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Abstract: Product quality is an important issue in all manufacturing industry nowadays
to meet the customers’ requirement. In this regard, most of the factory has a special
department namely Quality Control (QC) Department which control the product quality.
The studied factory is a flexible printed circuit board manufacturer which is located in
Bayan Lepas, Pulau Pinang, Malaysia. QC Department of the studied factory has high
amount of work-in-progress (WIP). Therefore, the products have to be sent out to sub-
contractors for quality inspection. However, this method is not economically effective.
Hence, the objective of this study was to develop an improved inspection method which will
reduce the overall inspection time of the current inspection method (CIM). By reducing
the inspection time, productivity of the department will increase and subsequently reduce
the amount of WIP. This study is focused on the improvement of one product only. Before
the improved inspection method (IIM) of the selected product was developed, performance
of the CIM was evaluated by using one of the graphical productivity analysis charting
techniques which is flow process chart. It was found that the IIM was able to reduce the
inspection time of whole inspection process by 85.06 sec for every 12 panels inspected.
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1. INTRODUCTION AND BACKGROUND

Quality control (QC) is an important element in manufacturing industry to
ensure high quality products are produced in order to meet customers’ needs and
requirements. In order to avoid defected products are shipped to customers, tedious
inspection has to be carried out after the manufacturing processes. Traditionally,
QC tasks were carried out by human being. Nowadays, many automated inspection
techniques have been developed to replace the role of human. This is because
human performance is not reliable and human being will experience fatigue when
they are performing their tasks. However, many companies still prefer to use
human instead of automated techniques to perform the QC tasks due to the reason
of high capital investment cost which may not be affordable for those companies.
Moreover, according to Drury and Sinclair,! human can make better decisions than
machines.

The work nature of QC includes sorting, inspecting, testing, weighing and
sampling. Among these, visual inspection task is one of the essential methods.'
The main function of visual inspection is to determine whether the products
achieve the demanded quality or not. Visual inspection basically consists of two
primary functions which are visual searching and decision making.? By comparing
both elements, searching is more time consuming than decision making.’ As a
result, there are a lot of researches had been carried out to increase the productivity
of QC tasks.

There were many attempts have been made throughout the years to
increase the productivity of visual inspection tasks which include utilising or using
higher resolution equipment, partially automated inspection methods, introducing
visual adding tools and etc. Besides that, there were researches carried out to
improve the performance of operators and consequently improve the performance
of inspection tasks in terms of productivity, accuracy, effectiveness and efficiency
by redesigning or modifying the visual inspection task. This was done by taking
into account of various factors that can reduce the stress and fatigue of inspection
operators.*

In industry nowadays, quality of product always becomes the main
concern as customers always demand for high quality products. Hence, inspection
tasks have to be carried to make sure that the manufactured products achieve the
requisite quality requirement. Among those inspection methods, visual inspection
is the most common technique and widely used by industry. Visual inspection
consists of two main functions which are visual search and decision making.
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Visual searching is the attempt to find and locate the defects of products whereas
decision making is the act of determining the products whether they can be accepted
or rejected. Visual inspection task is successful only when these two functions are
performed perfectly. Previously, visual inspection tasks were performed by human
inspectors. However, performance of human in visual inspection task is not totally
reliable.”

Accuracy, effectiveness, efficiency and reliability of human are not
comparable with machines. In order to overcome these drawbacks, a lot of new
approaches have been developed to increase the performance where these new
approaches usually come along with the introduction of machine vision system.
Yet, the role of human inspectors cannot be totally eliminated due to the reason of
human’s better decision-making ability as compared to machines.® Implementation
of automated visual inspection system will lead to high investment cost in
purchasing related machines. On top of that, developing the automated system
is absolutely not an easy task as it involves image processing experts to develop
the system’s algorithm which will require a long effort. In fact, in many cases,
those defects can be very easily detected by human being.” This may be one of the
reasons human inspectors are still favored for some of the quality inspection tasks.

As stated previously, visual inspection tasks comprise of two main
components which are visual search and decision making. However, visual search
consumes much time as compared to decision making in an inspection task. Hence,
a lot of tremendous efforts were done to carry out researches in order to increase
the efficiency of the visual inspection tasks. From the years, attempts have been
made to improve the performance of visual search. In the year of 2009, Lee and
Chan?® suggested different magnification methods and the shape of magnifier will
affect the performance of inspectors. The effectiveness of linear and differential
magnification methods was investigated. Differential magnification is a method
where a lower scaling is applied in the high-resolution central fixation area while
the more peripheral objects are scaled with a higher magnification power. At the
same time, the result in terms of speed, accuracy and Task Load Index (TLX)
scores for circular and elliptical magnifier was compared. However, both the
differential magnification and elliptical magnifier did not show better result than the
conventional method of linear magnification and circular magnifier respectively.®
There was another study based on the effect of pacing. When limited time is
imposed to a task, it is known as paced task. This study which was carried out
by Garrett, Melloy and Gramopadhye’ in 2001 revealed the relative effectiveness
of per-lot pacing compared to per-item pacing. Limited amount of time given
for each individual item is called per-item pacing whereas per-lot pacing is that
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limited time is given for a batch of items. From the study, it was found that both
pacing condition performed similar accuracy result. On the other hand, per-item
search time is consistently faster than per-lot. Moreover, per-item pacing is more
manageable. Per-lot item pacing is more efficient in term of speed and hence more
applicable to industry inspection.’

Previous study shows that job aiding tools can be used to improve
performance of inspection operators. As per the research of Tetteh et al.'” in 2008,
job aiding tools will help to improve accuracy and efficiency of inspection work
in terms of shorter search time. This tool will help operators to perform faster in
searching element of visual inspection. From the research, job aiding tools can
help the operators to avoid covering the same area for more than once because
the area scanned is highlighted. Besides that, this study also investigated effect
of search strategies where random search strategy was compared to systematic
search strategy. Random strategy indicates sampling without replacement
whereas systematic strategy implies sampling with replacement. Systematic result
presented better result than random search and decreased inspection time. Tetteh
and Jiang!! performed another study which evaluated the effect of search strategy,
task complexity, pacing on visual inspection performance. The expected outcome
was that there was interaction between pacing and others two elements. However,
results showed that interaction among those elements were not significant. But on
the other hand, they found that horizontal search strategy was more effective as
compared to vertical search strategy. This occurrence may be due to the reasons of
people use to read from left to right.'®!"

