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Abstract - In the modern manufacturing era,
process automation plays an important role in
increasing efficiency and product quality. One of the
main components in automation is the Automatic
Frame Assembly Process which has a crucial role in
installing the frame on the Econo Dual module because
it uses robot power to carry out this process, and this
certainly follows existing parameter provisions and
uses certain programs on the machine. Econo Dual
Module is a product resulting from the production of
this machine which is used as the object of this
research. This research aims to identify the main cause
of the high failure rate of frame installation on the
Econo Dual module using the Root Cause Analysis
(RCA) method and find the solutions to handling the
problems. By using a fishbone diagram and 5 Whys
analysis, several causes of failure to install the frame
on the module were found, including there is no NTC
components on the module (which is the main cause
and problems that often occur), the presence of
bubbles and discontinuity gluing on the module,
damaged frame, and solder spatter on the module.
After knowing the several causes of the failure, the
author found various solutions to minimize the
problem according to the provisions of how the
problem occurred individually.

Keywords: Assembly Process, Automatic, Failure
Analysis, Module Frame, RCA.

I.INTRODUCTION

Product quality is an important factor in determining an
industry's success. High-quality products not only fullfill
consumer needs and expectations but also build brand
reputation and trust. In an increasingly competitive industry,
product quality can be the key differentiator between success
and failure. Indriyono Gitosudarmo (2000) stated that "with
effective quality control, the number of damaged products
can be reduced and if the number of damaged products can
be reduced, then quality costs can be reduced as efficiently as
possible™ [1].

Likewise, in the frame assembly production process, product
quality & quality control is very necessary because many
problems occur in each process, especially defects in the
products resulting from this process. The frame assembly process
can be done using 2 methods, done manually and automatically.
But here the focus of the research did by the author is only on
automatic machines because these machines often experience
very crucial problems. There are 3 main processes in the frame
assembly process, namely gluing process, frame installation
process, and reveting process. The frame assembly process
begins with a gluing process on the module or applying glue to
the edges of the module with the aim of gluing the frame to the
module. Then after gluing, the next process is to install the frame
on the module which is assisted by robot power and supported by
camera sensors, programs and certain parameters that have been
set in the machine. Then, after that the final process that must be
gone through is the reveting process, which aims to unite the
metal on the frame with the baseplate holes on the module by
installing rivets between the frame and the module, so that the
frame and module are more unified. So it’s not enough to just
gluing the frame and module to make it stick better. If the
module is not revetting, the frame is very easy to detach from the
module. Of these three processes, both have their own
failures/problems that often occur. But of these three processes,
the most important process and plays an important role is
installing the frame on the module, because the process of the
machine itself is frame assembly. If the machine fails to install
the frame on the module or even does not install the frame on the
module, then there is a certain error in the machine or material
caused by several causes/factors. Therefore, here the author will
focus on explaining the analysis of frame installation failures on
the Econo Dual module on automatic frame assembly machines
using product quality & quality control. So that failures in each
process can be minimized and can increase production both in
quality and quantity. To achieve this goal, the author uses the
RCA Technic method to solve the problem. The application of
the RCA method has been widespread, using a reasoning
technique that can produce a systematic, measurable and
documented approach to identifying understanding, and
resolving underlying causes (Vorley G; 2008) [2]. The following
are the main points in the RCA method:

a) ldentify the problem d) Identify the root cause

b) Define the problem e) Corrective Action

¢) Understand the problem f) Monitor the system
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Il. MATERIALS & EQUIPMENTS

The main materials and equipment used in the frame
assembly process will be explained as follows.

