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Abstract This manuscript presents the optimization
work of vision inspection at the semiconductor industry,
focusing on the top view vision inspection. The top view
vision inspection includes checking the tip to tip, lead to
lead and laser marking of the product. In this work, the
focus was on enhancing the potential vision parameter that
causes over-rejection. The work started with the
identification of the vision parameter that contributes to the
over-rejection by the vision system. Three factors have
been identified, which are the lead shutter time, laser
shutter time and brightness value. All factors were tested
using the design expert software. A comprehensive data
collection was conducted to gather essential measurements
by the vision system. Upon completion of the data
collection, the optimization of the parameters was done
using the full factorial method. At the end of this work, the
optimized parameter setting has been validated using the
dedicated machine, and monitoring of the result has been
conducted based on the defined timeline. Post the
optimized parameter setting, the vision was able to capture
measurement value similar to the drawing value within the
acceptable tolerance. This work has significantly reduced
over-rejection and has indirectly improved the production
rate.

Keywords Vision Inspection, Over Rejection,
Optimization, Quality, Automation, Manufacturing

1. Introduction

Semiconductor components for the automotive
application have the strictest requirement for quality and
functionality compared with other consumer applications

[1-3]. One of the main components is the microchip. Prior
to forwarding the microchip to the market, each unit will
have to undergo various quality inspections and testing
process within the production line. All units must pass the
set standard to ensure its quality and its ability to operate at
the expected performance [4].

The automated vision inspection system is a typical
process used in the semiconductor industry to check the
quality of the unit [5]. Nevertheless, another issue has
arisen from this process. The prevailing situation usually
occurs when the vision system is not able to capture the
correct value during the process. It will cause a good unit to
be judged as a reject unit by the vision system during mass
production. This situation has unnecessarily brought over
rejection and indirectly brought losses or yield loss to the
company. Although there is an allowable tolerance for
losses, exceeding the limit is unacceptable. The trend of
over-rejection rate must be monitored to ensure it will not
exceed the allowable yield loss limit which defines every
business year. Therefore, an effort to reduce the yield loss
is essential and at the same time to bring the overall lot a
better yield as well as indirectly generate profit to the
company.

2. Review of Relevant Works

The inspection system is a standard process used in
many industries, including  automotive,  food,
pharmaceutical, and many others. Inspection is becoming
more significant in the manufacturing industry in terms of
product quality. An inspection system can be categorized
or divided into three leading ones, which are manual
inspection, semi-auto inspection and automated inspection
system [5-6].
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Figure 1. The basic setup of a vision system [11]

2.1. Manual Inspection

The manual inspection system is 100% dependent on

human judgment towards the product during the inspection.

Manual inspection has resulted in a high variability due to
several factors that affect human visual inspection [7].
Operator ability to detect the defect during the production
is vital as the process to detect the running defect at the
production line is human dependent [8].

2.2. Semi-auto Inspection

Semi-auto inspection systems consist of automated
mechanisms that are introduced during the inspection by
the operator to expedite the manual inspection. The
judgment of the process still depends on the operator
capability and ability to detect the defect present in the
product [9]. This technique is introduced purposely to
increase the production capacity with a lower cost
investment due to a simple system integrated with manual
inspection.

2.3. Automated Inspection

Automated inspection system runs automatically with
the presence of the operator, only to monitor the machine
performance. Automated inspection and process control
can ensure that products of the highest quality come off the
production line [10]. Figure 1 shows an example of the
basic setup of the automatic vision system.

Automated inspection can eliminate human factors that
affect reliability such as fatigue and inconsistency of
judgment, and create a more consistent inspection process
with repeatable inspection results. Although it can
significantly improve the reliability of the process, it may,
however, lead to other quality issues like the unnecessary
rejection of a good product.

3. Methodology

This section focuses on the method used to solve the
vision inspection issue to improve the automated quality of
vision inspection. It involves defining, selecting, analysing
and deciding the best setting for vision parameter.

3.1. Investigation of the System

At the start of the work, the current process has been
observed and investigated. In common practice, the
process engineer will attend to the machine during system
downtime and fine-tune the vision parameter to get a better
image for image processing. Based on the investigation of
the current system during daily engineering activity in the
production line, the problem occurred due to the image
captured was not correctly detected, causing the system to
identify the image as a reject unit. Based on the current
issues of the vision system, optimization of the parameters
to get the better image for image processing and
measurement is required. Over rejection might occur if the
system processes the wrong image.

3.2. Preparation of Golden Unit

Upon completion of the revision of the previous work
and on-site study during actual machine running, the next
task is to prepare the golden sample for testing. This golden
sample will be used as a reference unit during vision testing
after parameter optimization is conducted. The unit will be
built from Trim and Form machine (TNF) using a dummy
lot and known as a golden unit for parameter testing. This
golden unit will be going through a scope measurement and
compared to unit drawing specification before being used
as a golden unit. Figure 2 shows three measurements point
for the unit; point 1 and 14, point 4 and 11 and point 7 and 8
as sample unit dimensions through measurement scope.

i 2 3 4 5 6 7
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Figure 2. Three measurements point of the golden sample unit
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Measurement of the golden sample unit is very crucial. It
must be close or exact to the unit drawing specification.
This condition is to ensure that this golden unit can be used
as a reference unit during vision testing. The result from the
vision measurement will be compared with the result of
measurement by measurement scope. ldeally, the
measurement of the tip to tip should be 9.240 mm with
tolerance +0.400 mm, which means that the acceptable
reading range can be from minimum 8.840 mm to
maximum 9.640 mm. A scope measurement will be
conducted to ensure sample tip to tip measurement is
within the specification based on unit drawing. Table 1
below shows the measurement of golden sample unit.
Through measurement scope, the sample will undergo
three-time measurement at three different points, or lead
pair and average all three measurement result will be used
as a reference value.

Table 1. Golden Sample measurement result

Measurement value

Unit Average (mm)
Scope (mm)
lead 1-14 9.271
lead 4-11 9.246 9.255
lead 7-8 9.248

3.3. Identifying the Parameters

In parallel to sample preparation, the optimized
parameter needs to be identified for vision optimization,
and from the investigation stage parameter to be optimized
will be identified for the design of experiment (DOE).
Table 2 shows three factors already been identified with
their level range. All parameters can be changed at the
vision system panel of the machine.

Table 2. The factor with low and high level

Level range
Factor Unit
low High
Lead shutter time Sec, ms 6000 12000
Laser shutter time Sec, ms 6000 12000
Brightness value Lumen, Im 45 85

The difference of these two shutter time is, lead shutter
time will capture lead area and laser shutter time will
capture the package surface of the inspection device. The
importance of this shutter time is to determine the
allowable time that inspection unit will expose to the light
before the vision camera captures the image.

3.4. Experimental Setup

Each value presented is based on the value from DOE,
and the response of each run is shown in table 3. The output
response for each run was recorded for the identified factor.

During the raw data collection, the vision system will

provide seven measurements reading for each lead pair.
When performing measurement readout, vision camera
performance will be assumed similar for each setup and
only one pair of measurement will be taken for analysis and
optimized further where pair of lead-1 and lead-14 are
selected for every golden unit raw data collection.

Table 3. Setup for the three identified factors

Factor 1 Factor 2 Factor 3

Run Laser Shutter Lead Shutter Brightness

Time (ms) Time (ms) value (Im)
1 10000 12000 50
2 16000 4000 20
3 4000 4000 80
4 4000 20000 80
5 4000 4000 20
6 16000 20000 80
7 16000 20000 20
8 16000 4000 80
9 4000 20000 20

3.5. Testing and Confirmation

At this stage, the optimized parameter will be identified
using the DOE method. DOE will suggest the best
combination parameter to be applied to the vision system
for testing. The identified parameter value will be tested,
and the process of capturing the image will be conducted
using the golden sample prepared before. To perform the
experimental, Full Factorial method has been identified as
a suitable method to find the optimal parameter value.
From three-factor selected with two levels for each factor,
the numbers of the combination will be 2*3 = 8 and
combination will be tested in this experiment run. All the
parameter value combination will be tested on the machine,
and the responses from the machine will be recorded and
later result for each run will be evaluated for the optimize
parameter value to be used for final testing and to prove the
suggested parameter can be workable.

4. Results and Discussion

The analyses of the response to access the impacts of the
tip to tip measurement from the selected factor (laser
shutter time, lead shutter time and brightness) were carried
out by using the ANOVA. The most critical consideration
in ANOVA analysis is the F-value of the parameter,
whereby if the F-value is lesser than 0.05, it shows that the
parameter has a significant effect on the response,
meanwhile the range for not significant is 0.1 and above.

4.1. ANOVA Analysis

Responses shown in Table 4 show the range from 8.368
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mm to 9.271 mm, meaning the ratio of the max and min is
1.108 mm. A ratio greater than 10 usually indicates a
transformation is required. For ratios less than 3, the power
transformation has a little effect. In this case, the result
shows that the power transformation has a lesser effect.

Table 4. Result of vision measurement

Factor 1 Factor 2 Factor 3 Tip to
Run Shist:r Lead Shutter ~ Brightness ~ TiP

Time (ms) Time (ms) value (Im) (mm)

1 10000 12000 50 9.266
2 16000 4000 20 9.271
3 4000 4000 80 9.258
4 4000 20000 80 8.533
5 4000 4000 20 9.268
6 16000 20000 80 8.758
7 16000 20000 20 8.368
8 16000 4000 80 9.261
9 4000 20000 20 8.476

The results show that the relationship between laser

shutter time, lead shutter time and brightness:

1. Laser Shutter Time (ms) — No significant impact on
the tip to tip measurement.

2. Lead Shutter Time (ms) — Increase in the lead shutter
time will increase tip to tip measurement.

3. Brightness (Im) — Increase in brightness lumen value,
will increase tip to tip measurement.

4.2. Scope VS Vision Measurement

Each golden sample unit will go through manual scope
measurement and vision measurement to compare the tip to
tip measurement. Table 5 shows the comparison of the
manual scope measurement and vision measurement.

Table 5. Manual measurement versus vision measurement

Measurement value

Unit
Scope (mm) Vision (mm)
lead 1-14 9.271 9.302
lead 4-11 9.246 9.256
lead 7-8 9.248 9.260

For manual scope measurement, human factors will be
assumed as zero and vision measurement setup during this
activity is shown in table 6.

Table 6. The vision measurement setting

Parameter Value
Vision machine 1

Laser Shutter, ms 9000

Lead Shutter, ms 10000
Brightness, Im 55

Three measurement points are taken to compare the
readout of each method, observed there a different reading
between scope and vision measurement but is still within
the specification limit and control limit.

4.3. Optimized Parameter

From the data collected, the DOE tools will propose the
solution of optimizing parameter that is suitable to be used
to achieve the desired goal or target that has been set based
on the golden samples that go through experimental
activity previously. Table 7 shows the solution or option to
be chosen with the desirability to achieve the goal.

