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benchmarking methodology that is referred to Hopp and Spearman (2000).
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AN APPLICATION OF INTERNAL BENCHMARKING FOR
MULTIPLE PRODUCT PROCESS MONITORING

INTRODUCTION

Nowadays, many factories affected the problem regarding lead time and
double handing in process. That affects to minimize profit due to uncontrolled
process. If the company cannot know or predict the trend of problem (yield drop) the
result leads to occurring big problem approaching. Perhaps the situation will affect to
task management and reflex with company profit deeply.

Therefore, if the factory can predict a trend of machine performance line is
going to decrease, preventive machine is significant to apply for monitoring and
detecting before difficult to maintenance.

An internal benchmarking concept was introduced as alternative method to
assess production process performance. A strong point of benchmarking approach
inquiries information related to interested performance indicators from external
organization. Also internal benchmarking is a tool that measured the performance
efficiency by comparing one's business processes and performance metrics to industry
bests and/or best practices from other industries productivity in order to adjust and
improve production process to serve customers more effective and efficiency.
Dimensions typically measured are quality, time, and cost. Improvements from

learning mean doing things better, faster, and cheaper.

There are types of benchmarking as following:

Internal Benchmarking
Competitive Benchmarking

Cooperative Benchmarking

I

Strategic Benchmarking



Among the reasons above, the main factor is in production process; machine
breakdown, long term in work in process (WIP), bottle neck problem and so on. The
good operation line is important for organizations. If the problem is found in the
manufacturing process and it is not solved immediately, they may lose the customers.

In order to keep the customer, the fast response shall be considered.

The objective of benchmarking is to understand and evaluate the current
position of a business or organization in relation to "best practice™ and to identify

areas and means of performance improvement.

For this research work emphasizes on evaluating line performance by using
the relationship among Throughput, Cycle Time and Work in process (WIP) of
organization by comparing actual performance to the best case, worst case and
practical worst case. Three cases are a sort of internal benchmarking methodology
(Hopp and Spearman (2000)). Besides, this research analyzes by using root-cause-

analysis and improvement the new production line.



Problem Statement

Developmental operation of organization has influenced to high performance
in factory as monitoring and tracking procedure is applied continually in order to

analyze operation trend and area problem onward, this will be represented reasonably.

However, all of actual data is difficult to apply if lack of thinking
systematically and understand trend truly. Thus questions will be defined to

definitely.

1. Can it detect trend?
2. Can it identity problem area?

3. Can it track individual product?

All question of these will be become answer of result in excel data sheet
in order to analyze and improve production system by Little’s Law also this will be

applied benchmarking with other concern correctly.



OBJECTIVES

The purpose of this paper is represented

“The monitoring and tracking process flow in order to analyze trend and

problem area by Benchmarking as same as data base”

For this research, the study of production line by using the relationship among

WIP, Throughput and Cycle Time. The main objectives of this project are:

1) Diagnose the production line by using internal benchmarking methodology

that refers to Hopp and Spearman.

2) Detecting and monitoring production performance by daily

3) Multiple product can be monitored and tracked by data base

Scope

The research and scope of study will be presented as below;

1) Performance of production line can be represented by graph

2) The input data is integer number

3) Study the measurement by using the relationship among WIP, Throughput

and Cycle time.



LITERATURE REVIEW

This research represents the best production flow as improvement process,
Wastes Elimination, Integration production system. All of them can be applied to
process for practice development process. However, these also consists of variable as
Little’s Law focusing on throughput rate , work in process , cycle time , lead time all

naturally is main factor to reach completed system.

All factories also have target to archive as much as profit possible by eliminate
waste in process including improvement process onward. The first observation we can
make that these three measures are intimately related by one of the most fundamental

principles of operations management.

Moreover, over the past 15 years so, Little's Law has played an increasingly
important role in the teaching and practice of operations management. However, the

law is usually stated in a modified format to emphasize its applicability to operations.

Principle (Little's Law): Ouver the long-term, average WIP, throughput, and cy-
cle time for any stable process are related aceording to:

WIP = throughput x eycle time

Figure 1 Little’s Law

Source: Little (1961)



Analogously, the behavior of a process flow depends on six parameters

1) Throughput (TH): or throughput rate: The average output of a production
Process per unit time (e.g., parts per hour). At the firm level, throughput is defined as
the production per unit time that is sold. Therefore, the throughput is the average
quantity of good parts produce per unit time. In a line made up of workstations in
tandem dedicated to a single family of products and where all products pass through
each station exactly once, the throughput at every station will be the same. In more
complex plant, where workstations service multiple routing, the throughput of an
individual station will be the sum of the throughputs of the routings passing through
it.

2) Work in process (WIP): The inventory between the start and end points of
a product routing is called work in process. WIP is all products between, but not

including, the ending stock points.

3) Cycle Time (CT): The cycle time of a given routing is the average time
From release of a job at the beginning of the routing until it reaches an inventory point
at the end of the routing. Besides, Cycle time also has another meaning in assembly
lines as the time allotted for each station to complete its task. It can also refer to the

processing time of an individual machine.

4) Bottleneck rate (rp): The bottleneck rate of the line, is the rate of the
workstation having the highest long-term utilization.

5) Raw process time (To): The raw process time of the line is the sum of the

long-term average process times of each workstation in the line.



6) Critical WIP (W,): The critical WIP of the line is the WIP level for which
a line with given values of r, and Ty but having no variability achieves maximum
throughput with minimum cycle time. We show below that critical WIP is defined by

the bottleneck rate and raw process time by the following relationship:

W.=r.xT,

It turns out that a wide range of performance is possible for a given (rb, T0) pair.
(Kok, 2001)

We examine how and why this occurs below.
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Figure 2 The Conveyor Model of a Process Flow.

Source: Hopp and Spearman (2000)

In Supply Chain Science content text book, it is represented the relationship
between Work in process Throughput rate, Cycle time. The performance of any
operations system is evaluated in terms of an objective, which could involve making
money. The fundamental link between the system objective and its physical
operations are the process flows or routings that make up a production or supply chain
system (Cachon, 2003)



Benchmarking for Competitive Advantage text book classifies the relationship

of measurement process is 3 types

1) Internal Benchmarking
2) External Benchmarking

3) Functional Benchmarking

Benchmarking is an effective structural approach to quality engineering and
management. It involves investigating industry's best practices, analyzing and
evaluating one's own operation for opportunities and implementing an action plan that

includes the structure of goals, objectives and operating targets (Spendolini, 1992)

This research will concentrate on internal benchmarking in order to compare
one process flow and also analyze measurement better than other methods, so the

result can be represent by graph as below
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Figure 3 Benchmarking between TH and CT

Source: Hopp (2003)


http://www.amazon.com/Benchmarking-Competitive-Advantage-Robert-Boxwell/dp/0070068992/ref=la_B001H9TDKQ_1_1?ie=UTF8&qid=1370790709&sr=1-1

As graph above can represent the related throughput rate, cycle time, work in
process by tracking following as quantities of work in process. Following Rule of (TH
> TH PWC), then the flow is in the good region; otherwise it is in the bad region. To
illustrate the use of the PWC formula as an internal benchmarking tool.

Generally, research that concerned with benchmarking would operate with
single product, but for more advance this research will be applied to multiple product
by using Flexible Manufacturing System (FMS) performance measures of Bottleneck

model to define problem and reach advanced technical.