A.) Econo Dual Module

Thermistor NTC

DCB/DBC o]

Figure 1. Econo Dual Module

The Econo Dual module consists of DCB, Baseplate, and
Thermistor NTC. The bottom side of the power
semiconductor devices is attached to a ceramic substrate
[direct-bonded copper (DBC)], usually using solder, and the
top side is connected using wirebonds [3]. DCB (Direct
Copper Bond) is also abbreviated as DBC (Direct Bond
Copper) in literature, and the two have the same meaning [4].
The direct bonded copper (DBC) substrate type dominates
substrates for high power electronic systems that composed
of a ceramic tile bonded and embedded between two copper
plates. They are commonly used in power modules because
of its good thermal conductive ability and low thermal
expansion [5]. Meanwhile the baseplate is the basic part of
the module which functions as a DCB container and an NTC
thermistor container. And Thermistor NTC (Thermal Resistor
Negative Temperature Coefficient) is a thermistor whose
resistance decreases as the temperature increases [6]. This
means that the hotter the temperature, the lower the
resistance.

B.) Econo Dual Frame

Figure 2. Frame Econo Dual Module

Econo module frames have several types which are differentiated
according to the type of module, one of which is the Econo Dual
module. Each module has its own characteristic frame shape,
both in terms of the number of pins and the size of the frame
which is adjusted to suit the size of the module, which differs
from one module to another.

C.) Machine

Figure 3. Automatic Frame Assembly Machine

Figure 3 show the mark of the automatic frame assembly
machine part that consist of three main process and there are
other parts, including:

a)
b)

©)
d)

€)

f)

9
h)

i)
)

Gluing Process Area.

Monitor to display the distance of gluing placement on
the edge of the module and what tolerance is allowed
to deviate from standard product specifications.

Frame Installation Process Area.

Monitor to display alarms regarding how many
problems occur with the machine and how long the
machine stops running temporarily when the machine
has a problem.

A frame board container that functions as a place for
the frame to be taken for manual installation of the
frame.

Place for manual installation of the frame. This
machine part is for installing frames on modules that
did not have a frame installed in the previous machine.
So after the module is installed on the frame manually,
the module is inserted back into the machine through
the small door marked with a red circle in the picture
for the riveting process to be carried out on the
module. This improvisation is usually carried out on
modules that are glued but do not have a frame
attached when running.

Monitor to display the position and condition of the
frame in the frame board container.

Monitor to display existing problems in the frame
installation process machine area.

Reveting Process Area.

Monitor to display existing problems in the reveting
process machine area.

D.) Scanner

Scanner is tools for scanning the wt and this also usually used for
report the scrap. This tool is usually found in the track in part
machine and in the track out part machine.



Figure 4. WT

WT is a tool that is used as a container for modules to run on
the machine. WT has different types of size, shape and
number of places to accommodate modules depending on the
type of module. The smallest number of places to
accommodate modules on a WT is the WT type which has 4
module places and the most is the WT type which has 9
module places. Meanwhile, the WT type used to place the
Econo Dual module is the WT type with 7 module places.

I1l. PROBLEM INVESTIGATION

In this problem investigation, details are shown of what
causes frame installation failure and steps on how to report
scrap for all damaged modules.

A.) Causes of Frame Installation Failure

a) Gluing Erorr

Gluing is one of the causes of frame installation failure
because gluing is an adhesive material between the module
and the frame. If there is a problem with the adhesive
material then of course the level of adhesion of the frame and
modules will be very weak and easily separated, then the
frame installation process can be said to have failed.
Therefore, when there is a gluing error on the module, the
robot will automatically detect it and not install the frame on
the module. The gluing error that usually occurs most often is
that the gluing is not connected completely at the edge of the
module, and other gluing errors that occur are bubbles in the
gluing and messy or irregular gluing.

Figure 6. Bubble

b) Damaged Frame

Damage to the frame that occurs is usually characterized by bent
or broken frame pins which causes the robot to automatically
detect via the camera sensor that the frame is defective or a
frame that does not meet the frame specifications and discards
the frame due to a fairly hard collision between the frames. with
the frame container inthe frame box before being put into the
machine or the frame container colliding with the small trolley
(as a place for the frame container to run on the machine) when
inserting the frame container into the small trolley, resulting in
defects in the frame in the frame container.