Besides that, there was a research carried out by Jiang et al.'? to
determine the best inspection system in year 2003. In the study, the performance
of the following system was evaluated: (1) a 100% human inspection system,
(2) a computer search/human decision-making inspection system and (3) a human/
computer share search/decision-making inspection system. The combination of
human and computer system was known as a hybrid system. The result of this
study showed that 100% human inspection system presented the worst result.
The computer search/human decision-making inspection system performed the
inspection tasks in a much faster manner. Hence, it was concluded that computer
did play an important role especially in the visual search component of visual
inspection tasks. Performance of visual inspection tasks could be increased with
the introduction of computer technologies.'?

Chiang and Hwang" conducted a case study analysis to evaluate the
performance of human in visual inspection tasks in a glass bottle plant. In that study,
two parameters were measured which were the effects of conveyor velocities and
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as well as the number of inspection items on the human performance in a visual
inspection task. Result showed that there was no significant relationship among
the velocity of conveyor belt and the human inspector performance. In other
words, the velocity of conveyor belt does not affect the inspectors’ performance.
On the other hand, the performance of inspectors was affected by the number of
inspection items in which as the number of items increased, the performance of
inspectors decreased."

In the year 2004, Yeow and Sen'* carried out an ergonomics improvement
study in a printed circuit board (PCB) assembly factory. The performance of
inspectors was first to be measured. Then, several factors that affect the inspection
performance had been identified. These factors include the operators’ eye problem
subsequently lead to headache, insufficient time for inspection due to the reason
of too many features needed to be inspected and ineffective visual inspection
where the visual search was carried out randomly. After identifying the factors,
several ergonomics interventions were introduced to cure the problems. From
that study, it was found that by reducing the usage of magnification glass was
able to tackle the problem of operator’s eye. Magnification glass was used only
when the operators inspected the small and tiny features. In order to cope with
the insufficient time for inspection problems, Paul and Rabindra suggested that
only the non-electrical components were inspected by the operators. As a result,
the number of components that required to be inspected decreased. Finally, by
rearranging the sequence of inspecting the PCB board and dividing the PCB into
segments, operators found much easier to allocate defects from the PCB hence the
defect percentage was reduced.!* Table 1 summarises the methods to improve the
performance of inspection tasks which discussed previously.

The attempts that had carried out previously as shown in Table 1 were
the tremendous effort by the researches with only one purpose which was to
increase the performance of the visual inspection tasks. There were attempts to
increase the performance by utilising some tools which helped to reduce the visual
search time. Besides that, there were studies to investigate effects which affect the
performance of human inspectors. By knowing those effects, improvement was
made by eliminating or enhancing the effects in order to improve the performance.
Thus, the productivity of the tasks was increased.

The results of previous studies were used as a guideline in this project. The
methodology to improve the overall performance of the visual inspection tasks
for selected product of the company will be discussed in detail in the following
section.
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Table 1: Summary of previous attempts to increase performance in visual inspection tasks.

Author

Attempts

Results

Lee and Chan?®

Garrett, Melloy and
Gramopadhye®

Tetteh et al.'”

Tetteh and Jiang!!

Jiang et al.'?

Chiang and
Hwang'"

Yeow and Sen'

Investigate on difference of
magnification methods (linear
and differential) and shape of
magnifier (circular and elliptic).

Study on effect of per-lot
pacing and per-item pacing.

Evaluate the effect of job aiding
tools and search strategy.

Study the effect of search
strategy, task complexity and
pacing.

Determine the best visual
inspection system among:

(1) 100% human inspection,
(2) computer search and human
making decision system and
(3) computer and human search
and decision-making.

Explore the influence of two
effects on human performance
in visual inspection tasks:

(1) velocities of conveyor and
(2) number of inspection items.

Ergonomics improvement for
visual inspection and tasks.

Linear magnification and circular
magnifier present better result.

Per-item pacing is more efficient in
term of speed and easy to manage.

Job aiding tools can improve the
performance of operators by avoiding
them to scan same area twice.
Systematic search is more effective.

Interaction of pacing and others
two factors were not significant.
Horizontal search method was more
effective.

Among the evaluated system, 100%
human inspection system presented
the worst result. Computer searched
much faster than human. However,
human made better decision. Hence,
performance of visual inspection
system could be increased by
implementing hybrid system which
was the combination of human and
computer.

Inspectors’ performance was not
affected by the conveyor speed.
Conversely, the performance of
inspectors dropped as the number of
inspection items increased.

Reduce the usage of magnification
glass could overcome the operator’s
eye problem. Then, the PCB was
divided into segments and rearranged
the inspection sequence to ease the
visual inspection processes.
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2. METHODOLOGY

The methodology used throughout the whole project is described in detail in
this section. The overall methodology includes the all procedures involved
in developing an improved visual inspection method which can increase the
performance of the operators of the studied factory. These procedures include the
factory visits follows by the selection of a product as the study for this project.
Then, the performance of the current inspection method of the selected product
is investigated and develops a new inspection method. Finally, the methodology
to evaluate the performance of the newly developed method is also discussed.
Next section which is Section 3 will present quantitatively the performance of the
newly developed method.

The overall methodology described the whole process flow and procedures
in order to develop a new approach for visual inspection method of the selected
product in which it was illustrated in Figure 1. The first step was to visit the
factory. The main focus of the visits was on the QC Department of the factory.
After several visits to the factory, one of the factory products was selected for
study purpose. Then, the productivity of the current visual inspection method for
that selected product was measured by carrying out motion and time studies. Next,
by identifying and hence reducing or eliminating those unnecessary motions, a
new method of visual inspection for the selected product was developed. Lastly,
the performance of the new approach was assessed to determine its effectiveness.
If the new inspection was able to increase the performance of operator, then the
method would be suggested to the department head for implementation. If not, the
method would be revised for improvement or a new method would be developed
again.