We now illustrate these definitions by means of two cases:
Balance Line case:

1) The line is stable process. The quantity of machine is the same in each
station.

2) The capacity of each station is the same.

3) Wy is always equal to the number of machine in the line.

4) All stations have equal capacity.

For example, Penny Fab One line consist of four 4 stations; punching,
stamping, riming, and burring. Each station takes exactly two hours to perform its
operation. The line runs 24 hours per day, with break, lunch etc., covered by spare
operators. Hence, the capacity of each station is the same and equals one penny every
two hours, or 0.5 penny per hour. Since this is a tandem line with no yield loss, the

bottleneck is defined as the slowest workstation. That is

r, = 0.5 penny per hour

Next, the raw process time is the sum of the processing times at the four stations, so

To = 8 hours

The critical WIP level is given by
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Wo: rbXTo

W, = 0.5x8 = 4 pennies

From the equation above, W is equal to the number of machines in the line.

Unbalance Line case:

1) The workstations have different number machines and processing time.

2) The capacity per machine can be calculated by the individual machine
capacity times the number of machines, or can be computed directly by dividing the

number of machines by the process time.

3) The bottleneck is defined by slowest station in the line. Besides, the

bottleneck is the fewest machines

4) The raw process time of the line is still the sum of the process times. Note
that adding machines at a station does not decrease Ty, since a job can be worked on

by only machine at a time.

5) If Wy come out to a fraction, it means that there is no constant WIP level

that will achieve through of exactly ry jobs per hour and cycle time of Ty, hours.

6) If the critical WIP level is less than the number of machines can called

unbalance line, and therefore some stations will not be fully utilized.
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Relationships

The relationships among WIP, throughput, and cycle time in a single
production line will depend on the assumptions we make about the line. This will
serve to sharpen our intuition about how lines smoothly production and full utilization

of resource.

1. Best-Case Performance

We will simulate Penny Fab One. Since the one penny coming out of the line
every eight hours, throughput is 1/8 penny per hour. The cycle time is To= 8 hours
(the cycle time is equal the raw process time), while throughput is % of the bottleneck

rate r,= 0.5

We add the second pennies to the line. After two hours, the first penny
completes processing at station 1 and starts on station 2. And second penny starts
processing on station 1. Thereafter, the second penny will follow the first, switching
station every two hours. Moreover, since two pennies exit the line every eight hours,

the throughput increases to 2/8 penny per hour and 50% of the capacity line r,= 0.5

We add third pennies, the cycle time stay at 8 hours, so throughput increase

3/8 penny per hour, or 75% of capacity line.

We add fourth pennies, all the stations stay busy all the time once steady state
has been reached. Because there is no waiting at the stations, cycle time is still To=8
hours. Since the last station is busy all the time, it outputs a penny every other hour,
so throughput is 4/8 or %2 penny per hour, which is equals the line capacity r,= 0.5 are
only achieved when the WIP level is set at the critical WIP level.

We add the fifth pennies to the line, since there are only 4 machines in the
line, a penny will wait at the first station. Since we measure the cycle time as the time

from when a job is release to when it exits the line, it becomes 10 hours, due to the
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extra two hours of waiting time in front of station 1. Hence, for the first time, cycle
time becomes larger than its minimal value To= 8. Since all station are always busy,

the throughput remains at r,= 0.5

We add tenth pennies. In steady state, a queue of six pennies persists in front
of the first station, meaning that an individual penny spends 12 hours from the time it
is released to the line until it begins processing at station 1. Hence, the cycle time is
20 hours. As before, all machine remain busy all the time, so throughput is still r,=
0.5 penny per hour. It should be clear that each penny we add increases cycle time by

two hour with no increase in throughput.

We summarize the behavior of Penny Fab One with no variability for various

WIP level. They are following:

1) Penny Fab One run best when there are four penny in WIP. (best case
zero-variability)

2) We lose throughput with no decrease in cycle time and we increases cycle

time with no increase in throughput.

3) The critical WIP is equal to the number of machines. This is always the

case when the line consists of stations with equal capacity. This is balance line.

4) For unbalance line, critical WIP will be less than the number of machine,
but still has the property of being the WIP level that achieves maximum throughput

with minimum cycle time.

5) While the critical WIP is optimal in the case with zero variability, it will
not be optimal in other cases. Indeed, the concept of an optimal WIP level is not even
well defined in the presence of variability because, in general, increasing WIP will

increase both throughputs (good) and cycle time (bad).
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We can apply Little’s law to describe the relationship between WIP and cycle
time. Since these relationships were derived for perfect lines with no variability, the
following expressions indicate the maximum throughput and minimum cycle time for

a given WIP level for any system having parameters r, and To.

Law (Best-Case Performance):

The minimum cycle time for a given WIP level w is given by

T 9 If w <Wy

CT best = (1)
AL Otherwise
I

The maximum throughput for a given WIP level w is given by

Tﬂ If w<\W/,

0

TH best = (2)

r, Otherwise

2. Worst-Case Performance

We consider the worst. Specifically, we seek the maximum cycle time and
minimum throughput possible for a line with bottleneck rate and raw process time.
This will help to bracket the behavior and measure the performance of the real line. If
a line is closer to the worst case than to the best case, them there are some real

problems.

The best-case line with WIP equal to the critical WIP because there is no

waiting (queuing) in a line that this achieve the minimum possible cycle time.
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For the worst case, we must get the longest possible cycle times for the system
and somehow increase the waiting time without changing the average processing time
(otherwise we would change ry, and Ty) Example, we modified Penny Fab one with
four pallets. Instead of all jobs required two hours at each station, suppose that jobs
on pallet 1 require eight hours, while pallet 2,3, and4 require zero hour. The average

processing time at each station is
8+0+0+0/4 = 2 hours

As before, hence we still have r,= 0.5 penny per hour and To= 8. The slow job
on pallet 1 causes all the other jobs to pile up behind it at all times. This is absolute
maximum amount of waiting time it is possible to introduce and hence this represents

the worst case.
Law (Worst-Case Performance):

The maximum cycle time for a given WIP level w is given by

CT worst & WT 0 (3)

The minimum throughput for a given WIP level w is given by

1

&, (4)
T,

TH worst y,

It is interesting to note that both the best-case and worst case performance
occur in system with no randomness. There is variability in the worst-case system,
since jobs have different process time; but there is no randomness, since all process
times are complete predictable. The literature on quality management emphasizes the
need for variability reduction, but sometime implies that variability and randomness

are synonymous. In case of batching, it is one factor that can push the performance of
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a line closer to that of the worst case than the best case. Consequently, batching is a

true problem in many production systems.

3. Practical Worst-Case Performance

Practical worst case considers an intermediate case, which behaves between
the best case and the worst case. This case involves randomness and unlike the
previous two cases. In fact, in a sense, it represents the “maximum randomness” case.

The worse behavior is a target for improvement.

The practical worst case can be regarded as the maximum randomness case
causes every possible to occur with equal frequency. When randomness is introduces
into a line, more states become possible. If there is only a little randomness, then the
frequency of the spread-out state will be very high, whereas if there is a lot of
randomness, then all the states may occur quite often. Hence, we define the

maximum randomness scenario to be practical worst case.

In order for all states to be equally likely, three special conditions are required:

1) The line must be balance.

2) All stations must consist of single machine.