Figure 7. Bent Pin

¢) NTC Missing

The Econo Dual module has module types that use NTC
thermistor components and some that don't. Sometimes for the
Econo Dual module which uses an NTC Thermistor, several
times it happens that there is no NTC component on the module.
This is caused by operator negligence who forgot to place this
component in the module during the previous process. Therefore,
for the Econo Dual module type which uses an NTC Thermistor
and it turns out there is no NTC Thermistor on the module, when
it is running on the machine, the machine will detect and know
that there is no such component on the module which makes the
machine order the robot not to install it frame on the module.
This is because if there is no NTC Thermistor component on the
Econo Dual module type which uses this component, then the
module has been declared failed and does not fullfill standard
specification product. If a robot installs a module like that, it will
be a waste of frames, wasteful of production costs, and a waste
of time.

Figure 8. No NTC

Figure 9. There is NTC

d) Solder Spatter

The presence of solder spatter in the baseplate hole causes the
baseplate hole to limit the entry space for the corner of the frame
hole to the baseplate hole. So when the machine detects solder
spatter in the baseplate hole, the frame cannot be attached to the
module. Solder splatter not only occur in the baseplate holes,
sometimes they also occur on the DCB. But this does not mean
that the frame is not attached to the module, it remains attached
to the module. However, the module is already a reject, because
the solder spatter on the module does not fullfill the standard
product specifications that have been determined.



Figure 10. Solder Spatter

B.) Scrap Report

For every damage to the module in the frame assembly
automatic process, everything will be manually booked
by inputting the material damage type using Camstar
Software. How to use Camstar Software is:

1) Scan the Barcode on the wt at the Camstar
Tracking Label using the Scanner.

2) We must see whether we have done Track In
and Track Out in the material information
section.

3) If so, press OK and enter the number of
damaged modules (scrap).

4) Select the type of damage/scrap that occurred
on the module.

5) They were completed (The type of damage has
been booked).

6) Then in the back of the baseplate we should
put code the defect module, module
identification number, name of the machine,
the date when the defect occurred in the
module, initials name or signature (option),
and our shift.

IV. METHODS

This chapter explains what research methods are used, what
the product specification standards are, the sequence of steps
in the frame assembly process, and standar production data
values.

A.) RCA Methode

The research method used in this project is using RCA
Technique Tools in the form of Fishbone Diagram & Five
Whys. Which method is used to achieve the initial objectives
to be achieved in this project, including finding the root cause
of the problem and finding solutions to minimize the
problem. Root Cause Analysis (RCA) is a useful method for
identifying the origin of a problem to find the main cause of
the problem by using certain steps and tools [7]. But before
identifying the root cause of the problem, first find out what
is the biggest problem and what problems occur happened.
For this, a Pareto chart is needed to solve it. The Pareto
diagram shows which problems should be solved first by
showing the proportion of the overall problem that each
smaller problem consists of. The Pareto diagram principle
refers to Pareto's law. Pareto's Law states that a group always
has the smallest percentage (20%) that is valuable or has the
greatest impact (80%). The Pareto chart identifies 20% of the
causes of vital problems to realize 80% overall improvement
[8]. The following is a sample of research data obtained by
the author presented in the form of a Pareto diagram.
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Figure 11. Pareto Chart of Causes of Frame Installation Failure

The above data is one of the data samples obtained by the author
which was conducted in a short period. The data was obtained
from a temporary experiment at the beginning of the research,
which aimed to obtain a hypothesis regarding the main cause of
the failure of the installation on the frame. So based on the pareto
chart above, the author found that the highest total error obtained
was that the NTC was not installed on the module. So for the
time being, it can be concluded that the problem that must be
resolved first is to focus on checking first whether there is an
NTC in the module or not before running it on the machine, so
that the process carried out can save time and increase the
quantity of products produced.