2.1 Observation and Data Collection

Visit to factory was an important initiation step in this project. A clear
understanding of the department was needed before the project was carried
out. Therefore, the QC Department was visited several times for getting knows
the department. During the visits, several questions which start with different
interrogative words such as “Why”, “Which”, “What” and “How” or commonly
known as “5SW1H approach” were asked in order to understand the department
deeper. For example, the first question asked was “How the quality of products
is ensured to meet customers’ requirement?”’. According to the QC personnel, in
order to perform QC tasks effectively, QC Department of the factory is divided
into three sections which are (1) in-coming QC, (2) visual inspection and outgoing
QC and finally (3) in-process QC (IPQC) in which each section has its unique role.
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After asking one question, a series of questions by using different interrogative
words were asked continuously until a complete understanding of that department
was obtained. Table 2 summarises all the questions asked and answers provided

by the QC personnel.
N

Visit the factory
\

Select a product

N

Measure performance of
current inspection method

N

Develop an improved
inspection method

\2

Measure performance of newly
developed inspection method

\2

Analyse result

Implementation

Figure 1: Overall methodology of project.

After questions and answers session with the QC personnel, it was
concluded that lack of human resources is the main reason which leads to high
amount of work-in-progress (WIP) in Visual Inspection and Outgoing QC section.
In order to curb this problem, the FPC boards are inspected by sub-contractors
which located quite far away from the factory. Therefore, the performance of
the operators needs to be increased so that the productivity of the section will
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subsequently be increased. Then, as the productivity of Visual Inspection and
Outgoing QC increases, quantity of products that needs to be sent out to sub-
contractors for inspection tasks will decrease and hence reduce operating cost of
the factory.

2.2 Case Studies of Selected Product

From previous step, it was known that Visual Inspection and Outgoing QC section
has high WIP. Increase the performance of operators was one of the methods
which can reduce the amount of WIP. Therefore, the performance of operators in
performing visual inspection tasks was studied. However, there are thousands of
products in the factory. Hence, in this project, only one product was selected for
study purpose.

Table 2: Questions and answers during visits to the factory.

No. Questions Answers
1. How the qualities of QC Department consists of three sections which are in-
products are ensured coming, visual inspection and outgoing and in process to
to meet customers’ ensure QC tasks are performed effectively.
requirement?
2. What is the function (i) In-coming QC

ion? . .
of each section’ Handle quality issues of raw materials before the

materials can be used for production. This section will
also perform sampling inspection for products after
assembly processes from sub-contractors companies.

(i) Visual Inspection and Outgoing QC

Visually inspection the partially finished and finished
products before shipping to next process. Visual
inspection performs 100% inspection whereas outgoing
performs sampling inspection.

(iii) IPQC
Control the machines’ condition everyday so that the
products produced during the manufacturing processes
achieve the quality. Sampling inspection is performed

for the products after undergoing some processes.
If there are defects, rework process can be carried out.

3. Which is the most All the sections are critical since they are equally critical.
critical section? However, Visual Inspection and Outgoing section has a lot
of WIP.

(Continued on next page)
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Table 2 (Continued)

No. Questions Answers
4.  Why Visual Inspection This section has to perform 100% inspection for the products
and Outgoing section whereas the other two sections are sampling inspection only.
has a lot of WIP? Besides that, lack of human resource is another main reason
which causes high WIP.
5. How to overcome this There are two sub-contractors which will assist in visual
problem? inspection. One of the sun-contractors located in Kulim,
Kedah, Malaysia whereas the other located in Alor Setar,
Kedah, Malaysia.
6.  What are the problems These sub-contractors are located far away from the factory.
of the sub-contractors? Travelling time of the products to the subcontractors is

considered as a waste.

After discussion with the Visual Inspection and Outgoing QC section

head, she selected PMC parts as the product to be studied in this project. PMC
parts are products which are used for automotive purposes. They are rectangular
in shape. One piece of PMC part is known as one panel. In each panel, it contains
several identical subpanels which are known as board. One panel may contain
different amount of boards for example three boards per panel. There are almost
hundred types of PMC parts. Therefore, only one type of PMC part was chosen for
further study.

There were several reasons for selecting PMC part as the focus of the

study of this project. The reasons are as listed:

1.

PMC part does not have end of life (EOL): Products which have EOL
will not be selected. This is because they are not long run products which
mean the products will not be produced anymore after sometimes. Method
to increase performance of inspection method for that product may not be
useful after the products are stopped for production. Since PMC does not
have EOL, therefore, it was selected.

Newly developed method to improve the performance of current inspection
method can be applicable to other PMC parts: Almost all PMC parts have
similar shape which is in long rectangular shape and having some boards
in one panel. Therefore, once a new inspection method is developed, the
method will be applicable to other PMC parts.

PMC part always has bad feedback from customers: since PMC part is in
a long rectangular shape with a lot of features inside the panel. Hence, it
always happens the case where many defect features cannot be detected
and become escapees. Such escapees will be treated as good part and send
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to customers. When the customers receive the defected products, they will
voice out their feedback to the factory regarding this issue of receiving
defect products.

Finally, the PMC part selected for this project was Product 12951. Each
panel of Product 12951 consists of three boards. There are total seven fiducial
marks and three stiffeners. The schematic drawing of the Product 12951 was
shown in Figure 2.

| Fiducial mark |
/ \

| Piercing holes ]

®

@ @

Figure 2: Schematic drawing of Product 12951.

2.3 Measure Performance of Current Inspection Method

After selecting product to be studied, before improved approach was developed,
the performance or productivity of current method needed to be measured.
There are several methods which are very useful in measuring performance of
method that currently practiced by the operator. One of the methods is position
analysis questionnaire (PAQ). This method is used to predict the performance
of operator. However, this method is mainly focus on predicting performance of
retarded operators.!* Hence this method was not suitable being used in this project.
Therefore, there was another method suggested which was graphical productivity
analysis (GPA). GPA involves the usage of charting technique.'® Activities that
performed in producing a product or service can be described by using charting
techniques. Hence, GPA was more suitable to be used in this project as compared to
PAQ. In the charting techniques, several standard symbols are used to communicate
on the charts. The symbols are illustrated in Table 3.
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Table 3: Charting symbol used in charting techniques.