3) Process times must be random and occurred according to a specific
probability distribution known as exponential distribution. The exponential is the only
continuous distribution that has a special property known as memory less property, in
which mean that if process times are exponential distributed, there is no need to know

about how long a job has been in process to completely define the system state.
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Definition (Practical Worst-Case Performance):

The practical worst-case (PWC) cycle time for a given WIP level w is given
by
w-—1

Cprc:T0+r— (5)

The PWC throughput for a given WIP level w is given by

W

TH pwczmxrb (6)

Notice that the behavior of this case is reasonable for both extremely low and
extremely high WIP levels. At one extreme, when there is only one job in the system
(w=1), cycle time becomes raw process time T,. At the other extreme, as the WIP
level is more than 1 (that is W—o0), throughput approaches capacity ry,, while cycle
time increase without bound. Whenever, achieving throughput close to capacity in
systems with high variability requires high WIP levels, in order to ensure high
utilization of machines. But this also ensures a great deal of waiting and hence high

cycle times.

The throughput and cycle time of practical worst case are always between
those of the best case and worst case. As such, the PWC provides a useful midpoint
that approximates the behavior of many real systems. By collecting data on average
WIP, throughput, and cycle time for a real production line, we can determine whether
it lies in the region between the best case (green line) and practical worst case(blue
line); best region, or between worst case (red line) and practical worst case; bad
region, those like in Figure 1 and Figure 2. Better performance that the PWC are
good and worse performance are bad. It makes sense to focus our improvement

efforts on the bad lines because they are the ones with room for improvement.
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MATERIALS AND METHODS

Materials

The equipment for this research can be categorized into three groups as
following;

1. Hardware

Laptop Personal Computer, Lenovo, model Y series, Intel core i5 2.40 GHz

and Ram 4 GB, is used to calculate data by graph

2. Software

Microsoft Excel 2007 is used to create indexes and table for this research

document.

3. Literatures

3.1) Literatures will be copied from the website of the main library of

Kasetsart University.

3.2) Textbooks will come from the International Graduate Program (IGP-IE)
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Methods

The item steps that will be explained for research completion as follows in
table 1;

Table 1 the Main Process Methodology of this research

Process Description
1. Research literature review - Study and more information support
about the researches and textbooks.
\4
2. Make a model - Application model by Excel program.
\ 4
3. Testing a model -Try to assume data on computer

program and also show the result by
graph

- Testing relationship between actual
data compare process which high speed
Monitoring

\ 4

4. Conclusion and - Conclusion and discussion the results
Discussion

and writing to the thesis.

A 4
5. Presentation - Presenting thesis data to the committee.
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1. Literature Review

To spend more time to research into related topic or contents with Internal
Bench marking also studying the measurement by using the relationship among WIP,
Throughput and Cycle time including Flexible manufacturing system (FMS) for

composing to trusting testing so on.

2. Make a model

To build up the model by following as Little’s Law theory Work in process
(WIP) is equel throughput rate multiple by cycle time, also application of Internal

Bench marking concept to combine composing method.

In this picture below, this shows the relationship of measures between WIP

vary between Throughput rate and Cycle time by separation graph obviously.

In addition to actual data can be calculate the result from Simulated data
comparing with theory by disposing good performance in order to check the model is

in good region area.
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Figure 6 Basic the relationship between measures
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Moreover an application of Flexible manufacturing system (FMS) to apply
model for divide the data that the demand and production ratio difference in multiple

product concept.

For single product can reach actual data apply to model by equation as below

The Actual Internal benchmarking concept for a given WIP level w is given by

TH (Actual) = ZN Pr oduction ()
=L Time_period (N)
WIP (Actual) = ZN Input — Output + Buffer (8)
-i=l Time _ period (N)
Cycle time (Actual) = wiP,, (9)
TH

Act
For multiple products can bring actual data to model by equation as below
Equation is based on divided by product ratio; the actual internal benchmarking

concept for a given WIP level w is given by

Best case performance

10
CT,. . =T, =%A*T,+%B*T, +%C*T, (10)
11
TH,., =r, = %A* r,(Bottle _neck) i
Worst case performance

CTe =W.T, =(W,)* T, (12)

1
THWC - ? (13)

Practical worst case performance °
w-1 w,-1) 14
CTowe =T, +( )=T,+ A 14

b Iy,
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=l (15)

THppe =T, +(——
e (W0+W—l w,+(w,)-1 "

In testing model by multiple product can bring actual data apply to model by
equation. The Actual internal benchmarking concept for a given WIP level w is given

by this equation is based on divided by product ratio at machine.

Best case performance

CT,  =T,=%A*T,+ %B*T, + %C*T. (16)
TH, . =1, = %A* 1, +%B*r,, +%C*r, 17)
(19)
Worst case performance
CT, =W.T, = (W, + W, + W,.)*T, (18)
TH 1 (19)

wc

%A*T, +%B*T, + %C*T,

Practical worst case performance

— - 20

CTch=To+(W 1)=T0+(WA+WB+WC 1) (20)
b r,

w,+w, +w,) (21)

THppe =T, + )*r, =(

pwe o (WO+W—1 W, + (W, + W, + W) -1

)*r,
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Table 2 Divide ratio data table

Machine Process Ratio (%) cTime Second / piece
(sec)
Machine 1
Part A 60.0% 148.00 88.8
MC 1 Part B 30.0% 150.00 45.0
Part C 10.0% 144.00 14.4
Average 147.33 148.2
Machine 2
Part A 60.0% 160.00 96.0
MC 2 Part B 30.0% 170.00 51.0
Part C 10.0% 165.00 16.5
Average 165.00 163.5
Machine 3
Part A 60.0% 220.00 132.0
MC 3 Part B 30.0% 212.00 63.6
Part C 10.0% 230.00 23.0
Average 220.67 218.6

3. Making data base model by graph

The revision of standing point can be expressed for control Operation research

in control scope as questions below

Research Question 1: Can it detect trend?
Research Question 2: Can it identify problem area?
Research Question 3: Can it track individual product?
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Figure 7 Diagram of development to analyze

This research divided type of detection 2 types
1) Response time to original ( % Yield drop detection )

Assume percentage yield drop data into model and compare individual

graph (divided by product, machine, and line performance) which indicator are
detection fast speed in each experiment.

2) Impact of product ratio (% percentage ratio)

Percentage of product in each product affects to monitor and track the
problem to detect.
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4. Testing model
To assume data yield drop or down time of machine operation by set date to
start yield drop then check and compare the result from graph with indicator can

detect and track as fast speed as occurring the problem.

The result of testing will be represented obviously on conclusion and
discussion topic by graph and data table for comparing visualization.

5. Conclusion and Discussion

Reporting the results of this study by main program by Microsoft excel 2007

and Microsoft words 2007 for report over all the data.

6. Presentation

This study was marked the presentation to committee by Microsoft power
point 2007.
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RESULTS AND DISCUSSION

Results

This research composed of the conclusion to two parts following as

1) The result from application program by graph that shows the relationship

of Throughput rate, Cycle time and Work in process (WIP) by daily monitoring.

2) The result of this research can represent that percentage of production ratio
and down time including yield down on process have affected to line performance and

fast speed to detect decreasing trend of line performance.

The result from testing 72 Experiments

To set example model by setting production flow as three machines
continually and 3 products is produced to process flow.
Furthermore, ratio production in each machine will be assumed into model for

applying the operation result.

For understanding clearly, Little’s Law theory WIP = TH / CT; these can be
applied to model by Internal Bench marking concept as following as below.