B.) Product Specification Standards

Product specifications are detailed descriptions of a product's
characteristics and features, including materials, dimensions,
functions, quality, and performance, established to ensure that
the product fulfill specified needs and standards. [9]. Product
specification standards are very necessary, in order to know
whether the product fullfill or does not fullfill the desired spec
standards. The following are the standard module specifications
after going through the frame assembly process.

a) Gluing
The following are the standard specifications for gluing sizes
on the modules found in the monitor machine.

i il e 1
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Figure 12. Standard Measure of Distane the Gluing on the module

Acceptable Result:
- No bubble - No Discontinuity

(Rejectable)

(Rejectable) (Acceptable)
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b) Frame
Acceptable Result:
- No bent pin

-

Bent
Pin

(Rejectable) (Acceptable)
¢) Module
Acceptable Result:
- Thereis NTC
- No solder spatter in the baseplate hole or no scratch
in the baseplate.

Solder
Spatter

(Rejectable) (Acceptable)

d) Reveting

Acceptable Result:

- There is no space between the metal on the frame
and the hole in the baseplate that is visible from
behind the baseplate. The metal on the frame must
look tight and blend into the baseplate holes.

(Rejectable)

(Acceptable)

C.) Frame Assembly Design Process
The following is an overview of the Frame Assembly

Design Process.
e rocs

FINISH

Figure 13. Machine Process
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Based on the picture design above, the frame assembly process
start with the gluing process, which is then continued with the
frame installation process, and ends with the revetting process.
After the module has gone through these 3 processes, check and
ensure whether the module fullfill the specifications or not. If
there is a defect in the module that cannot be tolerated any
longer, then create an error/failure report on the module by
scanning the barcode on the WT by entering the error code for
the type of failure that occurred in the output results and will be
stored on the machine monitor. But if the failure can still be
tolerated, then improvise. Failures that can still be tolerated are
the module not gluing and the module not being attached to the
frame. For non-gluing modules, insert the module back into the
engine start line, and this will usually work. And for modules
that do not have a frame installed, attach the frame to the module
manually, and insert the module into the revetting process area
from the side of the machine.

D.) Standard Production Data Values

The standard production data values used by author to
calculate & analyze data results using the defect rate
percentage. By using the defect rate percentage, comparative
analysis of data results before and after doing corrective
actions can be more easily to read and understand. Here is
the formula for calculating the defect rate percentage:

Total Unit Defect ) x 100%

Percentage = ( -
Total Unit Product

But to find out the standards used by most companies regarding
defect rates, the author uses the six sigma table as a reference.
Six Sigma is a way to measure processes and goals approaching
perfection that is presented with 3,4 DPMO (Defect Per Million
Opportunities) and is one approach to changing organizational
culture (Pande, 2002) [10]. According to Gaspersz (2002) also,
Six Sigma is a vision of improving quality towards a target of 3,4
failures per million opportunities for every transaction of goods
and services [11]. This means that out of 1 million units of
product produced, only 3.4 units are defective and that the
company produces products with a customer satisfaction level of
99,9997%. Therefore, to achieve the ideal condition, namely at
the 6-sigma sigma level, the number of DPMO's allowed is only
3.4 defective units per 1,000,000 possibilities. The following is a
table of DPMO according to Six Sigma levels.

Sigma Level | DPMO Yield Capability
1-Sigma 690.000 30,90% Non-competitive
2 - Sigma 308.000 | 69,20%

3 - Sigma 66.800 93,30% Industry Average
4 - Sigma 6.210 99,40%

5-Sigma 320 99,98%

6 - Sigma 3,4 99,9997% World Class

Figure 14. DPMO Table according to Six Sigma Level
Source: Gaspersz, 2002

DPMO = (ﬁ ) x 1.000.000

Note: D = Total Defect
U = Total Unit Production
O = Total Opportunities that will result in a defect.