Table 7. Optimum parameter combination

Input She?t(;r Brightness Tipto
Parer\‘nal;ters TliJme ?Im) Tip Desirability
(ms) (mm)
1 5124.040 77.270 9.271 1.00
2 4750.000 70.870 9.271 1.00
3 5107.000 76.990 9.271 1.00
4 4318.460 63.470 9.271 1.00
5 4095.000 59.660 9.271 1.00
6 4078.670 59.370 9.271 1.00
7 4116.250 60.010 9.271 1.000
8 4784.960 71.460 9.271 1.000
9 4164.340 60.820 9.271 1.000
Level - - 3
Goal within within as
Range Range Target

Based on the optimized solution provided, it can be
concluded that a standard range can be identified for lead
shutter time where the range is from 4000 ms to 6000 ms
and for brightness value is from 47 Im to 80 Im. All the
parameter solution fulfilled 100 per cent desirability of the
target for each unit.

4.4. Validation of Optimized Parameter

The identified new optimum parameter being tested to
the vision inspection system, using a similar sample from
the golden unit or reference unit, the result of the
measurement has been compared. Table 8 shows the result
of vision inspection systems compared to the scope
measurement reading for a pair of lead 1-14, lead 4-11 and
lead 7-8.

From the measurement result with the optimizing
parameter, observed delta reading between measurement
scope and vision inspection systems is comparable. Few
readings were able to achieve zero, which indicates scope
measurement and vision inspection system measurement
provide similar outcomes. This situation also indicates that
proposed optimize value is workable and recommended to
be applied in the real running production.
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Table 8. Measurement result with optimize parameter

Measurement value Result
Unit . Delta  Spec (9.040
Scope (mm)  Vision (mm) -9.240)
9.268 -0.003 Pass
9.267 -0.004 Pass
lead 1-14 9.271 9.267 -0.004 Pass
9.268 -0.003 Pass
9.268 -0.003 Pass
9.204 -0.042 Pass
9.204 -0.042 Pass
lead 4-11 9.246 9.203 -0.043 Pass
9.203 -0.043 Pass
9.204 -0.042 Pass
9.228 -0.020 Pass
9.228 -0.020 Pass
lead 7-8 9.248 9.229 -0.019 Pass
9.226 -0.022 Pass
9.228 -0.020 Pass

From the observation, optimize measurement result
showed that the middle lead will give a slightly lower
reading for the golden samples. This issue can be further
studied for future recommendation.

5. Conclusions

At the earlier stage of the work, it was observed that the
machine was suffering from vision over-rejection during
the inspection, which had caused a yield loss and machine
interruption. The engineer commonly conducted
immediate action by changing various parameters when
the problem occurs. Through this work, experimental
work has been conducted and setup using DOE tools to
acquire the best parameter setting for the process. Three
parameters have been identified, and appropriate testing
has been conducted to acquire the optimized value. It was
found that one of the parameter, the laser shutter time, did
not influence the measurement. The other two factors
have been proceeded with DOE to identify the optimize
parameter value and define the range of the optimized
parameter value. Once the parameters have been identified
with the define ranges, this value was validated in the real

production by capturing the data using the golden samples.

In summary, the optimized parameter value for each
tested unit can be concluded that the best solution to apply
is within the range of 4000 ms to 6000 ms for lead shutter
time and 47 Im to 80 Im for lead brightness. The results
showed that the vision inspection systems were able to
capture tip to tip measurement precisely and one of the
measurements achieved zero deviation in comparison with
the scope measurement.
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Abstract Pull type is production that is based on actual
demand and requires a fast and precise manufacturing
process in the system. The conventional method caused
consumers* frequent dissatisfaction with the results and took
long production times and high cost. The purpose of this
study was to compare between the application for
conventional methods and Computer Aided Process
Planning (CAPP) method in pull-type production system.
Starting with identifying the problems that exist in the results
of observations in the field study, then setting the goal of
improving the initial production method. Furthermore, the
process was conducted by comparing production time using
time study method and breaking even calculation. The
results show that CAPP method obtained the reduction in the
cost and time production than conventional methods.

Aided Process
Optimization,

Keywords Computer
Generative ~ Management,
Production, Time Study

Planning,
Pull-Type

1. Introduction

At present in the fashion industry, it is seen that most
processes for making fashion production are still
conventional and use the pull-type production system [1].
Conventional productions’ methods had caused consumers’
often dissatisfaction with the results, the length of time of
production, and many costs incurred. Making the
conventional design requires a long time, one of which is due
to a lack of tools and technologies [2, 3].

Along with technological development, the emergence of
an alternative form of design makes design software, results
constraints that occur on the design in the fashion industry
with the conventional methods that could be overcome [4].
Process planning in the fashion industry was the liaison
between the activities of the design and production of

clothing. The process of producing clothes was planned to be
optimal based on a variety of existing processes, so that the
product could be produced at the right time with low
production costs [5]. Of course, all the production processes
will lead to the need for computer-based systems that can
conduct this process planning function or called Computer
Aided Process Planning (CAPP) [6].

This study took a case study by comparing women's shirt
manufacture by implementing conventional methods and
computer aided process planning (CAPP) through the design
process, time, and cost required in the production process.

2. Research Methods

This research included quantitative comparative research,
which provided a calculation of a number of data sets for
research results, which are then analyzed and compared with
real conditions and used to provide a solution [7]. This
quantitative research focused on the best production process
to see the time and benefits generated [8].

The first step in this research was to conduct literature and
field studies to identify problems. In this study, the problems
rose were the length of time and the amount of costs incurred
for the production process with conventional methods, so the
proposed methods were required to overcome these
problems. The proposed method was the use of computer
aided process planning (CAPP), while the parameters
analyzed in this study were the time and cost of the
production process.

Data collected included data on the number of requests,
manufacturing process, production time, production costs,
production facilities, and the number of HR. The next step
was analyzing the production process using the operation
process chart (OPC) approach, determining the standard time
using the time study approach, and calculating the total
production costs, as well as the break-even point in the
conventional method and the CAPP method.
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CAD is a technology related to the use of computer
systems to assist in the creation, modification, analysis, and
optimization of designs [9, 10]. Any computer program that
activates graphic systems and application programs that
facilitate the functions of engineering in the design process
can be classified as CAD software [11, 12]. CAD is
everything that is related to the creation of designs whose
processes are assisted by computers [13-15].

Design making turned out to be quite broad meaning,
starting from collecting ideas, sketching (concepts), making
models, making detailed drawings, analyzing designs, to
making simulations and animations [16, 17]. The tools used
are tools for creating, changing attributes, and rendering.
Marvelous Designer 3 software is one of the CAD softwares
that is used to be able to assist in solving existing problems.
This software has a function to facilitate the process of
making clothes and can increase customer satisfaction
ordering because it has a function in giving a real view of
how the clothing looks. In addition, the presence of 3D and
simulation will make it easier to provide descriptions to both
consumers and other process units [18].

The CAPP development method is categorized into three
main methods, which are variant, generative, and
semi-generative methods [19]. The methods in this study
included generative methods that were generated through
decision logic, formulation, search, algorithms and
geometric based data [20, 21]. The input of this method was
the design using a CAD system. Generally, the format of
the CAPP system input can be divided into two categories
[22]. The first category is input text, where the user answers
a number of questions (defined as interactive input). The
second category is graphical input, where part data is taken
through the CAD module.

3. Results and Discussion

At this stage, data processing was conducted in
accordance with the research steps described earlier. This
data processing was done to overcome and find solutions
for the problem.

3.1. Production Process

Based on the OPC, it was known that in the production
process by conventional methods resulted in the operation,
inspection, and a combination of 15, 6, and 15 activities and
demonstrated the entire process time of 338 minutes or 5
hours 58 minutes.

The groove design manufacture used known conventional
methods to make the production process should be
conducted after the manufacture of the design stage, take
more time to design and manufacture the consumer's
consent. The production process can be worked after the
design process, so it took a long time for each process.

3.2. Computer Aided Process Planning (CAPP)

The application with the CAPP method was discovered to
produce processes for operations, inspections, and
combinations of 5, 1, and 25 activities and production time of
2 hours 5 minutes. The process of making designs on CAPP
method performed using a CAD system from Marvelous
Designer 3 software that can be seen in Fig. 1.

In this software, 3D patterns and visual images of the
products ordered are produced. A computerized system in
software made it easy to make the change directly. Once the
design was agreed by the consumer, so the production
process could be immediately processed without waiting for
a long time.
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Figure 1.

3.3. Production Cost

The calculation of the cost was used to determine the
profits on goods and services [23]. Cost calculation was
conducted on the Fixed Cost (FC), Variable Cost (VC) and
Total Cost (TC) [24-26]. The equation for calculating total
production costs is Eq. 1.

TC =FC+VC 1)

3.3.1. Cost Calculations with Conventional Methods

Details of the cost components for conventional methods
and CAPP are shown in Table 1. By using Eq. 1, the
calculation of the costs required by using the conventional
method to produce 100 orders divided into 20 pieces for each
different size is as follows:

TC = ((800.000x12)x3) + (50.000x48) + (150.000x12) +
(50.000x4) + (200.000x48) + (10.000x100) + (150.000x12)
+ (50.000x4) + ((54.500x20) + (59.000x20) + (63.000x20) +

(64.500x20) + (66.000x20))

TC = Rp 51.940.000/year
TC = Rp 4.328.333,333/ month

For the production of women's shirts with sizes of S, M, L,
XL, and XXL, it required a fee of Rp. 4,328,333,333 per

Design Using a CAD System

month or Rp. 51,940,000 per year. Furthermore, the profit
analysis of conventional methods was conducted by using
BEP analysis per unit. BEP per unit was achieved when
1,346 shirts will have been sold with a total cost of Rp.
134,559,585.5.

3.3.2. Cost Calculations with CAPP Methods

The same calculation based on Table 1 was conducted for
different cost details using the CAPP method as follows:

TC = ((800.000x12)x3) + (50.000x48) + (150.000x12) +
(50.000x4) + (220.000x48) + (150.000x12) + (50.000x4) +
((51.500%20) + (55.500%20) + (59.500%20) + (62.500%20)

+ (64.000%x20))

TC = Rp 51.620.000/year
TC = Rp 4.301.666,667/ month

The cost of purchasing software was not taken into
account in calculating production costs because it was
considered an investment, so financing was only charged to
electricity costs. For the production of women's shirts, sizes
of S, M, L, XL and XXL, amounting to Rp 4,926,666,667
every month for 1 year or Rp 59,120,000 at the beginning of
the year. BEP per unit was obtained after selling 1,429 units
and the sales value of Rp. 142,801,932.4.
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Table 1. The Detail of Cost Components

No Type of costs Explanation Casts (in Rupih)
Conventional CAPP
S 54.500/pc 51.500/pc
M 59.000/pc 55.500/pc
1 Direct costs L 63.000/pc 59.500/pc
XL 64.500/pc 62.500/pc
XXL 66.000/pc 64.000/pc
) Indirect costs Transportation 50.000/day 50.000/day
Marketing 150.000/month 150.000/ month
Reparation 50.000/ month 50.000/ month
Electricity 200.000/week 200.000/week
3 Others Design Equipments 10.000/pc 10.000/pc
Communication 150.000/month 150.000/month
Maintenance 50.000/pc 50.000/pc
Table 2. Work Elements of The Shirt’s Producing Process
No Work Elements No Work Elements
1 Taking measurements and recording size 14 Uniting the sleeves to the body
2 Making a design 15 Sewing the sleeves to the body
3 Making a pattern 16 Uniting the collar with the body
4 Cutting out the pattern 17 Sewing the collar to the body
5 Attaching a pattern to the fabric 18 Uniting the button area with the body
6 Giving hem 19 Sewing buttons place the body part
7 Cutting the fabric 20 Putting a pocket on the body
8 Marking on the fabric 21 Sewing pocket
9 Wiping fabric 22 Installing buttons
10 Ironing the collar 23 Sewing the bottom of the body
11 Ironing the pockets and buttons section 24 Installing additional accessories
12 Uniting the front and back 25 Re-checking
13 Sewing the front and back 26 Packaging

3.4. Production Time

In this study, an analysis was conducted to determine the
most minimal time generated by determining the sequence
of work or work elements between conventional methods
and CAPP in a continuous production process. The
analysis was conducted using a time study with continuous
timing method [27]. The own time study is a way to
measure a person's performance by using a stopwatch or a

tool to determine the time needed to complete a job [28, 29].