This example composed of Machine 1, Machine 2, and Machine 3 meanwhile
each machine will be into assumed data as table by divided quantity of production by

ratio production (Percentage).



Table 3 Data process

Cap CT
IIQI/IO(.: Process Ratio E/ITC/ Sii Ccé 'r\ln% /ggil / P"I"(i)frfess pfjé:Sct boFi?Itéenz];k & ?F?%;part F;zz[tilzf P'Ilr'(i)rcr;aeSS (\é\ég)
(sec) e To (sec) Pcs/day neck To
MC1
Part A 60.0% 148.00 88.8 2 194.6  0.00257 445 233 0.0043 9.00
MC1 PartB 30.0% 150.00 45.0 2 192.0 0.00260 22.2 388.7 117 0.0013 0.0086 4.50
PartC 10.0% 14400 144 2 200.0 0.00250 7.4 39 0.0257 1.50
Total 148.2 586.6 74.1 0.03859 15.0
MC2 2
Part A 60.0% 160.00 96.0 2 180.0 0.00278 49.1 211 0.0047 1.67
MC2 PartB 30.0% 170.00 51.0 2 169.4  0.00295 24.5 352.3 106 0.0014  0.0095 3.33
PartC  10.0% 165.00 16.5 2 1745  0.00286 8.2 35 0.0284  10.00
Total 147 163.5 524.0 81.8 0.04258 15.0
MC3 3
Part A 60.0% 220.00 1320 3 130.9  0.00255 43.7 237 0.0042 1.67
MC3 PartB 30.0% 212.00 63.6 3 1358 0.00245 21.9 395.2 119 0.0008  0.0084 3.33
PartC  10.0% 230.00 23.0 3 125.2  0.00266 7.3 40 0.0253  10.00
Total 221 218.6 392.0 72.9 0.03795 15.0

Note To = Raw process time , Wo = Wip in process

LZ
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Now this table was revealed the relationship of content and this is a linkage of

main calculation table.

1. Testing Benchmarking model for multiple product at line performance
2. Testing Benchmarking model for multiple product at product performance

3. Testing Benchmarking model for multiple product at machine performance

The first identify in each variables, As below equation will show the method to
calculate variable as follows T, W, TH pest THowe: TH,e ©nly Machine 2

This for calculation example; raw process time (T )

Raw process time of each product that arrange by percentage of product (MC2)

T, = Sum of total machine time in process
T, =0.0043+0.0086+0.0257
= 0.03859 day
This for calculation example, Critical work in process (\\/ )
Wo=r,xT,

W, =388.7 X 0.0386

W , =15 pieces
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To build the model perfectly, this need to find out variable that relate with
cycle time and work in process (WIP)

Significant variable to calculate as these

Throughput rate ( Best case ) , (Worst case ) ,(Practical worst case)

Cycle time ( Bestcase), (Worst case ) ,(Practical worst case)

1) To find the value of Throughput rate following as internal bench marking
concept as below

THbst T rb (l)
TH...=388.7_pcs

1
Hoo=— 2
T worst TO ( )

1 -
THwo:st 2 0-03859 = 25-9_p’ece/day

w

MW ew=)" ®

Give the work in process is assumed data; w = 33 pieces

33

= ——x399.7
(15+33-1)

TH...

TH...= 272.9_ piece [ day
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According to detail as data table 3, it can be adjusted following by user
requirement or depending on actual data need to insert to model, so the program can

be also utilized in development of problem for monitoring and tracking by time series.

2) To find the value of cycle time (CT) following as internal bench marking

concept as below.

T, Ifw<Wo 4)

CTbest 5
W Otherwise

I

CT....=0.039_day

CTworst = WTO (5)
Give the work in process is assumed data; w, target (Not over) = 90 pieces

CT....=90%*0.039

CTWUM =3.47 _day

w-1

Cprc WP, TH (6)
r,

Give the work in process is assumed data; w = 33 piece

33-1
CT.. =0.0257+>2"2_0.11_d
pwe 388.7 -y



Table 4 Summary of example result
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Variable Result Unit
TH 388.7
) Pcs / day
(Actual) (If no loss time)
TH
388.7 Pcs / day
(Best case)
TH
25.9 Pcs / day
(Worst case)
TH
i 272.9 Pcs / day
(Practical worst case)
CT 0.039
) Day /1 pcs
(Actual) (If no loss time)
CT
0.039 Day /1 pcs
(Best case)
CT
3.47 Day /1 pcs
(Worst case)
CF
0.11 Day/ 1 pcs

(Practical worst case)




Day 12| 3|45 )67 |89 |10 |122|B|W¥4]|15]|16|17|18|19|20]|2|2|23|24|25]|26/|2|28]29]30]|3xn

BNR(rh) (Pes /lay) | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389

RPT (DAY)  {0.039{0.039]0.039 | 0.0390.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 { 0.039 | 0.039{ 0.039 | 0.039 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039{ 0.039 | 0.039| 0.039 | 0.039 | 0.039
\AVI\IOIIS’Ct\g:;:z 15115115115 (15 (1515 15 [ 15 (15 [ 15 [ 15 [ 15 [ 15 [ 15 | 15 [ 15 [ 15 [ 15 | 15 | 15 | 15 | 15 | 15 [ 15 | 15 | 15 | 15 | 15 | 15 | 15

TH best 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389 | 389

E THwe 26 | 2 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 2
THpwe 212.6(272.6|272.6|272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6 | 272.6

CT best 0.04 | 0.04 | 0.04 | 0.04 | 0.04|0.04)004|004]004]004]004]004]004]004]004 | 004004004004 004004004004 0.04]0.04]0.04]0.04 | 0.04|0.04|0.04 | 0.04

- CTwe SAT | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347 | 347
° CT pwe 011011012 012012 (012|012 (012 (012|012 012|012 (012|012 012|012 (020|012 012|012 (012|012 (012 (012|012 012|012 01201201201
Actual CT 0.08 | 0.08 | 0.08 | 0.08 { 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 |0.085 | 0.085]0.085 | 0.085]0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 | 0.085 0.085 | 0.085

Target WIP 90 [ 90 | 90 | 90 |90 | 90 |9 | 90 |90 | 90 |90 |90 |90 |9 |9 |9 |9 |9 |9 |9 |9 [9 |9 [90]9|9%]9 ][9]0 90

% Daily WIP (out-in) | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 |33 |33 33|33 |33 |38 |3 |3 |3 |3 |33 |33 [33[33[33]33]3B]|B|B|B
Throught put ratel | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 387 | 367 | 387 | 387 | 387 | 387

Figure 8 The relationship function of model

[
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For clearly hypothesis, model will be tested based on condition affection such as yield

drop and ratio production by multiple product.