Charting symbol Process Description

Operation Process of adding value to the product in order to
make the product become more useful.

Transportation Process of moving the product from one location to
other.
Inspection Process of comparing characteristic of the product

with a standard.

Storage Process of placing the product in a specific holding
area.

Delay Process of interrupting during the standard process.
It can be expected or unexpected.

WAGEEYI®

After understanding the symbols used in the charting technique, it was
important to know types of charting techniques which can be used for different
purposes. Table 4 described four types of standard charts which are used widely.'®

Table 4: Types of standard charts.

No. Standard charts Description

1 Operation process chart This chart illustrates a broad view of the entire
process of producing the products.

2 Flow process chart This chart present detail steps or path taken in a
particular process.
3 Left-hand/right-hand chart This chart shows the very fine detail process of an

operator motion in completing a task.

4 Multiple activity chart This chart shows the relationship of activity time
and idle time.

In the proposed work, among the four types of standard charts, flow process
chart was selected as the charting technique to be used. This was because this
chart is able to present clearly each step taken in the inspection process associated
with the time taken to perform each step. By using this technique, unnecessary
motions or steps in the process can be detected easily. Hence, by eliminating the
unnecessary steps, the inspection method can be improved. Multiple activity chart
was not a suitable selection since this project focused in one inspection method in
one time only. Left-hand/right-hand chart involves very fine detail of the process
which was not needed in the study. Therefore, flow process chart was the best
selection.
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2.4 Develop an Improved Inspection Method

After the measurement of current inspection method, a new inspection method was
developed. According to Lawrence, before an improvement can be made, several
questions should be asked.!®

1. Can the operation be eliminated? By eliminating those unnecessary steps,
productivity of the operator will gradually be increased.

2. Can the operation be combined? Combination of the steps will cause less
stops or starts of the processes and finally increase the productivity.

3. Can the sequence of activities be changed? Sequence of activity will affect
the productivity of a process. A disorganised sequence of a process will
have lower productivity than a process which is orderly organised.

4. Can the activities be simplified? Complex motion will cause the operator
more difficult to perform the process. Hence, by simplifying the process,
it will increase the operators’ productivity.

If there are unnecessary motions, then these motions need to be eliminated.
Similarly, if it is possible, combine the processes which can be combined. Thus, by
asking these questions, a new inspection method can be developed.

2.5 Measure Performance of Improved Inspection Method

The purpose of developing a new inspection method is to increase the productivity.
Hence, the performance of the improved inspection method needs to be evaluated
and compared to the current method. If the newly developed method can increase
the productivity, then it can be said that the method development is successful.
However, if the new method cannot increase the performance, then the method is
revised and modifications are made.

Similarly, flow process chart technique was used to evaluate the
performance of newly developed inspection method.

In order to obtain comparable result, total of 12 panels were used for the
analysis of both current and new developed method. Total time taken to perform
the tasks for current method and new method was compared. If the total time was
reduced, then the new method development was successful. A detail methodology
is important in order to develop an improvement plan for a current process or
method. This project did not involve sophisticated methodology to develop a new
inspection method. Instead, it involved only simply analysis such as “SW1H”
approach, flow process chart technique which involved the time and motion study
of operators as well. The result will be discussed in detail in next section.
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3. RESULTS AND DISCUSSIONS

3.1 Measure Performance of Current Inspection Method

Before the performance of the current inspection method can be measured, the
process flow or sequences of the current inspection method was observed first.
This was carried out by first interviewing supervisor of Visual Inspection and
Outgoing QC section. This interview session provided a brief idea of how the
inspection of Product 12951 was carried out. After that, one of the operators was
requested to perform the whole inspection process. Every single motion and time
taken to perform the motions was recorded and tabulated.

3.1.1 Process flow of current inspection method

From the interview session and observation, the inspection process flow of Product

12951 is as shown in Figure 3.

Check piercing holes

Check fiducial marks

Check stiffeners

Check others defects

End

Figure 3: Process flow of current inspection method.

First of all, operators will take one lot of the product from the WIP rack as
shown in Figure 4. Then the products will be put on the stand. Products that were
placed on left hand side of the operators indicated before checking.
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Before

inspection
products

inspection
products

Stand

Figure 4: Work place for inspection process of Product 12951.

As the products taken from the WIP rack, they were arranged orderly and
separated by using the blue colour separator. Between two separators, there were
four panels which were arranged in two rows where each row with two panels as
illustrated in Figure 5. The panels were put back to back which means back side of
the panels faced each other.

Products [l

Figure 5: Separators and products.
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The process started by checking piercing holes first. First of all, the
separator needed to be taken away and put at right hand side of the table as shown
in Figure 6. Three panels of the products were calculated and the panels were
aligned properly. The three panels were lifted up to check the piercing holes. Then,
the panels were put on table in order to check all the seven fiducial marks of each
panel. Finally, the panels were put aside on the right of the table. This process flow
continued and continued until all the panels were checked for the piercing holes
and fiducial marks.

After completing the first and second steps, the third step was to checked
stiffeners. Before the third step started, the inspected products which were initially
on the right hand side were move to the stand on the left hand side again. This
indicated that the products were again unchecked. The process started again by
taking away the separator and put it aside on the right. One panel was taken and
put on the light table. Checked stiffeners were marked by marker pen. Next, the
checked panel was put on the right side. This process continued for all the panels
until the end.

0 ®

Figure 6: Other defects inspection sequences.