Table 2 shows work elements that are measured in this
study both conventional and CAPP methods.

3.4.1. Time Study with Conventional Methods

The calculation of time with conventional methods in
the production process was obtained from 30 times the
data collection in each production process by giving

concessions of 7.5% because the work carried out with a
working position on a table with an equivalent load of
around 0-2.25 kg can be seen in Fig. 2. The time for the
production of a women's shirt with conventional methods
from the beginning of measurement to packaging took
482.14 minutes or 8 hours.

3.4.2. Time Study with CAPP Methods

The calculation of time with the CAPP method in the
production process with 30 times the data collection in
each production process by giving concessions of 7.5%
because the work carried out with a working position on
the table with an equivalent load of around 0-2.25 kg can
be seen in Fig. 2. The time for the process of producing a
women's shirt with the CAPP method from the beginning
of the measurement to the packaging process took 342.03
minutes or 5.7 hours.
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Figure 2. Standard Time for Conventional and CAPP Method.

3.5. Next Comparison between Conventional Method
with CAPP

From the results of the analysis, it could be seen that the
comparison between design and conventional method and
the CAPP method. Comparison of the results discovered
that the use of the CAPP method had a better advantage on
the element of accuracy, conformity with tangible results,
the accuracy between the design with the final results,
visualization, and time compared to conventional methods.

While the cost of raw materials with the CAPP method
was more expensive than the conventional method, this
was because the CAPP method required additional
investment by purchasing Marvelous Designer software at
the beginning, but it could be used for the long term and
profits will have been covered when selling 1,429 units.
The difference in BEP (units) between conventional
methods and CAPP methods was 83 units with a difference
in costs of Rp. 1,237,083.00, which did not mean the use of
the CAPP method results in greater costs for the next
production stage, because the results of time calculation
state that the use of the CAPP method could save time by 2
hours 3 minutes, so the costs required in production in the
following year would be smaller by using the CAPP
method compared to using conventional methods that
would increase due to rising prices of raw materials to
purchase design tools.

4. Conclusions

The results of applying the CAPP method in this study
could be assessed from the cost and time of production.
Based on a cost perspective, the CAPP method costs were
greater than the conventional method, because the use of
the CAPP method required additional investment,
Marvelous Designer software, at the beginning of the

purchase but could be used for the long term and profits
will have been covered when 1,429 units are sold.

Building upon a time perspective with a time study
analysis, it was known that there were differences in time
of 140.11 minutes or 2.34 hours between conventional
methods and CAD systems in the CAPP method that
combined the process of making designs and making
patterns into a single unit, where the CAPP method was
faster. In addition to time and cost, the use of the CAPP
method had a better advantage in the element of accuracy,
conformity with tangible results, accuracy between design
and final results, and visualization compared to
conventional methods. Therefore, CAPP implementation
on pulling type production process was very effective to
implement in pull-type production process.
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Abstract One of the operational issues that are
generally encountered on the print-head performance is
residual vibration. For good performance of droplet, the
satellite and ligament of an ink droplet must be suppressed
during the jetting process. It was proved that the
suppressing vibration is viable to control the droplet’s
speed and volume. Two kinds of suppressing vibration
with front and back position of suppressing pulse from the
main pulse were investigated. The suppressing vibration
was proved to be an effective way of damping the residual
vibration and reducing the droplet volume and speed. By
analyzing two types of actuation waveforms effect on
droplet quality, this paper analyzes the distinctive effect of
front and back suppressing vibration on droplet quality.
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Waveform, DoD, Inkjet Printer

Vibration,

1. Introduction

The inkjet printer quality is strongly related to the
print-head performance. The performance of an inkjet
print-head is limited by residual vibrations, cross-talk and
jet instability that will generate the droplet with ligament,
satellite or even weeping, particularly in multi-drop
ejection method. The properly waveform design can
minimize those both cross-talk and the residual vibrations
[1] & [2].

For enhancing the inkjet printer performance, we have to
consider the following operational issues that are
associated with the waveform design and operation of
nozzle heads. The droplet and satellite can be eliminated by
optimizing the waveform design. The basic waveform
itself was proved not to generate a clear droplet if it is

applied without additional pulse. The satellite on droplet
and ligament of an ink droplet can be suppressed during the
jetting process. It was stated that the performance of Drop
on Demand (DoD) inkjet printer is mainly affected by
residual vibration occurrence [3] - [8]. The residual
vibration and crosstalk influence each other, particularly in
high drop repetition rate. This problem can cause a very
large difference in droplet speed [9] & [10]. The actuation
waveform of the piezoelectric element has a strong
influence on the droplet ejection process, controlling both
the size and velocity of the ejected droplets [11]. For
reducing the residual vibration that caused satellite, the
actuating waveform to eject the droplet must be properly
designed [1], [4], [12] & [13]. In this study, the effect of
different actuation waveform design with front and back
position of the suppressing vibration was investigated by
the experimental study. The waveform design with
suppressing vibration that could generate the droplets with
a good shape will be considered as the recommended
waveform design.

2. Operational Issue of P1J Print-head

The operational issues that generally deal with the
performance of inkjet print-head [3] - [7], are namely:
1. Residual vibrations

In DoD inkjet printer, we arrange the waveform for
ejecting the ink droplet from the nozzle. The droplet will be
ejected on selected nozzle due to the movement of
piezoelectric. The pressure in the liquid chamber makes the
droplet eject from the nozzle. After the ejection, the
fluid-mechanics in the ink chamber should immediately be
rested. In fact, the pressure waves are still present and
affect the next process. These wave residues are referred to
as residual vibrations. The impact of residual vibrations is
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also influenced by cross-talk effects. Both residual
vibrations and cross-talk can result in the variation of
droplet speed on each nozzle [14] & [15].

2. Cross talk in piezo-inkjet

The cross-talk takes place when the neighboring nozzle
is influenced by another channel actuation. The
unintended ejection exists due to the disturbing
resonances in the print-head structure. It also causes a
difference in droplet speed and weeping occurrence. The
existence of residual vibration and crosstalk will give
significant effects in the ink chamber [7]. Therefore, in
this study, the additional pulse will be applied to the basic
waveform to suppress the effect of both residual vibration
and the cross-talk.

3. Research Method

The observation system GEN 5 on a personal computer
was used to input the optimized waveform design. The
signal was sent to the print-head to eject the droplet from
the nozzle. The print-head type was GEN 5 with
piezoelectric type D33 that was installed in PC. The droplet
image was obtained by shadowgraph technique. The
droplet image was taken by Charged Coupled Device
(CCD) camera that is equipped with iDS Complementary
Metal Oxide Semiconductor (CMQOS) sensor and strobe
lights. The CCD camera, CMOS sensor and stroble light
were synchronized to the firing signal. The delay time of
droplet to reach 1 mm from the nozzle and the droplet
image will be displayed in the PC at drop watch form. The
experimental equipment is shown in Fig. 1.

S S
1. PC with waveform
controller and drop

observation

2. Print-head
Y 3. Camera
4
5

i
ML

1l

. Light source
. Liquid

TITii

Figure 1. Experimental Equipment

In this section, the effect of suppressing vibration pulse
was investigated when it is located prior to or after the

main pulse. In this study, the comparison of experimental
result between the basic waveform or one main pulse was
compared with two types of actuation waveform with
additional suppressing pulse. The observation was
conducted on the droplet speed and volume of a single
droplet from one main pulse. Figure 2a depicts the
waveform design with suppressing vibration that was
located after main pulse, meanwhile the figure 2b shows
that the suppressing vibration was placed prior to the main
pulse.

There are two kinds of waveform design with the
different parameters of time for down, keep, up and wait.
The suppressing pulse with suppressing pulse parameter of
time for down, keep and up = 2 ps called as Suppress A. In
another side, the suppressing pulse parameter of time for
down, keep and up = 1 ps called as Suppress B. The
suppressing pulse that was located after the main pulse was
so-called back suppressing vibration, whereas this section
used the actuation waveform with suppressing vibration
that was located before main pulse, hereafter called as front
suppressing vibration. The experimental study to
investigate the droplet speed and volume was conducted.
The waveform design with suppressing pulse as compared
to the basic waveform, The basic waveform’s parameter is
shown in Fig. 3.
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Figure 2a. Suppressing Pulse Profile (back)
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Suppressing Pulse: taown = tieep = tup = 2J1S
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fwait = 0 Us
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Figure 2b. Suppressing Pulse Profile (front)

tdown = tkeep = tup = 2MS

Figure 3. Basic waveform

4. Result and Discussion

Figure 4 presents the droplet shape comparison of front
and back suppressing vibration with basic waveform. The
droplet shape from waveform design with different
locations of suppressing pulse was observed. We can see
the similar droplet shape for basic waveform and back
suppressing waveform of “Suppress A”. Front “suppress
A” generated the clear droplet at applied voltage 14 — 16
V and droplet with ligament at 17 — 18 V. The comparison
of front and back “Suppress B” shows that the clear
spherical droplet was generated at 14-15 V only for back
“suppress B”, whereas front waveform generated clear
droplet at all applied voltages. It expresses that we are
able to get the higher speed of droplet with a clear shape
for obtaining good print quality.
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Figure 4. The droplet shape comparison between basic waveform with front and back suppressing vibration (voltage of tieep = 50%)
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Figure 5. The droplet velocity comparison between basic waveform with front and back suppressing vibration (voltage of tiee, = 50%)

The droplet shape is related to the droplet velocity
particularly for back suppress A vibration, as shown in
Figure 5. The figure shows that those waveforms also have
similar velocity, with a similar trend to back suppress B
vibration. The front suppress A and B have similar velocity
trend with smooth linearity, but in lower velocity. It also

shows that the front suppress B has the lowest velocity
than the other. This phenomenon can be explained by the
conceptual model as shown in Fig.6. The conceptual model
was obtained from simulation by using modelica, which
has shown the effect of suppress A as the best result of
droplet shape until 18 volt.
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Figure 6. Conceptual model for “Front Suppress B” (111_0_222)

Figure 6 depicts that front “suppress B” (111 0 _222)
vibration has a different response than the others. The
small pulse before the main pulse without separating time
as well as preliminary vibration composes the wider
negative pressure. It indicates that the “pull” mode of PZT
(piezoelectric) print head plays a role in sucking the liquid
thread into the liquid chamber so it will take a longer time
for ejection and the volume inside the nozzle become
larger. By the additional pulse on the waveform design as a
preliminary vibration, will evoke the Helmholtz resonance
inside the liquid chamber. Since the energy that used to
“push” the ink out from the orifice is identical,
consequently, the droplet velocity will be slower. This
result then recommended being used for the next step in
designing the actuation waveform for multi-drop method.

