Selection.m

) IMM _Selection.fig

(27 IMM_Selection.exe

@ GUI design v;d

m

Details w | Com

Figure 4.3 Setting the current folder in MATLAB

4) Type ‘fuzzy’ at command window (Figure 4.4) to open the

Fuzzy Logic Toolbox and then press ‘Enter’.

@ MNew to MATLAB? Watch this Video, see Demes, or read Getting Started. 4
Commanc
MATLABR desktop kevboard shortcuts, such as Ctrl+5, are now customizable|| - -,
In addition, many kevboard shortcuts have changed for improved consiste]| . = 3
across the desktop. 1
o I T e T | s 2.
— To customize keyboard shortcuts, use Preferences. From there, you can a| - 2
5 restore previous default settings by selecting "R200%9a Windows Default
from the active settings drop-down list. For more information, see Help||: s S
..... a—
Click here if you do not want to see this message again. || & T
----- TF— 2
B o> fuzzy ] e 2 _ o
----- T— 2
< I . Pl

Figure 4.4 The access method of fuzzy logic toolbox

5) The program will display the window of fuzzy inference

system editor in Figure 4.5.
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— .
B e v A ===
File Edit View
Untitied
I (mamdani)
\ input1 outputl
FIS Mame: Urtitlec FIS Type: mamdani
And methocd min - Current Yariahle
Or method max o | [ Mame input1
ik infut
Implication min - B I
| | Ranae [o1]
Aggregstion max -
Defuzzification centroid - Help Close
System "Urtitled"; 1 input, 1 output, and O rules

Figure 4.5 Fuzzy logic toolbox user Interface

6) Define name for FIS variable as ‘ClampingForce’. Do not
leave a space in the name of FIS variable. Set the function of And method, Or method,

Implication, Aggregation and Defuzzification by following in Figure 4.6.

.
B FIS Editor: Untitled = | B S|
File Edit View
Untitled
(mamdani}
ClampingFore outputi
FIS Mame: Urititled FIS Type: marmdani
And method min - Current Yariahle
Or method —v o || Mame ClampingForce
Wiliki input
Implication — - i I
| | Range [01]
Aggregation o -
Defuzzification o \ Help Close
Renaming ingput variskble 1 to "ClampingFarce”

Figure 4.6 Adding name of FIS variable
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7) Add new FIS variables by clicking Edit > Add Variable... >

Input (Figure 4.7) and define name to them same as 6).

B Fs Editor: Untitled

File | Edit | View

Undo Ctrl+Z
Add Variable... [ Input
Remove Selected Variable  Ctrl+X Output

Membership Functions...  Ctrl+2 L T o
Rules... Ctrl+3 namdani}
EAN A

Figure 4.7 Adding new FIS variable

Figure 4.8 shows the completed variables both inputs and

output.

FIS Editor: MCselection ]\E‘Eﬂj

File Edit View

ip
m MCselection

| Tiebar
Iﬁl/_ (mamdani)

MCgroup

FIS Name: MCselection FIS Type: mamdani
And methad = v || Current Variable
Or method T - | || Name ClampingForce
Type input
Implication = =
Range [073)
Agaregation max -
DefLziicatan centroid - Help Close

Figure 4.8 Overall FIS variables

8) Define the ranges of membership functions (MFs) for every
variable by clicking Edit > Membership Functions... or double click on the graph of
ClampingForce membership function. Later, define Type, Number, Params, Range and
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Display Range of every MFs by following the ranges and linguistic variables of Table

3.5. Select the Type as

Trapmf (Trapezoidal Membership Function) in order to satisfy

the transformation of degree of membership. For example;

Add membership function of ClampingForce by clicking Edit >

Add MFs...

u Membership Function Editor: Untitled

File | Edit | View
Fl Undo Ctrl+Z Mer
Add MFs...
E Add Custom MF...
Clampin Remaove Selected MF

Remowve All MFs

Ctrl+1
Ctrl+3

[/’

FIS Properties...

Rules...

0.1

Figure 4.9 Adding MFs

0.2

Select AF type as ‘trapmf’ and Number of MFs is 4 then click

‘OK” (Figure 4.10). Later, MATLAB will compose the four MF lines over existing

lines (Figure 4.11).

u Membership Fu

nction Editor: Untitled

File  Edit

FIS Variables

View

i\

ClampingForcesutputt

Membership function piotz  Plot points: 181

mf5

>

=

P
u Membership Functions

Currert Yariakle

Mame
Type
Range

Dizplay Range

Add membership functions

MF type

trapmf

Mumber of MFs

————
fad

oK | Cancel |

Params

[-0.5 0 0.5]

‘ Help

[01]

[01]

Close ‘

Ready

Figure 4.10 Setting MF type and number of MFs
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r Membership Function Editor:-Untitled =HACN X
File Edit View
FIS Variables Membership function plots IOt points: 181
e mf3 mf3 mfg S
T |
ClampingForcesutput1
=
. ‘ |n put va;iﬁble 'TC-Ia mpin‘g;’urce:
Current atiakle Current Membership Function (click an MF to select)
Mame ClampingForce Marme mf4
[|| Time input Type trimf -
Range 01 e ros00s
/| | Dizplay Range [0 1] Help Close
|
I | Ready
_—

Figure 4.11 Membership function lines after add more new lines

Delete three old lines and define Range (as in Figure 4.12),
Display Range, Name and Params as [-26 47 0 30 31]. Press ‘Enter’. Do this approach
to other input and output variables (i.e.TiebarX, TiebarY, Shotwt, and MCgroup).

S
Membership Function Editor: MCselection = | B S
File Edit View
FIS Variables Membership function piots plot points: 181
Verylow Low WMedium High
o[ ~
G
ClampingForce MCgroup
'
| TiebarX -
'
Tiebary

: 0 'I: LIZ

Chotuard

input variable "ClampingForce”

Current Membership Function (click on MF to select)

[-26.47 030 31]

Verylow

trapmf

Currert ‘ariale
Name ClampingFaorce Mt
Type inpt Type
Params
Range 075
Display Range 075 ‘ Help

Close ‘

Selected variable "ClampingForce”

L

4

Figure 4.12 Membership function lines after modifying as trapezoidal and defined

linguistic names
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9) Develop fuzzy rulesby click Edit. Choose Rules as in

Figure 4.13.
B4 Membership Function Editor: MCselection |£|Elﬂ—hj
P
File View
FI Undao Membership function plots  PIot points: 181

Add MFs... low I Low Medium High '
Add Custom MF...

Remowe All MFs

:Iar|y:in Remaove Selected MF

FIS Properties... Ctrl+1

Tieh)
X Rules... Ctrl+3

Tiebary’ %

oL T — = T = T —

input variable "ClampingForce™

Chotud

Current Yariable Current Membership Function (click on MF to select)

Mame ClampingForce Mt Verylow

Type inpt Tipe trapmf -
Params [-26.47 0 30 31]

Range [075]

Display Range [0 75] Help Close

Ready

Figure 4.13 Rules menu to construct FIS rules

Add rules by selecting MFs based on our machine selection
logical and then press ‘Add rule’ (Figure 4.14). The overall required rules is 384 rules.
For example:

1) If ClampingForce is Verylow and TiebarX is Verylow and TiebarY is Verylow
and Shotwt is Veryverylow Then MCgroup is G1

Means If ClampingForce is 0 — 30 tons and TiebarX is in 0 — 260 mm and TiebarY is
in 0 — 260 mm and Shotwt is in 0 — 22 mm then the MCgroup of G1 will be selected.
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n Rule Editor: MCselection

P

File Edit View Options

| « ITT]

1. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow) and (Shotwt is Veryve -

If Then
ClampingForce is MCoroup is
Low G2
Medum G3 £
High G4
none G5
= o =

[~ not [ not

Connection

Jor

o) and 1 Detete rule Addrule | Changeruie | qq| >;|
FIS Mame: MCselection Help [ Close |

Figure 4.14 Rule editor window

10) Save the new fuzzy inference system by exporting as a .fis

file in directory of Current Folder. In this case, we named it as MCselection.fis. This

file will appear in the Current Folder window immediately. Please see Figure 4.15.

File | Edit View

Close Ctrl+W

Tiebary”

Shodbiaet

Mew FIS... >
Import 4
Export *
Print Ctrl+P

To Workspace... Ctrl+T
To File...

,

Ctrl+5
(mamdani}

FIS Mame:

MC=election

FIS Type:

Figure 4.15 Saving a FIS project

4.1.2 Fuzzy inference system editor

The fuzzy inference system can be modified in detail via editor window.

The MATLAB Editor window displays codes for making the system. Two or more
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systems can be merged together by inserting codes into a multiple file (M-file) and run
automatically. Figure 4.16 shows MATLAB Editor with including ‘MCselection.fis’
codes. For the details of using M-file, this research will describe in the graphical user

interface (GUI) development section.

| Editor - E\THESIS\Fuzzy System 01\MCselection.fis H DL A
il H fRR20 oB- e l- ¥ B B E B8 | stack| Ba.. fo O+~ ax
: S T 5 5 O I - ]

1 [Syatem] ,
2 Name='MCselection'
3 Type="mamdani'
4 Version=2.0
5 HNumInputs=4
& NumOutputs=1
7 HNumRule=s=480
8 AndMethod='min'
9 OrMethod="max'
10 ImpMethod='"min'
11 AggMethod="max'
12 DefuzzMethod='centroid'

14 [Inputl]

15 Name='ClampingForce'

16 Range=[0 75]

17 NumMFs=4

18 MFl1='"Verylow':'trapmf',6 [-26.47 0 30 31]
19 MF2='Low':'trapmf', [30 31 50 51]

20 MF3='Medium':'trapmf', [50 51 55 56]

21 MF4='High':'trapmf', [55 56 75 80]

Figure 4.16 Fuzzy inference system that has opened in MATLAB editor

4.1.3 Graphical user interface development approach
The graphical user interface or GUI file is used to be the operation
interface. This important stage stands for our proposed system because GUI contains
MATLAB functions that control the operation of GUI. The processes of creating GUI
are the laying out and programming GUI. The GUIDE Layout Editor is used to design
the layout of GUI. MATLAB Editor is used to program the callbacks to perform the
actions you want the GUI to perform. The methods of GUIs construction have stated
in this section.
4.1.3.1 GUI Laying out
1) Select File > New > GUI as Figure 4.17. Or type ‘guide’ in

Command Editor to create new GUI file.
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4 matiag 7100 20100

Edit Text Go Tools Debug Parallel Desktop Window Help

New 4 Script Ctrl+M m 01
Open... Ctrl+ 0 Function
Open Selection Ctrl+D Class \MCselection.fit
Close Editor Figure = ]
Close... Variable x | a2t of
Close MCselection fis Ctrl+W Model
GUI
Ctrl+S

o Deployment Project
AVE A i Version=2.0
Save All 5 HNumInputs=4

B NumCutputs=1
Publish Configuration for MCselection.fis » | NumRules=480

B AndMethod='min'
Source Control b 8  OrMethod='max"'

i} ImpMethod='min'

Figure 4.17 Creating GUI file

| S

2) Within the GUIDE Quick Start window as in Figure 4.18,
select “‘Create New GUI’ tab for the ‘Blank GUI (Default)’ templates and press ‘OK’.
"B GUIDE Quick Start E=REER

Create Mew GUI | Open Existing GUI

GUIDE templates Preview

' Blank GUI (Default)

4\ GUIwith Uicontrols
4\ GUI with Axes and Menu
| 4\ Modal Question Dialog
BLANK
| |
[[] Save new figure as: | ENTHESIS\Fuzzy System 01'untitled fig Browse...

| ok || cancel |[ Hep

Figure 4.18 GUIDE Quick Start window

3) MATLAB will open the main window of GUIDE Layout
Editor for laying out new GUI in Figure 4.19.
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m] untitled.fig el i L - I e[ e
File Edit View Layout Tools Help

ODCH| B0 | sBhdb SH% P

-

4 2

Tag: figurel Current Point: [464, 179] Position: [520, 380, 560, 420]

Figure 4.19 GUIDE Layout Editor

4) Use GUIDE Layout Editor to create the injection molding
machine selection system. Drag and drop all required tools from the right side of the

screen into the space. The tools that were used are as follows;

. Static Text : Push Button
: Table ﬁ : Pop-up Menu

Edit an object by right-clicking on it and choose Property
Inspector that is shown in Figure 4.20. The features and properties of the object can be
modified by an Inspector dialog in Figure 4.21.

5) The finished layout is illustrated in Figure 4.22. Save GUI
layout as .fig file type, names IMM_Selection.fig. At the same time, MATLAB will
automatically create another one file, names IMM_Selection.m. This file is the
multiple-file (M-File) type. The M-File is the text file that contains MATLAB codes

Programmer can add function codes in M-File to make it execute as they want.
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File Edit View Layout Tools Help
NEd| s2R20 | 2B0d 5% b
T T T
Injection Molding |
Product Specificatinhs 5 [
- [ [ Cut Ctrl+X
_ Clamping Force Copy Ctrl+C
| |
Mold Dimension X s S
. L Clear -
Mald Dimension Diiphcate CtileD Grade :L\_l
(= |
— Orselectafie [ Bring te Front Ctrl+F | — Add
= Send to Back Ctrl+B
Previous Jobs Obgect Browser
] L M-file Editor
M1 |Clear | | |a
= View Callbacks 3 = =
Mz |Clear A
i Property Inspector =T
M3 .—C|ear I._.f Stafic Text Property Editor.., '_".ﬁ'—l_
M4 |Clear ~ |A M MO [Clear = A
e O IR I I
M5 [Clear = |A - M1l [Clear ~| |A
| [ [
 MB [Clear = A -
| | | \

Figure 4.20 Editing GUI objects by Property Inspector

2 Inspector: uicontrol (text10 "Product Specifi.. EIEIQ

2 wi
BackgroundColor @ — i+
BeingDeleted off
BusyAction queue <
ButtonDownFen ) &
CData E [0:0 double array] &
Callback = E
Clipping on i
CreateFcn ) &
DeleteFcn ) &
Enable on i
= Extent [0031.581.462] b
X 0.0
¥ 0.0
width 314
height 1.4615384615384617
FontAngle normal i
I m Microsoft 5ans Serif &
FontSize 10.0 &
FontUnits points i
FontWeight bold i
-

Figure 4.21 Property Inspector dialog
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£ MM _Selectiono2.ig TR T . -z o ]
File Edit View layout Tools Help
DEHE ¢RI | sBhd BN >
Injection Molding Machine Selection System
‘ ﬂ Step 1: Product Specifications
o) Select by Product Code Add
@® | Clamping Force Tons ‘ ‘
[jir [ - Mokt Dimension % i 1 2
L 1
§| Mold Dimension ¥ mm = axess
— Shol Weight a ]
@' Product Color ~ (Clear 4
E] | PotctGede A =
B3
= Select 5 file Browse
Add Input |
Inputs - product specification
‘ Clear Input L 2
P ]
2 |
= 3 |
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M1 Clear - A - 1 2
M2 Clear - |A - =] Results
M3 Clear ~ [A = 2 1 2
Me (G x| |A = ek 1
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W7 |Clear - A~ A
MB Clear - A
H3 Clear - A -
M0 Clear > A =
M1 |Clear - A -
Step 3: Click START 1o run program >> | START
i 0 &

Figure 4.22 Completed GUI Layout

4.1.3.2 GUI Programming

The programming of GUI is performed on M-File within the
MATLAB Editor window. The concept of M-File generating is the association all
GUI’s objects with functions except the ones that do not need to be calculated or have
functions such as the static text object. There are particularly MATLAB scripts for
each object, and consequently every object is highly required to validate their function
and order. The procedure of programming the M-File is as follows.

1) Do a right-click on the object to add functions. And choose
View Callbacks > Callback. Callbacks are functions that execute in response to some
action by the user. After that, MC_Selection.m will be opened in the MATLAB
Editor. And the collection of initializing codes will appear. The codes have followed
by ‘%’ symbol would not be operated by MATLAB Compiler. Any functions should
be added to command it. There are three methods to review MATLAB codes that are:

A. Click on the object. Choose View Callbacks. And click
CreateFCN. This method will be used for the Static Text object. MATLAB will show
the initializing codes of Static Text object (Figure 4.23).
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% ——— Executes during object creation, after setting all properties.

function textl CreateFcn (hObject, ewventdata, handles)

% hCkbject handle to textl (see GCBO)
% eventdata reserved - to be defined in a future wersion of MATLAB

% handles empty — handles not created until after all CreateFcons called

Figure 4.23 Template of Static Text object

B. Click on the object. Choose View Callbacks. And click
Callback. This method will be used for Radio Button, Check Box, Push Button, Edit
Text, Slider and Pop-up Menu objects.

C. Click on the object. Choose View Callbacks, and click
CellEditCallback. This method will be used for Table object.

2) Add functions or codes below the last row within the same
object code set. For example, if we want to change the background color of ‘textl’
object from the default (gray) color to blue color, paste the following function in
MALAB Editor (Figure 4.24). Click Save.

If ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','blue’);

end

B
NEH | E2R20(29- Medf [P -0 BRE B®|sek.. -] [O]x

BB -0 [+ ] +(1 x| [0

1963 i |
1064 % ——— Executes during object creation, after setting all properties. =
1965 [Blfunction textl CreateFen (hObject, eventdata, handles) I
1966 1% nobiect handle to textl (see GCBO) i
1967 | % eventdata reserved — to be defined in a future version of MATLAR =
1968 % handles empty — handles not created until after all CreateFcns called
1969 — if ispc && isegual (get (hObject, 'BackgroundColor'), get {0, 'defaultUicontrolBackgrour
1970 — set (hObject, 'BackgroundColor', 'blue') ;
EOTE: = —end
1972 =
1973 =
1974 E
1875 function edit7 Callback (hObject, eventdata, handles =
1976 [l% hObject handle to edit7 (see GCEO) =
1977 % eventdata reserved — to be defined in a future version of MATLAB E
1378 =% handles structure with handles and user data {(see GUIDATA) g
1979 =
1380 % Hints: get(hObject, 'String'} returns contents of edit? as text ||
1981 x str2double (get (hObject, "'String') ) returns contents of edit7? as a double |—
1382
1983
1984 % ——— Executes during object creation, after setting all properties.
1985 iﬂfu:nction edit7? CreateFcn(hObject, eventdata, handles) b
< | 1 +

r MCselection.fis ><|[IMM_SelectEon.m ><] untitled.m ><|

Figure 4.24 Adding the function to change Static Text background
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3) Repeat 1) to 2) for other objects need to change the color.

And click ¥ to run all codes in IMM_Selection.m for validation of results.
The finished GUI Layout is shown in Figure 4.25. For other

object type, other functions are put in the same position.

-

IMM_Selection| o]

Injection Molding Machine Selection System

Step 1: Product Specifications Distance batwaen Tla Bars X —, J— Distance between Tie Bars ¥

Select by Product Code Add ‘ Mold DI lon Y

Clamping Force Tons S,
Al Bensions T 1 | 2 3 4 Mold Dimenslon X
N 1 |bnF2er-oot 30 260 2
HaitDimecsiond u | 2 |rceeassozs.. 30 00 3
Sl i [:3 | 3 |i028P-021 50 300 3
Product Color Clear - 4 |DNF26P-002... 45 310 3|
Product Grade | o | 5 |pnF2sp-oos.. 48 310 3=
[ 6 |onrosp-oos 54 310 3
; —— | 7 |onrespoz... 55 260 2
Select afile [LBrowse | [ \oureerozs = o =
| 9 |phF2sp-o0z.. 85 310 -
s | 10 |onFasr-nia 70 350 3
11 [MPH55164-D... 4 310 3 L
= 12 |MPHES183-0 43 310 3 Inputs - product specification
Cloar input | 13 |MPHSs094-0... 54 310 3 1 2
14 [TCEE338057. 55 260 2 (| L1
< [ b 2
L3 |
Step 2: Previous Jobs Inputs - previous johs 4
M1 Clear - A - 1 2
M2 Clear =l & D Clear Results
M3 Clear - A - | 2 |A Clear 1 2
Ma Clear = = = Clear 1
ME  (Cear | A %‘:\ E:::: 2
e Seer o A (6 |a Clear L]
M7 Clear = A = il e Bt |
e il L (8 |a Clear
M3 Clear - A x 9 |a Clear
M10  Clear ~ A = |10 |a Clear
MIT Clear - A v | 11 |a Clear
Step 3: Click START to run program >> | START ‘

Figure 4.25 Finished GUI Layout

4.2 Script descriptions
All code was done in MATLAB using object oriented programming. The
prototype system has several collections of function in order to combine the one

system.

4.2.1 The composition of an object

The main components in each object code are in the following.

1) Expand/Collapse symbol: Functions are separated by the symbol as in
Figure 4.25. The functions and comments of an object will be applied within it. One
symbol is included the boxes of *-* and ‘+’. When one click is applied, MATLAB will
expand or collapse their functions (Figure 4.26).
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2) “%” symbol: The symbol that is always used to avoid the compilement
of that followed letters. The method of changing script to be text by applying “%” in

front of scripts and that script will be changed to green color then.

Figure 4.26 Main component layout

3) The MATLAB code that implements the function of the button to be
executed when applying a click by user. Any data that you want to pass between
functions should be saved in the handles structure, handle is an unique number that is

assigned to a graphical object, which should be located in at the end of each function.

7 P VIS
[ EATHESIS\Fuzzy System 01\Final Program’\THSis_IMM selection - Copy\IMM_Selection02.m .

File Edit Tedt Go Cell Tools Debug Deskiop Window Help
hj_’?ﬂ dﬁ—\_]u_'ﬁ")("' ,g‘gz_i_"ﬁﬁ*lr"'. D'aﬁ@@@@@ Stack:| Base f

BEE| -0 |+ | F11 [ x [«£2e | @

1 function varargout = IMM Selection02 (varargin
,/ﬂ/v % End initialization code - DO NOT EDIT
A 4 45
Click to expand | s
. 47 % --- Executes just before IMM Selection02 is made wvisible.
funCtlon }' function IMM Selection02_ OpeningFen(hObject, eventdata, handles, wvarargin)
1 49 % This function has no output args, see OutputFcn.
- / 50 E handle to figure
CIICk to COIIapf 5 E to be defined in a future wersion of MATLAB
functlon 2 E3S. with handles and user data (see GUID
53 3 command line arguments to IMM Selection02 (see VARARRGIN)
54
55 % Choose default command line cutput for IMM SelectionO2
56 — handles.output = hCbject;

Click to collapse
help

for ii=1:11
handles.prej{ii, 1}

BT
handles.prej{ii,2}="Cleazr’;
end
set (handles.uitable2, "data’ ,handles.pre]j)
% Update handles structure
[dexcel,st]=xlsread('Product Specification Database.xlsx');
[row,col]=size (dexcel);
ddi={};
for ii=l:row
for 33=1:7
if and(jj>1,3j<e
ddil{ii,jjr=dexcel (11,33-1);
else
ddi{ii,jjr=st{ii,ji}:

Space of a callljg
that is used to ifis
the command fi
object

set (handle=s.uitables, 'data',ddl)
handles.ddl=ddl;

L i

IMM_Selection02 Ln 99

Figure 4.27 Object and compositions
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The code is known as a call back. There must be a callback to implement the function
of each graphical component on the GUI. The end of this code should be terminated

with “end”. Please see Figure 4.27.