In the Frame Assembly process there are 3 main processes,
and each process has the potential to cause the product to
become defect. This means there are 3 opportunities to cause
the product become defect. So it can be said O = 3. So the
formula is updated to:

DPMO = (%) x 1.000.000



V. RESULT & DISCUSSION

In the first 2 months of the research, the results of the
research data obtained by the author were as follows:

Month | Bubble | Discontinuity Gluing| Bent Pin [No NTCin the module| Solder Spatter | Total Production
January | 25 U 3 5 45 699
February| 29 5 7 n 3 828

Quantity (Pcs)

Figure 15. Table of research data results before corrective action
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Gluing

Solder Spatter
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Figure 16. Diagram of research data results before corrective action

From the table and diagram above, it shows that the main
cause of the problem is no NTC in the module. This shows
that the data results obtained are the same as the data results
obtained by researchers in a short period as previously
explained in Figure 11, that both show that “there is no NTC
in the module” is truly the main cause of the problem that
occurred. Before taking corrective action to resolve this
problem, it is necessary to first conduct an in-depth analysis
of the temporary data results to determine how bad the level
of the problem is. The following is the analysis.

(Note: The data used in this analysis is the total data results
from January to February).

Known:

Total Production = 1527 unit

Total Defect = 339 unit

Total Good Product = Total Production — Total Defect

=1527 — 339 = 188 unit

Bubble = 54 unit

Discontinuity Gluing = 49 unit

Bent Pin = 30 unit

No NTC in the module = 124 unit

Solder Spatter = 82 unit

After the data was organized, the percentage of the data
results was obtained as follows:

u GOOD

W DEFECT Bubble
DEFECT Discontinuity
DEFECT Bent Pin

m DEFECT NTC Missing

m DEFECT Solder Spatter

Figure 17. Pie Chart Result Data Before Corrective Action

The percentage results of the pie chart above were obtained using
the formula:

Total Unit D t
Percentage = (u

Total Unit Product

) x 100%

Percentage = 239 % 100%
1527
Percentage = 22,2%

The 22,2% results obtained were the total defects that occurred
and 78% were products that fullfill the specified product
specification standards. It can be said that this production process
has been running quite well because the total good products are
much more than the total defects. But has this production process
fullfill the company's standards? And to determine whether this
production process can be said to fullfill company standards or
not, the author uses the DPMO formula and Six Sigma table as
references which have been explained in the Figure 13. And the
following is the explanation.

DPMO = (UD—) x 1.000.000

x3

DPMO = —22__ % 1.000.000 = 74.001 units DPMO
1527 x 3

If we look at the Six Sigma reference in Table 1, the data results
are still in the range of 2-Sigma level and not reached at 3-Sigma
level, which is exceed more than 66.800 units DPMO. Where
this level does not include the industry average standard. This
means that the production process before taking some corrective
actions, not fullfill the company’s production standard targets.

After knowing the cause of the main problem and the production
process does not fullfill company production standard, the next
step is to find the root cause of the main problem and taking
some corrective action. The cause of the frame is not attached to
the module is very critical, so the author decided to identify it by
creating a Potential Problem using Fishbone Diagram. The
Fishbone diagram (also called the Ishikawa diagram) is a tool for
identifying the root causes of quality problems [12]. The function
of the Fishbone diagram, it may be referred to as a cause-and-
effect diagram [13]. The following is a display of the fishbone
diagram obtained by the author after investigating through RCA

analysis.

«— | incomplsts Module Part

ThereisnoNTC
inthe module

‘Cperator does not implement
(serateh Basepiat) 507 process campletaly
NICisnatinstaiied in the “The frame s afectsd
system saidering process by the shaking of \
other object
_— | vochaica arrorsinthe system The operatar was forgot o
N soldering process install TG during system
- - The broken jig scidering process because
Damage rame | - wrong pasition of pacing the the aperator was not focs
(et ) | solder on the module in the jig during deing the process
| nad conition
|af neee giuing

Gluing Error

- Discontinaity hing) The Frame is not

attached to the

module

Figure 18. Fishbone Diagram of frame installation failure on module



The red mark in the image above is the cause of the problem
of frame installation failure which quite often happened.
Most of the causes of failure of frame installation on the
module come from material factors. This indicates that
material factors are very crucial factors during the frame
assembly process. Based on the fishbone diagram above, the
root cause of some problem is found. But to find out more
deeply about the root cause of this problem, using five whys
analysis is one of the best solutions. The 5 Whys tool
provided an easy to understand, easy to implement, and
therefore less time-consuming tool for determining root
cause, which no doubt contributed to the resulting popularity
across business sectors [14]. Since the root cause of the
problem is no NTC in the module, the focus of the
explanation of the five whys is directed at the root cause of
“why there is no NTC in the module”. The following is a
display of the five whys diagram based on the explanation of
fishbone diagram.