Table 1 until table 3 expressed the comparison of each
waveform design, namely suppress A and B with different
percentages of voltage on tiep,. It was clearly shown from

the tables that the best droplet shape with the highest speed
will be generated from the waveform design namely
suppress B. The best percentage of tiee, was 50% from the
main voltage, e.g. 7 Volt for applied voltage 14 volt of the
main pulse.

Table 1.  Experiment result of Suppress A (50% voltage of tyeep)
tdown, tkeep, tup =2 ps
twait = 6 ps t keep: 50% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 2,27 L 6,41
15 . 1,49 L 8,06
16 . 1,25 L 9,90
17 L 3,07 L 11,76
18 L 4,24 L 13,70

e =good droplet S =Droplet with Satellite L = Droplet with Ligament
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Table 2. Experiment result of Suppress A (30% voltage of tieep)

tdown, tkeep, tup =2 ps
twait = 6 s t keep: 30% voltage
Voltage (V) Front Speed (m/s) | Back | Speed (m/s)
14 . 5,00 L 6,41
15 L (short) 5,95 L 8,00
16 L 7,14 L 9,90
17 L 8,33 L 11,76
18 L 9,71 L 13,70

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Table 3. Experiment result of Suppress B (50% voltage of tyeep)
tdown, tkeep, tup =1 ps
twait =0 ps t keep: 50% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 2,78 . 3,89
15 . 3,97 S 521
16 . 5,05 S 7,25
17 . 6,06 L 9,35
18 . 7,19 L 11,24

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Table 4. Experiment result of Suppress B (30% voltage of tyeep)

tdown, tkeep, tup =1 ps
twait =0 ps t keep: 30% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 3,85 . 4,88
15 L 5,52 S 6,25
16 L 6,67 L 8,33
17 L 8,06 L 10,31
18 L 9,43 L 12,20

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Figure 6 describes the simulation result of wave
superposition from front suppressing vibration. The
simulation was conducted by using modelica software to

understand the wave response from front suppressing pulse.

The simulation result shows that front suppressing
vibration on type B will evoke the negative or back
pressure that is able to withstand the high pressure on
droplet ejection. The amplitude of wave response is related
to the volume and speed of the droplet. It is shown that the
meniscus motion of total response generates a lower
amplitude. It is implied that the droplet speed and volume
from waveform with suppressing pulse will generate the
lower speed and volume of the droplet. The effect of
suppressing vibration was shown in this wave response.
When it was applied on the waveform design, the larger
negative wave will pull the liquid inside the chamber
before the ejection. Then, it will reduce the pressure and
minimize the water gun effect from pull-push method of
piezoelectric printhead.

5. Conclusions

The investigation of preliminary and suppressing
vibration effect shows that the waveform can be used to
control the droplet size, volume, and velocity. The
important point to adjust the droplet velocity and volume is
in the voltage percentage of preliminary and suppressing
vibration. The effect of voltage and head temperature is
also in a good agreement with previous studies by other
researchers, by considering the maximum voltage and head
temperature to obtain a good result. The conclusions about
controlling the droplet velocity and volume with clear
droplet are as follows:

e  Suppressing vibration is effective to control the
droplet speed and volume. The suppressing vibration
was proved to be an effective way to damp the
residual vibration and reduce the droplet volume and
speed.

e It was found that 30% voltage percentage Of tyeep OF
suppressing vibration namely suppress A can be
utilized to reduce the residual vibration. The input
parameter of suppress A was 2ls for tyown, tkeep and typ
with delay time to the main pulse being 6 ps. The
voltage of ty., for suppress B was 50% with input
parameter being 1 ps for tyown, tkeep and t,, and no delay
time to the main pulse. It also demonstrated its
effectiveness to reduce the residual vibration, suppress
the droplet volume and speed with a good droplet
shape. The significant improvement in droplet shape
performance was shown by suppress B particularly
with 50% voltage Of tieep. This input waveform
produced the clear spherical droplet for until 18V, in
order to get the higher speed.

e The conceptual simulation model by wave
superposition principle can be used to improve the
concept design of the future research. It was found
that the suppress B vibration pulse, the large back
pressure could be generated. It was proved to be an
effective way for reducing the water gun effect from
pull-push printhead method.
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Abstract PT. Suzuki Indomobil Motor is a leading
automotive company in Indonesia that produces products
in the form of cars and motorcycles, a quality phenomenon
that occurred during January 2019 at PT. Suzuki Indomobil
Motor there is a high silver streak defect in the injection
molding section with 169 back door license garnish that are
attached to the machine A02. With this phenomenon, this
study aims to determine the injection molding process
using value stream mapping and improve the quality of the
garnish back door license products using the DMAIC. The
results obtained showed that there was a changeover time
dies on the Machine A02 that was as high as 57.15 minutes
with uptime values and the highest type of defect was
obtained using the pareto diagram namely silver streak
defect with a percentage of 43%. So from the
recommendations obtained by using the value stream
mapping to minimize the changeover time dies of the
Machine A02, namely by heating the dies first before dies
go up to the injection machine, and recommendations
obtained from the DMAIC method that is by controlling
the stock of material and temperature in the hopper dryer.

Keywords Value Stream Mapping, DMAIC (Define,
Measure, Improve, Control), Injection Molding

1. Introduction

1.1. Background

The development of the automotive industry, especially

four-wheeled vehicles from year to year, shows an
increasing development. This is supported by the
increasing purchasing power of the people on marketed
products. Besides that, it is also supported by the high
mobility needs of the community with the demands of a
lifestyle that requires each individual to have a private
vehicle as a means of supporting the transfer from one
place to another in a faster, safer and more convenient way.
The choice is of course four-wheeled vehicles or we
usually call cars.

PT. Suzuki Indomobil Motor as a provider of
international scale vehicles with global standards is
certainly responsive to the needs of this community. With
the aim of increasing the area of the broad four-wheeled
vehicle market, we are familiar with PT. Suzuki Indomobil
Motor has a car assembly & marketing company in almost
all countries in the world.

By considering customer satisfaction and ensuring
safety to user / vehicle users, improving quality to the level
of suppliers is considered very important. One method of
improving quality is the Six Sigma method. The Six Sigma
method is a philosophy that requires products when
produced only to have a ratio of the number of defects of
3.4: 1000000 which means that a production is said to
reach Six Sigma if the percentage of defects of one million
products is only 3.4. In other words the level of OK product
ratio to be able to meet the Six Sigma level is 99.99966.

From the results of observations at PT. Suzuki
Indomobil Motor obtained production data regarding the
number of defective products and ok products of plastic
injection production, along with data on third car parts
production (YHA) garnish back door license:
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Table 1. Defect Garnish Back Door License in April 2018-January 2019

Month Short Shoot Weld Line Silver Streak Dekok Flowmark Other Total NG Total OK
April 17 0 49 0 20 0 86 2154
May 44 0 60 0 10 5 119 5486
June 46 0 115 6 19 0 186 5128
July 49 1 86 0 0 3 139 6758
August 21 0 6 0 6 0 33 3854
September 23 0 0 0 6 28 57 3699
October 16 0 0 0 4 16 36 2571
November 0 0 0 0 9 1251
December 0 0 0 0 0 1446
January 69 0 169 0 56 99 393 3416
Total 285 1 485 6 121 160 1058 35763

Source: PT. Suzuki Indomobil Motor

From the total defect back door license data for April
2018-January 2019, it can be seen that in January 2019 it
was the largest NG product during the period April 2018-
January 2019. Therefore, corrective actions were needed so
that the types of defects that occurred could be minimized.

To perform these corrective actions, the DMAIC method

will be used (Define, Measure, Analyze, Improve, Control).

DMAIC is a cycle of improvement based on data
(performance data), is complementary and is the basis for
companies or organizations to make continuous
improvement (continuous improvement), which is used to
improve, optimize and stabilize the production process for
a change (Hassan , 2013).

1.2. Formulation of the Problem

1.  How does the Injection Molding process use Value
Stream Mapping (VSM)?

2. How to improve the quality of Garnish Back Door
License products with the DMAIC method?

1.3. Research Purposes

1. To find out the Injection Molding process by using
Value Stream Mapping (VSM)

2. To improve the quality of the Garnish Back Door
License product with the DMAIC method.

1.4. Scope of Problem

1. Observation of the quality control process carried out
in the process of injection molding the Garnish Back
Door License part at PT. Suzuki Indomobil Motor.

2. The data used in this study are defect data in the
January 2019 Garnish Back Door License part owned
by PT. Suzuki Indomobil Motor.

3. Analysis of the problem is only done on the A02
engine.

4. The method approach and discussion carried out in
this study only cover the DMAIC and VSM
methodologies.

5. There are no change factors that influence when
taking data.

6. Each production process carried out on the A02
engine is a part of the car component.

7. The production process of the Garnish Back Door
License in the AO2machine from the process of
preparing raw materials to the packing process at the
YHA warehouse (third)

2. Literature Review

2.1. Six Sigma

According to (Yadav, 2014), Six Sigma is a way to
implement better quality standards. This is a philosophy
and methodology that improves quality by analyzing data
with statistics to find the root causes of quality problems
and apply controls.

According to (Salomon, 2015), the aim of the six quality
improvement program sigma is to improve the
management system of a company or other institutions
related to customers. Then use it to repair production
processes that are focused on efforts to reduce process
variants while reducing defects, so as to reach 3.4 DPMO.

2.2. Quality

According to (Sumayang, 2003), Control Charts are the
primary means for implementing statistical quality control
methods. Control chart is a collection of data written in
graphical form and used to make an assessment of the
status of quality control in a production process.

2.3. Quality Control

According to (Purnomo, 2003) states, the quality control
is a process control activity to measure product quality
characteristics, compare them with specifications or
requirements, and take appropriate sanitary measures if
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there is a difference between the actual appearance and the
standard. The purpose of quality control is to control the
quality of products or services that can satisfy consumers.

2.4. Value Stream Mapping (VSM)

According to (Jeong, 2016), Value Stream Mapping
(VSM) is a way standards for documenting the process and
flow of information or material as is, and applies a
systematic way to analize this process to identify various
wastes and target specific areas to improvement.

3. Method

In this study to meet or achieve the research objectives in
order to complete the final assignment, the types of data
and information needed, among others:

3.1. Primary Data

According to (Sugiyono, 2012), primary data is a source
of data that directly provides data to data collectors.
Primary data collection in this study includes:

a. Data from the FMEA questionnaire conducted by the
quality team of PT. Suzuki Indomobil Motor.

b. Interview regarding the general description of the
production process to the head of the production of
Injection Molding PT. Suzuki Indomobil Motor.
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c. Interview regarding raw material used in the Injection
Molding process to the production head of raw
material PT. Suzuki Indomobil Motor.

d. Interview about the description of the type of silver
streak defect, weld line, dekok, flowmark, short shoot,
and other products on the Garnish Back Door
License.

e. Interview regarding the flow of material from the
supplier to the customer's hands and to the head of
Injection Molding production and the PPIC team.