4.2.2 Scripts of IMMSelection02.m file

This section shows the scripts that are included in each object and the
explanation of those scripts. These scripts could be able to classified into four parts.
First, there is the part of “Step 1: Product Specifications”. Second, the table of “Inputs
— product specification” will be explained within this part. Third, the scripts of “Step
2: Previous Jobs” and the table of “Input — previous jobs” will be shown here. Finally,
this part will illustrate the scripts and their descriptions of “Step 3: Click START to

run program” and concerned scripts for table of Results.

Part 1: The scripts of “Step 1: Product Specifications”
This part is composed of the objects in Figure 4.28. For more details of

functions and scripts, please see the description as follows.

pushbutton6
editl -
edit4
edit2
edit13
Step 1: Product Spedificatio edit3 \
ect by Product Code Add
Clamping Force ang
Mald Dimension & 1 2 = .
o 1 |DNF25P-001... 30 260 p PN
Mold Dimension ¢ Y 2 [TceE33gozs.. 300 3
Shat \weight a 3 |JEozer-0zi... 300 3
Product Calor Clear - 4 |DNF26P-002... 310 3
ProductGrade (A < o] 0 Rk
\ popup 310 3
. popupmenu2 ——=n
Select a file Browse o RFTERTE uitable5 a1
—‘\ \ pushbuttonl - 310 H
[T TONFZEP-UT4. . 70 350 H
Add Input i -
‘ F ‘ edit5 | |MPIHS5164-0... 45 310 3
I Laa luouicgigs g 43 310 3
ushbutton4 c |
Clear Input p |094-0... 4 310 3
\ : : 3057... 55 250 b g
pushbutton5 m N

Figure 4.28 Compositions of “Step 1: Product Specifications” user interface
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1) The initial code of M-file, this part indicates the name of M-file
(IMM_Selection) and GUI file.

% IMM_SELECTIONO2 M-file for IMM_Selection02.fig

% IMM_SELECTIONO2, by itself, creates a new IMM_SELECTIONO2 or raises
the existing singleton*.

%

% H = IMM_SELECTIONO2 returns the handle to a new IMM_SELECTIONO2 or
the handle to the existing singleton*.

%

% IMM_SELECTIONO2("CALLBACK®" ,hObject,eventData,handles,...) calls the
local

% function named CALLBACK in IMM_SELECTIONO2.M with the given input
arguments.

%

% IMM_SELECTIONO2("Property”,"Value®,...) creates a new
IMM_SELECTIONO2 or raises the

% existing singleton*. Starting from the left, property value pairs

% are applied to the GUI before IMM_Selection02_OpeningFcn gets
called. An

% unrecognized property name or invalid value makes property

% application stop. All inputs are passed to

IMM_Selection02_OpeningFcn via varargin.

%

% *See GUI Options on GUIDE"s Tools menu. Choose "GUI allows only

one

% instance to run (singleton)™.

%

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help IMM_Selection02
% Last Modified by GUIDE v2.5 09-Jan-2013 00:29:46
% Begin initialization code - DO NOT EDIT

gui_Singleton = 1;
gui_State = struct("gui_Name®, mFilename, ...
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"gui_Singleton®, gui_Singleton,
"gui_OpeningFcn®, @IMM_Selection02_OpeningFcn,
"gui_OutputFcn®, @IMM_Selection02_OutputFcn,
"gui_LayoutFcn®, [] ,
"gui_Callback”, [D:

if nargin && ischar(varargin{l})

gui_State.gui_Callback = str2func(varargin{l});
end

if nargout
[varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

2) This part is the OpeningFcn for opening the function. It is the first
callback in every GUI M-file. You can use it to perform tasks that need to be done
before the user has access to the GUI. In this case, OpeningFcn is used to create
default data, e.g. “A” and “Clear” as in Figure 4.27. The scripts of
“set(handles.uitable2,'data’,handles.prej)” are used to set the default data to uitable2 to
column 1 and 2. The scripts of “[dexcel,st]=xIsread('Product Specification
Database.xIsx’); [row,col]=size(dexcel); dd1={};" are used to read and update data of
product code and their parameters from “Product Specification Database.xIs” file. By
the name of these data is dd1 which are always updated and shown in uitable5 from
the scripts of “set(handles.uitable5,'data’,dd1);”. During the using of program, the
picture of injection molding machine will be shown in user interface all the time as in
Figure 4.27. The scripts of “axes(handles.axes5); im=imread('IMMresized.jpg’);

imshow(im)” are the setting of IMMTresized3.jpg to the axes5 object as in Figure 4.29.

% --- Executes just before IMM_Selection is made visible.

function IMM_Selection02_OpeningFcn(hObject, eventdata, handles,
varargin)

% This function has no output args, see OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
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% varargin command line arguments to IMM_Selection02 (see VARARGIN)

% Choose default command line output for IMM_Selection02
handles.output = hObject;

for 1i=1:11
handles.prej{ii,1}="A";
handles.prej{ii,2}="Clear"”;
end
set(handles.uitable2, "data” ,handles._prej)
% Update handles structure
[dexcel,st]=xIsread("Product Specification Database.xlsx");
[row,col]=size(dexcel);
dd1={};
for ii=1:row
for jj=1:7
if and(j>1,jj<6)
ddi{ii,jj}=dexcel(ii,jj-1);
else
ddi{ii,jj}=st{ii,.jj}:
end
end
end
set(handles.uitable5, "data”,ddl);
handles.dd1=dd1;
handles.n=0;
axes(handles.axesb)
im=imread(" IMMresized3.jpg");
imshow(im)
guidata(hObject, handles);

% UIWAIT makes IMM_Selection wait for user response (see UIRESUME)
% uiwait(handles.figurel);
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Distance between Tie Bars X —, [ Distance between Tie Bars ¥

Mold Dimension Y

Mold Dimension X

axesh

@ | (b)
Figure 4.29 The axes5 object where the picture names “IMMresized3.jpg” have

stored (a) Before run program (b) After run program

3) The script in this part is included function that order to return the output
into the command line (in command window) by following the form of “varargout{1}
= handles.output”. The handles structure is a variable that GUIDE passes as an

argument to all component callbacks.

% --- Outputs from this function are returned to the command line.
function varargout = IMM_Selection02_OutputFcn(hObject, eventdata,
handles)

% varargout cell array for returning output args (see VARARGOUT);
% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure

varargout{l} = handles.output;

4) The editl object is located for inputting of Clamping Force value to the
system as in Figure 4.28. This parameter value will be assigned as “string” number,
represented by “cl1”. The limitation of input value is conditioned by the statement of
“if and(c1>=30, c1<=75) else msgbox (‘Please input Clamping Force between 30 to
75, 'Please input Clamping Force between 30 to 75" which means if user enter the
Clamping Force (c1) value that lower than 30 or upper than 75, the message of “Please
input Clamping Force between 30 to 75” will appear. And the following codes of the
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editl object are the setting the background color of the object to be white with “if”

function.

function editl_Callback(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,"String") returns contents of editl as text
% str2double(get(hObject, "String®)) returns contents of editl

as a double

cl=str2num(get(handles.editl, "string®));
if and(cl1>=30,c1<=75)
else
msgbox(*Pleas input Clamping Force between 30 to 75", Pleas input
Clamping Force between 30 to 75%);
end

% --- Executes during object creation, after setting all properties.
function editl_CreateFcn(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

5) The edit2 object is located for inputting of Mold dimension X value to
the system as in Figure 4.28. This parameter value will be assigned as “string”
number, represented by “c1”. The limitation of input value is conditioned by the
statement of “if and(c1>=260, c1<=350) else msghox (‘Please input Mold Dimension

X between 260 to 350','Please input Mold Dimension X between 260 to 350")” which
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means if user enter the Mold Dimension X (cl1) value that lower than 260 or upper
than 350, the message of “Please input Mold Dimension X between 260 to 350” will
appear. And the following codes of the editl object are the setting the background

color of the object to be white with “if” function.

function edit2_Callback(hObject, eventdata, handles)

% hObject handle to edit2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,"String") returns contents of edit2 as text
% str2double(get(hObject, "String")) returns contents of edit2
as a double
cl=str2num(get(handles.edit2, "string"));
if and(c1>=260,c1<=350)
else
msgbox("Please input Mold Dimension X between 260 to 3507, "Please
input Mold Dimension X between 260 to 3507);
end

% --- Executes during object creation, after setting all properties.
function edit2_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

6) The edit3 object is located for inputting of Mold dimension Y value to

the system as in Figure 4.28. This parameter value will be assigned as “string”
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number, represented by “c1”. The limitation of input value is conditioned by the
statement of “if and(c1>=260, c1<=380) else msgbox ('Please input Mold Dimension
Y between 260 to 380','Please input Mold Dimension Y between 260 to 380")” which
means if user enter the Mold Dimension Y (cl1) value that lower than 260 or upper
than 380, the message of “Please input Mold Dimension Y between 260 to 380" will
appear. And the following codes of the editl object are the setting the background

color of the object to be white with “if” function.

function edit3_Callback(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject, "String") returns contents of edit3 as text
% str2double(get(hObject, "String”)) returns contents of edit3
as a double
cl=str2num(get(handles.edit3, "string®));
if and(cl1>=260,c1<=380)
else
msgbox(*"Pleas input Mold Dimension Y between 260 to 380", "Pleas
input Mold Dimension Y between 260 to 380%);
end

% --- Executes during object creation, after setting all properties.
function edit3 _CreateFcn(hObject, eventdata, handles)

% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end
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7) The edit4 object is located for inputting of Shot Weight value to the
system as in Figure 4.28. This parameter value will be assigned as “string” number,
represented by “cl1”. The limitation of input value is conditioned by the statement of
“if and(c1>=1, c1<=100) else msgbox ('Please input Shot Weight between 1 to
100','Please input Shot Weight between 1 to 100")” which means if user enter the Shot
Weight (c1) value that lower than 1 or upper than 100, the message of “Please input
Shot Weight between 1 to 100” will appear. And the following codes of the editl

object are the setting the background color of the object to be white with “if” function.

function edit4_Callback(hObject, eventdata, handles)

% hObject handle to edit4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,"String”) returns contents of edit4 as text
% str2double(get(hObject, "String")) returns contents of edit4
as a double
cl=str2num(get(handles.edit4, "string));
if and(cl>=1,c1<=100)
else
msgbox("Pleas input Shot Weight between 1 to 100", "Pleas input
Shot Weight between 1 to 100%);
end

% --- Executes during object creation, after setting all properties.
function edit4_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
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end

8) This object is called popupmenul which is in drop box form as in
Figure 4.28. Material grade property that is required to assign to a machine will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul.

function popupmenul_Callback(hObject, eventdata, handles)

% hObject handle to popupmenul (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns popupmenul
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul
% --- Executes during object creation, after setting all properties.

function popupmenul CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor*®))
set(hObject, "BackgroundColor®, "white");
end

9) This object is called popupmenu2 which is in drop box form as in
Figure 4.27. Product color property that is required to assign to a machine will be



Sirinut Suwannasri System Scripts and Descriptions / 100

selected here. All choices are included with clear, white, grey, and black colors. And
these choices have set in string in uicontrol menu and will not be calculated. Thus,

codes in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu?2.

function popupmenu2_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String")) returns popupmenu2
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu2
% --- Executes during object creation, after setting all properties.

function popupmenu2_CreateFcn(hObject, eventdata, handles)
% hObject handle to popupmenu?2 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called
% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

10) The Browse button is functioned by codes of pushbuttonl object as in
Figure 4.28. Codes will call data from the file names “data.xls”. These data contain 4
columns of number and 2 columns of characters as in Figure 4.29. All variable values
will be transformed to metric with loop function. After that, all data will show in
uitablel by collecting in handles structure both num (humber) and str (string) because

we want to use this function that had stored in handle again in the next step.
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10 70 350 380 80 A White

Figure 4.29 Sample data in “data.xIsx” file

% --- Executes on button press in pushbuttonl.
function pushbuttonl_Callback(hObject, eventdata, handles)
% hObject handle to pushbuttonl (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
[filename, pathname] = ...
uigetfile({ " *.xIs*";},"File Selector™);
[num,str]=xlIsread([pathname filename]);
set(handles.edit5, "string”, [pathname filename]);
data=[];
for 1i=1l:size(num,1)
for jj=1:4
data{ii,jj}=num(ii,.jj);
end
data{ii,5}=char(str{ii,5});
data{ii,6}=char(str{ii,6});
end
% data
set(handles.uitablel, "data” ,data)
handles.num=num;

handles.str=str;

guidata(hObject, handles);
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11) This object is edit5 as in figure 4.28. After selecting of data.xls from
the directory, pathname and filename of data.xls will be shown in edit5 object. The

function for this object are only setting of background color in white.

function edit5_Callback(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,"String”) returns contents of editb as text

% str2double(get(hObject, "String")) returns contents of editb
as a double

% --- Executes during object creation, after setting all properties.

function editb5_CreateFcn(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor™®, "white");
end

12) This object is Add Input button as in Figure 4.28. All data from edit1,
edit2, edit3, edit4, popupmenul, and popupmenu2 will be added to uitablel by
applying one click at Add Input button. All variables from editl, edit2, edit3, and edit4
will then be converted from string to value (number). And they will be identified
names as Clampf, TiebarX, TiebarY, and Shorwt respectively. Variables from
popupmenul will be got to store in name Pgrds which is string for displaying in
uitablel object and also got to store in value form with name Pgrdi by scripts of
“Pgrds = get(handles.popupmenul,'string’); Pgrdi = get(handles.popupmenul,
'value')”. Finally, “Pgrads” and “Pgrdi” will be represented by “Pgrd” by scripts of
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Pgrd=Pgrds{Pgrdi}. As in Pcols, Pcoli and Pcol, these variables are used to represent
the variable input of product color. Pcols represents the color in string form. Pcoli
represents the color in value form. And Pcol represents Pcols and Pcoli by scripts of
Pcol=Pcols{Pcoli}. The variables of Clampf, TiebarX, TiebarY, and Shotwt have to be
stored in matrix i and j by i = 1 row and j = 4 column. And the variables of Pgrd and
Pcol have to be stored in the column 5 and 6 of uitablel. The scripts in
handles.num(ii,1)=num(1) to handles.num(ii,4)=num(4) are used to refer the function
of “num” from codes of pushbuttonl and to store in column 1 to 4. For the scripts of
handles.str{ii,5}=char(Pgrd) and handles.str{ii,6}=char(Pcol), these scripts are used to
let MATLAB to store Pgrd and Pcol that are characters with string class in column 5
and 6.

% --- Executes on button press in pushbutton4.

function pushbutton4_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
data=get(handles.uitablel, "data®);

handles._n=handles.n+1;

Clampf=str2num(get(handles.editl, "string"));
TiebarX=str2num(get(handles.edit2, "string”));
TiebarY=str2num(get(handles.edit3, "string”));
Shotwt=str2num(get(handles.edit4, "string"));
Pgrds=get(handles.popupmenul, "string”);
Pgrdi=get(handles.popupmenul, "value®);
Pgrd=Pgrds{Pgrdi};
Pcols=get(handles.popupmenu2, "string”);
Pcoli=get(handles.popupmenu2, "value®);
Pcol=Pcols{Pcoli};

n=handles.n;
num=[Clampf,TiebarX,TiebarY,Shotwt];

for 1i=n:n

for jj=1:4
data{ii,jj}y=num(1,jj);
end



Sirinut Suwannasri System Scripts and Descriptions / 104

data{ii,5}=char(Pgrd);
data{ii,6}=char(Pcol);
handles_num(ii,1)=num(l);
handles_num(ii,2)=num(2);
handles.num(ii,3)=num(3);
handles.num(ii,4)=num(4);
handles.str{ii,5}=char(Pgrd);
handles._str{ii,6}=char(Pcol);

end

% handles.num

% handles.str

% data

set(handles.uitablel, "data” ,data)

guidata(hObject, handles);

13) This object is pushbutton5 or Clear Input button as in Figure 4.28.
There scripts stand for deletion all data in uitablel. After clicking at this button,
variables will be eliminated both num and str with represented by [ ] symbols in

scripts.

% --- Executes on button press in pushbutton5.
function pushbutton5 Callback(hObject, eventdata, handles)
% hObject handle to pushbutton5 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
set(handles.uitablel,*data*,"")
handles.n=0;
handles.num=[];
handles.str=[];
guidata(hObject, handles);

14) This object is uitable5 where the database of product and their
specification have stored as in Figure 4.28. This data is linked to the file names
“Product Specification Database.xIsx”. User can find out the required product and its
information from this table e.g. Clamping force, Mold Dimension X, Mold dimension
Y, Shot weight, Product color and Product grade.
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% --- Executes when entered data in editable cell(s) in uitable5.
function uitable5 CellEditCallback(hObject, eventdata, handles)
% hObject handle to uitable5 (see GCBO)

% eventdata structure with the following fields (see UITABLE)

% Indices: row and column indices of the cell(s) edited

% PreviousData: previous data for the cell(s) edited

% EditData: string(s) entered by the user

% NewData: EditData or its converted form set on the Data property.
Empty if Data was not changed

% Error: error string when failed to convert EditData to
appropriate value for Data

% handles structure with handles and user data (see GUIDATA)

15) This object named editl3 as in Figure 4.28. Users have to type the
product code here to search product code from database if they do not know the
specification of that product. The function that is used here is only the setting of

background color.

function editl3 Callback(hObject, eventdata, handles)

% hObject handle to editl3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,"String") returns contents of editl3 as text
% str2double(get(hObject, "String")) returns contents of editl3
as a double
% --- Executes during object creation, after setting all properties.
function editl3 CreateFcn(hObject, eventdata, handles)
% hObject handle to editl3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called
% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end
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16) This object named pushbutton6 or Add button which has responsible
to add all variables of the selected product code in uitable5 into uitablel. Please see in
Figure 4.28. The scripts of “data=get(handles.uitablel,'data’)” are put for setting the
output after clicking “Add” button to show in uitablel. The scripts of
“strfind=get(handles.edit13,'string’)” are used to discover string that has specified in
edit13 object from “dd1” array. The scripts of “if stremp(strfind,dd1{ii,1}); n1=ii” are
used to compare the string by concerning of capital and small letters (Case Sensitive).
If the string in edit13 and dd1 array are same both capital and small letters, the return
output will be 1 and will be shown on the command window. But, if that strings are
different, the return output will be 0 by following the scripts of “n=1; for ii=1:row;
end”. The scripts of “if n1==0; msgbox('The System cannot find your input', The
System cannot find your input’)” are used to inform user if the string (product code)
that has entered is not same as any product code in the product specification database.
In opposite, if the system can found the same string, data of that string from column 1
to 7 of ddl array (e.g. Clampf, TiebarX, TiebarY, Shotwt, Pgrd and Pcol) will be
shown in uitablel. The scripts of “handles.num(ii,1)=num(1);
handles.num(ii,2)=num(2); handles.num(ii,3)=num(3); handles.num(ii,4)=num(4);”
are assignment of variables to be stored in number form with handle structure. But, in
lines of “handles.str{ii,5}=char(Pgrd); handles.str{ii,6}=char(Pcol);” were aimed to
assign in character form. Finally, the scripts of “set(handles.uitablel,'data’,data)

guidata(hObject, handles)” are setting name of data in uitablel as “data”.

% --- Executes on button press in pushbutton6.

function pushbutton6_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton6 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
data=get(handles.uitablel, "data®);

handles.n=handles.n+1;

ddl=handles.dd1l;
strfind=get(handles.editl3, "string”);
[row,col]=size(ddl);

n1=0;
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for 1i=1:row
if stremp(strfind,ddi{ii,1})
nl=ii;
end
end
if nl==0
msgbox("The System cannot find your input®,"The System cannot
find your input®);
else
Clampf=ddi{nl,2};
TiebarX=ddi{nl,3};
TiebarY=dd1{nl,4};
Shotwt=dd1{nl1,5%};
Pgrd=dd1{nl1,6%};
Pcol=dd1{n1,7%};
n=handles.n;
num=[Clampf,TiebarX,TiebarY,Shotwt];
for ii=n:n
for jj=1:4
data{ii,jj}r=num(d,jj);
end
data{ii,5}=char(Pgrd);
data{ii,6}=char(Pcol);
handles_.num(ii,1)=num(l);
handles_num(ii,2)=num(2);
handles.num(ii,3)=num(3);
handles.num(ii,4)=num(4);
handles.str{ii,5}=char(Pgrd);
handles._str{ii,6}=char(Pcol);
end
set(handles.uitablel, "data” ,data)
guidata(hObject, handles);
end
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Part 2: The scripts of “Input — product specification”
This part composed by the objects as in Figure 4.30. For more details of

functions and scripts, please see the description as follows.

Dlstance between Tla Bars X 5t ' Distance between Tie Bars Y
Mold Dimanslon ¥
nald Dimenslon X

Inputs - product specification
1 2 3 4 5 6
43 310 300 50 A Clear -

m

<+ uitablel

=l R [

4 [ [T | 3

Figure 4.30 Input — product specification table

1) This object is uitablel where all input variables will appear as in Figure

4.30. For the object names axes5, this object will show the picture of injection

molding machine for guiding user to identify their variable correctly. The scripts of

this object was mentioned at Openingfcn of the program.

% --- Executes when entered data in editable cell(s) in uitablel.
function uitablel CellEditCallback(hObject, eventdata, handles)
% hObject handle to uitablel (see GCBO)

% eventdata structure with the following Fields (see UITABLE)

%
%
%
%

Indices: row and column indices of the cell(s) edited
PreviousData: previous data for the cell(s) edited

EditData: string(s) entered by the user

NewData: EditData or its converted form set on the Data property.