Finally, the final process was the inspection for other defects. Examples of
other defects included discoloration, scratches, wrinkles, excess cover lay and so
on. Similarly, to previous step, the panels on the right needed to be transfer to the
stand on left side. The process started with the inspection of the first panel labelled
as “1”. The inspection began from the “start” point and terminated at the “end
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point”. This process was repeated for the other two boards labelled as “2”” and “3”.
After inspection, the panel was put aside on the “after checking” area. The process
ended as all the panels were inspected. The overall inspection process of Product
12951 was end if the last process of inspecting other defects ended.

3.1.2 Flow process chart of current method

After recognising all the processes involved in the current inspection method,
the productivity of the current method needed to be evaluated. As discussed in
Section 3, the method used was flow process chart. The flow process chart was
divided into three sections which were (1) checking piercing holes and fiducial
marks, (2) checking stiffener and (3) checking other defects. Each section describes
separately every single motion involved in the inspection process.

3.1.2.1  Analysis of checking piercing holes and fiducial marks

As discussed earlier, total of 12 panels were used in the analysis. Every step in the
process of checking piercing holes and fiducial marks were recorded and tabulated
in Table 5.

Table 5: Flow process chart of checking piercing holes and fiducial marks.

Time (sec)

Step

ransport
spect
elay
orage

Work description
= 1 2 3 Average

Operation

=

= Q 7

1 O |:> I:' D v Take away the 3.46 3.01 484 3.77
separator

2 O » D \/ Take three panels 596 6.28 4.95 5.73

3 ‘ |:> I:' D v Align three panels 3.64 3.61 3.82 3.69
properly

4 O |:> . D v Check piercing 139 157 172 15.6
holes

5 O |:> . D v Check fiducial 193 159 173 17.5
marks

6 O |:> D v Align and put aside 496 633 4.82 5.37
the three panels

7 O » I:' D v Take one panel 143 137 1.58 1.46

(Continued on next page)
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Table 5 (Continued)
,5 g Time (sec)
Sep § 27 8 7 2 Work descript
ep  § 2 § B g ork description
g &£ £ & ] 1 2 3 Average
8 O |:> > v Take away the 426 4.10 3.79 4.05
separator
9 O » > \/ Take two panels 2.67 342 3.18 3.09
10 . |:> > \/ Align three panels 444 439 3098 4.27
properly
11 O |:> . ) v Check piercing 17.5 154 16.0 16.3
holes
12 O |:> . > v Check fiducial 177 19.6 179 18.4
marks
13 O |:> > v Align and put aside 6.85 5.83 5.86 6.18
the three panels
14 O » > \/ Take two panels 3.86 4.62 4381 4.43
15 O |:> > v Take away the 3.74 440 422 4.12
separator
16 O » > \/ Take one panel .72 1.87 2.17 1.92
17 . |:> > \/ Align three panels 583 3.84 4.01 4.56
properly
18 O |:> . > v Check piercing 169 132 142 14.8
holes
19 O |:> . > v Check fiducial 184 198 179 18.7
marks
20 O |:> > v Align and put aside ~ 5.40 6.26 6.07 591
the three panels
21 O » > \/ Take three panels 6.13 6.02 6.87 6.34
22 . |:> > \/ Align three panels 4.74 427 353 4.18
properly
23 O |:> . v Check piercing 16.4 16.6 17.7 16.9
) holes
24 O |:> . > v Check fiducial 16.6 188 19.8 18.4
marks
25 Align and put aside 597 573 5.79 5.83

O

DA 4

the three panels
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As shown in Table 5, in order to check piercing holes and fiducial marks
of 12 panels of Product 12951, it comprised of 25 motions. There were four
operation motions, six transport motions, eight inspect motions and seven storage
motions. Total time used to complete these 25 motions was 211.50 sec.

3.1.2.2  Analysis of checking stiffeners

After the processes of checking piercing holes and fiducial marks, process of
checking stiffeners was carried out. Table 6 presented the process flow chart for

the process of checking stiffener.

Table 6: Flow process chart of checking stiffeners.

§ g - ° Time (sec)
Step £ 2 é & & Work description
& E £ A =2 1 2 3 Average
1 O |:> I:I D v Take away the 389 412 420 4.07
separator
2 O » I:' D v Take one panel and 3.73 331 343 349
put panel on table
3 O |:> . D v Check and mark 4.06 3.69 422 3.99
stiffeners
4 O |:> I:' D v Put aside the panel 208 277 262 249
5 O » I:I D v Take one panel and 4.03 416 345 3.88
put panel on table
6 O |:> . D v Check and mark 477 432 486  4.65
stiffeners
7 O |:> I:I D v Put aside the panel 324 338 289 3.7
8 O » I:' D v Take one panel and 396 3.14 3.67 3.5
put panel on table
9 O |:> . D v Check and mark 325 334 454 371
stiffeners
10 O |:> I:' D v Put aside the panel 271 3116 299 296
11 O » I:I D v Take one panel and 384 3.62 295 3.47
put panel on table
12 O |:> . D v Check and mark 394 355 418  3.89
stiffeners

(Continued on next page)
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Table 6 (Continued)
,§ £ Time (sec)
= o O & i
Step £ 2 2 & &  Work description
) E £ A = 1 2 3 Average
13 < > ED ] D v Put aside the panel 299 324 3.01 3.08
14 O |:> > v Take away the 4.67 497 386 4.50
separator
15 O » > v Take one panel and 3.56 334 4.53 3.81
put panel on table
16 O |:> . > v Check and mark 4.08 324 318 3.50
stiffeners
17 O |:> I:I > v Put aside the panel 2.54 345 277 292
18 O » I:I ) v Take one panel and 3.54 398 3.79 3.77
put panel on table
19 O |:> . > v Check and mark 378 3.58 416 3.84
stiffeners
20 O |:> I:I ) v Put aside the panel 241 3.07 283 2.77
21 O » I:I > v Take one panel and 3.88 322 385 3.65
put panel on table
22 O |:> . > v Check and mark 3.04 453 467 4.08
stiffeners
23 O |:> I:I > v Put aside the panel 2.86 343 241 2.90
24 O » I:I ) v Take one panel and 3.18 3.89 4.15 3.74
put panel on table
25 O |:> . > v Check and mark 396 358 3.67 373
stiffeners
26 O |:> ) v Put aside the panel 277 2.61 266 @ 2.68
27 O |:> > v Take away the 340 3.63 257 3.20
L | separator
28 O » ) v Take one panel and 392 333 352 3.59
put panel on table
29 O |:> . > v Check and mark 374 464 407 415
stiffeners