The result will be divided to experiment to test which condition affect or

influence to line process performance as shown below
Assume percentage yield down (%)
1) Testing by Throughput rate, Cycle time in each product of one machine
- Data is set into model as table 3 as above
- Bottleneck process is Machine 2 ( Red sketch color)
- Ratio of work load are Part A : 60%, Part B :30% and Part C: 10%
In another application case, ratio product can adjust by depending on user
The result shows as graph both through put rate and cycle time

As graph 9 relationship between throughput and cycle Product A.
Assume data percentage of yield drop as Table 4

Y9 Yield drop Date

Product DL 3[4 a6 |7 (89102000 |56 0 8|0 20|22 B 24 5202028283023
A | Tme | 00 {1006 00| 1000 00|10 00 L0 00 | 5 | S0 | 60 | 6 | | T | S | Tk | | G| Gk | 1 | S0 | O | S | S| S0 | A6 | 4 | | 40 | i

B Time | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 1005 00%  100% | 100% | 100% | 100% | 0% | 100% | 100% | 100% | 100% | 100% | 200% | 100% | 100% | 100% | 100% | 200% | 100% | 100% | 100%

( Time | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 00%  100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 200% | 100% | 100% | 100% | 100% | 200% | 100% | 100% | 100%

Total | 100% | 100% | 100% | 103 | 100% | 00% | 100% | 100% | 0% | 9% | 97 | 0% | 5% | e | 3% | 9% | OLG | OO | 0% | BB | G | G5k | 5% | 6% | B | 8% | 83K | 8% | 81% | Bl | 0%

Figure 9 Percentage ratio of yield drop for all product in one machine
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Figure 11 Relationship between Throughput and CT Product B
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Based on all graphs as above are shown the relationship between through rate,
cycle time and work in process in daily performance, focusing on product A, B, C

respectively.

Both graphs are compared to monitor the trend which one can detect the trend.
On Figure 3 found Actual throughput rate line is lower than PWC line at 12"
On Figure 4 found Actual Cycle time line is more than PWC line at 7"

On Figure 5 found Actual Cycle time line is more than PWC line at 3"

This can be shown the result of monitoring and tracking between Throughput

and cycle time at different time detection by cycle time while also product C is found

detect on 3" as fast detect that another parameter.

Addition of tracking by individual graph that separated by line performance
for each product line performance, machine line performance, original line
performance, there are many graphs as below.

Example: Assume data from and percentage yield down (%)
2) Testing by machine line performance for all product
- Data is assumed data to simulate on table 23 as above
- Bottleneck process in process ; is Machine 2

- Ratio work load is ; Part A : 60%, Part B : 30%, Part C:10%

Step to find variable as same as example 1; in additional graph for monitoring

Throughput, cycle time product: A, B, C on table.
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Figure 16 Relationship performance lines between Throughput and CT Product C

Based on all graphs as above are shown the relationship between through rate,

cycle time, work in process by daily, focusing on Product A, B, C

Both graphs are compared to monitor the trend which one can detect the decreasing

trend.

On Figure 6 found Actual throughput rate line is lower than PWC line at 28"

On Figure 7 found Actual throughput rate line
On Figure 9 found Actual throughput rate line

is lower than PWC line at 30™
is lower than PWC line at 12"
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This can be shown the result of monitoring and tracking between Throughput

and cycle time at different time detection by cycle time graph in product C , the result

of product C found area to detect on 12" as fast detect than another graph.

3) Testing by machine line performance for each product

Example: assume data from and % yield down

- Data is assumed into model following as table 23

- Bottleneck process is Machine 2

- Ratio of work load are Part A : 60%, Part B : 30% and Part C :10%

Step to find variable as same as example 1; additional graph for monitoring
And result will be shown to graph for easier visualization and tracking including
monitoring for detection throughput, cycle time product A, B, C
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Figure 17 Performance Production lines between Throughput and cycle time
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Figure 19 Performance Production between Throughput and cycle time Machine 2
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Figure 29 Performance Machine 3 between Throughput and cycle time Part C

Testing result based on all graphs as above are shown the relationship between
through rate, cycle time, work in process by daily, focusing on Product A, B, C and

shown production line performance that composed of machine 1,2,3

All graphs are compared to monitor the trend which one can detect the trend.
On Figure 9 found Actual throughput rate line is lower than PWC line at 20"
On Figure 11 found Actual cycle time line is higher than PWC line at 1"
On Figure 12 found Actual throughput rate line is lower than PWC line at 5"
On Figure 16 found Actual throughput rate line is lower than PWC line at 1"
On Figure 15 found Actual throughput rate line is lower than PWC line at 3"

On Figure 13 found Actual throughput rate and cycle time line is over than PWC line

at 12" as same production date.

For this testing can be represented performance of this production line
Example 3 Performance line cannot detect the problem trend as same as graph on
figure 16 and 11. That found the problem going to decrease from at 1" so, more

explanation can detect trend of problem as fast as main line production performance.
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At this time to clear concept of model by internal benching which parameter
detect or monitor trend of bad region; data will be applied to model 72 experiments as

below condition.

After the result of example 22, these will be represented to each graph by
process and product type, next to clearly experiment that % ratio product production

and yield drop have affected to line performance conditionally.

1) For example that will be tested, ratio of production composed of 10, 20,
and 30 %

2) For example that will be tested, ratio of production composed of 40, 50,
and 60 %

3) For example that will be tested, ratio of production composed of 60, 70,
and 80 %

Following as pattern by step increment increasing 10%



Table 5 Separation % ratio product in each machine

Ratio Machine

Condition 1
Product Machine 1 Machine 2 Machine 3
Product A 10.0% 20.0% 30.0%
Product B 20.0% 30.0% 40.0%
Product C 70.0% 50.0% 30.0%
Condition 2 Ratio Machine
Product Machine 1 Machine 2 Machine 3
Product A 40.0% 50.0% 60.0%
Product B 30.0% 30.0% 20.0%
Product C 30.0% 20.0% 20.0%
Condition 3 Ratio Machine
Product Machine 1 Machine 2 Machine 3
Product A 60.0% 70.0% 80.0%
Product B 30.0% 20.0% 10.0%
Product C 10.0% 10.0% 10.0%

45



Table 6 Pattern for experiment

Product Machine 1 Machine 2 Machine 3

Product A MC1: Product A (1) MC2: Product A (4) MC3: Product A (7)
Product B MC1: Product B (2) MC2: Product B (5) MC3: Product B (8)
Product C MC1: Product C (3) MC2: Product C (6) MC3: Product C (9)

Relationship (Machine , Product)

Machine 1 Product A,B,C (10)

Machine 2 Product A,B,C
(11)

Machine 3 Product A,B,C
(12)

1%



Table 7 Comparing index performance

Single - Product line
Ratio product Machine line performance
product performance
% product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
y TH CT
1 Prod M1 M2 M3 M  Experiment : ) MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A  60% 70% 80% 1 \
2% vyield
30% 20% 10% 2 < 30 30 21 21 15 15
ro
C 10% 10% 10% 3 ;
- TH 2N
2 Prod M1 M2 M3 M Experiment | : MC1 MC2 MC3 CT1l1 CT2 CT3 A B C A B C
Line Line
A 60% 70% 80% 1 31 31
30% 20% 10% 2 2% vyield 30 30 17 17
C 10% 10% 10% 3 drop
) TH CT
3 Prod M1 M2 M3 M  Experiment ] ] MC1 MC2 MC3 CT1 Cr2 CI38 A B C A B C
Line Line
A 60% 70% 80% 1
2% yield
30% 20% 10% 2 30 30 Undetected Undetected 22 22
drop 2%
10% 10% 10% 3

Ly



Table 7 (Continued)

Single - Product line
Ratio product Machine line performance
product performance
% product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
y TH CT
4 Prod M1 M2 M3 M Experiment 3 ] MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A  60% 70% 80% 1 \
2% vyield
30% 20% 10% 2 < 30 30 21 21 15 15
ro
C 10% 10% 10% 3 ;
- TH 2N
5 Prod M1 M2 M3 M Experiment | : MC1 MC2 MC3 CT1l1 CT2 CT3 A B C A B C
Line Line
60% 70% 80% 1
B 30% 20% 10% 2 2% yield 30 30 Undetected Undetected 17 17
Cc 10% 10% 10% 3 drop
. TH CT
6 Prod M1 M2 M3 M  Experiment ] ] MC1 MC2 MC3 CT1 Cr2 CI38 A B C A B C
Line Line
A 60% 70% 80% 1
2% vyield
30% 20% 10% 2 30 30 Undetected Undetected 23 23
drop 2%
10% 10% 10% 3