Empty if Data was not changed
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% Error: error string when failed to convert EditData to
appropriate value for Data
% handles structure with handles and user data (see GUIDATA)

Part 3: The scripts of “Step 2: Previous Jobs”
This part composed by the objects as in Figure 4.31. For more details of

functions and scripts, please see the description as follows.

popupmenu3d | { popupmenu6

opupmenu4 .
popup ep 2: Previous Jobs '"PUW uitable2
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Figure 4.31 The compositins of “Step 2: Previous Jobs”

1) This object is called popupmenu3 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M1 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu3.

function popupmenu3_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
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% Hints: contents = cellstr(get(hObject, "String")) returns popupmenu3
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu3

Lgrd=get(handles.popupmenu3, "value®);

if Lgrd==1

handles.prej{1,1}="A";

elseif Lgrd==2

handles.prej{1,1}="B";

elseif Lgrd==3

handles.prej{1,1}="C";

elseif Lgrd==4

handles.prej{1,1}="D";

end

set(handles.uitable2, "data*” ,handles._prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu3_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

2) This object is called popupmenu4 in form of a drop box as in Figure
4.31. Product color property that is required to assign to machine M1 will be selected
here. All choices are included with Clear, White, Grey, and Black. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu4.
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function popupmenu4_Callback(hObject, eventdata, handles)

% hObject handle to popupmenud4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns popupmenu4
contents as cell array
% contents{get(hObject, "Value")} returns selected item from

popupmenu4

Lcol=get(handles.popupmenu4, “"value®);
if Lcol==

handles.prej{1,2}="Clear";

elseif Lcol==
handles._prej{1,2}="White";

elseif Lcol==
handles.prej{1,2}="Grey";

elseif Lcol==4
handles.prej{1,2}="Black";

end
set(handles.uitable2, "data*” ,handles._prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu4_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end
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3) This object is called popupmenu6 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M2 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu6.

function popupmenu6_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu6 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns popupmenu6
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu6

Lgrd=get(handles.popupmenu6, "value®);

if Lgrd==1

handles.prej{2,1}="A";

elseif Lgrd==2

handles.prej{2,1}="B";

elseif Lgrd==3

handles.prej{2,1}="C";

elseif Lgrd==4

handles.prej{2,1}="D";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu6_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu6 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called
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% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

4) This object is called popupmenu7 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M2 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not be calculated. Thus, codes in

the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu?.

function popupmenu7_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns popupmenu?
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu?

Lcol=get(handles.popupmenu7, “"value®);

if Lcol==1

handles.prej{2,2}="Clear";

elseif Lcol==

handles.prej{2,2}="White";

elseif Lcol==3

handles.prej{2,2}="Grey";

elseif Lcol==4

handles.prej{2,2}="Black";

end

set(handles.uitable2, "data” ,handles._prej)

guidata(hObject, handles);



Sirinut Suwannasri System Scripts and Descriptions / 114

% --- Executes during object creation, after setting all properties.
function popupmenu7_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

5) This object is called popupmenu9 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M3 will be
selected here. All choices are included with A, B, C, and D grades. These choices have
set in string in uicontrol menu and will not be calculated. Thus, codes in the m-file are

only the setting of white background color.

% guidata(hObject, handles);

% --- Executes on selection change in popupmenu9.

function popupmenu9_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu9 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns popupmenu9
contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu9

Lgrd=get(handles.popupmenu9, "value®);

if Lgrd==1

handles.prej{3,1}="A";

elseif Lgrd==2

handles.prej{3,1}="B";

elseif Lgrd==3
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handles.prej{3,1}="C";

elseif Lgrd==4

handles.prej{3,1}="D";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu9_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu9 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

6) This object is called popupmenulO which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M3 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes
in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenulO.

function popupmenulO_Callback(hObject, eventdata, handles)

% hObject handle to popupmenulO (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns
popupmenulO contents as cell array
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% contents{get(hObject, "Value")} returns selected item from
popupmenulO
Lcol=get(handles.popupmenulO, "value®);

if Lcol==1

handles.prej{3,2}="Clear";

elseif Lcol==

handles.prej{3,2}="White";

elseif Lcol==

handles.prej{3,2}="Grey";

elseif Lcol==

handles.prej{3,2}="Black";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenulO_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenulO (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

7) This object is called popupmenull which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M4 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenull.
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function popupmenull_ Callback(hObject, eventdata, handles)

% hObject handle to popupmenull (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String”)) returns
popupmenull contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenull

Lgrd=get(handles.popupmenull, "value®);

if Lgrd==1

handles.prej{4,1}="A";

elseif Lgrd==2

handles.prej{4,1}="B";

elseif Lgrd==3

handles.prej{4,1}="C";

elseif Lgrd==4

handles.prej{4,1}="D";

end

set(handles.uitable2, "data” ,handles._prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenull CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenull (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end
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8) This object is called popupmenul2 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M4 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul?2.

function popupmenul?2_Callback(hObject, eventdata, handles)

% hObject handle to popupmenul2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String”)) returns
popupmenul?2 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul?

Lcol=get(handles.popupmenul2, "value®);

if Lcol==

handles.prej{4,2}="Clear-;

elseif Lcol==

handles.prej{4,2}="White";

elseif Lcol==

handles.prej{4,2}="Grey";

elseif Lcol==

handles.prej{4,2}="Black";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul2_ CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called
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% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

9) This object is called popupmenul3 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M5 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul3.

function popupmenul3_Callback(hObject, eventdata, handles)

% hObject handle to popupmenul3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String")) returns
popupmenul3 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul3

Lgrd=get(handles.popupmenul3, "value®);

if Lgrd==1

handles.prej{5,1}="A";

elseif Lgrd==2

handles.prej{5,1}="B";

elseif Lgrd==3

handles.prej{5,1}="C";

elseif Lgrd==4

handles.prej{5,1}="D";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);
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% --- Executes during object creation, after setting all properties.
function popupmenul3 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

10) This object is called popupmenul4 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M5 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes
in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul4.

function popupmenul4 Callback(hObject, eventdata, handles)

% hObject handle to popupmenul4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns
popupmenul4 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul4

Lcol=get(handles.popupmenuld, "value®);

if Lcol==

handles.prej{5,2}="Clear";

elseif Lcol==

handles.prej{5,2}="White";

elseif Lcol==
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handles.prej{5,2}="Grey";

elseif Lcol==4

handles.prej{5,2}="Black";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul4 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul4 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

11) This object is called popupmenul5 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M6 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul5.

function popupmenul5_ Callback(hObject, eventdata, handles)

% hObject handle to popupmenul5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns

popupmenul5 contents as cell array
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% contents{get(hObject, "Value")} returns selected item from
popupmenul5
Lgrd=get(handles.popupmenul5, "value®);

if Lgrd==1

handles.prej{6,1}="A";

elseif Lgrd==2

handles.prej{6,1}="B";

elseif Lgrd==3

handles.prej{6,1}="C";

elseif Lgrd==4

handles.prej{6,1}="D";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul5 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

12) This object is called popupmenul6 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M6 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul6.
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function popupmenul6_Callback(hObject, eventdata, handles)

% hObject handle to popupmenul6 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String”)) returns
popupmenul6 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul6

Lcol=get(handles.popupmenul6, "value®);

if Lcol==

handles.prej{6,2}="Clear";

elseif Lcol==

handles.prej{6,2}="White";

elseif Lcol==

handles.prej{6,2}="Grey";

elseif Lcol==

handles.prej{6,2}="Black";

end

set(handles.uitable2, "data” ,handles._prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul6 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul6 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end
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13) This object is called popupmenul7 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M7 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul7?.

function popupmenul7_Callback(hObject, eventdata, handles)

% hObject handle to popupmenul7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String”)) returns
popupmenul? contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul?

Lgrd=get(handles.popupmenul?,"value®);

if Lgrd==1

handles.prej{7,1}="A";

elseif Lgrd==2

handles.prej{7,1}="B";

elseif Lgrd==3

handles.prej{7,1}="C";

elseif Lgrd==

handles.prej{7,1}="D";

end

set(handles.uitable2, "data” ,handles._prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul?7_ CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called
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% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

14) This object is called popupmenul8 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M7 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes
in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul8.

function popupmenul8_ Callback(hObject, eventdata, handles)

% hObject handle to popupmenul8 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String")) returns
popupmenul8 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul8

Lcol=get(handles.popupmenul8, "value®);

if Lcol==

handles.prej{7,2}="Clear";

elseif Lcol==2

handles.prej{7,2}="White";

elseif Lcol==

handles.prej{7,2}="Grey";

elseif Lcol==

handles.prej{7,2}="Black";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);
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% --- Executes during object creation, after setting all properties.
function popupmenul8 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul8 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

15) This object is called popupmenul9 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M8 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenul9.

function popupmenul9 Callback(hObject, eventdata, handles)

% hObject handle to popupmenul9 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String")) returns
popupmenul9 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenul9

Lgrd=get(handles.popupmenul9, "value®);

if Lgrd==1

handles.prej{8,1}="A";

elseif Lgrd==2

handles.prej{8,1}="B";

elseif Lgrd==3
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handles.prej{8,1}="C";

elseif Lgrd==4

handles.prej{8,1}="D";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenul9 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenul9 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

16) This object is called popupmenu20 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M8 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu20.

function popupmenu20_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu20 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String”)) returns
popupmenu20 contents as cell array
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% contents{get(hObject, "Value")} returns selected item from
popupmenu20
Lcol=get(handles.popupmenu20, "value®);

if Lcol==1

handles.prej{8,2}="Clear";

elseif Lcol==

handles.prej{8,2}="White";

elseif Lcol==

handles.prej{8,2}="Grey";

elseif Lcol==

handles.prej{8,2}="Black";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu20 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu20 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

17) This object is called popupmenu2l which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M9 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.
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% --- Executes on selection change in popupmenu2l.

function popupmenu2l_ Callback(hObject, eventdata, handles)

% hObject handle to popupmenu2l (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String”)) returns
popupmenu2l contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu2l

Lgrd=get(handles.popupmenu2l, "value®);

if Lgrd==1

handles.prej{9,1}="A";

elseif Lgrd==2

handles.prej{9,1}="B";

elseif Lgrd==3

handles.prej{9,1}="C";

elseif Lgrd==

handles.prej{9,1}="D";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu2l CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu2l (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end
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18) This object is called popupmenu22 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M9 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu22.

function popupmenu?22_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu22 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String”)) returns
popupmenu22 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu2?2

Lcol=get(handles.popupmenu22, "value®);

if Lcol==1

handles.prej{9,2}="Clear-;

elseif Lcol==2

handles.prej{9,2}="White";

elseif Lcol==

handles.prej{9,2}="Grey";

elseif Lcol==4

handles.prej{9,2}="Black";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu22_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu22 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 131

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

19) This object is called popupmenu23 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M10 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu23.

function popupmenu23_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu23 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, "String”)) returns
popupmenu23 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu223

Lgrd=get(handles.popupmenu23, "value®);

if Lgrd==1

handles.prej{10,1}="A";

elseif Lgrd==2

handles.prej{10,1}="B";

elseif Lgrd==3

handles.prej{10,1}="C";

elseif Lgrd==

handles.prej{10,1}="D";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);
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% --- Executes during object creation, after setting all properties.
function popupmenu23_CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu23 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

20) This object is called popupmenu24 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M10 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu24.

function popupmenu24_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu24 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String")) returns
popupmenu24 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu24

Lcol=get(handles.popupmenu24, "value®);

if Lcol==

handles.prej{10,2}="Clear"~;

elseif Lcol==

handles.prej{10,2}="White";

elseif Lcol==

handles.prej{10,2}="CGrey";
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elseif Lcol==4
handles.prej{10,2}="Black";

end
set(handles.uitable2, "data” ,handles._prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu24 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu24 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor*®, "white");
end

21) This object is called popupmenu25 which is in drop box form as in
Figure 4.31. Material grade property that is required to assign to machine M11 will be
selected here. All choices are included with A, B, C, and D grades. And these choices
have set in string in uicontrol menu and will not to be calculated. Thus, codes in the

m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu25.

function popupmenu?25_Callback(hObject, eventdata, handles)

% hObject handle to popupmenu25 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String”)) returns
popupmenu25 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu25
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Lgrd=get(handles.popupmenu25, "value®);
if Lgrd==1

handles._prej{11,1}="A";

elseif Lgrd==2

handles.prej{11,1}="B";

elseif Lgrd==3

handles.prej{11,1}="C";

elseif Lgrd==4

handles.prej{11,1}="D";

end
set(handles.uitable2, "data” ,handles.prej)
guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu?25_ CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu25 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor™®, "white");
end

22) This object is called popupmenu26 which is in drop box form as in
Figure 4.31. Product color property that is required to assign to machine M11 will be
selected here. All choices are included with Clear, White, Grey, and Black. And these
choices have set in string in uicontrol menu and will not to be calculated. Thus, codes

in the m-file are only the setting of white background color.

% --- Executes on selection change in popupmenu26.
function popupmenu26_Callback(hObject, eventdata, handles)
% hObject handle to popupmenu26 (see GCBO)
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% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,"String")) returns
popupmenu26 contents as cell array

% contents{get(hObject, "Value")} returns selected item from
popupmenu26

Lcol=get(handles.popupmenu26, "value®);

if Lcol==

handles.prej{11,2}="Clear"~;

elseif Lcol==2

handles.prej{11,2}="White";

elseif Lcol==

handles.prej{11,2}="CGrey";

elseif Lcol==4

handles.prej{11,2}="Black";

end

set(handles.uitable2, "data” ,handles.prej)

guidata(hObject, handles);

% --- Executes during object creation, after setting all properties.
function popupmenu26 CreateFcn(hObject, eventdata, handles)

% hObject handle to popupmenu26 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: popupmenu controls usually have a white background on
Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, "BackgroundColor*®),
get(0, "defaultUicontrolBackgroundColor®))
set(hObject, "BackgroundColor®, "white");
end

23) This object is uitable2 or Inputs — previous jobs table as in Figure 4.31.
Product color and material grade of previous jobs by 11 machines will be shown here.

The function of “function out=str2numABCD(in2)” is transforming of string (A, B, C,
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and D) to numbers. The in2 variables are represented as material grades from A to D
and in21 represents material grades in numeric form. Because the computer cannot
compiles the value with characters form, the four conditions was developed. If in2 is
A, in2lis 1. Ifin2is B, in21 is 2. If in2 is C, in21 is 3. And if in2 is D, in21 is 4. At
the same way, the function of “function in31=str2numcolor(in3)” is transforming of
string (Clear, White, Grey, and Black) to numbers. The in3 variables are represented
as product color from Clear to Black and in31 represents product color in numeric
form. If in3 is Clear, in31 is 1. If in3 is White, in31 is 2. If in3 is Grey, in31 is 3. And
if in3 is Black, in31 is 4.

% --- Executes when entered data in editable cell(s) in uitable2.
function uitable2_CellEditCallback(hObject, eventdata, handles)
% hObject handle to uitable2 (see GCBO)

% eventdata structure with the following Fields (see UITABLE)

% Indices: row and column indices of the cell(s) edited

% PreviousData: previous data for the cell(s) edited

% EditData: string(s) entered by the user

% NewData: EditData or its converted form set on the Data property.
Empty if Data was not changed

% Error: error string when failed to convert EditData to
appropriate value for Data

% handles structure with handles and user data (see GUIDATA)

function out=str2numABCD(in2)

in2

ifT stremp(in2, "A")
in21=1;

elseif strcmp(in2,"B")
in21=2;

elseif strcmp(in2,"C*")
in21=3;

elseif strcmp(in2,*D*)
in21=4;

end

out=in21;
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function in31=str2numcolor(in3)

if stremp(in3, "Clear™)
in31=1;

elseif strcemp(in3, "White®)
in31=2;

elseif strcemp(in3, "Grey")
in31=3;

elseif strcmp(in3, "Black™)
in31=4;

end

Part 4: The scripts of “Step 3: Click START to run program ”
This part composed by the objects as in Figure 4.32. For more details of

functions and scripts, please see the description as follows.

Step 3: Click START to run program >> | START

Figure 4.32 START button

1) This object is pushbutton3 which is called START button as in Figure
4.32. This object operates to calculate the results of injection molding machine
selection program. The concerned data and functions involve with uitablel, uitable2,
and MCselection.fis. This operation will be count the evaluation time with function
“tic” and “toc” at the initial and end of calculation part scripts. The “Please wait...”
message box will appear during calculation process with the function of “hl =
waitbar(0,'Please wait...")”. The scripts of “a = readfis('MCselection’)” are the opening
of MCselection.fis. The concerned data will be referred again by “num=handles.num;
str=handles.str; str2=handles.prej” from uitablel and uitable2. The scripts of
“[rowl,coll]=size(num)” returns the size of matrix num in separate variables rowl
and coll for calculation with MCselection.fis. The system will calculate row-by-row
by the function of “steps = rowl”. From the script “n=evalfis(num(ii,:), a)”, it
indicates n as the output of MCselection.fis. And the categories of n are included of 6
levels which are referred by “level=0:1:6". Each level is called MGr (Machine group).

In case of MGr is 1, the scripts of “in2=str(ii,5); in3=str(ii,6);

nin2=str2numABCD(in2); nin3=str2numcolor(in3)” mean that in2 represents the
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string of material grade variables at column 5, in3 represents the string of product
color variables at column 6, nin2 represents in2 that has transformed to numeric value
(ie. Ais 1, Bis 2, Cis3and D is 4) and nin3 represents in3 that has transformed to
numeric value (i.e. Clear is 1, White is 2, Grey is 3 and Black is 4). The product color
of previous job in machine M1 and M2 were defined to be c2(1) and c2(2) in
numerical value (i.e. Clear is 1, White is 2, Grey is 3 and Black is 4) by functions of
“c2(1)=str2numcolor(str2{1,2})” and *“c2(2)=str2numcolor(str2{2,2})” respectively.
The script of “c3=abs(c2-nin3)” means the output of c2 minus nin3 is absolute value
of ¢3. Then, ¢3 will be sorted in ascending order by the function of
“[c3,indc3]=sort(c3)” for selecting the machine that returns the lowest c3. This
function returns array of indices “indc3” where indc3 is an m-by-n matrix. If ¢3 is zero
(0), it indicates that c2 and nin3 have the same value or the same product color. But, if
M1 and M2 have the same c3 or “if ¢3(1)==c3(2)”, material grade will then be
considerated. This process is just similar with product color consideration. The scripts
of “c1(1)=str2numABCD(str2{1,1}); c1(2)=str2numABCD(str2{2,1})” are the
transformation of string to numeric value of material grades A, B, C and D. The right
machine can be defined by sorting of ¢3 with “c3=abs(c1-nin2); [c2,indc2]=sort(c3)”.
The first row of array indc2 will be selected by follows “mach(ii)=indc2(1)”. If not,
c3(1) is not same as c3(2), the first row of array indc3 will be selected instead by
follows “mach(ii)=indc3(1)”. Please note that mach(ii) is the selected machine

number. If the selected machine is number 2 or M2, mach(ii) is 2.

% --- Executes on button press in pushbutton3.

function pushbutton3_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

tic

hl = waitbar(0, "Please wait..._");

a = readfis("MCselection®);

num=handles.num; %Input product/uitablel
str=handles.str; %Input product/uitablel
str2=handles.prej; %Previous Jobs Table
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[rowl,coll]=size(num);
steps = rowl;

for 1i=1:rowl
waitbar(ii / steps)

n=evalfis(num(ii,:), a);

level=0:1:6;
MGr=sum(n>level);
groupO(ii1)=MGr;

if MGr==1
in2=str(ii,5);
in3=str(ii,6);
nin2=str2numABCD(i1n2);
nin3=str2numcolor(in3);

c2()=str2numcolor(str2{1,2});
c2(2)=str2numcolor(str2{2,2});
c3=abs(c2-nin3);

[c3, indc3]=sort(c3);

iT c3(1)==c3(2)
cl(1)=str2numABCD(str2{1,1});
cl1(2)=str2numABCD(str2{2,1});
c3=abs(cl-nin2);
[c2,indc2]=sort(c3);
mach(ii)=indc2(1); %%9%%%%

else

mach(ii)=indc3(1);
end

In case of MGr is 2, there are almost scripts same as MGr is 1. Except, the
product color of previous job in machine M3, M4 and M5 were defined to be c2(1),
c2(2) and c2(3) in numerical value (i.e. Clear is 1, White is 2, Grey is 3 and Black is 4)
by functions of “c2(1)=str2numcolor(str2{3,2}), c2(2)=str2numcolor(str2{4,2}) and
c2(3)=str2numcolor(str2{5,2})” respectively. The script of “c3=abs(c2-nin3)” means
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the output of c2 minus nin3 is absolute value of ¢3. Then, ¢3 will be sorted in
ascending order by the function of “[c3,indc3]=sort(c3)” for selecting the machine that
returns the lowest ¢3. This function returns array of indices “indc3” where indc3 is an
m-by-n matrix. If ¢3 is zero (0), it indicates that c2 and nin3 have the same value or
the same product color. But, if M3, M4 and M5 have the same ¢3 or “if c3(1)==c3(2)”,
material grade will then be considerated. This process is just similar with product color
consideration. The scripts of “c1(1)=str2numABCD(str2{3,1}),
cl(2)=str2numABCD(str2{4,1}) and c1(3)=str2numABCD(str2{5,1})” are the
transformation of string to numeric value of material grades A, B, C and D. The right
machine can be defined by sorting of ¢3 with “c3=abs(c1-nin2); [c2,indc2]=sort(c3)”.
The row number 1 of array indc2 will be selected. If the selected indc2 is row 1,
program will show number of machine as 1 and plus with 2 to be 3. Thus, if the
selected indc2 array is row 2 or 3, the selected machine will be 4 or 5 by follows
“mach(ii)=indc2(1)+2”. But, if c3(1) is not equal to c3(2), the first row of array indc3
will be selected instead. And program will show number of machine as 3, that is
calculated by row 1 plus with 2 to be 3, by follows “mach(ii)=indc3(1)+2".

elseif MGr==2

in2=str(ii,5);

in3=str(ii,6);

nin2=str2numABCD(in2);

nin3=str2numcolor(in3);
c2(D)=str2numcolor(str2{3,2});
c2(2)=str2numcolor(str2{4,2});
c2(3)=str2numcolor(str2{5,2});
c3=abs(c2-nin3);
[c3, indc3]=sort(c3);

iT c3(1)==c3(2)

cl(1)=str2numABCD(str2{3,1});
cl(2)=str2numABCD(str2{4,1});
c1(3)=str2numABCD(str2{5,1});
[c2,indc2]=sort(cl-nin2);
mach(ii)=indc2(1)+2;

else
mach(ii)=indc3(1)+2;

end
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In case of MGr is 3, there are almost scripts same as MGr is 1. Except, the
product color of previous job in machine M6 and M7 were defined to be c2(1) and
c2(2) in numerical value (i.e. Clear is 1, White is 2, Grey is 3 and Black is 4) by
functions of *“c2(1)=str2numcolor(str2{6,2})” and *“c2(2)=str2numcolor(str2{7,2})”
respectively. The scripts of “c1(1)=str2numABCD(str2{6,1})” and
“c1(2)=str2numABCD(str2{7,1})” are the transformation of string to numeric value of
material grades A, B, C and D when if M10 and M11 have the same c3 or “if
c3(1)==c3(2)”. The right machine can be defined by sorting of c3 with “c3=abs(cl-
nin2); [c2,indc2]=sort(c3)”. The row number 1 of array indc2 will be selected. If the
selected indc2 is row 1, program will show number of machine as 1 and plus with 5 to
be 6. Thus, if the selected indc2 array is row 2, the selected machine will be 7 by
follows “mach(ii)=indc2(1)+5”. But, if c3(1) is not equal to c3(2), the first row of
array indc3 will be selected instead. And program will show number of machine as 6,

that is calculated by row 1 plus with 5 to be 6, by follows “mach(ii)=indc3(1)+5”.