(Continued on next page)
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Table 6 (Continued)
.5 £ Time (sec)
= (=Y 51 & i
Step £ 2 2 & &  Work description
& E £ A = 1 2 3 Average
30 O |:> I:I > v Put aside the panel 328 2.67 3.46 3.11
31 O » I:I > v Take one panel and 345 414 3.39 3.66
put panel on table
32 O |:> . > v Check and mark 342 375 423 380
stiffeners
33 O |:> I:I ) v Put aside the panel 246 266 3.10 274
34 O » I:I > v Take one panel and 474 327 3.48 3.83
put panel on table
35 O |:> . ) v Check and mark 325 435 422 394
stiffeners
36 O |:> I:I > v Put aside the panel 329 274 270 2091
37 O » I:I > v Take one panel and 327 396 3.84 3.69
put panel on table
38 O |:> . > v Check and mark 370 3.53 432 385
stiffeners
39 Put aside the panel 299 279 271 2.83

O[]

DOV

Checking stiffener process took time of around 137.63 sec for 12 panels.
However, this did not include time taken to take and put the marker pen as well
as well time consumed to open and close the pen cap. In this process, marker pen
was taken and put down for 12 times. Besides that, the marker pen was opened
and closed for 12 times as well. Each motion of take and put marker pen, open and
close pen cap consumed one sec each. Therefore, the total time for this process
was 185.63 sec.

This process consisted of 39 motions which comprised of 12
transportation motions and 12 inspection motions as well as 15 storage motions.
For the motion of taking one panel and putting the panel on the table, if fact, the
panel was turned to the back side since stiffener needed to be checked from the
back side of the panel.



Inspection Approach of PMC Products

3.1.2.3

Analysis of checking other defects

The final process of the inspection for Product 12951 was checking others defects.
The motions and time study of this process was as tabulated in Table 7.

Table 7: Flow process chart of checking other defects.

.§ g - ° Time (sec)
Step £ 2 é & &  Work description
& E £ A = 1 2 3 Average
1 O |:> I:I D v Take away the 4.03 355 3.70 3.76
separator
2 O » I:' D v Take one panel 279 2.84 3.01 2.88
3 O |:> . D v Check others 305 32.0 356 32.7
defects
4 O |:> I:' D v Put aside the panel 3.86 4.13 377 392
5 O » I:I D v Take one panel 239 2.08 1.98 2.15
6 O |:> . D v Check others 36.6 343 374  36.1
defects
7 O |:> I:I D v Put aside the panel 235 315 278 276
8 O » I:' D v Take one panel 2.16 2.06 250 224
9 O |:> . D v Check others 352 376 379 369
defects
10 O |:> I:' D v Put aside the panel 479 433 372 428
11 O » I:I D v Take one panel 224 185 2.09 206
12 O |:> . D v Check others 350 335 329 338
defects
13 O |:> I:I D v Put aside the panel 2.18 239 2.63 2.40
14 Take away the 3.88 447 443 423

Ol 1DV

separator

(Continued on next page)
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Table 7 (Continued)

Time (sec)

Work description

Inspect
Delay
Storage

Step
1 2 3 Average

=
g
= 22
8 g
S &
15 O » I:I > v Take one panel 240 2.09 184 211
16 O |:> . > v Check others 374 325 360 353
defects
17 O |:> I:I > v Put aside the panel 3.77 4.06 426 4.03
18 O » I:I > v Take one panel 228 3.03 195 242
19 O |:> . > v Check others 354 36.6 357 359
defects
20 O |:> I:I > v Put aside the panel 274 329 314 3.06
21 O » I:I > v Take one panel 298 236 240 2.58
22 O |:> . > v Check others 358 331 343 344
defects
23 O |:> I:I > v Put aside the panel 349 416 429 398
24 O » I:I > v Take one panel 274 285 2.60 2.73
25 O |:> . > v Check others 31.9 31.1 348 326
defects
26 O |:> > v Put aside the panel 263 282 310 285
27 O |:> > v Take away the 3.58 447 419 4.08
separator
28 O » > v Take one panel 2.55 231 2.04 2.30
29 O |:> . > v Check others 28.5 30.1 329 305
defects
30 O |:> > v Put aside the panel 4.64 483 400 449
31 O » > v Take one panel 247 193 238 226

(Continued on next page)
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Table 7 (Continued)

Time (sec)

Step Work description

Operation
ransport
nspect
elay
torage

s 1 2 3 Average

— a n
32 O |:> . > v Check others 339 298 305 314
defects
33 O |:> I:I ) v Put aside the panel 271 3.16 295 2.94
34 O » I:I D \ / Take one panel 229 248 288 2.55
35 O |:> . ) v Check others 340 314 33.0 32.8
defects
36 O |:> > v Put aside the panel 459 393 447 433
37 O » D N\ / Take one panel 2.85 277 2,60 2.74
38 O |:> > v Check others 284 344 335 32.1
L | defects
39 O |:> . ) v Put aside the panel 2.85 2.89 2.54 2.76

This process took relatively longer time because it involved the inspection
of three boards in each panel. After the inspection, the products needed to be
arranged back to the initial arrangement as described in previous section. Hence
the time taken to put aside the panels were different for different sequence in the
process. For example, time taken to perform steps 4 and 7 was different even
though the motion was the same. For step 4, back side of the panel needed to be
turned and faced upwards before placed on the separator. For step 7, the panel was
placed directly on top of the previous panel. Therefore, time was saved in this case
without turning the panel. Total time taken was 487.39 sec. There were total 39
motions involved in this process where the motions were 12 each for transportation
and inspection motions. There were 15 storage motions.

As a conclusion, the total time taken to carry out the whole inspection
process of 12 panels of the Product 12951 consumed total of 884.52 sec or
equivalent to around 14.7 min.