3.2. Secondary Date

According to (Sugiyono, 2012), Secondary data is data
obtained by reading, studying and understanding through
other media sources of literature, books, and company
documents. Secondary data collection in this study
includes:

a. Data on the number of products are ok and NG
products are YHA car components (third) Injection
Molding production process for April 2018 - January
2019

4. Research Result and Discussion

Based on observations on the production process of
Injection Molding, obtained data on the number of defect
parts of the GaBack Door License in January 2019 are as
follows:

Table 2. Total Data Garnish Back Door License Januari 2019

Date Total OK Short Shoot Weld Line Silver Streak Dekok Flowmark Other
1/2/2019 159 0 0 0 0 0 0
1/3/2019 120 0 0 0 0 0 0
1/5/2019 150 0 0 15 0 0 0
1/7/2019 280 0 0 0 0 0 0
1/8/2019 120 0 0 0 0 0 0
1/9/2019 235 0 0 0 0 0 0

1/12/2019 183 0 0 0 0 0 0
1/15/2019 120 0 0 0 0 0 0
1/16/2019 180 0 0 0 0 0 0
1/17/2019 174 0 0 0 0 0 0
1/21/2019 232 10 0 18 0 0 15
1/22/2019 113 2 0 10 0 6 30
1/23/2019 150 6 0 7 0 13 12
1/24/2019 143 0 7 0 2 0
1/25/2019 352 15 0 46 0 10

1/28/2019 140 0 26 0 7

1/29/2019 179 0 11 0 29
1/30/2019 226 15 0 17 0 13
1/31/2019 160 8 0 12 0 13 0
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4.1. Define Phase

e  SIPOC Diagram

According to (Syukron, 2013), each of the six sigma
projects that have been selected key processes, sequence of
processes, and their interactions must be defined by
customers involved in each of the processes. These
customers can become internal and external customers.
Before defining key processes and customers in the Six
Sigma project, we need to know the SIPOC process
(Supplier, Input, Process, Output, Customer). The SIPOC
diagram presents a brief view of the work flow as follows:
SIPOC (Supplier, Input, Process, Output, Customer)

Supplier : PT. Toyota Tsusho Indonesia

Input : Plastic seeds (ABS Toray 440Y)

Process: Mixing material in tank material, drying
material in hopper dryer, injection molding process,
inspection part, packaging, delivery, storage.

Output : Garnish, Back Door License

Customer : Painting Department

e CTQ (Critical To Quality)

According to (Pande, 2002), Critical To Quality are the
requirements desired by the customer. Based on the results
of interviews with Quality Control at PT. Suzuki
Indomobil Motor. The results also show that CTQ
(Physical To Quality) consists of physical conditions on the
part produced. The physical condition consists of the
following:

Table 3. CTQ Part Garnish Back Door License

CTQ Information
Not Silver Streak There are no silvery patches
No Short Shoot Perfect part (whole)
No Flow Mark There is no pattern of material flow on the
surface of the part
No Weld Line There is no pattern line meeting material flow
No Dekok The surface of the part is not concave
There are no other defects other than the
Others above categories, for example oily, different
colors, collisions, etc.

e  Current State Mapping

Data from each process is collected manually by
carrying out observations and actual time calculations that
occur on the production floor. In making the current state
map there are calculations as follows:

e  Available Time (AT)

The total available work time per day is calculated by
reducing 9 hours of work with a 40 minute break, then:

Available work time = working hours per day - rest
periods

= 540 minutes - 40 minutes

=500 minutes

e Change overtime (C/O)
Obtained based on the length of time the operator makes
changes to dies (prints) on the injection molding machine.

Table 3. Current State Map

. . Available Aliran
No. Process (h(I)DL:?(r:siSr?U:g sTeI;])?] d) (m(i:rfte) Time Uptime VA/NVA
) ) (minute) O|T|1s|D
1 | RawMaterial 02.26.25 500 100% VA
Preparation
2. Injection Molding 04.18 57.15 500 88.57% NVA
3. Packing 08.18 500 100% VA
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Figure 1. Current State Map
e Uptime product defect in the Garnish Back Door License in

Calculated by reducing available time minus change
over time divided by available time. Uptime for changing
dies is:

January 2019:

Table 4. Defect Garnish Back Door License Januari 2019

Uptime = ((available time-changeover time)) / (available Type of Total Defect | Percentag Cumulative
time) x 100% Defect (pcs) e Percentage

Uptime - ((500_0)) /500 x 100% Silver Streak 169 43% 43%
Uptime = 100% Other 99 25% 68%
From the above calculation, the data table is obtained to | S"°"Shoot 69 18% 86%
make the current state map in the injection molding process | Flowmark 56 14% 100%
on the A02 machine, as Table 3. Weld Line 0 0% 100%
It can be seen from the picture above shows that there is Dekok 0 0% 100%
a high changeover time, which is equal to 57.15 minutes Total 293 100%

with an uptime value of 88.57%, therefore a corrective
action is needed so that the changeover time is reduced to

o  Examples of calculations in the table are as follows:

increase the productivity value in the injection molding Percentage = number of defects per type of defect 4y
process in Machine A02 total number of defects
' example :
169
percentage of silver streak = 395 ¢ 100 =43%

4.2. Measure Phase

e  Pareto Diagram

In the production process of Garnish Back Door License,
there are types of defects such as defect silver streak, short
shoot, flowmark, weld line, dekok, and other, to reduce the
scope, the selection of defects is the biggest among existing
defects, because it is in accordance with the philosophy In
Pareto 80% of problems can be solved by overcoming the
20% of the biggest problems. The following are the steps to
make a calculation of the pareto diagram of the type of

e  Cumulative percentage = percentage of the period +
previous cumulative percentage
example: cumulative percentage of silver streak = 43% +
0% = 43%

From the data table above it can be concluded that the
main cause of defects is silver streak with a percentage of
defects of 43% and therefore special attention is needed so
that defects that arise can be reduced.
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Diagram Pareto
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35%
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2k 4
15%
10% - 203
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0% g s 0%
Orther Flowmark Dekok
Sihver Streak Short Shoot Weid Line
Figure 2. Pareto Diagram
e  Control Chart
Because the data obtained from PT. Suzuki Indomobil UCL = 0.04 + 3 M
Motor is in the form of attribute data, to verify the data 159
using the control chart and made based on the data UCL =0.09
contained in the table, namely data on the number of
defects and the number of panel meter production. Data p(1—p)
processing is done on control chart by using the product LCL=p-3 —
defect control limit. The standard control chart p is as
follows: (Gasperz, 1998)
The steps in calculating a control map p: LCL = 0.04 — 3 0.04(1 - 0.04)
1. Calculate for each subgroup the value of the 159
proportion of unit defects LCL = -0.006

2. Calculate the average of p
3. Calculate the control limit for control chart

_ totaldefect 169
~ total production 3809

1_
UCL=p+3 /w

= 0.04

p

2. Plotting the value of UCL, CL, LCL into table form

From the calculation of the data above, to find out
whether every day the panel meter production process in
January 2019 is still within the control limit, a table of
control charts is made by plotting the CL, UCL, LCL
values.
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Table 5. Control Chart

Periode Total Production Total Defect Proporsition Defect CL LCL UCL
1/2/2019 159 0 0.00 0.04 (0.006) 0.09
1/3/2019 120 0 0.00 0.04 (0.013) 0.10
1/5/2019 165 15 0.09 0.04 (0.005) 0.09
1/7/2019 280 0 0.00 0.04 0.007 0.08
1/8/2019 120 0 0.00 0.04 (0.013) 0.10
1/9/2019 235 0 0.00 0.04 0.003 0.09
1/12/2019 183 0 0.00 0.04 (0.002) 0.09
1/15/2019 120 0 0.00 0.04 (0.013) 0.10
1/16/2019 180 0 0.00 0.04 (0.003) 0.09
1/17/2019 174 0 0.00 0.04 (0.004) 0.09
1/21/2019 275 18 0.07 0.04 0.006 0.08
1/22/2019 161 10 0.06 0.04 (0.005) 0.09
1/23/2019 188 0.04 0.04 (0.002) 0.09
1/24/2019 154 0.05 0.04 (0.007) 0.10
1/25/2019 423 46 0.11 0.04 0.014 0.08
1/28/2019 179 26 0.15 0.04 (0.003) 0.09
1/29/2019 224 11 0.05 0.04 0.002 0.09
1/30/2019 276 17 0.06 0.04 0.006 0.08
1/31/2019 193 12 0.06 0.04 (0.001) 0.09
Total 3809 169 0.73
Peta Kendali P

0.20

0.13

0.00 - — S ————

gy NS Fn eSS o nESEnEs

R s s s s ==

™ ™ ™ 'L-\l i,-\l i,-\l i,-\l i,-\l ™ ™ ™ ;.'\I 'r\l ;.'\I ;."‘I ;.'\-I ;.'\I ;.'\l ;.'\l ™ ™ ™

== Propors Defect

LCL =—a==TICL

Figure 3. Control Chart

From the graph above, there is uncontrolled data (out of
UCL), namely on 25 & 28 January 2019, therefore to
improve the above graph it is enough to eliminate data that
comes out of the control boundary, and for that the control
limit must be corrected.

e  Calculation of DPO (Defect Per Opportunities)
and DPMO (Defect Per Million Opportunities)
Calculating DPO (Defect Per Opportunities), which is a
measure of failure that shows the number of defects per
opportunity.

_ DPU (Defect Per Unit)
" OutputxCTQ Potensial

DPO

DPO = = 0.0152

165X6

Calculating DPMO (Defect Per Million Opportunities),
which is a measure of failure that shows most millionth
chance defects.

DPMO = DPO X 1.000.000
e  SQL (Sigma Quality Level)
SQL (Sigma Quality Level) is an indicator that describes
the level of performance process, and to look for sigma

values can be directly seen from the six sigma conversion
table.