elseif MGr==3

in2=str(ii,5);

in3=str(ii,6);

nin2=str2numABCD(i1n2);

nin3=str2numcolor(in3);
c2(D)=str2numcolor(str2{6,2});
c2(2)=str2numcolor(str2{7,2});
c3=abs(c2-nin3);
[c3, indc3]=sort(c3);

if c3(1)==c3(2)
cl(1)=str2numABCD(str2{6,1});
cl(2)=str2numABCD(str2{7,1});
c3=abs(cl-nin2);
[c2,indc2]=sort(c3);
mach(ii)=indc2(1)+5;

else
mach(ii)=indc3(1)+5;

end



Sirinut Suwannasri System Scripts and Descriptions / 142

In case of MGr is 4 and 5, there is just one machine in each group, so the
target machine can be achieved immediately. After in2 and in 3 were defined by the
scripts of “ in2=str(ii,5)” and “in3=str(ii,6)”, machine number 8 or M8 will be selected
by “mach(ii)=8". And machine number 9 or M9 will be selected from the scripts of
“mach(ii)=9” in case of MGr=5.
elseif MGr==4

in2=str(ii,5);

in3=str(ii,6);

mach(ii1)=8;

elseif MGr==5
in2=str(ii,5);
in3=str(ii,6);
mach(ii)=9;

For the last machine group, MGr is 6, there are almost scripts same as
MGr is 1 and 3. Except, the product color of previous job in machine M10 and M11
were defined to be c2(1) and c2(2) in numerical value (i.e. Clear is 1, White is 2, Grey
is 3 and Black is 4) by functions of *“c2(1)=str2numcolor(str2{10,2})” and
“c2(2)=str2numcolor(str2{11,2})” respectively. The scripts of
“c1(1)=str2numABCD(str2{10,1})” and “c1(2)=str2numABCD(str2{11,1})” are the
transformation of string to numeric value of material grades A, B, C and D when if
M10 and M11 have the same c3 or “if ¢3(1)==c3(2)”. The right machine can be
defined by sorting of ¢3 with “c3=abs(c1-nin2); [c2,indc2]=sort(c3)”. The row number
1 of array indc2 will be selected. If the selected indc2 is row 1, program will show
number of machine as 1 and plus with 9 to be 10. Thus, if the selected indc2 array is
row 2, the selected machine will be 11 by follows “mach(ii)=indc2(1)+9”. But, if c3(1)
is not equal to ¢3(2), the first row of array indc3 will be selected instead. And program
will show number of machine as 10, that is calculated by row 1 plus with 9 to be 10,
by follows “mach(ii)=indc3(1)+9”. The evaluation time of this program will stop at
“toc” located in the end of these scripts.

elseif MGr==
in2=str{ii,5};
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in3=str(ii,6);

nin2=str2numABCD(in2);

nin3=str2numcolor(in3);
c2(1)=str2numcolor(str2{10,2});
c2(2)=str2numcolor(str2{11,2});

c3=abs(c2-nin3);
[c3, indc3]=sort(c3);

if c3(1)==c3(2)
cl(1)=str2numABCD(str2{10,1});
cl(2)=str2numABCD(str2{11,1});
c3=abs(cl-nin2);
[c2,indc2]=sort(c3);
mach(ii)=indc2(1)+9;

else
mach(i1)=indc3(1)+9;

end

end
toc
end

In order to provide the references of 11 machine names (M1 to M11), the
set of namemach are used to refer the name of each machine in table3 or uitable4 by
the scripts of “mach=mach’; namemach={'TOSHIBA IS30EPN-1Y"; 'JSW J30 ED;;
'JSW J50 EII'; 'NIGATA NN50OE'; 'TOSHIBA IS50EP-1.5A"; 'NIIGATA'
'NIGATA'; 'NHGATA'; 'JSW J55 EII'; 'NIIGATA'"; 'NIIGATA';}”. In uitable4 or
Result table, there are 4 columns which display the information of the results from
calculation (Figure 4.33). The information in column 1, 2, 3 and 4 have defined by the
scripts of “table3{ii,1}="The selected machine is”, “table3{ii,2}= [M'
numa2str(mach(ii))]”, “table3{ii,3}= namemach{mach(ii)}”, and
“table3{ii,4}=groupO0(ii)” respectively. And the scripts of
“set(handles.uitable4,'data’,table3)” are the setting of table3 is uitable4.
mach=mach" ;

namemach={"TOSHIBA 1S30EPN-1Y";
"JSW J30 ED";
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*JSw J50 EIl";

"NIGATA NN50E*®;

"TOSHIBA 1S50EP-1.5A";

"NIIGATA";

"NIIGATA";

"NIIGATA";

"JSwW J55 EIl";

"NIIGATA";

"NIIGATA";

}:

for ii=1:length(mach)
table3{ii,1}="The selected machine is";
table3{ii,2}=["M" num2str(mach(ii))];
table3{ii,3}=namemach{mach(ii)};
table3{ii,4}=group0(ii);

end

set(handles.uitable4, "data”,table3l)

close(hl)

Results
1 2 3 4

1 |The selected machine iz M1 TOSHIBA IS30EPH-1Y 1
2 |The selected machine is M1 TOSHIBA IS30EPN-1Y 1
3 |The selected machine is M3 JSW IS0 EN 2
4 |The selected machine is M8 MNIGATA 3
5 |The selected machine is M2 MIGATA, 4
6 |The selected machine is M9 JSW JSSEIN 5
7 |The selected machine is M9 JSW O JSSEN 5
8 |The =elected machine is  WM10 MNIGATA ]
9 |The =elected machine is  WM10 MNIGATA ]
10 [The selected machine is  M10 MNIGATA ]

Figure 4.33 Uitable4 or results table

4.2.3 Scripts of MCselection.fis file
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After the creating of fuzzy inference system in 4.1.1.1 has performed,
MATLAB will generate codes in MCselection.fis file as in Figure 4.34. Sets of script
of [System] are the information of our fuzzy inference system which are the
compositions of Name (file name), Type (fuzzy inference system style), Version,
Numlnputs (number of inputs), NumOQOutputs (number of output), NumRules (number
of rules), AndMethod (method of ‘AND’ interaction) , OrMethod (method of ‘OR’
interaction), ImpMethod (method of implication), AggMethod (method of
aggregation), DefuzzMethod (method of defuzzification).

| Editar - EATHESIS\Fu

File Edit Text Go Tools Debug Desktop Window Help N A X

NEHE| $RR2C | o B - Aear | B -BABRE BB |sedcBs | [0
Rl -0 |+ [+ [x[=#[®
|

|[5y5t,err.] ~
Name='MCselection’
Type="mamdani'

1
2
3
4 Version=2.0
5 HumInputs=4
& HNumCutputs=1
7 HumRules=480
& AndMethod='min'
9 OrMethod='max'
10 ImpMethod="min'
11 AggMethod="max'
12 DefuzzMethod='centroid'

14 [Inputl]

15 Hame='ClampingForce'

16 Range=[0 75]

17 HNumMFs=4

18 MFl='Verylow':'trapmf', [-26.47 0 30 31]
19  MF2='Low':'trapmf', [30 31 50 51]

20 MF3='Medium':'trapmf', [50 51 55 5&]

21 MF4='High':'trapmf', [55 56 75 80]

23 [Toput2]

plain text file Ln 1 Col 1 OVR

Figure 4.34 MCselection.fis in MATLAB editor

[System]
Name="MCselection®
Type="mamdani "
Version=2.0
Numlnputs=4
NumOutputs=1
NumRules=480
AndMethod="min"
OrMethod="max"
ImpMethod="min"
AggMethod="max"
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DefuzzMethod="centroid”

This part contains sets of script of [Inputl], or ClampingForce variable.
which are included of Name (variable name), Range (range of input), NumMFs
(number of membership functions). And the scripts of “MF1="Verylow" trapmf'[-
26.47 0 30 31]” are membership function name, membership function type, and input

membership function params of MF1. by the same way to MF2, MF3, and MF4.

[Inputl]

Name="ClampingForce"

Range=[0 75]

NumMFs=4
MF1="Verylow" : "trapmf",[-26.47 0 30 31]
MF2="Low" : "trapmf®,[30 31 50 51]
MF3="Medium" : "trapmf" ,[50 51 55 56]
MF4="High": "trapmf",[55 56 75 80]

This part contains sets of script of [Input2], or TiebarX variable. which are
included of Name (variable name), Range (range of input), NumMFs (number of
membership functions). And the scripts of “MF1="Verylow"'trapmf',[-5 0 260 261]”
are membership function name, membership function type, and input membership
function params of MF1. by the same way to MF2, MF3, and MF4.

[Input2]

Name="TiebarX"

Range=[0 350]

NumMFs=4

MF1="Verylow" : "trapmf",[-5 0 260 261]
MF2="Low" : "trapmf",[260 261 300 301]
MF3="Medium® : "trapmf®,[300 301 310 311]
MF4="High" : "trapmf",[310 311 350 360]

This part contains sets of script of [Input3], or TiebarY variable. which are
included of Name (variable name), Range (range of input), NumMFs (number of
membership functions). And the scripts of “MF1="Verylow"'trapmf',[-5 0 260 261]”
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are membership function name, membership function type, and input membership
function params of MF1. by the same way to MF2, MF3, MF4 and MF5.

[Input3]

Name="TiebarY*

Range=[0 380]

NumMFs=5

MF1="Verylow": "trapmf®,[-5 0 260 261]
MF2="Low" : "trapmf*®,[260 261 300 301]
MF3="Medium": "trapmf",[300 301 310 311]
MF4="High": "trapmf",[310 311 350 351]
MF5="Veryhigh" : "trapmf",[350 351 380 400]

This part contains sets of script of [Input4], or Shotwt variable. which are
included of Name (variable name), Range (range of input), NumMFs (number of
membership functions). And the scripts of “MF1="Veryverylow":'trapmf',[-5 0 22 23]”
are membership function name, membership function type, and input membership
function params of MF1. by the same way to MF2, MF3, MF4, MF5 and MF®6.

[Input4]

Name="Shotwt"

Range=[0 99]

NumMFs=6
MF1="Veryverylow" : "trapmf®,[-5 0 22 23]
MF2="Verylow" : "trapmf" ,[22 23 27 28]
MF3="Low" : "trapmf",[27 28 44 45]
MF4="Medium®: "trapmf",[44 45 55 56]
MF5="High" : "trapmf®,[55 56 59 60]
MF6="Veryhigh":"trapmf®,[59 60 99 105]

This part contains sets of script of [Outputl], or MCgroup variable. which
are included of Name (variable name), Range (range of input), NumMFs (number of
membership functions). And the scripts of “MF1="G1"'trimf,[0 0.4998 1]” are
membership function name, membership function type, and input membership
function params of MF1. by the same way to MF2, MF3, MF4, and MF5.
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[Outputl]

Name="MCgroup*

Range=[0 6]

NumMFs=6

MF1="G1":"trimf",[0 0.4998 1]
MF2="G2":"trimf",[1 1.5 2]
MF3="G3":"trimf",[2 2.5 3]
MF4="G4":"trimf" ,[3 3.5 4]
MF5="G5":"trimf",[4 4.5 5]
MF6="G6":"trimf",[5 5.5 6]

These codes as below are codes of 384 fuzzy if-then rules which are used
in MCselection.fis. The numbers in first 4 columns indicate the membership function
number of each input variable. The number in column after “” indicates output
variable or MCgroup. The number in “()” indicates the interaction of each fuzzy if-

then rules. Finally, the last number of rules are weight of rules.
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T AT A A A A A A A A A A A A A A A AA A A A AAAAAAAA A AAAAAAAAAAA A A A A A A A A A A A A

ANMTSTDOANMNMTODOANNTITOOANNTOLOANNTLLOANMNMTLOANMNMTNOANMNMTHDOANNTTOHLOANMS
ANANANNNNOOOOOOONTTTTTITATI A AAAAATNANNANANNDOOONOONOTTTTITTITAAAAAANNANNNNOOOO®M
ANANNNNNNNNNANNNNANNNNDODOOOOOOOMOOOOOOOOOOOONOOOMNSTTTTTTITTITTITTTTTTTST S
AT A A A A A A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A A A A A A A A



System Scripts and Descriptions / 150

Sirinut Suwannasri

T AT A A A A A A A A A A A A A A A AA A A A AAAAAAAA A AAAAAAAAAAA A A A A A A A A A A A A

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN
AT AT A A A A A A A A A A A A A A A AAA T AT AT A A A A A A A A A A A A A A A A
A A A A A A A A A A A A A A 2 0 0 N O N A S S A A L A N

6 (L :
6 (L :

~
i
o/
OANANANNANNMNMMOOHOMONHNOHOMOHOOHOOHMNHONHMO O (o] OANNNNNNNNNNNNMMMOOOMTOOOOo
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T AT A A A A A A A A A A A A A A A AA A A A AAAAAAAA A AAAAAAAAAAA A A A A A A A A A A A A
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DO T T T T T T T T T T T T T TATATATATTTTTAT A A AAAAAAAAAA
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4441,6 (@) -1
4442,6 () :1
4443,6 () :1
4444,6 (@) -1
4445,6 () :1
4446,6 () :1

4.2.4 Scripts of static text objects

All objects of static text that have shown on the program screen have their
scripts. User can changes the properties about text background color, text colors or all
him/her needs by editing these scripts. The example of text10 static text object is here

as follows:

% --- Executes during object creation, after setting all properties.
function textl0 CreateFcn(hObject, eventdata, handles)

% hObject handle to textl0 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns

called

4.3 Injection molding machine selection system user guide

The procedures of using IMM_Selection02.m are as follows:

Step 1. Open MATLAB2010a program. Double-click to select file name
“IMM_Selection02.m” in Current Folder window. And click = to run
IMM _Selection02.m file as in Figure 4.35.



Sirinut Suwannasri

System Scripts and Descriptions / 156

' MATLAB 7.100 (R20105) =8| =h]
File Edit Te¢ Go Cell Tools Debug Parallel Deskiop Window Help
TS| % mm 9 o @ rf B | @ | CurentFolder EATHESIS\Fuzzy System 01\Final Program\THSis_IMM selection - Copy =[]
Shortcuts (2] How to Add (2] What's New
-1 Editor - ENTHESIS\Fuzzy System 01\Final Program\THSis_IMM selection - Copy\IMM_Selection02.m 07X Work. m 0O 7 X
@ | ) « THSiEIM.. volg | DEH| s B[S D -|dadf| k- -80800 BB | sedkbse -] fi BOB SO x @@ - »
Name ~ BeB| -0 |+ | +ha [x |20 Mame ~
45]] Product Specification Database.xsx 1 function varargout = IMM Selection02 (varargin) -
|| MCselection.fis 2 % IMM SELECTIONO2 M-file for IMM Selection02.fig (=]
iz| IMMresized.jpg 3 ] IMM_SELECTIONO2, by itself, creates a new IMM_SELECTIONDZ or raises the existing I
& 4 % singleton~®.
IMM_Selectiond2.fig s t
€ % H = IMM SELECTICNOZ returns the handle to a new IMM SELECTIONO2 or the handle to
7 B the existing singleton*.
8 %
) B IMM SELECTIONO2 (' CAl K',nObject,eventhata,handles,...) calls che local =
10 % function named CALLBACK in IMM SELECTIONO2.M with the given input argquments. -
11 %
12 i IMM SELECTIONOZ ('Property','Value',...) creates a new IMM SELECTICNO2 or raises the
13 % existing singleton*. Starting from the left, property value pairs are
14 % applied to the GUI before IMM Selection02 OpeningFcn gets called. 2n
15 B unrecognized property name or invalid value makes propercy application
16 B stop. ALl inputs are passed to IMM Selection02_OpeningFon via varargin.
17 3
1 % *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one|
19 % instance to run (singleton)".
20 B =
21 % See also: GUIDE, GUIDATA, GUIHANDLES g 4 il r
<[ ] v Com.. » O 2 x
Command Window w02 x guide  *
(@) New to MATLAB? Watch this Video, see Demos, or read Getting Started. x ~merversic
avro = uesxoop: . mcrinstal
s-— 14/1/25
To customize keyboard shortcuts, use Preferences. From there, you can also 1571725
restore previous default settings by selecting "R2009a Windows Default Set™ - f
from the active settings drop-down 1ist. For more information, see Help. 18/1/29
| 15/1/28
Click here if you do not want to see this message again. 15/1/25
IMM_Selection02.m (MATLAB Function) ¥ 17/1/25
HIEESS - [« @ v
tart | IMM_Selection02 [tn 1 Col 1 [OWR

Figure 4.35 Open file IMM_Selection02.m

Step 2: MATLAB shows the main window that is the user interface of the

proposed program.

4\ MATLAB 7100 (R20102)

e BSriks
o)

File Edit View Dabug_li
DS|sm9 ™ y
Shertcuts (] Howte Add (2] lection System
Current Folder w0
e RO 1| | Step 1: Product Specifications S A e - e ey Et
@ » |} « THSi. - {I et Select by Product Code Nt leiaralin ¥ k|
lamping Force s
Name = o binerns i T I T T Mold Dimensian X fin
7 untitled.m 1 |DNF26P-001 30 260 2.
é untitled fig ip sl o [ 2 [rceeassozs. a 300 3]
] Product Specification Datg | | ShotVeiht E [ 3 |ieozer-0z1 0 300 3
] MCselection.fis ProductColor  |Clear = 4 |pnr2sp-o02 45 310 3
(=] IMMresized3.jpg ProductGrade  |A = [ 5 |onreseo0s.. 4 310 3z
= IMMresized2.jpg = 6 |DNF28P-003. 54 310 3
= IMMresized [ 7_|owreseo0z.. 55 260 2
EET c | MRt 3 |pnF2sp-0ss. 80 340 3
) MM Selection02.fig [ 9 |onFeseo0z.. 6 310 U P
| 10 [onrzseote. 7 3s0 3
[ 11 |wpHss1640... a5 310 3 E |
| 12 |wphssiezo. 4 310 3 || Inputs - product 3
[ 13 |wPmHss084-0... 54 310 3 1 2
| 12 [TcEEssg057 55 280 2-|| 11|
<1 i ] 3 2 |
|3 |
Step 2: Pravious Jobs Inputs - previous jobs 4
Ml |Cear | 1 2]
M2 Clear = 1 |a Clear Results
M3 [Clear 1 [2 ]a Clesr - 7
M4 Clear - L2t ) Cleat 1
o B =l 5l . En
ME  Clear = N et £l
M7 [Cear - = ey [ ]
IMM_Selection02.m (MATLAE Ful M8 |Clear | [8 |a Clear
1 M3 clear S (9 ]a Clear
M-file for IMM_Selection02.fig WO Cear = A =
G| MM Selection02(varargi) M1 Cear =] 1 |a Clear
@] MM _Selection02_OpeningF -
G| IMM_Selection02_OutputFef Step 3: Click START o run program >>
@ editl_Callback(hObject, eve| E|
B S cea oo i -

Figure 4.36 IMM_Selection02.m main window
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Step 3: Fills all product specifications into the program. There are three
methods for filling out the information that are:

1) Type all input data. For example, type data of Clamping Force of
product as 40 tons, Mold Dimension X and Y as 290 and 310 mm, Shot Weight as 30

g, Product Color as Grey and Product Grade as A as in Figure 4.37. Then, push 9
button. All input variables will be shown in table of Inputs — product specification as
in Figure 4.38.

Clamping Force |40 Tons
Mald Dimension ¥ | 290 mm
Mald Dimension | 310 mrn
Shot Weight 30 Q.

Product Calar Grey -
Product Grade A -

Figure 4.37 Input variables

Step 1: Product Specifications

. Select by Product Code {TJ Dlstance batween Tle Bars X = ‘,’_D\s(ance hetween Tie Bav
Clamping Force |40 Tons Mold Dimanslon ¥ \
Mold Dirension . 250 i i 2 3 Ll WMold Dimension X
1 |asdfadr 30 260 A
Mold Dimension 'Y | 310 mm T I w00 3
St (el B | 3 |warwaterg 50 300 3
Product Color~ Grey - | 4 |vofghret 45 310 3
Product Grade 4 - | 5 [thriyjtr 43 310 3=
: | 6 |vasdgfse 54 310 3
7 |werqwerd 55 260 2
Select a file Browse I a3etssysty &0 340 3
| 9 |acvbatgne &5 310 3
| 10 |az4twants 70 350 3
. ; 11 |aydsdgfse 45 310 3 o
| 12 |awerqwera 43 310 3 Inputs - product specification
Clear Input | 13 |oaatesystg 54 310 3 1 2 3 4 5
14 |bcvbdighe 55 260 a1 ] 40 280 310 A Grey
« I 5
Step 2: Previous Jobs Inputs - previous jobs
M1 Clear - A - 1 2 J :
M2 Clear -~ |A o« Clear Results
M3 Clear - A - Cleag) 1 2
M4 Clear - [ = Clear 1
M5 [Clear = A = Clear 2
ME  Cear v (A v Clear 3
Clear
M7 |Clear - A - Clear 4
M8 |Clear - A~ Clear
M3 |ciear - A - Clear
M10 Clear - A - Clear
W11 | Clear - A - Clear
Step 3: Click START to run program >> | START

Figure 4.38 Input data from filling out the form

2) Upload product specification data file (.xIsx). This file contains data of
Clamping Force, Mold Dimension X, Mold Dimension Y, Product Color and Product
Grade like method 1). For example, click ‘Browse’, select file names “data.xIsx”.
Then, click *Open’. All data within this file will be displayed in table of Inputs —

product specification. Please see Figure 4.39 and 4.40.
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B 1M _Selection02 [= = ][=]
Injection Molding Machine Selection System
Step 1: Product Specifications
Select by Product Code [Casa Distance benwveen Tle Bars X —y [ Distance: between Tie Bars Y
Clamping Force |40 Tons Mold Dimansion ¥
Mold Dimension X [290 wm 1 2 E 4 \
Mold Dimenslon X
1 |Asdfadf 30 260 P
Mold Dimensiony 310 mm TE h=
Shot Weight 30 & M3 |w B File Selector ==
Product Color | Grsy - 4_|vn Lookin: | |, Fuzay System 01 -« EerE-
Product Grade | A - 5|t =
. 5 lya I Name Date modified Type Size
= Al
[ 7 |wi Final Program 15/1/2556 0:38 File folder
— Recent Places
Bktalld [(Browse | |5 test100 15/12/255518:02  File folder
9 |ac| ! testiMM200 9/2/2555 16:57 File folder
Ao nput 10 |a2| Deskiop 2] doto.xd=x 29/6/2555 9:20 sk Microsoft.. 10 KB
11 |ay| — \ﬂﬂlnputﬁm(selettmnﬂlxls}( 10/1/2555 20:30 M Microsoft. 172 KB
— 12 |a = & machine groupxis 13/1/2555 19:26 s Microsoft. 67 KB
Clear Input [ 13 (b3 Libraries i Product Specification Database.xlsx 27/12/2555 19:28 \wineens Microsoft. 10KB
14 [bc e
b A
N Ci Ut
Step 2: Previous Jobs Inputs Pl
M1 Clear = A = i‘!
M2 Clear - A - 1A Network
M3 Clear ~ A - 2 1a
b4 - - [ 3 A
Clear A 4 |a File name: [data xax =] Open
M5 Clear = A = [
ME  Clear P N e —2 2 Fies of type: [Tt =]  Gonod |
M7 Clear - A - TA Clear
Me Clear - A - 8 |a Clear
M8 Clear - A~ 9 |a Clear
M0 Clear = A = 10 |a Clear
M11 Clear - A - 11 |a Clear
Step 3: Click START to run program »> | START

Figure 4.39 Open “data.xIsx” file

B 1MM_Selection02 o] = =
Injection Molding Machine Selection System
Step 1: Product Specifications It
Select by Product Code Add Distanca batwean Tle Bars X
Clamping Force 40 Tans M Mold Dl lon ¥ _\
Mold Dimersion ¢ 230 mn L 2 3 3 Mald Dimenslon X
e 1 |asdfadf 30 260 24~
Mold Dimension ¥’ mm N e 20 200 3
Shat Weight 30 [t 3 |w3rwéterg 50 300 3
Product Color | Grey - 4 |vbfghret 45 310 3
Product Grade A = 5 [thriyjr 48 310 3=
6 |vdsdgfse 54 310 3
seectafie [Ex - 7 |werqwefd 55 260 2
slect afile |EATHESIS Fuzzy 8 |a3dndsysty 80 240 3
9 |acvbdighe 65 310 3
prr— 10 [a24twdrts 70 350 3
11 |aydsdgfse 45 310 3 —
[[12 |awerqweid 48 310 3 Inputs - product specification
ey s 1 2 3 4 5
Clear nput 13 [p34tesySty 54 210 3 -
14 |bcvbdfghe 55 260 AT 1 30 260 280 28A Wi -
« M ' 2 30 300 300 404 wi
3 50 300 300 45A wi
Step 2: Previous Jobs Inputs - previous jobs 4 45 310 310 S5 A Wi
« it o
M1 Clear = A = 1 2
M2 Clear - A - [1 [a Clear Results
M3 Qe = A L2 |a Clear 7 -
M4 (Clear - A - [ 3 Clear 1
M5 Cer o~ A v %i E:‘W 2 L
| | lear
ME = = — E]
Clear A 6 |a Clear
M7 Clear - A - M7 0a Clear 4
M&  Clear - A - 3 A Clear
M3 Clear - A - 9 |a Clear
MI0 Clear - A - 10 |a Clear
MIT Clear - A - 11 |a Clear
Step 3: Click START to run program >> | START

Figure 4.40 Input data from inserting data file

3) Type the name of required product code. If user cannot remember that
name, the data in the bellowed table is the references. The data in table are composed
of Clamping Force, Mold Dimension X, Mold Dimension Y, Product Color and

Product Grade same as method 1) and 2). After that, push ‘Add’ button, data of the
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selected product code will be shown in table of Inputs — product specification. Please
see Figure 4.41 and 4.42.