8y



Table 7 (Continued)

Single - Product line
Ratio product Machine line performance
product performance
% product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
y TH CT
7 Prod M1 M2 M3 M  Experiment : ) MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A  60% 70% 80% 1 \
2% vyield
30% 20% 10% 2 < 30 30 22 22 14 14
ro
C 10% 10% 10% 3 ;
- TH 2N
8 Prod M1 M2 M3 M Experiment | : MC1 MC2 MC3 CT1l1 CT2 CT3 A B C A B C
Line Line
A 60% 70% 80% 1
30% 20% 10% 2 2% yield 30 30 Undetected Undetected 23 23
10% 10% 10% 3 drop
. TH CT
9 Prod M1 M2 M3 M  Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A 60% 70% 80% 1
2% vyield
30% 20% 10% 2 30 30 Undetected Undetected 21 21
drop 2%
10% 10% 10% 3

67



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
) TH CT
10 Prod M1 M2 M3 M Experiment ) MC1 MC2 CT2 CT3 A B C A B C
Line Line
A 60% 70% 80% 1 )
2% vyield
30% 20% 10% 2 ¢ 16 16 13 13 15 14 22 15 14 22
ro
10% 10% 10% 3 4
; TH CT
11 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A 60% 70% 80% 1
30% 20% 10% 2  2%yield 15 16 18 18 15 17 23 15 17 23
10% 10% 10% 3 drop
) TH CT
12 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A  60% 70% 80% 1
2% yield
30% 20% 10% 2 16 19 19 15 24 21 15 24 21
drop 2%
C 10% 10% 10% 3

0S



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
) TH CT
13 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CT1l CT2 CT3 A B A
Line Line
A 60% 70% 80% 1 )
4% vyield
30% 20% 10% 2 ¢ 20 20 13 12 12 12
ro
10% 10% 10% 3 4
; TH CT
14 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CT3 A B A
Line Line
A 60% 70% 80% 1
30% 20% 10% 2  4%yield 20 20 20 20 12 12
10% 10% 10% 3 drop
. TH CT
15 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B A
Line Line
A  60% 70% 80% 1
4% yield
30% 20% 10% 2 20 Undetected Undetected 16 16
drop 2%
C 10% 10% 10% 3

19



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 60, 70, 80 % —

(Original) TH CT TH CT

) TH CT

16 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 60% 70% 80% 1

4% vyield
30% 20% 10% 2 ¢ 20 20 15 13 12 12
ro
10% 10% 10% 3 2
; TH CT
17 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 60% 70% 80% 1
30% 20% 10% 2 4% vyield 20 20 Undetected Undetected 13 13
10% 10% 10% 3 drop
. TH CT
18 Prod M1 M2 M3 M  Experiment ] ) MCl1 MC2 MC3 CT1 CT2 CI3 A B C A B C
Line Line
A 60% 70% 80% 1
4% vyield
30% 20% 10% 2 20 20 Undetected Undetected 16 16
drop 2%

Cc 10% 10% 10% 3

¢S



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 60, 70, 80 % —

(Original) TH CT TH CT

) TH CT

199 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 60% 70% 80% 1

4% vyield
30% 20% 10% 2 ¢ 20 20 15 15 12 12
ro
10% 10% 10% 3 2
; TH CT
20 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 60% 70% 80% 1
30% 20% 10% 2 4% vyield 20 20 Undetected Undetected 16 16
10% 10% 10% 3 drop
. TH CT
21 Prod M1 M2 M3 M  Experiment ] ) MCl1 MC2 MC3 CT1 CT2 CI3 A B C A B C
Line Line
A 60% 70% 80% 1
4% vyield
30% 20% 10% 2 20 20 Undetected Undetected 13 13
drop 2%

Cc 10% 10% 10% 3

€3



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
) TH CT
22 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CI3 A B C A B C
Line Line
A 60% 70% 80% 1 )
4% vyield
30% 20% 10% 2 ¢ 12 12 Undetected Undetected 12 12 16 12 12 16
ro
10% 10% 10% 3 4
; TH CT
23 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 60% 70% 80% 1
30% 20% 10% 2 4% yield 12 12 Undetected Undetected 12 13 16 12 13 16
10% 10% 10% 3 drop
) TH CT
24 Prod M1 M2 M3 M Experiment ) MC1 MC2 MC3 CTl1 CT2 CI3 A B C A B C
Line Line
A  60% 70% 80% 1
4% vyield
30% 20% 10% 2 12 Undetected Undetected 12 16 15 12 16 15
drop 2%
C 10% 10% 10% 3

2%



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 40, 50, 60 % —

(Original) TH CT TH CT

) TH CT

25 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 40% 50% 60% 1

2% vyield
30% 30% 20% 2 ¢ 30 30 16 16 17 17
ro
30% 20% 20% 3 2
: TH CT
26 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2 @ 2%yield 30 30 18 18 15 15
30% 20% 20% 3 drop
. TH CT
27 Prod M1 M2 M3 M  Experiment ) ) MC1 MC2 MC3 CT1 CT2 CI38 A B C A B ¢C
Line Line
A 40% 50% 60% 1
2% yield
30% 30% 20% 2 30 30 18 18 17 17
drop 2%

Cc 30% 20% 20% 3

GG



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 40, 50, 60 % —
(Original) TH CT TH CT
) TH CT
28 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1 )
2% vyield
30% 30% 20% 2 ¢ 30 30 23 23 17 17
ro
30% 20% 20% 3 4
; TH CT
29 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1
30% 30% 20% 2  2%yield 30 30 Undetected Undetected 16 16
30% 20% 20% 3 drop
. TH CT
30 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1
2% yield
30% 30% 20% 2 30 30 Undetected Undetected 23 23
drop 2%
C 30% 20% 20% 3

99



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
) TH CT
31 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1 )
2% vyield
30% 30% 20% 2 ¢ 30 30 22 22 15 15
ro
30% 20% 20% 3 4
; TH CT
32 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1
30% 30% 20% 2  2%yield 30 30 Undetected Undetected 19 19
30% 20% 20% 3 drop
. TH CT
33 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 40% 50% 60% 1
2% yield
30% 30% 20% 2 30 30 Undetected Undetected 21 21
drop 2%
C 30% 20% 20% 3

LS



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 60, 70, 80 % —
(Original) TH CT TH CT
) TH CT
34 Prod M1 M2 M3 M Experiment ) MC1 MC?2 CT2 CT3 A B C A B C
Line Line
A 40% 50% 60% 1 .
2% vyield
30% 30% 20% 2 ¢ 16 16 10 17 17
ro
30% 20% 20% 3 4
; TH CT
35 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2 @ 2%yield 16 16 16 17 16 23 17 16 23
30% 20% 20% 3 drop
. TH CT
36 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A 40% 50% 60% 1
2% yield
30% 30% 20% 2 16 16 17 15 19 21 15 19 21
drop 2%
C 30% 20% 20% 3