Problem The frame is not attached to the module
Why?
\>, There Is ne NTC In the module
-
Why?
'—f\\
L NTG is not installed in the system soldering process
Why?
N
I_| P Operator did not install NTC in the module

Why?
L> The operator was forgot to install NTC during doing system soldering process

Why?

Root

The operator was not focus during doing the process
Cause B e

The operator must more becarefull and more be focus during doing the
process

Figure 19. Five Why Analysis “no NTC in the module”

After knowing the root cause of the problem, the next thing
to do is to take some corrective actions to solve the existing
problem.

1) Handling of NTC Missing (Incomplete Module)

The main problem and the author must solve it first is

no NTC in the module. This happens because the operator in
the previous process, namely the system soldering process,
forgot to install the NTC when soldering components (in the
form of DCB and NTC) to the baseplate. If the module
without NTC components is run into the machine, the
machine will only roll and will not install the frame, because
the machine can detect that the module does not fullfill the
product specifications standard because it does not have
complete components, namely there is no NTC on the
module. So, to minimize this problem, the author coordinated
with the operator in charge of the system soldering process
operations to be more careful and first check whether the
module had complete components before giving it to the
operator in charge of the frame assembly process operations.
And the author also coordinates with other frame assembly
operators to first check whether the module has complete
components or not, before running it into the frame assembly
machine.

2) Handling of discontinuity gluing & bubble

After the author investigated for several months, it turned out
that the cause of the machine often experiencing gluing
discontinuities was the condition of the needle used in the gluing
machine. Sometimes the gluing that comes out of the needle
doesn't come out smoothly in the needle hole, so there are parts
of the edge of the module that are not gluing or the gluing on the
module is not connected completely or what is called a
discontinuity gluing. Likewise, the cause of bubbles is also
caused by the condition of the needle hole which produces gluing
with small bubbles at several points. So the solution that can be
done is to routinely check the needle first every time you want to
use the machine to find out whether the needle is experiencing
obstacles in removing the gluing in the hole or whether there are
bubbles in the gluing, and immediately report to the shiftleader to
ask for technician/maintenance help to clean the needle. If there
is only dirt in the needle hole, it is still possible that the needle
can be used. And if necessary, the needle is immediately
replaced with a new needle if the previous needle is no longer
suitable for use.

3) Handling of bent pin in frame (Damaged Frame)

In solving this problem, it took almost 2 months, before the
author was able to find a solution to minimize this problem,
because this was the last problem to be prioritized, because this
was the problem that occurred the least compared to other
problems. Bent frame pins occur due to a collision or friction of
another object against the frame pin which causes the frame pin
to become bent. This is because the pin frame is very sensitive
and bends easily. Therefore, the author coordinates with the
person in charge of quality materials to check whether all the
frames used are in good condition, and of course the author
checks again before putting them into the machine to ensure that
the condition of the frames used is in good condition and that
there are no bent pins. , and also be more careful when you want
to insert the frame into the machine so that there are no
hits/collisions on the frame pins.

4) Handling of Solder Spatter (Scratch Baseplate)

Dealing with solder spatter problems is more or less the same as
dealing with NTC Missing. This is due to checking the module
first whether the module is in good condition or not, and
coordinating with the operator operating in the soldering system
process, because the causes of solder spatter and NTC Missing
defects come from the soldering system process. The only
difference is that if the NTC defect is missing, what is checked
is whether the NTC is on the module or not, whereas if the
defect is solder spatter, what is checked is whether there is
solder spatter on the DCB or in the hole in the baseplate. When a
module that has solder spatter on the DCB is run on the
machine, the frame will remain attached to the module, but the
module is still a reject, because modules that comply with
standard product specifications must not have solder spatter.
Meanwhile, if a module that has solder spatter in the baseplate
hole is run on the machine, of course the frame cannot be
attached to the module because the baseplate hole limits the
entry space for the corners of the frame to the baseplate hole so
the frame will not be able to be attached to the module because
of the solder spatter in the baseplate hole.