Select by Product Code warwéterg m
1 2 3 4
1 |asdfadf 30 260 2 -
| 2 |sdgwert 20 300 3l
3 [w3rwdterg 50 300 3
|4 |vbighret a5 310 3
|5 |thrtyjr 43 310 3=
6 |ydsdgfse 54 310 3
7 wergwefd 55 260
| 8 |a3stasystg 80 340 3
Lacvbdfghe 85 30 | e
10 |aZdtwiarts 70 350 3
| 11 |ayasdgfse a5 210 3
Lawerqwefd 48 310 3
13 |b34tdSyStg 54 310 3
| 14 |bcvbdighe 55 260 A
4| i »

Figure 4.41 Product specification database

S iy Pt Bt w3rwdiery Distance between Tle Bars
1 2 3 4 Mold Dimansion ¥
1 |Asdfadf 30 260 E iold Dimenslan X
| 2 |sdgwert 30 300 3)
| 3 |warwéterg 50 300 3
| 4 |vpfohret 45 310 3
| 5 |thriyjtr 48 310 3=
| 6 |vdsdgfse 54 310 3
| 7 |werqwefd 3 260 2
| 8 |s34uasysty 60 340 3
| 9 |acvbaighe 85 310 33—
| 10 |a24twarts 70 350 3
11 aydsdgfse 45 310 3
| 12 |awerawetd 4 310 5 || Inputs - product specification
?bSﬂMEyE.Ig 54 310 3 1 2 3 4 5
14 [bcvbdfghe 55 260 a-||[1] 50 300 300 45A White
< i b
Inputs - previous jobs
1 2 < i »
Clear Results
Clear i 5
Clear a
Clear 2
Clear 5
Clear 2
Clear
Clear
Clear
Clear
Clear

un program >

Figure 4.42 Input data from searching product code

Step 4: If user needs to delete or modify input data in the table of Inputs
— product specification, click ‘Clear Input’ (Figure 4.43) to delete all data in that table.
Please be reminded that user cannot modify data particularly.
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Clear Input

Figure 4.43 Clear Input button

Step 5: Set the value of Product Color and Product Grade of the latest
jobs of 11 machines. These data will appear in Inputs — previous jobs immediately.
Validate all input variables. Please see Figure 4.44.

Step 2: Previous Jobs Inputs - previous jobs
1 Clear ~ |A - 1 2
M2 Clear - A ¥ [ 1 A Clear
M3 Clear - A - | 2 A Closy
W4 Clear . A - [ 3 |Aa Clear
SOl
ME Clear - |A ¥ i —
iy Cear ~ G RS Clear
b8 Clear - A - 8 |a Clear
t3 Clear - A TA Clear
M10 Clear - |A ¥ TA Clear
M1 Clear - A - IA Clear

Figure 4.44 Table of Inputs - previous jobs

Step 6: Click *START’ button as in Figure 4.45 to run the program.

Step 3: Click START to run program >> | START

Figure 4.45 START button

Step 7: The selected injection molding machine will be displayed in
table of Results. For example, the selected machine is M3 names JSW J50 Ell which
is classified in machine group 2 as in Figure 4.46, mean the product code “w3rw4terg”

should be assigned to machine M3.
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Results

1 2 3
1 |The selected machine iz M3 JSW OIS0 EN

Fi T 3

Figure 4.46 Results table

4.4 Validation and verification of the proposed system

The end of the development process, validation and verification (V&V) of
the proposed system, named as Injection Molding Machine Selection System, are
necessary. According to IEEE Std 1012-2004, validation is the evaluation process to
determine whether our system satisfies user requirements. And verification is the
process of evaluating the system to determine whether this developed system satisfies

the required conditions.

4.2.1 Objective of V&V

The objectives of V&V are the discovering errors or mistakes via early
detection and correction of software. And, the ability of implementation in actual
production should be assessed to enhance process and product risk management.

4.2.2 V&YV technique

The process of V&V is more powerful by applying of the combination
static testing and dynamic testing to verify and analyze the validity of system. Static
testing is concerned with demonstration and analysis the concerned documents during
system development such as user requirement, development diagram and system

prototype. Dynamic testing is system testing with test data to identify errors.
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4.2.3 System testing by test cases

This defect testing aims to determine all errors and show the program
meets its specification with repeatable, systematic and recordable. Random testing is
not enough. Hence, the selecting of test sets that cover the range of behaviors of the
program and able to representative of real uses is good strategy. The defect testing
process can be divided to four steps as follows:

1) Design test cases — To design both input and output data for testing.

2) Prepare test data — To prepare data that concerns driving of program.

3) Run program with test data — To simulate using of program.

4) Compare results to test cases — To verify that program meets its
specification.

Finally, this study has prepared checklists that conformed to verification
and validation standard. All checklists are shown in Table 4.1, 4.2, 4.3, 4.4, 4.5, 4.6
and 4.7. These checklists covered all operations; start to end of using program. And
the examples of test cases are shown in Table 4.8, 4.9, 4.10, 4.11, 4.12, 4.13 and 4.14.
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Table 4.1 Test case of the opening of IMM_Selection02.m

Test Case ID TCIMMS_Funct_01

Description

Test the opening of IMM_Selection02.m

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

MATLAB R2010a have installed on Microsoft

Windows.
Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)

1 | Openthe MATLAB R2010a Pass -

2 | Verify that MATLAB Current Folder window | Pass -
is showing the folder that program is kept.

3 | Verify that the current folder has an m-file Pass -
names IMM_Selection02.m

4 | Verify that the current folder has an m-file Pass -
names IMM_Selection02.fig

5 | Verify that the current folder has an m-file Pass -
names MCselection.fis

6 | Verify that the current folder has an m-file Pass -
names IMMresized03.jpg

7 | Verify that the current folder has an m-file Pass -
names Product Specification Database.xIsx

8 | After double-clicking at IMM_Selection02.m Pass -
is applied, verify that IMM_Selection02.m is
displayed in Editor window.

9 | Verify that interface of IMM_Selection02 is Pass -
displayed after clicking at run button without
errors.
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Table 4.2 Test case of the interface screen and default values

Test Case ID TCIMMS_Funct_02

Description

Test the interface screen and default values

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

The IMM_selection02.m can be opened smoothly.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)

1 | Verify that Clamping Force, Mold Dimension Pass -
X, Mold Dimension Y and Shot Weight are
empty.

2 | Verify that default value of Product Color is Pass -
Clear.

3 | Verify that default value of Product Grade is Pass -
A.

4 | Verify that Select a file box is empty and Pass -
Browse button is displayed.

5 | Verify that Add Input and Clear Input below Pass -
the Select a file box are displayed.

6 | Verify that Select by Product Code box is Pass -
empty and Add button beside the Product
Code box is displayed.

7 | Verify that table below the Product Code box Pass -
is displayed the data from Product
Specification Database.xIsx

8 | Verify that the picture names IMMresized03 is | Pass -
displayed over the table of Inputs-product
specification.

9 | Verify that the table of Inputs-product Pass -
specification is empty.
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Table 4.2 Test case of the interface screen and default values (Cont.)

Test Case ID TCIMMS_Funct_02

Description

Test the interface screen and default values

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

The IMM_selection02.m can be opened smoothly.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)
10 | Verify that default values of Previous Jobs for | Pass -
M1 to M11 are displayed with Clear and A.
11 | Verify that data in table of Inputs-previous Pass -
jobs are A and Clear.
12 | Verify that START button is displayed below Pass -
the table of Inputs-previous jobs.
13 | Verify that the table of Results is empty. Pass -
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Table 4.3 Test case of the operations of entering data

Test Case ID TCIMMS_Funct_03

Description Test the operations of entering data

Applicable for MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions The system displays the right default values and
interface.

Step Task & Expected Result Actual Detail

Result (If Expected Result and
Actual Result are different.)

Verify that the boxes of Clamping Force, Mold | Pass -
Dimension X, Mold Dimension Y and Shot
Weight can be entered.

Verify that “Please input Clamping Force Pass -
between 30 to 75” message box will appear if
user enters value less than 30 into the

Clamping Force box.

Verify that “Please input Clamping Force Pass -
between 30 to 75” message box will appear if
user enters value more than 75 into the

Clamping Force box.

Verify that “Please input Clamping Force Pass -
between 30 to 75” message box will appear if
user lefts Clamping Force box in blank.

Verify that “Please input Mold Dimension X Pass -
between 260 to 350” message box will appear
if user enters value less than 260 into the Mold
Dimension X box.
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Table 4.3 Test case of the operations of entering data (Cont.)

Test Case ID

TCIMMS_Funct_03

Description

Test the operations of entering data

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement

Initial Conditions

The system displays the right default values and

interface.

Step

Task & Expected Result Actual Detail
Result (If Expected Result and

6 | Verify that “Please input Mold Dimension X Pass -

between 260 to 350” message box will appear
if user enters value more than 350 into the

Mold Dimension X box.

7 | Verify that “Please input Mold Dimension X Pass -

30 to 75 message box will appear if user lefts

Mold Dimension X box in blank.

6 | Verify that “Please input Mold Dimension Y Pass -

between 260 to 380 message box will appear
if user enters value less than 260 into the Mold

Dimension Y box.

7 | Verify that “Please input Mold Dimension Y Pass -

between 260 to 380 message box will appear
if user enters value more than 380 into the

Mold Dimension Y box.

8 | Verify that “Please input Mold Dimension Y Pass -

260 to 380” message box will appear if user
lefts Mold Dimension Y box in blank.
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Actual Result are different.)
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Test Case ID TCIMMS_Funct_03

Description

Test the operations of entering data

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

The system displays the right default values and

interface.
Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)
9 | Verify that “Please input Shot Weight between | Pass -
1 to 100 message box will appear if user
enters value less than 1 into the Shot Weight
box.
10 | Verify that “Please input Shot Weight between | Pass -
1 to 100” message box will appear if user
enters value more than 100 into the Shot
Weight box.
11 | Verify that “Please input Shot Weight between | Pass -
1 to 100” message box will appear if user lefts
Shot Weight box in blank.
12 | Verify that the drop boxes of Product Color Pass -
and Product Grade can be selected the choices.
13 | Verify that Add Input button can be clicked. Pass -
14 | Verify that clicking of Add Input button can Pass -
add all data of Clamping Force, Mold
Dimension X, Mold Dimension Y, Shot
Weight, Product Color and Product Grade to
the Inputs-product specification table.
15 | Verify that Clear Input button can be clicked. Pass -
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Table 4.3 Test case of the operations of entering data (Cont.)

Test Case ID TCIMMS_Funct_03

Description Test the operations of entering data

Applicable for MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions The system displays the right default values and
interface.

Step Task & Expected Result Actual Detail

Result (If Expected Result and

Actual Result are different.)

product specification table have 6 columns.

16 | Verify that the clicking of Clear Input button Pass -
can remove all data in the Inputs-product
specification table.

17 | Verify that data that displayed in Inputs- Pass -

Table 4.4 Test case of the operations of entering data from file

Test Case ID TCIMMS_Funct 04

Description

Test the operations of entering data from file

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement

Initial Conditions

The target file is located in any place of hard drive. The
target file is .xlIsx only.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)
1 | Verify that Browse button can be clicked to Pass -
select the file named “data.xIsx”.
2 | Verify that the required file from Browse Pass -
button is .xlIsx file only.
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Table 4.4 Test case of the operations of entering data from file (Cont.)

Test Case ID TCIMMS_Funct_04

Description Test the operations of entering data from file
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -

Initial Conditions The target file is located in hard drive and is .xlsx only.
Step Task & Expected Result Actual Detail

Result (If Expected Result and
Actual Result are different.)

3 | Verify that Add Input button can be clicked. Pass -

4 | Verify that clicking of Add Input button can Pass -
add all data from data.xlsx file to the Inputs-

product specification table.

5 | Verify that Clear Input button can be clicked. Pass -

6 | Verify that the clicking of Clear Input button Pass -
can remove all data in the Inputs-product

specification table.

7 | Verify that data that displayed in data.xIsx Pass -

have 6 columns.

8 | Verify that the first column of data.xlIsx is Pass -

Clamping Force.

9 | Verify that the first column of data.xlIsx is Pass -
Mold Dimension X.

10 | Verify that the first column of data.xlIsx is Pass -

Mold Dimension Y.

11 | Verify that the first column of data.xIsx is Shot | Pass -

Weight.

12 | Verify that the first column of data.xlIsx is Pass -
Product Grade.

13 | Verify that the first column data.xIsx is Pass -

Product Color.
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Table 4.5 Test case of the operations of entering data by searching from database

Test Case ID TCIMMS_Funct_05

Description

database

Test the operations of entering data by searching from

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

The database file is located in the same folder of

IMM _selection02.m. The database file is .xIsx only.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)

1 | Verify that the latest version of Product Pass -
Specification Database.xlIsx is displayed in
table.

2 | Verify that data that displayed in Inputs- Pass -
product specification table have 7 columns.

3 | Verify that the first column of Product Pass -
Specification Database table is Product Code.

4 | Verify that the second column of Product Pass -
Specification Database table is Clamping
Force.

5 | Verify that the third column of Product Pass -
Specification Database table is Mold
Dimension X.

6 | Verify that the fourth column of Product Pass -
Specification Database table is Mold
Dimension Y.

7 | Verify that the fifth column of Product Pass -
Specification Database table is Shot Weight.

8 | Verify that the sixth column of Product Pass -
Specification Database table is Product Grade.
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Table 4.5 Test case of the operations of entering data by searching from database
(Cont.)

Test Case ID TCIMMS_Funct_05

Description Test the operations of entering data by searching from
database

Applicable for MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions The database file is located in the same folder of

IMM _selection02.m. The database file is .xIsx only.

Step Task & Expected Result Actual Detail

Result (If Expected Result and
Actual Result are different.)

9 | Verify that the seven column of Product Pass -

Specification Database table is Product Color.

10 | Verify that Product Code can be copy and Pass -
paste in the box of Search by Product Code.
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Table 4.5 Test case of the operations of entering data by searching from database

(Cont.)
Test Case ID TCIMMS_Funct_05
Description Test the operations of entering data by searching from

database

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions

The database file is located in the same folder of

IMM _selection02.m. The database file is .xIsx only.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)
11 | Verify that all data of Clamping Force, Mold Pass -
Dimension X, Mold Dimension Y, Product
Grade and Product Color will be display after
clicking ‘Add’.
12 | Verify that data that displayed in Inputs- Pass -
product specification table have 7 columns.
13 | Verify that the first column of Inputs-product Pass -
specification table is Clamping Force.
14 | Verify that the second column of Inputs- Pass -
product specification table is Mold Dimension
X.
15 | Verify that the third column of Inputs-product Pass -
specification table is Mold Dimension Y.
16 | Verify that the fourth column of Inputs- Pass -
product specification table is Shot Weight.
17 | Verify that the fifth column of Inputs-product Pass -
specification table is Product Grade.
18 | Verify that the sixth column of Inputs-product | Pass -
specification table is Product Color.
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Table 4.6 Test case of the entering data of previous jobs

Test Case ID TCIMMS_Funct_06
Description Test the entering data of previous jobs
Applicable for MATLAB R2010a, Microsoft Excel 2007

Requirement -

Initial Conditions The system only shows the default previous job data of

Product Color and Product Grade for all machine.

Step Task & Expected Result Actual Detail
Result (If Expected Result and
Actual Result are different.)

1 | Verify that the data in table of Inputs-previous | Pass -
jobs are changed immediately by following
Product Grade and Product Color value on left
side.

2 | Verify that the first column in table of Inputs- Pass -
previous jobs is Product Grade.

3 | Verify that the second column in table of Pass -
Inputs-previous jobs is Product Color.

4 | Verify that there are four choice of A, B, C Pass -
and D in Product Grade.

5 | Verify that there are four choices of Clear, Pass -

White, Grey and Black in Product Color
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Table 4.7 Test case of the running of IMM_Selection02.m

Test Case ID TCIMMS_Funct_07

Description Test the running of IMM_Selection02.m
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -

Initial Conditions There is not any data in the table of Results.

Step Task & Expected Result Actual Detail

Result (If Expected Result and
Actual Result are different.)

1 | Verify that table of Inputs-product Pass -
specification is added enough data before
running.

2 | Verify that “Please wait...” message box will Pass -

be displayed after clicking of START button.

3 | Verify that system will not display any result Pass -
in Results table if there is not any data in the

table of Inputs-product specification.

4 | Verify that system runs smoothly and does not | Pass -

return any error message in command window.

5 | Verify that the first column of Results table Pass -

displays as “The selected machine is”.

6 | Verify that the second column of Results table | Pass -
is the selected machine (M1 to M11).
7 | Verify that the third column of Results table is | Pass -

the name of selected machine.

8 | Verify that the fourth column of Results table Pass -

is the number of machine group.

9 | Verify that system always returns evaluation Pass -

time in command window.
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Array of values

Table 4.8 shows test cases which are arranged into array of values. These
values (input) are Clamping Force, Mold Dimension X, Mold Dimension Y and Shot
Weight. The output value is number of machine group. The objective of this testing is
to validate the machine group selection process. All 31,104 cases will be tested by the
system and then compare actual output with the expected results. Beside of 4 columns
of Clamping Force, Mold Dimension X, Mold Dimension Y and Shot Weight are used
to be input data, 2 columns of Product Grade and Product Color are also used to be test

data but these data do not need to be varied.

Table 4.8 Test case of the validation of machine group selection rules

Test Case ID TCIMMS_Funct_08
Description Test the machine group selection rules
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -
Initial Conditions Test data is .xIsx file.
Scenario Array of values Expected | Pass/
Clamping Mold Mold Shot Result Fail
Force Dimension | Dimension | Weight (g)
(Ton) X (mm) Y (mm)
1 0 0 0 0 1 Pass
2 0 0 0 23 1 Pass
3 0 0 0 28 1 Pass
31102 75 350 380 55 6 Pass
31103 75 350 380 59 6 Pass
31104 75 350 380 99 6 Pass
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Table 4.9 shows rules of machine selection within machine group 1. This

group has two of machines that are M1 and M2. The input data of evaluation process

use material color and grade of target products and previous job of each machine. The

outputs are the

most appropriated machines for that target products. In accordance

with the system interface, the table below represents target product data by product

specification.

Table 4.9 Test case of the validation of machine selection rules for machine group 1

Test Case ID

TCIMMS_Funct_09

Description

Test the machine number selection rules of machine group 1

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement

Initial Conditions These rules were not included in Fuzzy Inference System

Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Material Material Material Grade Fail
Color Grade Color
M1 M2 M1 M2

1 Cl A Cl Cl A A M1 Pass
2 Cl A Cl Cl A B M1 Pass
3 Cl A Cl Cl A C M1 Pass
4094 Bl D BI Bl D B M2 Pass
4095 Bl D BI Bl D C M2 Pass
4096 Bl D Bl Bl D D M1 Pass

Remarks: Cl is Clear color, Bl is Black color.
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The table below (Table 4.10) is included of test rules of machine selection

within machine group 2. This group is composed of machine M3, M4 and M5. Thus,

the numbers of test rules are quite increased to 65,536.

Table 4.10 Test case of the validation of machine selection rules for machine group 2

Test Case ID

TCIMMS_Funct_10

Description

Test the machine number selection rules of machine group 2

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement

Initial Conditions These rules were not included in Fuzzy Inference System

Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Material | Material Color | Material Grade Fail
Color Grade | M3 | M4 | M5 | M3 | M4 | M5

1 Cl A Ch|Ccl|Cl|  A|A]|A M3 Pass
2 Cl A ch|cl|cl|A|lA | B M3 Pass
3 Cl A chijct|cty A|A|C M3 Pass
65534 Bl D Bl | BI | Bl | D D B M5 Pass
65535 BI D Bl | Bl |[BI| D|D]|C M5 Pass
65536 Bl D Bl | BI | Bl | D D D M3 Pass

Remarks: Cl is Clear color, Bl is Black color.