89



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 40, 50, 60 % —

(Original) TH CT TH CT

) TH CT

37 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 40% 50% 60% 1

4% vyield
30% 30% 20% 2 ¢ 20 20 11 11 13 13
ro
30% 20% 20% 3 2
; TH CT
38 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2  4%yield 20 20 12 12 12 12
30% 20% 20% 3 drop
. TH CT
39 Prod M1 M2 M3 M  Experiment ] ) MCl1 MC2 MC3 CT1 CT2 CI3 A B C A B C
Line Line
A 40% 50% 60% 1
4% vyield
30% 30% 20% 2 20 20 12 12 13 13
drop 2%

Cc 30% 20% 20% 3

69



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 40, 50, 60 % —

(Original) TH CT TH CT

) TH CT

40 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 40% 50% 60% 1

4% vyield
30% 30% 20% 2 ¢ 20 20 16 16 13 13
ro
30% 20% 20% 3 2
; TH CT
41 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2  4%yield 20 20 22 22 13 13
30% 20% 20% 3 drop
. TH CT
42 Prod M1 M2 M3 M  Experiment ] ) MCl1 MC2 MC3 CT1 CT2 CI3 A B C A B C
Line Line
A 40% 50% 60% 1
4% vyield
30% 30% 20% 2 20 20 31 31 16 16
drop 2%

Cc 30% 20% 20% 3

09



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance

product
O % product ratio; 40, 50, 60 % —

(Original) TH CT TH CT

) TH CT

43 Prod M1 M2 M3 M Experiment e Li MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C

ine Line

A 40% 50% 60% 1

4% vyield
30% 30% 20% 2 ¢ 20 20 16 16 12 12
ro
30% 20% 20% 3 2
: TH CT
44 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2  4%yield 20 20 Undetected Undetected 14 14
30% 20% 20% 3 drop
. TH CT
45 Prod M1 M2 M3 M  Experiment ) ) MC1 MC2 MC3 CT1 CT2 CI38 A B C A B ¢C
Line Line
A 40% 50% 60% 1
4% yield
30% 30% 20% 2 20 20 Undetected Undetected 15 15
drop 2%

Cc 30% 20% 20% 3

19



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 40, 50, 60 % —
(Original) TH CT TH CT
) TH CT
46 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CI3 A B C A B C
Line Line
A 40% 50% 60% 1 )
4% vyield
30% 30% 20% 2 ¢ 12 12 11 11 12 13 13 13 12 13
ro
30% 20% 20% 3 4
; TH CT
47 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 40% 50% 60% 1
30% 30% 20% 2 @ 4%yield 12 12 11 11 15 13 16 15 13 16
30% 20% 20% 3 drop
. TH CT
48 Prod M1 M2 M3 M Experiment ) MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A 40% 50% 60% 1
4% yield
30% 30% 20% 2 12 12 11 11 12 14 15 12 14 15
drop 2%
C 30% 20% 20% 3

29



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) TH CT
49 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1 )
2% vyield
20% 30% 40% 2 ¢ 31 31 16 16 27 27
ro
70% 50% 30% 3 4
; TH CT
50 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1
20% 30% 40% 2  2%yield 31 31 10 10 19 19
70% 50% 30% 3 drop
) TH CT
51 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B B
Line Line
A  10% 20% 30% 1
2% yield
20% 30% 40% 2 31 31 9 9 15 15
drop 2%
C 70% 50% 30% 3

€9



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) TH CT
52 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CI3 A B C A B C
Line Line
A 10% 20% 30% 1 )
2% vyield
20% 30% 40% 2 ¢ 30 30 Undetected Undetected 19 19
ro
70% 50% 30% 3 4
; TH CT
53 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 10% 20% 30% 1
20% 30% 40% 2  2%yield 30 30 Undetected Undetected 17 17
70% 50% 30% 3 drop
. TH CT
54 Prod M1 M2 M3 M Experiment ) MC1 MC2 MC3 CTl CT2 CI3 A B C A B C
Line Line
A 10% 20% 30% 1
2% yield
20% 30% 40% 2 30 30 22 22 18 18
drop 2%
C 70% 50% 30% 3

79



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) T™H CT
55 Prod M1 M2 M3 M Experiment , ] MC1 MC2 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1 .
2% vyield
20% 30% 40% 2 ¢ 30 30 31 25 15 15
ro
70% 50% 30% 3 4
; T™H CT
56 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1
20% 30% 40% 2  2%yield 30 30 15 25 15 15
70% 50% 30% 3 drop
) TH CT
57 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CT2 CT3 A B B
Line Line
A  10% 20% 30% 1
2% yield
20% 30% 40% 2 30 30 30 30 23 23
drop 2%
C 70% 50% 30% 3

G99



Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) TH CT
58 Prod M1 M2 M3 M Experiment ) MC1 MC2 CT2 CT3 A B C A B C
Line Line
A 10% 20% 30% 1 )
2% vyield
20% 30% 40% 2 ¢ 15 15 10 16 27 20 15 27 20 15
ro
70% 50% 30% 3 4
; TH CT
59 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A 10% 20% 30% 1
20% 30% 40% 2  2%yield 15 15 16 16 19 17 18 19 17 18
70% 50% 30% 3 drop
) TH CT
60 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CtT2 CT3 A B C A B C
Line Line
A  10% 20% 30% 1
2% yield
20% 30% 40% 2 15 15 13 13 15 15 23 15 15 23
drop 2%
C 70% 50% 30% 3
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Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) T™H CT
61 Prod M1 M2 M3 M Experiment , ] MC1 MC2 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1 .
4% vyield
20% 30% 40% 2 ¢ 20 20 12 12 18 18
ro
70% 50% 30% 3 4
; T™H CT
62 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1 Y
4% vyield
20% 30% 40% 2 drop 20 20 11 11 15 15
70% 50% 30% 3
) TH CT
63 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CT2 CT3 A B B
Line Line
A  10% 20% 30% 1
4% yield
20% 30% 40% 2 drop 20 20 10 10 13 13
C 70% 50% 30% 3
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Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) T™H CT
64 Prod M1 M2 M3 M Experiment ) MC1 MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 10% 20% 30% 1 .
4% vyield
20% 30% 40% 2 ¢ 20 20
ro
70% 50% 30% 3 4 31 31 14 14
; T™H CT
65 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A 10% 20% 30% 1 Y
4% vyield
20% 30% 40% 2 drop 20 20 21 21 13 13
70% 50% 30% 3
) TH CT
66 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 MC3 CT1 CT2 CT3 A B A B
Line Line
A  10% 20% 30% 1
4% yield
20% 30% 40% 2 drop 20 20 16 16 14 14
C 70% 50% 30% 3
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Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) T™H CT
67 Prod M1 M2 M3 M Experiment ) MC1 MC2 CT2 CT3 A B C A B C
Line Line
A 10% 20% 30% 1 .
4% vyield
20% 30% 40% 2 ¢ 20 20 20 20 12 12
ro
70% 50% 30% 3 4
; T™H CT
68 Prod M1 M2 M3 M  Experiment ) . MC1 MC2 CT2 CT3 A B B
Line Line
A 10% 20% 30% 1 Y
4% vyield
20% 30% 40% 2 drop 20 20 17 17 12 12
70% 50% 30% 3
) TH CT
69 Prod M1 M2 M3 M Experiment ] ] MC1 MC2 CT2 CT3 A B B
Line Line
A  10% 20% 30% 1
4% yield
20% 30% 40% 2 drop 20 20 20 20 16 16
C 70% 50% 30% 3
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Table 7 (Continued)