After taking corrective action for 2 months, there was a decrease
in defects and an increase in production quantity occur. The data
results obtained are also different from those before corrective
action. The following are the data results obtained:



Month | Bubble | Discontinuity Gluing | Bent Pin [No NTC in the module | Solder Spatter | Total Production

March | 6 b 4 16 1 1488

April | 4 3 1 5 1 1824

Quantity (Pcs)

Figure 20. Table of research data results after corrective action
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Figure 21. Diagram of research data results after corrective action

Based on the table and diagram above, the results of that data
can be described as follows:

(Note: The data used in this analysis is the total data results
from March to April).

Known:

Total Production = 3312 unit

Total Defect = 59 unit

Total Good Product = Total Production — Total Defect

=3312 - 59 = 3253 unit

Bubble = 10 unit

Discontinuity Gluing = 9 unit

Bent Pin = 6 unit

No NTC in the module = 21 unit

Solder Spatter = 13 unit

After the data was organized, the percentage of the data
results was obtained as follows:

H Good

m Defect Bubbble
Defect Discontinuity Gluing
Defect Bent Pin

m Defect No NTC in the module

m Defect Solder Spatter

Figure 22. Pie Chart Result Data After Corrective Action

The percentage results of the pie chart above were obtained

using the formula:
Total Unit Defect
Total Unit Product

Percentage = ( ) X 100%

Percentage = =2 % 100%
3312
Percentage = 1,78%

The 1,78% result obtained is the total defects that occurred
and 98% is the product that fullfill the product specification
standards. This means that the production of the frame
assembly process is already considered very good, because
the results are almost perfect and even almost close to 100%.

But has this production process fullfill the company's standards?
And to determine whether this production process already to
fullfill company standards or not, just like the previous analysis,
the author still uses the DPMO formula and the Six Sigma
reference in the Figure 13. And the following is the explanation.

DPMO = (ﬁ) x 1.000.000

DPMO = —2— x 1.000.000 = 5.938 units DPMO

3312x3
The data results are still within the 4-Sigma level range, where
the data results do not exceed the maximum total defect limit of
the 4-Sigma level, which is no more than 6210 DPMO units.
Where this level has fullfill industrial or company production
standards. This means that the production process after taking
some corrective actions, has fullfill the company's production
standard targets.

VI. CONCLUSION & SUGGESTION

After the research was completed, conclusions & suggestions
were obtained from this project research, including:

1) After doing investigation the problem, the cause
problem of the failure of the frame installation on the
module were there is no NTC components on the
module (which is the main cause and problems that
often occur), the presence of bubbles and discontinuity
gluing on the module, damaged frame, and solder
spatter on the module. And the root cause “why there is
no NTC on the module” because operator forgot to
install NTC to the module during doing system
soldering process due to lack of focus when running
the process.

2) Using RCA Technique in the form of fishbone and five
whys as a research method to find the root cause of the
problem. And use Six Sigma as a reference for data
analysis. Also taking some corrective action to solve
the problem.

3) The corrective actions taken were very effective.
Because after taking corrective actions, the quantity
and quality of production increased drastically
compared to before the corrective actions. Not only
that, the production process has also fullfill the
industrial or company production standards.

4) The corrective action taken by the author is the first to
check whether all the tools and materials used are in
good condition or not. And make sure that everything
related to the equipment and process must be in
accordance with the SOP that has been provided. Then
if there is a problem that cannot be solved, coordinate
and communicate with skilled people around the
environment.

It can be concluded that the investigation of the problem did by
the author using the research method used and the analysis of the
data results obtained, the author succeeded in solving the
problem and achieving the desired research objectives through
the corrective actions taken very effectively.
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