Table 4.11 is included of machine selection test rules within machine

group 3. This group is composed of machine M6 and M7. Thus, the numbers of test

rules are same as machine group 1 (4,096 rules).
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Table 4.11 Test case of the validation of machine selection rules for machine group 3

Test Case ID

TCIMMS_Funct_11

Description

Test the machine number selection rules of machine group 3

Applicable for

MATLAB R2010a, Microsoft Excel 2007

Requirement

Initial Conditions These rules were not included in Fuzzy Inference System

Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Material | Material Color | Material Grade Fail
Color Grade M6 M7 M6 M7

1 Cl A Cl Cl A A M6 Pass
2 Cl A Cl Cl A B M6 Pass
3 Cl A Cl Cl A C M6 Pass
4094 BI D Bl Bl D B M7 Pass
4095 BI D BI Bl D C M7 Pass
4096 Bl D Bl Bl D D M6 Pass

Remarks: Cl is Clear color, Bl is Black color.

Some groups of machine have only on machine in the list. Machine group

4 and 5 were separated by the different machine specification. As a result, every test

rules of these machine group return the same machine number as in Table 4.12 and

Table 4.13.
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Table 4.12 Test case of the validation of machine selection rules for machine group 4

Test Case ID TCIMMS_Funct_12
Description Test the machine number selection rules of machine group 4
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -
Initial Conditions These rules were not included in Fuzzy Inference System
Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Material Material Material Grade Fail
Color Grade Color
M8 M8
1 Cl A Cl A M8 Pass
2 Cl A Cl A M8 Pass
3 Cl A Cl A M8 Pass
254 Bl D BI D M8 Pass
255 Bl D Bl D M8 Pass
256 Bl D Bl D M8 Pass

Remarks: Cl is Clear color, Bl is Black color.
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Table 4.13 Test case of the validation of machine selection rules for machine group 5

Test Case ID TCIMMS_Funct_13
Description Test the machine number selection rules of machine group 5
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -
Initial Conditions These rules were not included in Fuzzy Inference System
Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Materia Material Material Grade Fail
Color | | Grade Color
M9 M9
1 Cl A Cl A M9 Pass
2 Cl A Cl A M9 Pass
3 Cl A Cl A M9 Pass
254 Bl D BI D M9 Pass
255 Bl D Bl D M9 Pass
256 Bl D Bl D M9 Pass

Remarks: Cl is Clear color, Bl is Black color.

The last machine group is 6 which are composed by 4,096 test rules to
selecting of M10 or M11.
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Table 4.14 Test case of the validation of machine selection rules for machine group 6

Test Case ID TCIMMS_Funct_14
Description Test the machine number selection rules of machine group 6
Applicable for MATLAB R2010a, Microsoft Excel 2007
Requirement -
Initial Conditions These rules were not included in Fuzzy Inference System
Scenario Product Previous Jobs Expected | Pass
Specification Results /
Product | Material Material Material Grade Fail
Color Grade Color
M10 | M11 | M10 | M11
1 Cl A Cl Cl A M10 Pass
2 Cl A Cl Cl A B M10 Pass
3 Cl A Cl Cl A C M10 Pass
4094 Bl D BI Bl D B M11 Pass
4095 Bl D Bl Bl D C M11 Pass
4096 Bl D Bl Bl D D M11 Pass

Remarks: Cl is Clear color, Bl is Black color.
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CHAPTER V
COMPUTATIONAL TIME AND DEFECTIVE IMPROVEMENT

This chapter represented the performance analysis of injection molding
machine selection system that influenced on injection molding process improvement.
The calculation was used to estimate the number of reduced defectives if the right
machine was assigned to a job. The contents included all concepts of the orientation of
type and quantity of defects in a plastic industry case study, using of pareto graph to
select the target defects, the selection of defects that relate to our proposed system’s
criteria, process of system application and estimate the reduced defectives.

5.1 Comparison of a proposed system and a traditional method

The traditional machine selection step, the machine selection step will be
started after the planner received orders from the sales department. This process will
be finished when the appropriated machine was identified. Table 5.1 shows the
machine selection process for one job (one task). According to understand the elapsed
time phenomenon of the current machine selection system, this research has included
the machine selection process observation and gathering the time using for each job in
the unit of second. Then, the data of time spent for machine selection of 30 example
jobs are shown in Table 5.2. The normal probability distribution can be used to explain
the distribution of the data in Figure 5.1.
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Table 5.1 Elapsed time of machine selection processes for one product

Traditional Method Proposed System
No. Time Time
Operations Operations
(second) (second)
1 | Receive task description and 20 Receive task description and check 20
check
2 | Access the databases of product 22 Open program 25
specifications
Add product specification data to 7
the system
Add all previous job data to the 34
system
3 | Compare task description and 105 Run the system <1
machine’s specification which
is included of:
- Clamping force
- Distance between tie bars
- Shot weight
- Product color of previous
job
- Material grade of previous
job
Total Time 147 87

The distribution of evaluation time of the planner is approximately

normally distributed with a mean of 63.45 seconds (1.35 minutes) and a standard

deviation of 26.79 seconds (0.27 minutes). Figure 5.1 shows evaluation time

phenomenon in a normal distribution by determining 30 samples (n = 30). Therefore,

the machine selection by human causes the uncertainty time that can be noticed by a

standard deviation value (26.79 seconds).
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Table 5.2 Elapsed time and probability of a machine selection process of current

system

Evaluation Time . Mean (x), Stahdérd
(seconds) Probability Z-value (seconds) Deviation
(SD)
19.99 0.003995 -1.62218
23 0.004763 -1.50984
26 0.005605 -1.39787
28.99 0.006511 -1.28627
31 0.00715 -1.21125
35 0.008472 -1.06196
46.7 0.012246 -0.62527
48 0.012608 -0.57675
49 0.012874 -0.53943
49 0.012874 -0.53943
50.3 0.0132 -0.4909
51.6 0.013502 -0.44238
52.8 0.013758 -0.3976 63.45 26.79
54 0.013992 -0.35281
56 0.014325 -0.27816
59 0.014686 -0.16619
65 0.014865 | 0.057752
66 0.014823 | 0.095076
73 0.013974 | 0.356341
76.2 0.013297 | 0.475776
77 0.013103 | 0.505635
78 0.012849 | 0.542959
82 0.011717 | 0.692253
87 0.01012 0.878871
95 0.007445 1.17746
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Table 5.2 Elapsed time and probability of machine selection process of a current

system (Cont.)

. . Standard
Evaluation Time N Mean (x), o
Probability Z-value Deviation
(second) (second)
(SD)
96 0.00712 1.214784
102 0.005289 1.438725
105 0.004474 | 1.550696 | 0345 26.79
105 0.004474 1.550696
116 0.002176 1.961256

robability

a 0.

Evaluation Time

Figure 5.1 The normal probability distribution graph of machine selection time by

current system

Next step, this research will demonstrate how the proposed system can
enhance the production planner operation. The simulation method will be used to
simulate the machine selection process. The elapsed time of execution will be

measured to compare the performance of two methods. Finally, if this proposed
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system was proved to the feasibility of implementation, a user manual will be
constructed.
Example
The actual data of July 2012 had been used to simulate test running and
measure the computational time by the proposed system. After running of the system,
all elapsed times of job have displayed on command window of MATLAB as in
Figure 5.2. All results have shown in Table 5.3.

'@ New to MATLAB? Watch this Video, see Demos, or read Getting Started. ®
v

Elap=sed time is 1.611635 seconds.
fx o> | -
4

1 b

Figure 5.2 An elapsed time that has been measured by the proposed system

Table 5.3 The elapsed time recording of data from July 2012
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Job | Count Time A Job | Count Time A

No. (sec.) No. (sec.)
1 1.0748 1.0748 | 11 1.2156 0.0115
2 1.0949 0.0201 | 12 1.2288 0.0132
3 1.1132 0.0183 | 13 1.2394 0.0106
4 1.1275 0.0143 | 14 1.2490 0.0096
5 1.1440 0.0165| 15 1.2612 0.0122
6 1.1584 0.0144 | 16 1.2701 0.0089
7 1.1693 0.0109 | 17 1.2792 0.0091
8 1.1825 0.0132| 18 1.2868 0.0076
9 1.1933 0.0108 | 19 1.2963 0.0095
10 1.2041 0.0108 | 20 1.3039 0.0076
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Table 5.3 The elapsed time recording of data from July 2012 (Cont.)

Job | Count Time A Job | Count Time A
No. (sec.) No. (sec.)

21 1.3135 0.0096 | 38 1.4631 0.0097
22 1.3211 0.0076 | 39 1.4731 0.0100
23 1.3282 0.0071 | 40 1.4831 0.01
24 1.3350 0.0068 | 41 1.4920 0.0089
25 1.3422 0.0072 | 42 1.5012 0.0092
26 1.3493 0.0071 | 43 1.5116 0.0104
27 1.3560 0.0067 | 44 1.5201 0.0085
28 1.3667 0.0107 | 45 1.5289 0.0088
29 1.3774 0.0107 | 46 1.5375 0.0086
30 1.3873 0.0099 | 47 1.5464 0.0089
31 1.3965 0.0092 | 48 1.5549 0.0085
32 1.4051 0.0086 | 49 1.5650 0.0101
33 1.4144 0.0093 | 50 1.5736 0.0086
34 1.4230 0.0086 | 51 1.5845 0.0109
35 1.4336 0.0106 | 52 1.5931 0.0086
36 1.4448 0.0112 | 53 1.6017 0.0086
37 1.4534 0.0086 | 54 1.6116 0.0099

From Table 5.3, total elapsed times or computational times by our
proposed system for 54 jobs input is 1.6116 second. Job no. 1 has elapsed time higher
than other jobs caused by data loading process at the initial stage of system running.
The average elapsed time of all jobs (except job no.1) is 0.0101 second. Meanwhile,
an elapsed time average of current system is 63.45 second per a job. It indicates that
the proposed system reduced elapsed times of the machine selection significantly.
Besides, the elapsed time by the planner would double if the second job had been
started. Therefore, the proposed system could maintain its computation time. The
elapsed time of the proposed system is still similar with the machine selection process
of the first job.
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5.2 Type and quantity of defective in a plastic industry case study

The observation and collecting data have been carried out for five months,
during July 2012 - November 2012, from the plastic industry case study. The
collections of data are the defectives from each machine which were separated by type
of defects. The scope of the study was confined to 11 injection molding machines (35
machines of total). They are the same set of machines as the system development
phase. All concerned data were contained in Table 5.4. From this table, 20 types of
defect could be found from all defectives. These are flash, short shot, black dot,
broken, gate NG, crack, warping, burn mark, oily, oily Mark, bubble, scratch, sink
mark, flow mark, discolor, weld line, dakon, silver, over cut and other. The
characteristics and root-causes of 19 types have referred by the statements in chapter 2
but the type of ‘other’. The defect type of ‘other’ is different from those 19 types and
this could not be identified the properties and root-causes obviously, therefore they
were called ‘other’. The highest total defective is silver and the next are short shot,
black dot, sink mark, other, scratch, weld line, over cut, oil mark, bubble, oily, broken,
burn mark, dakon, discolor, flash, flow mark, gate NG, warping and crack
respectively. Their quantities varied in a wide range depending on the probability of
occurrence. We found that short shot was the highest amount in July and September,
around 39.43% and 58.42% of total defectives. In August, silver was the first by
48.62% and there were the majority of black dot around 40.35% and 68.34% in
October and November. For the second of all, the percentages of defectives were quite
different from the third. Therefore, if the first or second just would be reduced in every

months, they could affect to total defectives obviously.
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Table 5.4 Defects that produced from 11 machines on July 2012 to January 2013

Defects July | August | September | October | November | Total
Silver 17437 7529 1156 952 15 27089
Short shot 18252 919 1790 1126 133 22220
Black dot 3081 2370 29 3086 1183 9749
Other 1638 1974 32 476 40 4160
Sink mark 2113 674 54 401 65 3307
Scratch 655 471 0 33 0 1159
Weld line 325 645 0 20 0 990
Over cut 513 45 0 385 7 950
Oily mark 487 0 0 400 0 887
Bubble 111 28 0 699 0 838
Oily 623 22 0 0 0 645
Broken 50 165 0 3 280 498
Burn mark 233 252 3 0 0 488
Dakon 251 221 0 10 0 482
Discolor 350 33 0 0 0 383
Flash 109 37 0 27 0 173
Flow mark 20 39 0 30 0 89
Gate NG 0 60 0 0 0 60
Warping 36 0 0 0 0 36
Crack 4 0 0 0 8 12
Total 46288 | 15484 3064 7648 1731 74215

5.3 The selection of defects for the defect reduction by pareto graph

At this section, we will exhibit more clearly of the amount of defective of
all defects. The number of defective parts varied from 0% to 68%, thus it was not
necessary to improve all defect types because it would be difficult and time-

consuming. The decreasing of defect that having huge proportion is better solution
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based on defect causes controllability perspective and highly returns. These ideas
contributed to the application of pareto graph for selecting of defects. They were
having potential to be improved by the proposed system. The pareto graphs represent
the cumulative percentages of each defect in July, August, September, October and
November as in Figure 5.3, Figure 5.4, Figure 5.5, Figure 5.6 and Figure 5.7
respectively.

In the next step, defects that having cumulative percentage at least 80%
would be selected to use by the proposed system testing. The amount of reduced
defective parts would be collected. Infers to Figure 5.3, in July, the sum of short shot
plus silver could gain up to 83.76%. Thus, these defects had to be investigated the
residual defective part from the test. In August (Figure 5.4), silver, black dot, other
and short shot were chosen with 82.61%. There were five defects have been selected
in October (Figure 5.7): black dot, short shot, silver, bubble and other, the total was
82.88%. But silver and black dot quantities have been collected greater than another
defects in September (Figure 5.5); cumulative percentage exceeded to 96.15%. As in
November (Figure 5.7), only two defects (e.g. black dot and broken) were chosen
because the cumulative percentage of them reached to 84.52%. All results as

mentioned have contained in Table 5.5.
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Figure 5.3 Pareto graph of defectives in July 2012
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Table 5.5 Summary of percentage and cumulative percentage of the selected defects

Months Defects Percentage (%) | Cumulative Percentage (%)
July Short shot 39.43
Silver 37.67 83.76
Black dot 6.66
August Silver 48.62
Black dot 15.31
82.61
Others 12.75
Short shot 5.94
September Short shot 58.42
. 96.15
Silver 37.73
October Black dot 40.35
Short shot 14.72
Silver 12.45 82.88
Bubble 9.14
Others 6.22
November Black dot 68.34
84.52
Broken 16.16

5.4 The defects that relate to the proposed system’s selection criteria

In according to this study has not applied on the real production in plastic
manufacturer case study, the residual defective parts have obtained by calculation.
After applying the proposed system, the residual defective parts are the differences of
actual defective parts and the reduced parts by the new machine assignment: reduced
defective parts related to the selection criteria of the proposed system.

From the literature review, this research has synthesized the relation of
defect causes and troubleshooting approaches as in Table 5.6. Based on the table, all
defect types referred to the Table 5.5 and have added common causes and point of

troubleshooting which have categorized into three types; mold, machine and material.
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For example, black streaking (black dot) caused by the contamination of melting
plastic in the barrel. The point of troubleshooting should focuses on raw material
preparation: material color of a new job and the last job should be the same on a
machine. Therefore, this defect relates to the product color criteria of our proposed
system. We can assume that this black streaking part will be reduced to zero if the new
machine have assigned to this job. However, the probability of having black streaking
in such a right machine always is. Thus, the residual defective part cannot be zero but
they have to plus with the product of the total defectives from the machines have not
reassigned and probability of having defect from the machines that have not
reassigned. The details of calculation will be illustrated in the next topic forward.
Based on Table 5.6, the defects that can be improved by our proposed
system are summarized in Table 5.7, separated by month. Monthly, short shot and
black dot have relation to our selection criteria. Therefore, these defects can be
improved by the proposed system but silver, bubble, broken and other will not be

improved.
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Table 5.7 Defects that are affected by the proposed system

Months Target Defects
July Short shot
Black dot
August Black dot
Short shot
September Black dot
October Black dot
Short shot
November Black dot

5.5 The system application approach and the residual defective

quantity estimation

The proposed system had tested with actual data from industry case study.
This study had used the machines and defective parts data from July 2012 as example.
The outputs of the system were the new machines which provided more suitability and
lower defective parts. This part describes the detail of six major steps that are pre-data
preparation, input data preparation, system running, conversion of output machine to
actual machine, comparison between the defectives that produced by actual machines
and the proposed system, calculation of the probability of having defective parts from
machines that had not reassigned and the estimation of the residual defective parts

after using the proposed system and performance measurement.

5.5.1 Pre-data preparation

Based on the same set of machines as the proposed system’s machines, we
have selected jobs that had short shot and black dot.
Note To show all hiding data rows, this file has not to be filtered mode, if not, go to

‘Data’ menu and click ‘Filter’ button to inactive it in case of *.xlIsx file.
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5.5.2 Input data preparation

The product code of the job that have had short shot and black dot parts to
find out product specification in the search box on the screen or fill out or insert data
(*.xIsx) file. In case of inserting data file, all jobs should be ascended up by clamping
force before using. This step helps user operates easily and returns proper results.
Table 5.8 and Figure 5.8 show the example of sorted input data file by clamping force:
these jobs have had short shot parts. Then, material grade and product color data of the
latest batches that were collected from 11 machines in June (refers to Table 5.9) must
be set in Previous jobs table (Figure 5.9).

Table 5.8 Test data of July

Clamping | Distance | Distance | Shot | Material | Product
Force between | between | Weight | Grade | Color
TiebarX | TiebarY
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 380 100 A Black
75 350 350 100 A Black
75 350 350 100 A Black
75 350 350 100 A Black
75 350 350 100 A Black
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Table 5.8 Test data of July (Cont.)

Clamping | Distance | Distance | Shot | Material | Product
Force between | between | Weight | Grade Color
TiebarX | TiebarY
75 350 350 100 A Black
55 310 310 23 A White
55 310 310 23 A Black
55 310 310 23 A Black
55 310 310 23 A Black
55 310 310 23 A Black
55 310 310 23 A Black
50 310 310 56 A White
50 300 300 45 D White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A Black
50 300 300 45 A White
50 310 310 56 A White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A White
50 300 300 45 A Black
50 300 300 45 A Black
50 300 300 45 A Black
50 300 300 45 A Black
50 310 310 56 C Clear
50 300 300 45 C Black
50 310 310 56 C Clear
50 310 310 56 C Clear
35 300 300 45 C Black
30 310 310 23 A White
30 260 260 28 A White
30 260 260 28 A White
30 260 260 28 A White
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Table 5.8 Test data of July (Cont.)
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Distance
between
TiebarX

Clamping
Force

Distance
between
TiebarY

Shot
Weight

Product
Color

Material
Grade

30 260

260

28

Black
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Figure 5.8 Test data of July 2012 in excel form

Table 5.9 Previous data of the latest batches produced by 11 machines

No. of

Machine

June

July

Aug

Sep Oct

1 Clear

Clear

Black

Black Black

Clear

Clear

Clear

Clear Clear

Black

Black

Black

Black Black

Clear

Clear

Clear

Clear Clear

White

White

White

Clear Clear

Black

White

Black

Black Black

2
3
4
5
6
7

O > O O O » >
O > > O > > >

Black

Clear

O O O O O » O

Black

O O O O O » O
> Ol O O O > O

Black White
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Table 5.9 Previous data of the latest batches produced by 11 machines (Cont.)

No. of June July Aug Sep Oct
Machine
1 A | Clear | A | Clear | C | Black | C | Black | C | Black
8 A | Clear | A | Clear | D | Black | D | Black | C | Clear
9 C | Grey | A |Black | A | Clear | A | Clear | A | Black
10 D | Clear | A | Black | A | Black | A | Black | A | Black
11 D | Clear | D | Clear | D | Clear | D | Clear | C | White
T [11 |psa7ase 50 300 SI‘ | | |
12 |PU1ASIS 75 350 a | Inputs -
| 13 |putasteEz) 75 350 3
14 lPusaasTs 50 300 a1
< [ 3 2
3
Step 2: Previous Jobs Inputs - previous johs ;‘
M1 Clear - A - 1 2 L
Mz Clear ~ |A - |1 A Clear Resul
M3 Black - [c = [ 2 |a Clear
TR s B 3 c Black 5
M5 Whie v D [ cleas 2
ME  |Back v A %i ;gz: 3
M7 |Back v C 7 lc Black 4
Ma Clear > A = 8 |a Clear
3 Grey ~ C - l9 o Grey
M0 |Cear «| 0 (10 p Clear
M1 |Clear - [0 = 1 o Clear
! Step 3: Click START to run program »»

Figure 5.9 Product specification and previous jobs data have filled up on the system

5.5.3 System running
After product specifications were added to Inputs — product specification

table, click ‘START’ to run program.

Results
1 2 3 4
1 elected ma e is W10 NIGATA 6 -
2 |The selected machine is W10 HIGATA 6 3
3 |The zelected machine is W10 NIGATA 3 L\l:
4  [The selected machine is W10 NIGATA 6
5 |The zelected machine is K10 NIGATA 6
& |The selected machine is W10 NIGATA 3
7 |The selected machine is W10 NIGATA 3
8 |The zelected machine is W10 NIGATA 6
9 |The zelected machine is K10 NIGATA 3
10 |The selected machine is W10 NIGATA [
11 ([The selected machine is W10 NIGATA 6 -

Figure 5.10 Machine selection results in Results table
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5.5.4 Conversion of output machines to actual machines

In order to broad applicable in most industries, the proposed system
represents all 11 machines with machine number 1 to 11. In an individual manner,
users have to match the proposed system’s machines to theirs. Table 5.10 is the
reference of conversion the proposed system’s machines to actual machines of our

case study.

Table 5.10 The reference of proposed system’s machines and case study’s machines

Machine Number Machine Number Machine Name
(The proposed system) (Actual)
M1 M5 TOSHIBA IS30EPN-1Y
M2 M6 JSW J30 ED
M3 M33 NIIGATA
M4 M34 NIIGATA
M5 M35 NIIGATA
M6 M1 JSW J50 Ell
M7 M4 TOSHIBA IS50EP-1.5A
M8 M3 NIGATA NN50E
M9 M2 JSW J55 Ell
M10 M31 NIIGATA
M11 M32 NIIGATA

5.5.5 Comparison between the defectives that produced by the actual
machines and the proposed system

The defectives comparison between actual machines and the proposed
system aims to define all parameters to estimate total defectives after using the
proposed system. The number of defectives of short shot in July, number of reduced
defectives, number of defectives from the machines that have not reassigned in July
and total number of defectives from July to November must be defined. If the system
matched a new machine to a job, it means that job produced by the reassigned
machine. Meanwhile, the reassignment by the system can provide another machine
with more suitable condition; in this case, we assume that defectives will be reduced to

zero and the number of reduced defectives can be known. Table 5.11 shows results of
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selecting machine by the proposed system. In the reduced defectives column, short

shot part is not reduced but 16 pieces of black dot can be eliminated from 2,979

pieces.
Example
Case 1:

Case 2:

Product code is EES7LFTC604812, operating date is 3/7/12, the selected
machine (actual production) is M1, selected machine (proposed system) is
M1, defective parts (actual) is included of 82 pieces of short shot and 9
pieces of black dot.