Single e Product line performance
N Ratio product Machine line performance
product
O % product ratio; 10, 20, 30 % —
(Original) TH CT TH CT
) TH CT
70 Prod M1 M2 M3 M Experiment ] MC1 MC2 MC3 CTl1 CT2 CI3 A B C A B C
Line Line
A 10% 20% 30% 1 )
4% vyield
20% 30% 40% 2 ¢ 13 13 10 10 18 15 13 18 15 13
ro
70% 50% 30% 3 4
; TH CT
71 Prod M1 M2 M3 M  Experiment ) . MC1T MC2 MC3 CT1 CT2 CIT3 A B C A B C
Line Line
A 10% 20% 30% 1 Y
4% vyield
20% 30% 40% 2 drop 13 13 12 12 14 13 14 14 13 14
70% 50% 30% 3
) TH CT
72 Prod M1 M2 M3 M Experiment ) MC1 MC2 MC3 CT1 CT2 CT3 A B C A B C
Line Line
A  10% 20% 30% 1
4% yield
20% 30% 40% 2 drop 13 13 12 12 12 12 16 12 12 16
C 70% 50% 30% 3

0.
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Discussion

Nowadays, a time always depends on the profit; especially production line
should operate process smoothly by lack of waste time that is importance for
production line balancing. Performance production line is measurement to indicate
production line good or bad, in addition to tracking and monitoring is once method to
detect area problem of production line, so these lead to protection occurring problem

to escalated situation that uncontrolled.

According to application model for detect the problem that can be applied to
daily management by leader, foreman in shop floor to daily detect performance line

process.

All analysis can be applied to deep development simulation of program to
understand, monitoring and tracking a technology for real time by using network

operation.
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CONCLUSION AND RECOMMENDATION

Conclusion

Internal Benchmarking methodology can bring to factory and detect problem
In multiple product and line process that was divided for detect the problem which
product or machine is indicator, that problem should be improved line process

Immediately for protection uncontrolled factor occur.

Table 8 Comparison monitoring result

TH CT
Comparison failure detection performance % Found
(Found) (Found)
> i 45 45 62.5%
Product > Machine *68.75%%
Product > Original data o4 o4 75%
Machine > Original data 46 46 63.8
. 49.95%
Machine > Product 26 26 36.1
Original > Machine 25 25 34.7
K 29.85%
Original > Product 18 18 25

Note: 1) Original data is original line performance
1) Machine is Machine line performance

2) Product is Product line performance

As data shown in table 8, to compare methods to detect trend of failure found,

the result is shown both thought put rate and cycle time by percentage.
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Table 9 Tracking and monitoring date table

Day 5-10 10-15 15-20 21-25 25-31
Throughput and

) 3 46 16 7 0
Cycle time

Note: Number in table is many days that Actual line and Practical worst case line

overlap

As data shown in table 9, to summary tracking date in period times which
period time can be found failure performance and the conclusion which type of speed

up detection is respectively following as

1) Product line performance can be fastest detect than machine line
Performance line and line process performance by time measure detection by ranking
score

- Product line performance

- Machine line performance

- Line process performance respectively

2) Line process that has occurred the percentage yield drop and loss time

while on process; model can detect trend line down as bench marking concept.

3) Percentage of product ratio is once factors to line performance directly

The result as above can explain; product line performance can detect in best

detection and observation by product line as result is 72 experiments testing.
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Recommendation

This principle can be applied to performance line production to improve the
ability of development to enhance production line performance.
However, this research can be applied to external benchmarking to gain more

operation performance and maximize profit in target business.
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Appendix Figure 1 Original product line detection; example 41

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (60%, 70%, 80%)
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Appendix Figure 2 Machine line performance detection; on example 41
In this case; focusing on multiple product at machine 1, 2, 3
Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (60%, 70%, 80%)

aouew.JI0)aad aul| aulydelA < aulj 1onpoud reulbliQ

8.



300 VWV VWV M ‘ — — = CThest --o--CTpwe --@--Actual CT ¢ CTwc
RECEREEEeER88
A NN Nﬂ.&mm e T 123 4567 8 910111213141516171819202122232425262728293031
omeomm mom omem g o e S A B e B G et G et ey | | o, oo P R R T
250 |s=tmstmememtmmne o= RS u-(_-.g._,--.,b:..t:\' o:_N R& ’
T S0= O om0
G 600006006060 0606060606060600000060006060000
1.002 +
200
0.802 +
150
0.602 +
100
G Y T e .'..
[ & o
.':0.'.'
0.402 + IS 2 2
50 ¥
pe ¥
P od
L 4
0 0.202 + .O
st e”
— — = TH best --¢--TH pwec —+— THwe O--Throught put rate1 0002 I e e e e e e e e e e e e
Throughput rate Cycle time

Appendix Figure 3 Product line performance detection; on example 4

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (60%, 70%, 80%)
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Appendix Figure 4  Machine line performance detection; on example 4

In this case; focusing on multiple product at machine 1, 2, 3

Cycle time

Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (60%, 70%, 80%)
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Condition machine line performance detection; on example 4

200 GhobbhbooboboESnE3Y St oo ‘ — — = CThest --®--CT pwe ---- Actual CT + CTwe
FEeSeEEESEFERER «@%ﬂ&&w
180 | - T T T T T T L RmmE e E R O T Ty s N T N O 0 1234567 80910111213141516171819202122232425262728293031
S m S ottt ameT TN ecmao T T-rl00 § a5 1,602 +——+——————————————————————————+——
VO =0 o - A ‘.-\— -
160 o~ IR R R R R R R R R R R R R R R R RERRE R -
140 1402 | 3
Q
120 1.202 + S
~+
100 1.002 + =1
D
80 °
0.802 | . @
0 R '...0". <_3:
0.602 + L oPe s od
40 ewSoee® 3
,:." -
20 0.402 + "' Q
P v
0 0.202 + ," O
(S XX XXX XY S,
— — —THbest --¢--TH pwc —+—THwc O--Throught put rate1 0002 Immme e e e e e %
Throughput rate Cycle time =)
8
S
Appendix Figure 5 Product line performance detection; on example 37 y
@D
- - M . -
In this case; focusing on multiple product at machine 1, 2, 3 o
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Appendix Figure 6 Machine line performance detection; on example 37

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 4% yield drop for machine 1, 2 and 3 by ratio product at (40%, 50%, 60%)
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Appendix Figure 7 Product line performance detection; on example 51

Cycle time

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (10%, 20%, 30%)
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Appendix Figure 8 Machine line performance detection; on example 51

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 2% yield drop for machine 1, 2 and 3 by ratio product at (10%, 20%, 30%)
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Appendix Figure 9 Machine line performance detection; on example 63

In this case; focusing on multiple product at machine 1, 2, 3
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Appendix Figure 10 Product line performance detection; on example 63

In this case; focusing on multiple product at machine 1, 2, 3
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Appendix Figure 11 Original line performance detection; on example 47

In this case; focusing on multiple product at machine 1, 2, 3

Cycle time

Condition only 4% yield drop for machine 1, 2 and 3 by ratio product at (40%, 50%, 60%)
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Appendix Figure 12 Product line performance detection; on example 47

In this case; focusing on multiple product at machine 1, 2, 3
Condition only 4% yield drop for machine 1, 2 and 3 by ratio product at (40%, 50%, 60%)

Cycle time
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