DPMO = 0.0152 X 1000000
DPMO = 15152
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Table 6. DPMO and SQL Garnish Back Door License January 2019

Date Total Production (unit) Total Defect (unit) CTQ DPO DPMO SQL
2/01/2019 159 0 6 0 0 6
3/01/2019 120 0 6 0 0 6
5/01/2019 165 15 6 0.0152 15152 3.7
7/01/2019 280 0 6 0 0 6
8/01/2019 120 0 6 0 0 6
9/01/2019 235 0 6 0 0 6
12/01/2019 183 0 6 0 0 6
15/01/2019 120 0 6 0 0 6
16/01/2019 180 0 6 0 0 6
17/01/2019 174 0 6 0 0 6
21/01/2019 275 43 6 0.0261 26061 35
22/01/2019 161 48 6 0.0497 49689 32
23/01/2019 188 38 6 0.0337 33688 34
24/01/2019 154 11 6 0.0119 11905 3.8
25/01/2019 423 71 6 0.0280 27975 35
28/01/2019 179 39 6 0.0363 36313 33
29/01/2019 224 45 6 0.0335 33482 34
30/01/2019 276 50 6 0.0302 30193 34
31/01/2019 193 33 6 0.0285 28497 35

Total 3809 393 34

From the table above, it can be seen that the average DPU = 15 0.09
DPMO value is 15419 and the SQL 3.4 value is sigma. This T 165
shows that the relative baseline of the company's  Then |ook for the yield value in January 2019 with the
performance is not good and that quality improvements following calculation formula:
need to be carried out continuously to reach 6 sigma.
) Yield = e~dpu
e  Yield Process
Yield = 2.71837%%9 = 0.914

Yield is the magnitude of the probability of a product

that is not defective in the inspected part. The calculation Yield % = Yield x100
starts frqm looking for the DPU (Dgfect Per Unit) value. Yield % = 0.914 x 100 => 91%
Calculation of DPU in January 2019 is as follows:

More information on yield values during January 2019

Defect can be seen in the following table

DPU=——F——
Jumlah Produksi
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Table 7. Results of yield calculation

Date Total Production (unit) Total Defect (unit) DPU Yield Yield%
2/01/2019 159 0 0 1 100
3/01/2019 120 0 0 1 100
5/01/2019 150 15 0.09 0.914 91
7/01/2019 280 0 0 1 100
8/01/2019 120 0 0 1 100
9/01/2019 235 0 0 1 100
12/01/2019 183 0 0 1 100
15/01/2019 120 0 0 1 100
16/01/2019 180 0 0 1 100
17/01/2019 174 0 0 1 100
21/01/2019 232 43 0.16 0.852 85
22/01/2019 113 48 0.30 0.741 74
23/01/2019 150 38 0.20 0.819 82
24/01/2019 143 11 0.07 0.932 93
25/01/2019 352 71 0.17 0.844 84
28/01/2019 140 39 0.22 0.803 80
29/01/2019 179 45 0.20 0.819 82
30/01/2019 226 50 0.18 0.835 84
31/01/2019 160 33 0.17 0.844 84

Total 3416 393
Rata-Rata 0.09 0.916 92

From the table above, it can be seen that the probability percentage of products that are not defective in the inspected
part is 92%.

4.3. Analyze Phase

In the analyze stage, the analysis is done by analyzing the problems that occur in aspects of quality control, so that later
it is expected to reduce defective products that occur in the production process. This stage is done by analyzing the sources
that make a silver streak defect in the Garnish Back Door License part at PT. Suzuki Indomobil Motor, and identification
is seen from human factors, material methods, machines, and environment using fishbone diagram as follows:

Material Man

ABS material mixed Negligent operator
with PP material

Too much recycle

mixture
SILVER
STREAK
. Hopper dryer
Humid weather temperature is not Machine settings are
according to SOP not quite right
Lac!& of machine lack of communication
maintenance between operators
Environment Machine Method

Figure 4. Fish Bone Diagrams Defect Garnish Back Door License
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4.4. Improve Phase

The fourth stage of the DMAIC method is improving. At
this stage the process time is repaired on the injection
molding machine on the A02 engine in the form of a future
state map. In making the future state map there are
calculations as follows:

1. Available Time (AT)

The total available work time per day is calculated by
reducing 9 hours of work with a 40 minute break, then ;

Available work time = working hours per day - rest
periods

= 540 minutes - 40 minutes

=500 minutes

2. Change overtime (C/ O)
Obtained based on the length of time the operator makes

changes to dies (prints) on the injection molding machine.

3. Uptime

Calculated by reducing available time minus change
over time divided by available time. Uptime for changing
dies is:

(available time — changeover time)
X 100%

Uptime =
p avaiable time

(500 — 45.14)

X 1009
500 %

Uptime =
Uptime = 90.97%
From the above calculation, a table of data is obtained to
make the future state map in the injection molding process
on the A02 machine, as follows;

Table 8. Future State Map

No Process Processing Time C/O Available Time Uptime
(hour.minute.second) (minute) (minute) P
Preparation of raw
1 . 02.26.25 0 500 100%
material
2 Injection Molding 04.18 45.14 500 90.97%
3 Packing 08.18 0 500 100%
3 Monthly Orders Daily
Suppher Production < Storage
Control
Weekly

H-7 day

Figure 5. Future State Map

Production
eniiand \

H-1day

Prapara Faw Material Injection Molding Packing
CT=022615 CT=0418 CT=08.18
C0=0 Co=4514 T0=0
[ UPTIME = 100% | UPFTIME =90.97% TP TIME =100%
2 SHIFT 1 SHIFT 2 SHIFT




It can be seen from the table above that the injection molding changeover time is reduced by 12.01 minutes with
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increased uptime of 2.4%. with reduced changeover time affecting increased productivity.

Then fix the root of the problem that has been found and explained in the analyze stage using FMEA (Faillure Mode
and Effect Analysis). FMEA analysis was carried out with the FMEA spree sheet. Every problem of the problem is sought

for the value of the RPN then the value of the

RPN is arranged from the largest value to the smallest value. The cause that has the greatest RPN value is the main
cause of the problems faced. The value of RPN is the product of the multiplication of the severity, occurence, and

detection of each cause of the problem.

Table 9. FMEA defect silver streak

Type of Severity Cause of Occurance Current Control Detection Recommended RPN | Rank
Defects Defects Action
Separation of
When the production machines between
process with ABS material production uses PP
Material and continued with PP material and ABS
mixed material, or vice versa. material.
10 between PP & 8 When the material changes 3 240 !
ABS there are still remaining Washing the barrel
material in the injection so that the remaining
machine barrel. material is clean
. inside the barrel.
Silver Trial mixing material is
Streak Too many . Mixing must not
2 Recycle mixes 6 recycled by the quality team 3 exceed the 10% limit 3 4
and maker
Material is Setting parameters of
still cold / still Check the hopper dryer hopper dryer
10 7 temperature and material 2 temperature and 140 3
has a lot of L - Lo
drying time for the material drying time
water content :
according to standard
Machine Check production Parameter settinas
9 setting 7 according to the sample 3 . 9 189 2
. according to standard
parameters limit

Source: PT. Suzuki Indomobil Motor

Example of FMEA score calculation table as follows:

In the cause of defect: material mixed between PP & ABS

RPN = severity x assurance x detection
=10x8x3

=240

4.5. Control Phase

The control or control stage is the last step in the DMAIC method. The main target at the control stage is controlling the
process so that problems that arise in the old process do not recur. The control phase that is carried out is only a proposal
to be implemented by the company. Control activities that can be carried out are monitored by using a control sheet which
aims to control whether the material baking process in the hopper dryer is in accordance with the standard or not. The

following is an example of a control sheet found in the table.
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Table 10. Control sheet

S EZé,Sﬁ:ziiLTmﬁziiLgﬂotor DI BUAT | DIPERIKSA | DI KETAHUI [ DIKETAHUI
CONTROL SHEET HOPPER DRYER
No| Tanggal [ Nama Operator | Nama Material | Stock Hopper Dryer Stoiaf\?vi:sp’\::;;:: EZtl(erial Szft::gg SAL::EaI Keterangan 'fjl:r;roiltjg;i
5. Analysis
Table 11. Results and Analysis
DMAIC Tools Value
SIPOC Diagram Filled with suppliers, inputs, processes, outputs, customers for part garnish back door license
. Operation Process Chart Contains the operation process of the garnish back door license part
Define CTQ (Critical to Quality) No silver streak, no shock, no weld line, no short shoot, no flowmark, others
Current State Map Non-value added in the injection molding process 57.15 minutes with uptime of 88.57%
Pareto diagram Defect silver streak as big as 43%
Control Chart Out of control on 25 & 28 January 2019
Measure DPO & DPMO DDP'T\;)O‘ ff;fszz
SQL (Sigma Quality Level) 3.4 sigma
Yield Process 92%
Analyze Fishbone Diagram Defect silver streak is caused by human, machine, method, environment, material
Future State Map Increased uptime by 2.4% with a reduction in time of 12.01 minutes
Improve FMEA (Faillure Mode and The highest RPN score is 240 and is ranked 1 (one), which is the mixing of material between
Effect Analysis) PP and ABS.
Control Control Sheet Making control sheet forr1 cs)g(;t;?r; S::eg;il Sz EZZtn t?: ir:;aézczllocsgae(:tt.y and temperature in the

6. Conclusions

1.

In the value stream mapping process, a current state
map that contains a map of the process of injection
molding can be made starting from the preparation of
raw materials, the injection molding process, and the
packing process, in the current state map there is a
non-value added injection change molding machine.
Therefore, improvements to the future state map are
made to improve the process by heating the dies
before dies up to the injection machine, and these
improvements can reduce heater mold heating time
by 2.4% or 12.01 minutes with reduced changeover
time affecting increased productivity.

By using the DMAIC method (define, measure,
analyze, improve, control), it is expected to improve,
and increase the sigma level while maintaining the

quality of the products produced by PT. Suzuki
Indomobil Motor. Improvements that can be done by
PT. Suzuki Indomobil Motor to minimize silver streak
defects are to use 1 machine in 1 type of material, so
there is no barrel washing process due to the process
of washing the material from ABS material to PP
material, then controlling the hopper dryer so that the
temperature in the hopper dryer remains in standard
temperature determined by PT. Suzuki Indomobil
Motor.

Based on The Journal of quality improvement in
plastic injection molding industry, the Authors started
off by selecting the product with the highest rejection
percentage which turned out to be Floor Trap 6x4x2.
They then classified the types of defects and defects
produced in this type of product. The current
performance of the injection molding process was
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evaluated in terms of sigma level and DPMO. This
acted as a baseline for our study. In order to find the
root causes of the problem, a Fishbone diagram was
constructed. Brainstorming sessions were useful in
selecting the most appropriate causes that had an
influence on the number of defects produced.

Following that, DOE was used to find the optimum
parameters of the injection speed, injection pressure, and
melting temperature that would produce the minimum
number of defects. Other causes such as the operator’s
behavior, mold surface and so on, were considered in the
FMEA. Actions that would reduce the number of defects
were implemented, and recommended to Company XYZ.

After improving the system, the sigma level has
increased from 1.46 to 2.36 and DPMO has decreased from
516,500 to 190,000. This improvement accounts for more
than 50% of process improvement. A control chart was
used to check for stability of the process, and an
Out-of-Control-Action plan was provided to the company
for maintaining the process improvements. The
improvement that we have made will increase profits made
by the organization and improve the overall performance of
the injection molding process.
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Abstract Train aerodynamic performance greatly
affects the efficiency of driving energy and passengers’
comfort. This paper aimed to simulate several forms of
train models that produce low and stable aerodynamic
obstacles as well as low noise at medium speeds of 120 — 1
50 km/hr. The first step to do was the study of literature on
train design models, aeroacoustics, aerodynamics, and
human ergonomics. Existing 3D CAD and S-R train
models with slender ratios y = 4, 6, and 8 were tested using
Computational Fluid Dynamics (CFD) and Computational
Aerospace (CAA) to determine the impact of airflow. The
models that have been built were tested at medium speeds
of 120 to 150 km/hr. The final simulation results showed
that the existing train produced a drag coefficient (Cd) of
around 1.27, average noise of 35.9dB, and fuel
requirements by 1.7 liters/lkm. It is different from trains
with a slenderness ratio = 6 that produces the best
aerodynamic performance with a drag coefficient (Cd)
around 0.436, average noise of 9.4 dB, and fuel
consumption of 0.73 liters/lkm. The results concluded that
the medium speed needs to adjust the S-R train model with
a slenderness ratio y = 6 that can produce an aerodynamic
performance to improve train user comfort and save fuel.