Product code EE57LFTC604812 had operated on Ml
(Actual production) and 82 pieces of short shot had occurred. From Table
5.11, this states that applying inadequately clamping force influences on
short shot parts formation, so the statement was used to investigate of
reducing short shot parts in this job. After running of the proposed system,
M1 had still selected for this job. Thus, machine conditions were not
changed both clamping force and material color from the last batch. The

82 pieces of short shot were not removed and 9 pieces of black dot as well.

Product code is F26P1LFDN-00136, operating date is 5/7/12, the selected
machine (actual production) is M2, selected machine (proposed system) is
M35, defective parts (actual) is included of 65 pieces of short shot and 4
pieces of black dot.

Product code F26P1LFDN-00136 had operated on M2 (Actual
production) and 65 pieces of short shot are occurred. After running of the
proposed system, M35 had selected for this job. Due to this job requires 30
tons of clamping force for injection, M2 has 55 tons of maximum
clamping force and M35 has 50 tons of maximum clamping force.
Therefore, both machines were having enough capacity to handle it. The
reduction of short shot parts could not be assumed. We assumed that 82
pieces of short shot are not removed. In opposite, product color of this job
is white while the last injection in June of M2 (the proposed system calls

M9) used grey material. The proposed system recommended the better
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machine with M35 (or M5) which had operated with white material in
June. Thus, we assumed that 4 pieces of black dot would be reduced to 0.

Table 5.11 Results of the machine selection and the defect reduction by the proposed

system in July

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives
(Actual Before After Short Black Short Black
Production) | Conversion | Conversion Shot Dot Shot Dot
3/7/12 EE57LFTC604812 M1 M6 M1 82 9 - -
5/7/12 F26P1LFDN-00136 M2 M5 M35 65 4 - 4
5/7/12 F26P1LFDN-00128 M34 M5 M35 60 - - -
5/7/12 | P537ASB M35 M5 M35 25 - - -
6/7/12 F26P1LFDN-00136 M2 M3 M33 129 35 - -
6/7/12 P537ASB M35 M5 M35 24 14 - -
71712 F26P1LFDN-00136 M2 M3 M33 160 13 - -
7/7/12 | P537ASB M35 M5 M35 38 13 - -
9/7/12 | F26P1LFDN-00136 M2 M3 M33 53 12 - 12
9/7/12 | PU1AS16(32) M31 M10 M31 147 - - -
9/7/12 | EE57LFTC510712 M34 M3 M33 6 - - -
9/7/12 | P537ASB M35 M5 M35 4 30 - -
10/7/12 | EE57LFTC604812 M2 M6 M1 5 - - -
10/7/12 | PU1AS16(32) M31 M10 M31 54 - - -
10/7/12 | P537ASB M35 M5 M35 - 17 - -
11/7/12 | PU1AS16(32) M31 M10 M31 3 - - -
11/7/12 | P537ASB M35 M5 M35 119 45 - -
12/7/12 | 00-54016 M2 M9 M2 - 20 - -
12/7/12 | PU1AS16(32) M31 M10 M31 421 - - -
12/7/12 | P537ASB M35 M5 M35 60 171 - -
13/7/12 | PU1AS16(32) M31 M10 M31 152 - - -
13/7/12 | P537ASB M35 M5 M35 32 50 - -
14/7/12 | PU1AS16(32) M31 M10 M31 295 - - -
14/7/12 | P537ASB M35 M5 M35 367 116 - -
15/7/12 | PU1AS16(32) M31 M10 M31 334 - - -
16/7/12 | PU1AS16(32) M31 M10 M31 509 - - -
16/7/12 | PU5S3AS7B M35 M3 M33 15 - - -
17/7/12 | P5511410098 M2 M9 M2 8 - - -
17/7/12 | PU1AS16(32) M31 M10 M31 283 - - -
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Table 5.11 Results of the machine selection and the defect reduction by the proposed
system in July (Cont.)

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives
(Actual Before After Short Black Short Black

Production) | Conversion | Conversion Shot Dot Shot Dot

17/7/12 | PUS3AS7B M35 M3 M33 34 - - -
18/7/12 | P5511410098 M2 M9 M2 111 - - -
18/7/12 | PU1AS16(32) M31 M10 M31 728 - - -
18/7/12 | PU53AS7B M35 M3 M33 118 - - -
19/7/12 | P5511410098 M2 M9 M2 89 - - -
19/7/12 | PU1AS16(32) M31 M10 M31 675 - - -
19/7/12 | PU53AS7B M35 M3 M33 26 - - -
20/7/12 | P5511410098 M2 M9 M2 1 - - -
20/7/12 | PU1AS16(32) M31 M10 M31 197 - - -
21/7/112 | PU1AS16(32) M31 M10 M31 1,882 - - -
23/7/112 | PU1AS16(32) M31 M10 M31 1,942 - - -
24/7/12 | P5511410098 M2 M9 M2 34 - - -
24/7/12 | PU1AS16(32) M31 M10 M31 561 - - -
25/7/12 | PU1AS16(32) M31 M10 M31 664 - - -
25/7/12 | EE33LFTC802011 M34 M3 M33 2 - - -
26/7/12 | IH55LFMP066-02 M1 M7 M4 - 501 - -
26/7/12 | PU1AS16 M31 M10 M31 274 - - -
26/7/12 | EE33LFTC802001 M35 M3 M33 15 - - -
27/7/12 | IH55LFMP066-02 M1 M7 M4 - 157 - -
27/7/12 | PU1AS16 M31 M10 M31 2,611 - - -
28/7/12 | EE33LFTC802031 M1 M7 M4 - 10 - -
28/7/12 | PU1AS16 M31 M10 M31 1,218 - - -
30/7/12 | PU1AS16 M31 M10 M31 2,192 - - -
30/7/12 | R411LFTH24263C M33 M3 M33 11 - - -
31/7/12 | PU1AS16 M31 M10 M31 - 1,762 - -
Total 16,835 | 2,979 0 16
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Table 5.12 Results of the machine selection and the defect reduction by the proposed

system in August

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives
(Actual Before After Short Black Short Black
Production) | Conversion | Conversion Shot Dot Shot Dot
1/8/12 EE57LFTC510712 M2 M9 M2 5 - - -
2/8/12 EE57LFTC510712 M2 M9 M2 2 - - -
3/8/12 EE57LFTC510712 M2 M9 M2 6 - - -
3/8/12 R411LFTH23826C M1 M7 M4 4 - - -
6/8/12 EE57LFTC510712 M2 M9 M2 17 - - -
6/8/12 R411LFTH23826C M1 M7 M4 - 42 - 42
7/8/12 PD1AS29L M31 M10 M31 - 26 - -
7/8/12 EE57LFTC510712 M2 M9 M2 14 - - -
15/8/12 | E26POLFBJ-02063 M4 M6 M1 - 16 - -
7/8/12 R411LFTH23826C M1 M7 M4 - 32 - 32
7/8/12 R411LFTH23857B M34 M6 M1 97 - - -
8/8/12 P12AS8AL M31 M10 M31 - 10 - -
8/8/12 EE57LFTC510712 M2 M9 M2 1 - - -
9/8/12 P12AS8AL M31 M10 M31 - 8 - -
9/8/12 PD1AS28AL M31 M10 M31 - 6 - -
9/8/12 F26P1LFDN-00145 M34 M1 M5 37 - - -
10/8/12 | F26P1LFDN-00134 Mo1 M7 M4 2 - - -
10/8/12 | F26P1LFDN-00136 M4 M5 M35 13 26 - -
10/8/12 | U41PC5B M31 M11 M32 6 - - -
10/8/12 | EE33LFTC905315 M1 M7 M4 - 50 - 50
11/8/12 | F26P1LFDN-00136 M4 M5 M35 15 1 - -
11/8/12 | U41PC5B M31 M11 M32 2 - - -
11/8/12 | EE33LFTC905315 M1 M7 M4 - 90 - 90
13/8/12 | K41PC5B M31 M11 M32 - 19 - 19
13/8/12 | R411LFTH23829C M34 M3 M33 34 - - -
14/8/12 | 563DR-W M35 M5 M35 - 19 - -
14/8/12 | EE33LFTC905315 M1 M7 M4 - 34 - 34
14/8/12 | R411LFTH23829C M34 M3 M33 59 - - -
15/8/12 | P-984DZ7A M2 M9 M2 - 14 - -
15/8/12 | P-984DZ7B M2 M9 M2 - 14 - -
15/8/12 | EE33LFTC905315 M1 M7 M4 - 10 - 10
15/8/12 | EE33LFTC905511 M1 M7 M4 - 10 - 10
16/8/12 | D159AS M31 M10 M31 8 - - -
16/8/12 | EE33LFTC905511 M1 M7 M4 11 10 - 10
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Table 5.12 Results of the machine selection and the defect reduction by the proposed

system in August (Cont.)

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives

(Actual Before After Short Black Short Black

Production) | Conversion | Conversion Shot Dot Shot Dot

17/8/12 | EE33LFTC905315 M1 M7 M4 15 16 - 10
17/8/12 | 562573 M34 M7 M4 11 - - -
18/8/12 | F26P1LFDN-0095 M35 M10 M31 2 - - -
21/8/12 | F26P1LFDN-0095 M35 M10 M31 - 3 - -
22/8/12 | F26P1LFDN-00128 M34 M5 M35 40 762 - -
23/8/12 | PU1AS59 M31 M10 M31 1 - - -
24/8/12 | F26P1LFDN-00128 M34 M5 M35 14 7 - -
24/8/12 | KN66JFSA M32 M11 M32 19 18 - -
25/8/12 | PD1AS28AL M31 M10 M31 - 16 - -
25/8/12 | KN66JFSA M32 M11 M32 146 - - -
28/8/12 | PULAS28AL M31 M10 M31 28 - - -
28/8/12 | F26P1LFDN-00095 M35 M11 M32 - 11 - -
28/8/12 | KNG6JFSA M32 M11 M32 45 5 - -
29/8/12 | R411LFTH23828F M35 M8 M3 20 - - -
30/8/12 | R411LFTH23828F M35 M8 M3 2 - - -

Total 676 | 1,275 0 313

Table 5.13 Results of the machine selection and the defect reduction by the proposed

system in September

Date Product Code Selected Selected Machine Defectives Reduced

Machine (Proposed system) (Actual) Defectives

(Actual Before After Short Black Short Black

Production) | Conversion | Conversion Shot Dot Shot Dot
1/9/12 PU1AS16 M31 M10 M31 925 - - -
3/9/12 PU1AS16 M31 M10 M31 100 - - -
3/9/12 R411LFTH23829C M34 M3 M33 49 - - -
4/9/12 PU1AS16 M31 M10 M31 8 - - -
4/9/12 PU1AS16 M31 M10 M31 665 - - -
Total 1,747 0 0 0
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Table 5.14 Results of the machine selection and the defect reduction by the proposed
system in October

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives
(Actual Before After Short Black | Short | Black

Production) | Conversion | Conversion Shot Dot Shot Dot

1/10/12 | P-203AC451 M31 M11 32 - 6 - 6
2/10/12 | P-203AC451 M31 M11 32 - 13 - 13
3/10/12 | P-203AC451 M31 M11 32 - 6 - 6
4/10/12 | EE57LFTC605511 M33 M3 33 - 30 - -
5/10/12 | PU-4AS3A M32 M11 32 11 - - -
5/10/12 | EE57LFTC605511 M33 M3 33 8 248 - -
6/10/12 | PU-4AS3A M32 M11 32 - 601 - -
8/10/12 | PU-4AS3A M32 M11 32 4 223 - -
9/10/12 | PU-4AS3A M32 M11 32 - 20 - -
11/10/12 | PU-4AS3A M32 M11 32 40 - - -
11/10/12 | PD12AS8 M32 M11 32 55 15 - -
11/10/12 | EE57LFTC605511 M33 M3 33 - 105 - -
12/10/12 | R411LFTH23829C M2 M3 33 10 - - -
12/10/12 | F26P1LFDN-00277 M31 M10 31 35 - - -
12/10/12 | PD12AS8 M32 M11 32 - 239 - -
12/10/12 | EE57LFTC604812 M33 M7 4 270 - - -
13/10/12 | R411LFTH23829C M2 M3 33 14 - - -
13/10/12 | PD12AS8 M32 M11 32 - 290 - -
13/10/12 | EE57LFTC604812 M33 M7 4 10 10 - -
15/10/12 | PD12AS8 M32 M11 32 - 40 - -
15/10/12 | P128AS M32 M10 31 - 11 - 11
17/10/12 | PU1AS16 M31 M10 31 60 2 - -
18/10/12 | 1551P410098 M2 M9 2 53 - - -
18/10/12 | PU1AS16 M31 M10 31 10 - - -
18/10/12 | P15AS8 M32 M11 32 - 5 - -
19/10/12 | 1551P410098 M2 M9 2 8 - - -
19/10/12 | PU1AS16 M31 M10 31 2 - - -
19/10/12 | P159AS M32 M11 32 32 10 - -
19/10/12 | EES7LFTC604812 M33 M7 4 - 10 - -
20/10/12 | PU1AS16 M31 M10 31 - 13 - -
20/10/12 | P159AS M32 M11 32 - 151 - -
23/10/12 | PU1AS16 M31 M10 31 49 - - -
23/10/12 | P159AS M32 M11 32 - 214 - -
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Table 5.14 Results of the machine selection and the defect reduction by the proposed
system in October (Cont.)

Date Product Code Selected Selected Machine Defectives Reduced

Machine (Proposed system) (Actual) Defectives

(Actual Before After Short Black | Short | Black

Production) | Conversion | Conversion Shot Dot Shot Dot
24/10/112 | PU1AS16 M31 M10 31 7 1 - -
24/10/12 | P159AS M32 M11 32 6 55 - -
25/10/112 | PU1AS16 M31 M10 31 - 3 - -
25/10/112 | PU1AS59 M32 M10 31 6 - - -
25/10/12 | R411LFTH23887B M34 M8 3 - 51 - -
26/10/12 | PU1AS16 M31 M10 31 147 - - -
26/10/12 | P129AS M32 M11 32 58 93 - -
26/10/12 | R411LFTH23887B M34 M8 3 - 5 - -
27/10/12 | P129AS M32 M11 32 - 230 - -
29/10/12 | PU1AS16 M31 M10 31 13 3 - -
29/10/12 | P-203AC451 M31 M11 32 - 31 - 31
29/10/112 | P129AS M32 M11 32 - 126 - 126
29/10/12 | R411LFTH23887B M34 M8 3 - 5 - -
30/10/12 | P-203AC451 M31 M11 32 - 61 - 61
30/10/12 | P129AS M32 M11 32 - 10 - -
30/10/12 | D159AS M32 M11 32 - 80 - -
31/10/12 | P-203AC451 M31 M11 32 - 70 - 70

Total 908 3,086 0 324

Table 5.15 Results of the machine selection and the defect reduction by the proposed

system in November

Date Product Code Selected Selected Machine Defectives Reduced

Machine (Proposed system) (Actual) Defectives

(Actual Before After Short Black Short Black

Production) | Conversion | Conversion Shot Dot Shot Dot
1/11/12 P158AS M31 M11 32 41 - - -
2/11/12 P158AS M31 M11 32 - 35 - 35
3/11/12 P158AS M31 M11 32 - 57 - 57
5/11/12 | TO22PL70RT-1 M2 M9 2 - 503 - -
5/11/12 P158AS M31 M11 32 2 5 - 5
5/11/12 P157AS M31 M11 32 - 9 - 9
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Table 5.15 Results of the machine selection and the defect reduction by the proposed
system in November (Cont.)

Date Product Code Selected Selected Machine Defectives Reduced
Machine (Proposed system) (Actual) Defectives
(Actual Before After Short Black | Short | Black
Production) | Conversion | Conversion Shot Dot Shot Dot
6/11/12 | 5511410098 M1 M9 2 6 - - -
6/11/12 | TO22PL70RT-1 M2 M9 2 - 31 - -
7/11/12 | 562173-02 M2 M9 2 2 - - -
7/11/12 P157AS M31 M11 32 2 - - 31
9/11/12 | A024(12)PC60RT-1 M2 M9 2 - 12 - 126
10/11/12 | EE57LFTC605511 M33 M3 33 - 39 - -
12/11/12 | EE57LFTC605511 M33 M3 33 - 201 - 61
Total 53 892 6 106

5.5.6 Calculation of the probability of having defective parts from
machines that had not reassigned

As the assumption of zero defective in the reassigned machine, the
estimation should consider the amount of defectives that regularly occurs although the
good machine was selected. The probability of defective parts is the answer. In this
case, probability of short shot and black dot parts were calculated from the collections
of data during five months.

Probability of having short shot parts from machines that had not

reassigned
_ No.of shortshot partsfrom the right machine in July
Number of totalshort shot parts
and
Probability of having black dot parts from machines that had not
reassigned

_ No.of black dot partsfrom the right machine in July
Number of total black dot parts

From Table 5.11, 5.12, 5.13, 5.14 and 5.15, total short shot and black dot
part could be calculated as follow;
= 16,835+ 676 + 1,747 + 908 + 53
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= 20,219 pieces of short shot
and
=2,979 +1,275+ 0 + 3,086 + 892

= 8,232 pieces of black dot

Table 5.16 shows the number of short shot part from the machine have not
reassigned (Actual = Proposed system) and the machine have reassigned (Actual #
Proposed system). The reduced parts by the proposed system were six pieces in
November while the other months were zero. These zero part indicates that the
proposed system can selected the machine very similar to those by the current system.
For black dot parts investigation, Table 5.17, the reduced parts made by the proposed
system are higher than short shot. These results support that the proposed system can
be used to find out the more appropriate machines than the current system. However,
the probability of having defective part had been calculated within these tables for
more realistic of our approach. The calculation method will be displayed in the next

topic.

Table 5.16 Monthly summary of probability of having short shot parts from machines

that had not reassigned

Month Defective parts Defective parts Reduced defective Probability
(Actual = (Actual # parts by the
Proposed system) | Proposed system) proposed system

July 16,147 688 0 0.799
August 284 384 0 0.014
September 1,698 49 0 0.084
October 598 310 0 0.030
November 2 51 6 9.89x 10°
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Month Defective parts Defective parts Reduced defective Probability
(Actual = (Actual £ parts by the
Proposed system) | Proposed system) proposed system
July 2,247 732 16 0.273
August 122 1,153 313 0.015
September 0 0 0 0
October 2,681 405 324 0.030
November 786 106 106 0.095

Table 5.18 and 5.19 show the percentage of jobs that the selected machine
by the proposed system same as planner. There are the numbers of job that the
proposed system could select similar with planner exceeded to 70.37%, 66%, 53.85%,
40.82% and 20% in July, October, November, August and September respectively.
The high percentages of defective part and jobs when the reassigned machine same as
the actual shows the proposed system worked well in July, October and November.
And the low percentages do not indicate the bad performance of the proposed system
but the proposed system assigned the better machines to those jobs at the same
machine size. These machines provide the same of clamping force but lower risk of
material contamination. Thus, short shot parts are not reduced like the black dot parts

in August and September.
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Table 5.18 Monthly summaries of percentages of jobs and defective parts of short shot
produced from the reassigned machines same as the actual machines

Month Defective All Reduced No. of % Defective | % Jobs
parts defective defective jobs parts (Actual | (Actual =
(Actual = parts parts by the | (Actual = | =Proposed | Proposed
Proposed proposed Proposed system) system)
system) system system)
July 16,147 16,835 0 38 95.91 70.37
August 284 676 0 20 42.01 40.82
September 1,698 1,747 0 4 97.20 20
October 598 908 0 33 65.86 66
November 2 53 6 7 3.77 53.85

Table 5.19 Monthly summaries of percentages of jobs and defective parts of black dot

produced from the reassigned machines same as the actual machines

Month Defective All Reduced No. of % Defective | % Jobs
parts defective defective jobs parts (Actual | (Actual =
(Actual = parts parts by the | (Actual = | =Proposed | Proposed
Proposed proposed Proposed system) system)
system) system system)
July 2,247 2,979 16 38 75.43 70.37
August 122 1,275 313 20 9.57 40.82
September 0 0 0 4 0 20
October 2,681 3,086 324 33 86.88 66
November 786 892 106 7 88.12 53.85

5.5.7 The estimation of the residual defective parts after using the
proposed system and performance measurement
The residual defective parts can be calculated as follows;
= (No. of defective parts of short shot in July — No. of reduced
defectives) + (No. of short shot parts from the right machine
in July x Probability of having short shot parts from machines
that had not reassigned)
= (16,835 — 0) + (16,147 x 0.799)
= 29,048.45 = 29,048 pieces
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Then, % reduction of defective part can be calculated as follows;
Example:
The % reduction of defective part of short shot in July
= [(No. of defective parts after using proposed system — No. of
defective parts before using proposed system) / No. of
defective parts before using proposed system] x 100
= [(29,048 - 16,835) / 16,835] x 100 = 72.55%

As the calculated result, the percentage of reduced short shot was positive
that mean the new assignment could not reduce the percentage of short shot parts in
July. The same results could be gained by other months. However, the percentage of
short shot parts would be decreased around 11.32 in November. For the reason why a
huge short shot part in July were increased after applying of the proposed system,
because the probability of having short shot parts from machines that have not
reassigned was higher than other months. For the black dot parts, the percentage of
defective parts could be decreased to 24.47 and 3.48 in August and November. All

results are summarized in Table 5.20.