Journal of Engineering Science, Vol. 16(2), 1-34, 2020 25
3.2 Develop an Improved Inspection Method

From previous section, it was discussed that in order to develop an improved
inspection method, questions as listed below needed to be asked:

1. Can the operation be eliminated?

2. Can the operation be combined?

3. Can the sequence of activities be changed?
4

Can the activities be simplified?

In previous analysis of current inspection method, it was found that there
were a lot of transportation motions and storage motions in all the three processes.
In fact, transportation and storage motions were a kind of waste. By reducing these
wastes, the inspection method can be improved in terms of shorter time consumed
in performing the inspections.

3.2.1 Improvement for checking piercing holes and fiducial marks

In this process of checking piercing holes and fiducial marks, the sequences could
be changed in order to save time. Current method checked piercing holes first
followed by fiducial marks. These sequences should be changed into checking
fiducial marks first then only piercing holes. Current method started by taking
three panels and then aligned the panels properly in order to check the piercing
holes. Then the panels were put on the table to perform fiducial marks checking.
Before the panels were dispatched to the right-hand side, the panels needed to be
aligned again. This motion was a waste where the second time panel alignment
did not add any value to the products’ inspection. If the sequence was reversed
whereby checking fiducial marks first, the second time alignment was eliminated.
This was because checking of fiducial marks needed not align the panels properly.
After checking the fiducial marks, then only the panels were aligned properly for
the checking of piercing holes. Without the need of second time alignment, the
panels could be directly place on the separator located on right hand side.

Besides that, instead of taking three panels once, it was suggested that
four panels were taken in one time. Since every four panels were separated by
one separator, by taking all the four panels in one time, this could eliminate the
time taken to calculate the number of panels that should be taken which was three
panels.
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3.2.2 Improvement for checking stiffeners

Instead of checking one panel per time, it was suggested to perform stiffeners
checking of two panels in one time. This improvement was actually the combination
of processes which could cause less stops and starts during the inspection process.
Two panels were taken at once. The panels were turned and hence placed parallel
on the light table as shown in Figure 7. This improvement was made in order to
reduce the frequency of operator take and open marker pen cap, close cap and put
down the pen after checking. Each process took around one sec and by reduce the
frequency of these steps could reduce the total inspection time.

This process of checking stiffener was suggested to be performed lastly.
This was because by arranging the panels in pair as shown in Figure 7, it actually
cased the process of arranging the panels back to original the arrangement. After
checking, panel number 2 were turned and placed on top of panel number 1 where
back side of both panels faced each other. Then, the two panels were moved
together and placed on the separator. From the analysis in previous subsection,
a lot of time was wasted in putting aside the panels to the after checking area
since the panels were required to be arranged back to original arrangement. It was
observed that operators wasted time to turn the panels in order to orient the panels
in the correct arrangement. Therefore, by changing checking stiffener process as
the last process may reduce the overall inspection time.

Figure 7: Arrangement of two panels on light table.
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3.2.3 Improvement for checking other defects

This process took the longest time as compared to the other two processes. This was
because every feature except piercing holes, fiducial marks and stiffeners needed
to be checked. Since the product is in long rectangular shape, hence operators will
easily miss the defected feature and treat the defected features as good part and
eventually sending the defected products to the customers. Hence, it was suggested
that this process to be carried out first among the other two processes. According to
Hockey et al., when the operators are fresh and energetic, they can perform more
difficult jobs; when they feel tired, they will eventually switch to jobs which are
less demanding.!”

33 Measure Performance of Improved Inspection Method

An improved inspection method was developed based on the suggestions made
in this paper. Figure 8 illustrated the overall process flow for improved inspection

method for Product 12951.

Check others defects

Check fiducial marks

Check piercing holes

Check stiffeners

End

Figure 8: Process flow of improved inspection method.
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3.3.1 Flow process chart for improvement inspection method

Same as current inspection method performance measurement, process flow chart
was also used to evaluate the performance of improved inspection method for
Product 12951.

3.3.2 Analysis of checking other defects (improved)

Process of checking other defects were performed first. The number of motions
involved in this process remained the same as 39 motions. Not much quantitative
improvement could be measured for this process. However, by performing this
process first could reduce the number of escapees. This was because the operators
are in fresh and energetic state when they perform this checking which is the most
difficult part compared to the other two processes which are checking piercing
holes and fiducial marks as well as the process of checking stiffener.

3.3.3 Analysis of checking fiducial marks and piercing holes (improved)

As discussed in previous section, it was suggested that fiducial marks were checked
before the piercing holes in order to eliminate the redundant motion of aligning the
panels. Table 8 tabulated the time taken to carry out the motion in this process.

Table 8: Flow process chart of checking fiducial marks and piercing holes (improved).

Time (sec)

Step Work description

Operation
ransport
nspect
clay
torage

s A 1 2 3 Average

= )

1 O |:> I:' D v Take away separator 3.46 3.01 4.84 3.77

2 O » I:I D v Take all the four 341 4.04 359 3.68
panels

3 O |:> . D v Check fiducial marks 24.0 245 26.2 249

4 ‘ |:> I:I D v Align the four panels 4.31 638 4.97 522
properly

5 O |:> . D v Check piercing holes 17.3  16.7 14.6 16.2

6 O |:> I:I D v Put aside the four 3.06 194 211 237
panels

(Continued on next page)
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Table 8 (Continued)
.§ é - N Time (sec)
Step g 2 é B &  Work description
) E £ A = 1 2 3 Average

7 O |:> I:I > v Take away separator 3.98 4.39 345 3.94

8 O » |:| ) v Take all the four 378 3.57 342 359
panels

9 O |:> . > v Check fiducial marks 26.4 214 23.0 23.6

10 . |:> |:| ) v Align the four panels 6.50 6.59 7.43 6.84
properly

11 O |:> . > v Check piercing holes 12.3 14.6 133 134

12 O |:> ) v Put aside the four 344 287 275 3.02
panels

13 O |:> > v Take away separator  3.18 4.59 3.66 3.81

14 O » ) v Take all the four 323 341 428 3.4
panels

15 O |:> . > v Check fiducial marks 25.2 224 21.7 23.1

16 . |:> I:I ) v Align the four panels 6.44 7.09 5.64 6.39
properly

17 O |:> . > v Check piercing holes 14.6 15.7 16.8 15.7

18 Put aside the four 286 3.16 262 288

O[]