Keywords Aerodynamics, Medium-speed Train,
Ergonomics, Fuel Consumption Train

1. Introductions

Demands for driving comfort and energy efficiency
become the most consideration for train passengers at the
end of this decade. The existence of mass transportation
such as trains is one of the right solutions for high levels of
traffic density and the need for high mobility. This is the
reason why the train body design is associated with
aerodynamics performance and this problem continues to

develop along with the development of technology and
information systems. There have been many researchers
who carried out the train body innovation both in terms of
ergonomic, aero acoustic, and aerodynamic aspects.
Groenesteijn et al. (2014), Dobson (2015), Naweed (2014),
and Myrtek et al. (2001) explained the importance of
meeting ergonomic aspects for railroad transportation, for
example, knowing the visual needs of drivers and the level
of their stress when operating trains.

The examples of other train studies were conducted by
Pyoung Jik Lee and friends (2013), and Xiao-hui Xiong
and friends (2018), which explained about noise
originating from trains. Noise from aerodynamics, engines,
and friction with railroads will have an impact on the lives
of residents around the railroad tracks. Several studies to
determine the impact of aerodynamics performance on
train stability were carried out by Stathopoulos 1997, 2002,
2006, Baker 2007, Mochida and Lun 2008, Blocken et al.
2011, Moonen et al. 2012, and Blocken 2014. Furthermore,
B. Strom (2008), loan, and Sebesan & Bogdan (2013)
stated that the improvement in the value of drag force, as
one of the main elements of aerodynamics performance,
will impact the railroad fuel savings. A previous study
describing the aerodynamic barriers in coal-bearing cars
showed that a 25% reduction in drag car would be equal to
5% of fuel savings (Stodolsky, F., 2002).

A study on high-speed trains such as Japan's shinkansen
and other high-speed trains has been carried out. The
aerodynamic drag of the train consists of pressure drag and
viscosity drag. Because the ratio of train's length-to-width
ranges from 50 ~ 100, which is way greater than other
ground vehicles, its aerodynamic characteristics are more
complex than cars, trucks, or aircraft (Schober et al, 2010;
Hemida et al, 2010).). There are allegations that the design
adjustments to the railroad model need to be proven if
implemented on medium-speed trains, especially based on
the aerodynamic and ergonomic requirements of trains.
This research is the basis for being applied to one of the
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tracts on the railroad track in Sulawesi, Indonesia, which
has different land topography than other regions. The
courage to use Computational Fluid Dynamics (CFD)
software to simulate aerodynamics across the train body is
an advantage in design efficiency.

2. Research Theory

The demand for more comfortable railroad designs for
passengers and railroad officers cannot be separated from
the resulting aerodynamic performance. Among those
performances are the received noise level, the stability of
the train car body, and the vibrations that occur.
Aerodynamics performance is also very closely related to
the fuel efficiency spent, which depends on the size of the
drag force coefficient (Cd). To support this research, some
basic theories about aerodynamics, ergonomics, product
design processes, and energy efficiencies will be discussed
concisely.

2.1. Aerodynamics Flow and Impacts

Aerodynamics is knowledge about the analysis of the
flow of air that passes through an object with a certain
shape so that the fluid element changes. A shift in fluid
elements with high density can cause flow turbulence that
will change the balance and produce noise. The effect of
external aerodynamics on the vibrations of train cars is an
important factor when investigating comfortable driving
conditions. The level of pressure coefficient fluctuation
(Cp) along the train cars is needed to clarify aerodynamic
input in train vibrations. A uniform pressure distribution
profile will better produce high vibration signals
(2631Alam et al., 2007). Low-frequency vibrations (less
than 0.5 Hz) as mentioned in ISO 2631 can cause
discomfort to passengers such as looking pale, sweating,
nausea, and vomiting (Antony, 1992). Finite Element
Analysis (FEA) combined using CFD software can be used
to detect the level of vibration problems due to the airflow
on trains. Mesh quality, external flow, material objects, and
restraints are the main subjects for establishing the value of
vibration in the design of train cars. A vibration study of
car body models (3D models) is presented in five directions
of motion based on coordinates X, Y, and Z (Kurowski, P.
M., 2011).

The pressure configuration and velocity distribution
correlations can be explained using the Bernoulli equation,
which works on flow without turbulence, stable conditions,
constant density, and no friction between the fluid and the
environment. This equation is called 'energy conversion,'
where the amount of pressure, potential, and kinetic energy
per unit volume is constant at any point (Jhon, 2009;
Watanabe, 2007). Based on Equation 1, it can be stated that
the pressure increase in the train design will directly
decrease the speed of fluid dynamics at the same point.

A (1)

Technically, the main aerodynamic factor of train design
is divided into two categories: drag force coefficient (Cy)
and lift force (F). Drag force coefficient is defined as the
aerodynamic horizontal force, which depends on several
parameters: fluid density (p), fluid velocity crashing the
train (V), and the area of the frontal train (A). The ideal
train design aims to produce the lowest drag coefficient
while producing high acceleration and exceptional fuel
savings. Equation 2 shows the drag coefficient equation,
which is a non-dimensional parameter (Watanabe, 2007).

2Fd

Cd = VA 2

where:
Cd = drag force coefficient
Fd = Drag force (N)
V = speed of air relative to car (m/s)
p= density of air (Kg/m®)
A = frontal area of vehicle (m?)

Lift force parameters are used to investigate the effect of
aerodynamics on trains. Formula 3 below indicates the
aerodynamics formulations for train lift force (Watanabe,
2007). This will change fuel consumption and overall train
stability. As long as the total lift coefficient is negative, the
compressive force will work on the body of the train car
(the heavier/more stable). The reverse condition (positive
value = reducing the weight of the train) occurs when the
average pressure at the top of the vehicle is lower than that
under the vehicle described by the pressure coefficient
configuration (Cp). Lifting force will reduce the train
wheel load on the track and grip substantially. Low wheel
load will have a positive impact on the target of fuel
savings, but conversely, it will also produce an unfavorable
effect on stability. Investigating the relationship between
drag and lift force is an important part of describing
aerodynamic configurations through the train model.

14
FL=5pVAC 3)
where;

C. = Lift Force coefficient

Noise is an unwanted sound that disturbs hearing and
can reduce the hearing power of someone who is exposed
(WHS, 1993). In general, sound parameters can be divided
into two: the frequency expressed in the number of
vibrations per second (hertz), that is the number of
vibrations in one second reaching the ear and the intensity
or energy flow expressed in decibels (dB), that is the ratio
between the basic strength of sound and frequency which is
acceptable to normal ears (Suma'mur, 1995). According to
Wilson (1989), the sound is defined as a series of waves
propagating from a vibrating source due to changes in
density and air pressure. Several studies were done by
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Mdiller, E. A., & Obermeier, F. (1988), Manela, A. (2011)
and Kelly, M. E., Duraisamy, K., & Brown, R. E. (2008)
explained that the flowing fluid pattern depicted in
vorticity is the main source of noise in aerodynamics. The
main unit of noise is decibels (dB) as a logarithmic
function. In general, noise in aerodynamic problems is
defined as Sound Pressure Level (SPL). The SPL
formulation is written in Equation 4 below (Watson R.,
Downey O., 2008):

SPL(dB) =20log,,(P/P) &)

Where;
P =sound power reference (=2. 10° Pa)

The importance of noise control in transportation can
improve the comfort and health of all passengers, train
officers, and even residents around the station and the train
tracks. If the conditions are exposed to noise, it can cause
interference with train concentration and performance. It
even causes someone to be exposed to irritability.
According to the Minister of Living Environment No.
KEP-48/MENLH/11/1996, the noise in the train station can
not be more than 70dB.

2.2. Energy on Train

loan Sebesan and Bogdan Tarus (2015) proposed that in
the specific case of the long cylindrical shape (as used in
the locomotive casing), there are two most important
coefficient, namely frontal aerodynamic coefficient (CL)
and lateral aerodynamic coefficient (Cd). In calculus
aerodynamic calculations, the one playing the most roles is
the part of the frontal coefficient. Fuel consumption
calculations are performed to determine the effect of
reducing drag on locomotive fuel consumption (James C.
Paul et al., 2009).

Ideally, the train profile will minimize aerodynamic drag
which will require efficient fuel. Streamline form has a
profile that has a low resistance to movement in fluids
(Condie, 2014). Before determining the amount of fuel
consumption, it is necessary to determine the extent of air
resistance in the body and locomotive of the train by
defining the drag area (Sd) in advance. Drag area in ft?
units is defined as the product of the frontal area (A) with
the drag coefficient (Cd) as shown in formula 5 below:

Sd = A. Cd )

Equation 5 is a major part of train fuel consumption.
Fuel requirements, of course, also depend very much on
train speed and train weight. Assuming a constant train
speed, the formulation of train requirements, according to
Paul & Johnson (2009), is as follows:

Gallon fuel
Consumed per | |= K(0.0015W + 0.00256Sd V2+CW)
1.000 miles

(6)

Where:

K = fuel consumed per distance travel, = 0.2038
gallons/1000 miles/Ibf.

W = train weight Ibf

V = Train Speed (miles/hour).

C = Hill factor, C = 0 forl level reute and C = 0.0007 for
hill reutes.

Sd = Consist Drag Area (ft”

The shape of high-speed trains’ nose is an important
control factor that affects not only aerodynamic
performance, but also aerodynamic noise (Y. An et al.,
2017). In engineering practice, the shape of the nose
becomes increasingly streamlined as design speeds
increase, for example, Japanese high-speed LO series
maglev train even has a slim nose along 15 m (slope ratio
reaches 8.8). Kai Cui et al. (2012) stated that the
locomotive model slenderness ratio would be able to
reduce aerodynamic barriers to a certain value. The optimal
slenderness ratio is 8.3 for the sword form (S) and 8 for the
rocket (R) form. By only considering aerodynamic
obstacles, the S-S train model is the best, whereas if
considering the lift force factor, the S-R model is the best.
The distribution of train obstacles is divided into three parts:
the train locomotive which contributes to drag force by
43%, car body by 24%, and tail by 33%. Moreover, Kai Cui
et al. defined the slenderness ratio (y), which depends on
the length of the streamlined part (Ln) and the
cross-sectional area of the train body (A), as shown in

formula 7.
y=Ln/(vAlx ()

Computational  Fluid  Dynamics (CFD) and
Computational Aeroacoustics (CAA) are numerical
models in a program that can be used to simulate fluid
behavior precisely. CFD and CAA work in nonlinearity
conditions where mathematical analysis techniques are
difficult to use. CFD can describe the condition of flow
through the parameters of pressure, temperature, viscosity,
vorticity, etc. Whereas CAA is used to describe how much
noise due to fluid turbulence (vortices) can be produced.
The target of the simulation is convergence iteration, which
at certain stages will produce a steady-state.