Table 5.20 The summary of %reduction of short shot and black dot parts estimation

after applying the proposed system from July to November 2012

Month Short shot (pieces) Black dot (pieces)
Before | After A % Before After A %
July 16,835 | 29,048 | 12,213 72.55 2,979 3,576 597 20.04
August 676 679 3 0.0044 1,275 963 -312 -24.47
September 1,747 1,890 143 8.19 0 0 0 0.00
October 908 925 17 1.87 3,086 3,635 549 17.79
November 53 47 -6 -11.32 892 861 -31 -3.48

From Table 5.18, after applying the probability to the calculation in some
month, the defective part seemed to be increased. These results were affected by other
causes which have not concerned to machine selection criteria. In other word, errors of

selecting the machine are not only factor that influences on short shot or black dot
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formation. Hence, although good machine had been selected by our proposed system
but some defective parts still occurred. Figure 5.11 and 5.12 are the causes of short
shot and black dot parts in other factors (e.g. mold, man and method). These diagrams

support the above statements. Therefore, the implementation of the proposed system,

plastic manufacturers should consider these
cover all defects.
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5.6 Summary

As the research objectives, this study aims to develop the injection
molding machine selection system on MATLAB and improve the efficiency of the
machine selection method that influences on computational time and defect reduction
as well. As the results, this chapter has contributed to the analysis of computational
time reduction as elapsed time comparison between the current machine selection
system and the injection molding machine selection system. Under the current system,
the average elapsed time in machine selection process has exceeded to 63.45 seconds
per a job and the elapsed time by the planner would be increased twice if the second
job had been started. Moreover, this process also caused the uncertainty of time which
has been exhibited by 26.79 of standard deviation value. On the other hand, the
proposed system could maintain its computational time. Although more than 50 jobs
had applied to the system, the overall computational time was just a few seconds. The
perspective for defect reduction has also analyzed. The calculation had used to
substitute actual testing in the plastic industry case study to estimate the residual
defective parts after applying of the proposed system. In November, short shot parts
may be reduced 11.32% if our system is applied. But there were short shot parts
increasing in other months caused by the probability value of having short shot from
machines that have not reassigned. Same as the black dot parts, there were defective
parts increasing when the proposed system had applied in July and October. However,
these defective parts seemed to be decreased to 24.47% and 3.48% in August and
November respectively. Meanwhile, there was no change in September. These results
show the possibility of more defect reduction if the reassigned machines are increased.
The percentages of jobs and defective parts that are selected by the proposed system
are the same as a planner. It indicates that the proposed system could provide a logical
machine selection method similar to the current system. But, there are other factors
which do not involve to our selection criteria. In other word, errors of selecting the
machine are not only a factor that influences on short shot or black dot formation. Our
criteria are not enough to reduce all defects. Thus, although a good machine had been
selected by this system but some defective parts still occurred. Therefore, the
implementation of the proposed system, plastic manufacturers should investigate other

concerned factors for modifying their system to cover all requirements.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

This research has studied the development of the automated machine
selection system by using fuzzy logic for the plastic injection industry. The major
objectives aim to develop the injection molding machine selection system on
MATLAB and also to improve the efficiency of the machine selection method in the
plastic industry on computational time and defective reduction perspectives. Owing to
the fact that effective machine-job assignment is the important issue in injection
molding industry. There are common defects caused by inappropriate machine such as
black streaking, burn mark, color fading, short shot, etc. Generally, the assignment of
the right machine to the right job is done by the experienced planner or an expert. The
lower skilled officer can risks inappropriate machine using. In according to handle this
situation, having the decision support system is a good choice to enhance the current
planning process and decrease human errors with high precision, repeatability, and
time saving. Due to the property of fuzzy logic in practice, this study had applied it to
develop the injection molding machine selection system.

The process began with the determination of observation and identification
problem on shop-floor to collect existing planning operations flowchart, machine
selection criteria (e.g. clamping force, distance between tie bars, short weight, product
color, and material grade), machine information and specification (related to machine
selection criteria), and also monthly defective quantity from July to November 2012.
The 11 injection molding machines were used to construct fuzzy inference system.
Their range are varied from 30 to 75 tons of machine size with different tie bars and
short weight. After that, machine selection framework had been designed. The
proposed system is composed of two major systems that are the Fuzzy Inference
System (FIS) and System Il. The first system aims to find out of the right machine
group for jobs and another aims to identify the most suitable machine for job within a

machine group. FIS system had constructed by four fuzzy sets of machine selection
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criteria which are clamping force, distance between tie bar X, distance between tie bar
Y and short weight. Fuzzy sets of one output which is machine group had determined.
These fuzzy sets of four inputs could generate 384 fuzzy rules. System Il obtains the
final answer. It is logic of selecting the most suitable machine by concerning of
product color and material grade. MATLAB has been used as a system development
platform and had been tested in basis of verification and validation of software.

The proposed system can improve the machine selection method
obviously. Elapsed time of machine selection process has been reduced from 63.45
seconds to 0.01 second per job. Elapsed time by a planner would be increased twice if
the second job had been started. Moreover, this process also caused the uncertainty of
time which has been computed by 26.79 of standard deviation value. On the other
hand, the proposed system could maintain its computational time. Although more than
50 jobs had applied to the system, the overall computational time was just a few
seconds.

The perspective for defective reduction has also analyzed. The calculation
approach had used to analyze the residual defective parts after applying of the
proposed system instead of actual testing in a plastic industry case study. From
defective historical data during July, August, September, October and November
2012, defects that having cumulative percentage at least 80% have been selected to
test the system. In November, short shot parts may be reduced at 11.32% if our system
was applied. However, there were short shot parts increasing in other months caused
by the probability value of having short shot from machines that have not reassigned.
Same as the black dot parts, there were defective parts increasing when the proposed
system had applied in July and October. These defective parts seemed to be decreased
to 24.47% and 3.48% in August and November respectively. Meanwhile, there was no
changed in September. From the results that have mentioned, there is possibility of
defect reduction if the reassigned machines were increased. Nevertheless, the
increased parts shows that the errors of selecting the machine are not only factor that
influences on short shot or black dot formation. Hence, good machine had been
selected by our proposed system but some defective parts still occurred. Therefore, the
implementation of the proposed system, plastic manufacturers should consider these

factors for modification their system to cover all defects. The implementation in other
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plastic manufacturers should consider their machine selection operations and criteria
particularly. Due to, the priority of their criteria are generally different and number of
injection molding machine as well. Having not a lot of machines, some manufacturers
can limit their fuzzy rules and number of system unit another one whilst have to carry
on more huge system.

However, the results of the percentages of jobs and defective parts that the
selected machine by the proposed system same as a planner indicated that the
proposed system could provide machine selection logical similar to the current system
in the plastic industry case study. The proposed system is the practical decision
support tool for selecting injection molding machine in the plastic industry.

This study has been developed with the same sets of machine selection
criteria since 2012. Our study had used only six priority selection criteria to be the
case-study and illustrated fuzzy logic concept application for injection molding
machine selection. There are some other criteria that still be used in actual production
such as screw diameter, labor, etc. Thus, a user should consider updating of the
software operations along with changing criteria. Fuzzy inference system toolbox
provides the revising the software with practicable, realistic, visible graphical user
interface and safer time. Unfortunately, broad applications may be limited caused by
high investment of licensed MATLAB program.
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APPENDIX B
INJECTION MOLDING MACHINE SPECIFICATION

This research had selected 11 of 35 injection molding machines from the
plastic industry case study. These machine sizes are included of 30 to 650 tons. Table
A.1 presents the collected data on all 35 injection molding machines from the plastic

industry case study.

Table B.1 The 35 injection molding machines from the plastic industry case study

M/c Machine Clamping Distance Between Tie Shot Weight (g)
No. Force (Ton) Bars (mm)
1 | JSW J50ElN 50 310x310 56
2 | JSW J55EI 55 310x310 23
3 | NIGATA NN50E 50 310x300 60
4 | TOSHIBA IS50EP-1.5A 50 310x310 56
5 | TOSHIBA IS30EPN-1Y 30 260x260 28
6 | JSWJ30ED 30 260x260 28
7 MEIKI 650T. 650 945x945 2225
8 | TOSHIBA 550T. 550 880x880 1400
9 | JSWJ350 ElI 350 730x730 810
10 | JSW J350 ElI 350 730x730 810
11 | JSW J280 ElI 280 630x630 810
12 | TOSHIBA IS 80 G-2A 80 375x375 105
13 | TOSHIBA IS 80 ENP-5A 80 375x375 105
14 | TOSHIBA 1S100 E 100 410x410 150
15 | TOSHIBA 1S100 EN-3A 100 410x410 150
16 | JSWJ110 ELII 110 410x410 160
17 | TOSHIBA 1S100 G-3A 100 410x410 150
18 | TOSHIBA 1S130 G-5A 130 510x460 230
19 | SUMITOMO SG150 C450M 150 510x510 191
20 | TOSHIBA 1S170 GN-7A 170 560x510 325
21 | HAITIAN HTF 200X 200 510x510 375
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Table B.1 The 35 injection molding machines from the plastic industry case study
(Cont.)

M/c Machine Clamping Distance Between Tie Shot Weight (g)
No. Force (Ton) Bars (mm)

22 | TOSHIBA 15220 GN-10A 220 610x560 450
23 | HAITIAN HTF 250X 250 570x570 487
24 | TOSHIBA 650 650 950x950 2225
25 | HWE 880 KN-F3 80 320x320 50
26 | HWE 1200 KN-F3 120 395x365 150
27 | HWE 1200 KN-F3 120 396x365 150
28 | HWE 2380 KN-F4 240 525x520 480
29 | NIIGATA 100 400x400 130
30 | NIIGATA 100 400x400 130
31 | NIIGATA 75 350x380 100
32 | NIIGATA 75 350x380 100
33 | NIIGATA 50 300x300 45
34 | NIIGATA 50 300x300 45
35 | NIIGATA 50 300x300 45
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APPENDIX C
FUZZY RULES

There are all 384 of fuzzy inference rules in MCselection.fis file. All rules

are as follows:

1. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G1) (1)

2. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G1) (1)

3. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G1) (1)

4. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G1) (1)

5. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G1) (1)

6. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

7. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G1) (1)

8. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G1) (1)

9. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G1) (1)

10. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Medium) then (MCgroup is G1) (1)

11. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is High) then (MCgroup is G1) (1)
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12. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

13. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Veryverylow) then (MCgroup is G1) (1)

14. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Verylow) then (MCgroup is G1) (1)

15. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Low) then (MCgroup is G1) (1)

16. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Medium) then (MCgroup is G1) (1)

17. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is High) then (MCgroup is G1) (1)

18. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

19. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Veryverylow) then (MCgroup is G1) (1)

20. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Verylow) then (MCgroup is G1) (1)

21. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Low) then (MCgroup is G1) (1)

22. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Medium) then (MCgroup is G1) (1)

23. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is High) then (MCgroup is G1) (1)

24. If (ClampingForce is Verylow) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

25. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G1) (1)

26. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G1) (1)

27. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G1) (1)
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28. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G1) (1)

29. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G1) (1)

30. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

31. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G1) (1)

32. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G1) (1)

33. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G1) (1)

34. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G1) (1)

35. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G1) (1)

36. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G1) (1)

37. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G1) (1)

38. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G1) (1)

39. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G1) (1)

40. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G1) (1)

41. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G1) (1)

42. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G1) (1)

43. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G1) (1)
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44. 1f (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G1) (1)

45. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G1) (1)

46. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G1) (1)

47. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G1) (1)

48. If (ClampingForce is Verylow) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G1) (1)

49. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Veryverylow) then (MCgroup is G2) (1)

50. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Verylow) then (MCgroup is G2) (1)

51. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Low) then (MCgroup is G2) (1)

52. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Medium) then (MCgroup is G2) (1)

53. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is High) then (MCgroup is G2) (1)

54. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Veryhigh) then (MCgroup is G2) (1)

55. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Veryverylow) then (MCgroup is G2) (1)

56. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Verylow) then (MCgroup is G2) (1)

57. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Low) then (MCgroup is G2) (1)

58. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Medium) then (MCgroup is G2) (1)

59. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is High) then (MCgroup is G2) (1)
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60. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Veryhigh) then (MCgroup is G2) (1)

61. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Veryverylow) then (MCgroup is G2) (1)

62. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Verylow) then (MCgroup is G2) (1)

63. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Low) then (MCgroup is G2) (1)

64. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Medium) then (MCgroup is G2) (1)

65. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is High) then (MCgroup is G2) (1)

66. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Veryhigh) then (MCgroup is G2) (1)

67. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

68. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

69. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Low) then (MCgroup is G6) (1)

70. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Medium) then (MCgroup is G6) (1)

71. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is High) then (MCgroup is G6) (1)

72. If (ClampingForce is Verylow) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

73. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

74. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

75. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G6) (1)
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76. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G6) (1)

77. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G6) (1)

78. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

79. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

80. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

81. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

82. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

83. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)

84. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

85. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

86. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

87. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G6) (1)

88. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G6) (1)

89. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G6) (1)

90. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

91. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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92. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

93. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

94. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

95. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

96. If (ClampingForce is Verylow) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

97. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G2) (1)

98. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G2) (1)

99. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G2) (1)

100. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G2) (1)

101. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G2) (1)

102. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G2) (1)

103. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G3) (1)

104. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G3) (1)

105. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G3) (1)

106. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G3) (1)

107. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G3) (1)
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108. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G3) (1)

109. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G3) (1)

110. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G3) (1)

111. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G3) (1)

112. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G3) (1)

113. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G3) (1)

114. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G3) (1)

115. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

116. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

117. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

118. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

119. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

120. If (ClampingForce is Low) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

121. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Veryverylow) then (MCgroup is G2) (1)

122. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Verylow) then (MCgroup is G2) (1)

123. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Low) then (MCgroup is G2) (1)
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124. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Medium) then (MCgroup is G2) (1)

125. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is High) then (MCgroup is G2) (1)

126. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Veryhigh) then (MCgroup is G2) (1)

127. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G2) (1)

128. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G2) (1)

129. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G2) (1)

130. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G2) (1)

131. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G2) (1)

132. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G2) (1)

133. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Veryverylow) then (MCgroup is G3) (1)

134. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Verylow) then (MCgroup is G3) (1)

135. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Low) then (MCgroup is G3) (1)

136. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Medium) then (MCgroup is G3) (1)

137. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is High) then (MCgroup is G3) (1)

138. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Veryhigh) then (MCgroup is G4) (1)

139. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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140. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

141. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

142. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

143. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

144. If (ClampingForce is Low) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

145. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G4) (1)

146. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G4) (1)

147. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G4) (1)

148. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G4) (1)

149. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G4) (1)

150. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G4) (1)

151. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G4) (1)

152. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G4) (1)

153. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G4) (1)

154. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G4) (1)

155. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G4) (1)
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156. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G4) (1)

157. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G3) (1)

158. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G3) (1)

159. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G3) (1)

160. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G3) (1)

161. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G3) (1)

162. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G3) (1)

163. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

164. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

165. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

166. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

167. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

168. If (ClampingForce is Low) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

169. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

170. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

171. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Low) then (MCgroup is G6) (1)



Fac. of Grad. Studies, Mahidol Univ. M.Eng. (Industrial Engineering) / 243

172. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Medium) then (MCgroup is G6) (1)

173. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is High) then (MCgroup is G6) (1)

174. 1f (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

175. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

176. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

177. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

178. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

179. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)

180. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

181. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

182. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

183. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Low) then (MCgroup is G6) (1)

184. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Medium) then (MCgroup is G6) (1)

185. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is High) then (MCgroup is G6) (1)

186. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

187. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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188. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

189. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

190. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

191. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

192. If (ClampingForce is Low) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

193. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

194. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is Verylow) then (MCgroup is G5) (1)

195. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is Low) then (MCgroup is G5) (1)

196. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is Medium) then (MCgroup is G5) (1)

197. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is High) then (MCgroup is G5) (1)

198. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Verylow) and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

199. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

200. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Verylow) then (MCgroup is G5) (1)

201. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Low) then (MCgroup is G5) (1)

202. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Medium) then (MCgroup is G5) (1)

203. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is High) then (MCgroup is G5) (1)
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204. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is Low)
and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

205. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

206. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Verylow) then (MCgroup is G5) (1)

207. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Low) then (MCgroup is G5) (1)

208. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Medium) then (MCgroup is G5) (1)

209. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is High) then (MCgroup is G5) (1)

210. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is
Medium) and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

211. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

212. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Verylow) then (MCgroup is G5) (1)

213. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Low) then (MCgroup is G5) (1)

214. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Medium) then (MCgroup is G5) (1)

215. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is High) then (MCgroup is G5) (1)

216. If (ClampingForce is Medium) and (TiebarX is Verylow) and (TiebarY is High)
and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

217. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

218. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G5) (1)

219. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G5) (1)
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220. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G5) (1)

221. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G5) (1)

222. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

223. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G5) (1)

224. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G5) (1)

225. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G5) (1)

226. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G5) (1)

227. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G5) (1)

228. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G5) (1)

229. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

230. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G5) (1)

231. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G5) (1)

232. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G5) (1)

233. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G5) (1)

234. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

235. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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236. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

237. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

238. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

239. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

240. If (ClampingForce is Medium) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

241. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

242. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Verylow) then (MCgroup is G5) (1)

243. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Low) then (MCgroup is G5) (1)

244. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Medium) then (MCgroup is G5) (1)

245. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is High) then (MCgroup is G5) (1)

246. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Verylow) and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

247. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

248. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Verylow) then (MCgroup is G5) (1)

249. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Low) then (MCgroup is G5) (1)

250. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Medium) then (MCgroup is G5) (1)

251. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is High) then (MCgroup is G5) (1)
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252. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is Low)
and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

253. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Veryverylow) then (MCgroup is G5) (1)

254. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Verylow) then (MCgroup is G5) (1)

255. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Low) then (MCgroup is G5) (1)

256. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Medium) then (MCgroup is G5) (1)

257. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is High) then (MCgroup is G5) (1)

258. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is
Medium) and (Shotwt is Veryhigh) then (MCgroup is G5) (1)

259. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

260. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

261. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Low) then (MCgroup is G6) (1)

262. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Medium) then (MCgroup is G6) (1)

263. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is High) then (MCgroup is G6) (1)

264. If (ClampingForce is Medium) and (TiebarX is Medium) and (TiebarY is High)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

265. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

266. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

267. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G6) (1)
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268. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G6) (1)

269. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G6) (1)

270. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

271. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

272. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

273. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

274. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

275. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)

276. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

277. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

278. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

279. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G6) (1)

280. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G6) (1)

281. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G6) (1)

282. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

283. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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284. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

285. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

286. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

287. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

288. If (ClampingForce is Medium) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

289. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

290. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

291. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G6) (1)

292. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G6) (1)

293. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G6) (1)

294. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

295. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

296. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

297. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

298. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

299. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)
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300. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

301. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

302. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

303. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G6) (1)

304. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G6) (1)

305. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G6) (1)

306. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

307. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

308. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

309. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

310. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

311. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

312. If (ClampingForce is High) and (TiebarX is Verylow) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

313. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

314. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

315. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Low) then (MCgroup is G6) (1)
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316. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Medium) then (MCgroup is G6) (1)

317. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is High) then (MCgroup is G6) (1)

318. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Verylow) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

319. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

320. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

321. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

322. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

323. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)

324. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

325. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

326. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

327. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Low) then (MCgroup is G6) (1)

328. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Medium) then (MCgroup is G6) (1)

329. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is High) then (MCgroup is G6) (1)

330. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is Medium) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

331. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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332. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

333. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

334. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

335. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

336. If (ClampingForce is High) and (TiebarX is Low) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

337. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

338. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

339. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Low) then (MCgroup is G6) (1)

340. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Medium) then (MCgroup is G6) (1)

341. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is High) then (MCgroup is G6) (1)

342. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Verylow)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

343. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

344. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

345. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

346. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

347. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)
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348. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

349. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Veryverylow) then (MCgroup is G6) (1)

350. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Verylow) then (MCgroup is G6) (1)

351. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Low) then (MCgroup is G6) (1)

352. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Medium) then (MCgroup is G6) (1)

353. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is High) then (MCgroup is G6) (1)

354. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is Medium)
and (Shotwt is Veryhigh) then (MCgroup is G6) (1)

355. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

356. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

357. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

358. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

359. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

360. If (ClampingForce is High) and (TiebarX is Medium) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

361. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

362. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

363. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Low) then (MCgroup is G6) (1)
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364. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Medium) then (MCgroup is G6) (1)

365. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is High) then (MCgroup is G6) (1)

366. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Verylow) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

367. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

368. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

369. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Low) then (MCgroup is G6) (1)

370. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Medium) then (MCgroup is G6) (1)

371. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is High) then (MCgroup is G6) (1)

372. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Low) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

373. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)

374. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

375. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Low) then (MCgroup is G6) (1)

376. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Medium) then (MCgroup is G6) (1)

377. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is High) then (MCgroup is G6) (1)

378. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is Medium) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)

379. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryverylow) then (MCgroup is G6) (1)
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380. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Verylow) then (MCgroup is G6) (1)

381. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Low) then (MCgroup is G6) (1)

382. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Medium) then (MCgroup is G6) (1)

383. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is High) then (MCgroup is G6) (1)

384. If (ClampingForce is High) and (TiebarX is High) and (TiebarY is High) and
(Shotwt is Veryhigh) then (MCgroup is G6) (1)
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Injection molding machine selection system always shows product

specification database which is linked with Product Specification Database.xIsx. Table

D.1 shows all data from that file.

Table D.1 Product specification database

Product Codes Clamping Distance Distance Short Material | Product
Force between Tie between Weight Grade Color
Bar X Tie Bar Y

P5511410098 55 310 310 23 A Black
P00-54016 55 310 310 23 A White
1551P410098 55 310 310 23 A Black
562173-02 55 310 310 23 A Black
562573 50 310 310 56 C Black
563DR-W 50 300 300 45 Cc White
A024(12)PC60RT-1 55 310 310 23 A Black
D159AS 75 350 350 100 A Black
E26POLFBJ-02063 50 310 310 56 A Gray
EE33LFTC802001 50 300 300 45 C Black
EE33LFTC802011 35 300 300 45 C Black
EE33LFTC802031 50 310 310 56 C Clear
EE33LFTC905315 50 310 310 56 C Clear
EE33LFTC905511 50 310 310 56 C Clear
EE57LFTC510712 50 300 300 45 A Black
EE57LFTC604812 50 310 310 56 A White
EE57LFTC605511 50 300 300 45 A White
F26P1LFDN-00095 50 320 320 50 C Gray
F26P1LFDN-00128 50 300 300 45 D White
F26P1LFDN-00134 50 310 310 56 C Clear
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Product Codes Clamping Distance Distance Short Material | Product
Force between Tie between Weight Grade Color
Bar X Tie Bar Y

F26P1LFDN-00136 30 310 310 23 A White
F26P1LFDN-00145 30 260 260 28 C Black
F26P1LFDN-00277 75 350 350 100 A Grey
F26P1LFDN-0095 50 320 320 50 C Gray
F26P1LFDN-136 30 260 260 28 A White
IH55LFMP066-02 50 310 310 56 C Clear
K41PC5B 75 350 380 100 C Clear
KN66JF8A 75 350 380 100 D Clear
P128AS 75 350 350 100 A Grey
P129AS 75 350 350 100 A White
P12A9L 75 350 350 100 A Black
P12AS8AL 75 350 350 100 A Gray
P157AS 75 350 380 100 C White
P158AS 75 350 380 100 C White
P159AS 75 350 350 100 A White
P15AS8 75 350 350 100 A White
P-203AC451 75 350 380 100 C White
P537ASB 50 300 300 45 A White
P5511410098 55 310 310 23 A Black
P-984DZ7A 55 310 310 23 A Clear
PD12AS8 75 350 350 100 A Clear
PD1AS28AL 75 350 350 100 A Gray
PD1AS29L 75 350 350 100 A Black
PU1AS16 75 350 350 100 A Black
PU1AS16(32) 75 350 380 100 A Black
PU1AS28AL 75 350 350 100 A Black
PU1AS59 75 350 350 100 A Black
PU-4AS3A 75 350 380 100 C White
PUS3AS7B 50 300 300 45 A Black
R411LFTH23826C 50 310 310 56 C Clear
R411LFTH23828F 50 310 300 60 D Black
R411LFTH23829C 50 300 300 45 C Black
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Product Codes Clamping Distance Distance Short Material | Product
Force between Tie between Weight Grade Color
Bar X Tie Bar Y

R411LFTH23857B 50 310 310 56 D Black
R411LFTH23887B 50 310 310 56 C Clear
R411LFTH24263C 30 260 260 28 A Black
T022PL70RT-1 55 310 310 23 A Black
U41PC5B 75 350 380 100 C Clear
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