DOV

panels

As compared to the inspection method before improvement, the improved
method of checking fiducial marks and piercing holes involved only 18 motions
whereas there were 25 motions for the current inspection method. Besides that,
current method took 211.50 sec for checking piercing holes and fiducial marks
for 12 panels. Improved inspection method took only 166.05 sec to complete
the process. It saved 45.45 sec for every 12 panels which was equivalent to an
improvement of 21.5%.
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3.3.4  Analysis of checking stiffeners (improved)

30

In this process, it was suggested that, two panels were checked at the same time
in order to eliminate the reaction time of taking and putting down the marker pen
as well as time taken to open and close the marker pen cap. Even though the time
saved was not much, however, this value would become significant as the size
of the lot is large. Besides that, this improvement intended to ease the process of
orient the panels back to original arrangement. The performance was measured

and was presented in Table 9.

Table 9: Flow process chart of checking stiffener (improved).

.§ g - ° Time (sec)
Step £ 2 é & &  Work description
& E £ A = 1 2 3 Average
1 O |:> I:I D v Take away separator 427 444 419 430
2 O » I:' D v Take two panels and 562 539 543 5.48
put on light table
3 O |:> . D v Check and mark 6.87 699 7.17 7.01
stiffeners
4 ‘ |:> I:' D v Orient the panels 205 215 228 2.6
5 O |:> I:I D v Put aside the panels 337 3.19 3.16 3.24
6 O » I:' D v Take two panels and 520 5.61 560 549
put on light table
7 O |:> . D v Check and mark 695 732 745 724
stiffeners
8 ‘ |:> I:' D v Orient the panels 253 217 220 230
9 O |:> I:I D v Put aside the panels 293 3116 3.24 3.11
10 O |:> I:' D v Take away separator ~ 4.04 398 425 4.09
11 O » I:I D v Take two panels and 482 503 5.12 4.99
put on light table
12 O |:> . D v Check and mark 736 7.7 7.3 722
stiffeners

(Continued on next page)
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Table 9 (Continued)

Time (sec)

Step Work description

Operation

Transport

Inspect
elay
torage

1 2 3 Average

a »n
13 . |:> > v Orient the panels 2.17 234 212 221
14 ( > E’; ] D v Put aside the panels 395 3.66 3.73 3.78
15 O » > v Take two panels and 532 5.02 544 5.26
put on light table
16 O |:> . > v Check and mark 7.18 744 739 7137
stiffeners
17 . |:> > v Orient the panels 2.14 203 219 212
18 O |:> ) v Put aside the panels 3.79 370 3.40 3.63
19 O |:> > v Take away separator 3.85 432 425 4.14
20 O » > v Take two panels and 534 559 596 5.63
L put on light table
21 O |:> . > v Check and mark 7.18 7.09 7.18 7.15
stiffeners
22 . |:> > v Orient the panels 2.18 233 224 2.25
23 O |:> > v Put aside the panels 3.53 337 330 3.40
24 O » > v Take two panels and 558 5.08 544 5.37
L put on light table
25 O |:> . > v Check and mark 724 727 745 7.32
stiffeners
26 . |:> I:I > v Orient the panels 2.10 228 2.04 214
27 O |:> I:I > v Put aside the panels 3.77 3.51 3.76 3.68

In this improved method, marker pen was taken and put down, opened and
closed pen cap for six times only as compared to 12 times before improvement.
The time used in this improved method was 146.02 sec as compared to before
improvement was 185.63 sec. It saved 39.61 sec for every 12 panels which was
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equal to 21.3%. The inspection method for Product 12951 was successfully
improved where 45.45 sec was saved for the fiducial marks and piercing holes
checking process for every 12 panels. For the process of stiffeners inspection,
39.61 sec was saved for every 12 panels. The result was presented graphically in
Figure 9.

Total time for overall inspection before and
after improvement

1000

800

M Check others defects

600

# Check stiffeners
400

Time (sec)

200

Before After
improvement improvement

Inspection Method

Figure 9: Graph of total inspection time before and after improvement.

As can be seen from Figure 9, total time before improvement was
884.52 sec. However, the improved method took only 799.46 sec only. Hence,
total of 85.06 sec was saved for every inspection of 12 panels. The time saved
would be more significant as the number of panels in one lot increased. Besides
improvement in terms of quantitative, it may also improvement in terms of
qualitatively which may reduce the number of escapees.

4. CONCLUSION

This study was carried at a flexible printed circuit board manufacturer which
has a lot of WIP. Hence a methodology was developed to improve the current
inspection method of the products which was able to reduce the total inspection
time of selected product. A product was selected as the focus to be studied. The
product selected was PMC part of number 12951. This PMC part was used for
automotive purpose. PMC parts were usually in long rectangular shape. Therefore,
the improved method developed for the selected product was actually applicable
to other PMC parts. In this study, graphical analysis tool was used to analyse the
performance of current. After recognising the performance of current inspection
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method, improvement was made in order to reduce the inspection time. This was
done by eliminating unnecessary motions, combining motions to reduce stops
and starts of the process. Some of the process sequences were changed to make
the sequence more orderly which eventually reduce the inspection time of the
product. By using these methods, the current inspection method was modified
and rearranged. The total inspection time was successfully reduced by total of
85.06 sec for every 12 panels. This value will become more significant if the lot
size increases. Besides reducing the inspection time, this developed improvement
method was also able to reduce the number of escapees. However, this performance
could not be measured because there was not much production for Product 12951
when this project was carried. But it was believed that it can reduce the probability
of defected products being sent to customers. As a conclusion, the inspection time
of products decreases, the productivity will increase and hence reduce the amount
of WIP in the department.
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