3. Research Methodology

As explained above, testing the impact of aerodynamics
on high-speed trains has been carried out. The results
obtained may be different and produce new
recommendations for the form of trains that run at medium
speed (120-150 km/hour). This difference can be attributed
to the significance of the effect of fuel consumption. The
tested train model is the existing one in Indonesia which
operates at low speed (<100 km/hr) and the recommended
train model at high speed (> 200 km/hr) is the nose S model
(model with a sword locomotive) with a slenderness ratio, y
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= 4.6, and 8. Model tests will be carried out on
medium-speed trains (120 km/hr to 150 km/hr) at several
level: 120 km/hr, 130 km/hr, 140 km/hr, and 150 km/hr.
Tests were carried out with several assumptions: constant
train speed, straight train tracks, and environmental wind
speeds are considered zero (much smaller than train speed),
what size of the train is an existing train with height =
3.558m, width = 3,140m, and carriage length = 12.50m.
Weight of locomotive = 90,000 kg, weight of empty
carriage = 15,000 kg, and number of carriages in the test
model = 5 units.

CFD simulations are used to determine the value of the
pressure distribution around the train's head, car, and tail.
CFD works with the Detached Eddy Simulation (DES)
approach using a mixed algorithm  between
Reynolds-averaging equations (RANS) and Large Eddy
Simulation (LES). Computational Aeroacoustics (CAA)
simulations are used to obtain noise sources and their
magnitude in dB units caused by vorticity of air passing
through the train. Figure 1 explains the detailed stages of

Start

the research to simulate aerodynamics, aero acoustics, and
vibration due to the air that hit the train. The initial to do
was the collection of data as preliminary information for
designing 3D CAD models of existing trains in Indonesia
and the best version of the reference trains (the Sword S
nose model with y = 8). The simulation will also be
compared with the S train model with a slenderness ratio of
vy =4 and 6). After the train model is finished, the next step
is to define the domain constraints and boundary conditions.
Simulation tests (CFD, CAA, FEA) with train speeds of
120-150 km/h are performed for each existing model and
the S model. Other simulation data inputs include
environmental temperature, relative humidity, wind speed,
and direction. The results of the test will be the basis for
assessing the impact of the train model on fuel
consumption needs and ergonomic levels on medium speed
trains (see formula 6). Therefore, at the end of the
discussion, it will be concluded the best recommendation
model to use on Sulawesi tracks planned to operate at
medium speed.

Literature

"l
-+

Reviews

Collecting Data:
Dimensions of train existing
and train based on references.

l

3D Train Model

v
Existing Model

+

Nose Model, v=4.6, & 8

¥

Simulation Test

Y

Results & Analvsis

Figure 1. Flowchart of research steps for measuring the impact of train nose model in aerodynamics performance related to fuel consumption.
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4. Results and Discussions

Figure 2 shows that the 3D designs for medium-speed
existing trains and recommended high-speed trains. As
mentioned in the research methodology, the S Sword nose
model is divided into three y models: 4, 6, and 8. Based on
formula 7, the slenderness length (Ln) is as follows:

for gammay = 4:

y=LnINAlx
Ln =~ Alx
=4x~/6.88/ 7

=4x1.48
=592 m

In the same way, for y = 6, Ln = 8.88m, and fory =8, Ln
=11.84m. The train tail design does not follow the train at
high speed because it does not have a significant impact on
aerodynamics performance due to the length of the train
cars. The four train models were tested at medium speed
(120 km/h - 150 km/h) to analyze the effects of
aerodynamic on fuel consumption. Medium-speed trains
will be supported by rails with a width of 1.435m, which
are a rail widely used in the world, so it is also called the

Standard gauge. Rails are usually installed on pavements
lined with gravel, also known as ballast. The ballast
functions to reduce the vibration and flexing of the rail due
to the weight of the train.

The streamlines form has far fewer aerodynamic
obstacles than not streamlines form. The streamlines form
will provide an opportunity for the fluid to be able to flow
properly and regularly by following its shape to produce
friction and small turbulence. This condition will produce a
measly Cd drag force coefficient. Figure 3 shows the
results of aerodynamics performance for the distribution of
pressure on the train nose on four different train models
that move at a maximum speed of 150 km/h. From the
contour pressure distribution, it can be explained that the
existing model has greater streamlined destruction at the
end of the train locomotive so that it will have a greater
resistance effect. The use of the y slenderness ratio will
improve the streamlines that pass through the train, the
higher the y value, the smoother the streamline. There was
no significant difference between y = 4 and y = 6, in
contrast to y = 8, which can distribute aerodynamics
pressure properly.

Figure 2. The locomotive shape of existing trains in Indonesia and nose S trains for y = 8, 6, and 4, respectively.

-

Figure 3. Aerodynamics performance — pressure configuration on train nose: a. existing model and slenderness ratio model
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Based on formula 6, the determination of train fuel
requirements is influenced by train weight (locomotive and
car body), train speed, incline factors, and aerodynamic
obstacles. Aerodynamics barriers (Drag force coefficient,
Cd) play an important role in determining the amount of
fuel consumption. This is reinforced by research conducted
by Beagles & Fletcher (2013), which states that
aerodynamic drag is proportional to the square of the train
speed so that high-speed trains are very concerned with Cd.
Statistics show that 16% of the total energy consumed by
trains in the United States is used to overcome
aerodynamic obstacles in transportation systems (Wood,
2003). Baker (2012) noted that reducing train
aerodynamics by x% can reduce fuel consumption by 0.5*
x%. Therefore, the aerodynamic barriers of railways are the
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main method for reducing overall resistance and energy
consumption of high-speed trains (Peters, 1983). Figure 4a
explains the effect of train locomotive nose shape on the
performance of aerodynamic barriers represented by Cd.
The graph shows that there is a significant difference for
the Cd value between the existing form (closing to the
beam) and the Sword S shape, which is 1.27 for the existing
form, about 0.5 (0.46 for y =8, 0.54 for y = 6, and 0.56 for y
= 4) for the S shape. This form can still be optimised by
refining the Sword model approaching the streamlines
form. As for the aerodynamics lift performance, FL has all
positive values (reducing train weight) at a maximum
speed of 150 km/h with a range of 8975 N for y = 8,
10134N for y = 6, 9733N for y = 4, and 7386N for existing
models.

Drag Force Coefficient (Cd) in Difference
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a. The train drag coefficient (Cd) is for various forms of the locomotive nose, b. Noise level along the train cars (dB).
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Figure 4b shows the noise level as a result of
aerodynamics passing through the car body for a variety of
different models. The picture explains that the modification
of the train nose model from the existing condition to the
form of Sword (y = 8, 6, 4) can reduce noise very well. On
the first car body (front car), the noise value for the existing
condition is very high around 34 dB and certainly higher on

the train nose due to higher energy and turbulence intensity.

It is different from the case with the Sword model, which
tends to be very low at the zero points (the leading car).
Noise level for the Sword nose models y = 8 produce higher
noise compared to Sword y = 6 and Sword y = 4 along the
wagon with an average noise of 16.5dB compared to 5.7
dB and 7.9 dB respectively. With the same train tail model,
the noise level has an increasing pattern at the end of the
car because of the turbulence behind the car. At the end of
the car, the noise level for existing is 35.9 dB, for y = 8
produces noise = 24.3dB, for y = 6 produces noise = 28 dB,
and for y = 4 produces noise = 21.1 dB. Based on noise
analysis due to aerodynamics, the locomotive nose model
with y = 4 and 6 is the best choice. This noise level will
interfere with the noise from the engine and the friction of

the train tracks with wheels.

As explained in the aerodynamic resistance in figures 3,
4a and the fuel consumption formula 6, the results of the
fuel consumption analysis are shown in Figure 5 below.
This calculation was done by taking the weight of the
locomotive type CC206 = 90,000 kg and five empty cars
with a weight of 15,000 kg. Therefore, the total weight is
165,000 kg. Another assumption is that the train operates
on a flat track, where the value of hill factor = 0. The
research results found that train speed significantly
increases fuel consumption, with simulation testing carried
out at speeds of 120 km/hr to 200 km/hr. Fuel consumption
for a medium-speeds train is marked by a red dashed box in
the speed range of 120 km/hr to 150 km/hr. The graph
indicates that the existing model requires much more fuel
than the Sword model. For example, for a speed of 150
km/hr, the existing model requires 1.7 liters/km of fuel
(empty train), while the model y = 8 requires 0.75 liters/km,
vy = 6 requires 0.85 liters/km, and y = 4 requires 0.88
liter/km. The best choice for the train model is the nose
sword S with y = 8, but not significantly different from the
lower slenderness ratio model.

Train Fuel Consumption (FC) in Different Nose Shape
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Figure 5. Fuel requirements due to different aerodynamics barriers on 4 different train noses.
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Figure 6. Vorticity configuration of the train tail: a. Exisiting models, b. 8m Rocket-R model.

To ensure the best design, two considerations that must
be compared are fuel consumption and the formed noise.
The next step is to reduce the noise in the rear end of the
train by replacing the model with a rocket model, as
recommended by Kai Cui et al. (2012). Figure 6 shows the
vorticity configuration as a sign of turbulence that can
affect the number of aerodynamic barriers and also the
formation of noise. The use of rocket rail tails at y = 8 can
reduce Cd by 0.457 from the previous 0.460 and reduce the
average noise by 7.14 dB from the previous 24.3dB.
Whereas at y = 6, it can significantly reduce the Cd value of
0.436 from the previous 0.54 and noise level of 9.4 dB
from 28 dB. Furthermore, y = 4 can significantly reduce the
Cd value of 0.47 from the previous 0.56 and noise level of
15.8 dB from 21.1 dB. Referring to these explanations, the
selection of a train model fitting to medium speed is a train
with a Sword S nose, a slenderness ratio y = 6, and a tail
train model Rocket R with a length of 8m. This model is
predicted to be able to save fuel with a range of 0.73
liters/km for 5 cars without passengers at a maximum rate
of 150 km/hour.

5. Conclusions

This research has successfully demonstrated the effect of
aerodynamics barriers on fuel consumption and noise on
medium speed trains (120km/hour to 150 km/hour). The
reduction in fuel requirements is very significant when
using the nose model Sword S slenderness ratio (y = 4,6,
and 8) compared to the existing model (beam) at medium
speed. As for slenderness ratio 8, it is slightly better in
terms of fuel savings, but it causes a significant noise
compared to a smaller slenderness ratio. Furthermore, the
slenderness ratio y = 4 and 6 do not have much difference
both in terms of fuel savings and noise generated.
According to Kai cue et al. (2012, modifying the train tail
by changing the shape of the beam to a rocket along 8m can
significantly change aerodynamics performance. The tail
rocket model is able to significantly reduce the value of the
drag force coefficient (Cd) and noise level due to air

turbulence on the nose model with a slenderness ratio y = 6.
Even the performance of the S-R model y = 6 is able to pass
the S-R model train y = 8 with a value of Cd = 0.436, the
average noise level near the window (aerodynamics) = 9.4
dB and the estimated fuel demand in conditions without
passengers is 0.73 liters/km.
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