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Abstract 
Quality control is the main factor in maintaining and increasing the level of customer satisfaction. PT K is a 
manufacturing company produced commercial vehicles in Indonesia. One type of vehicle produced is Colt Diesel 
Truck. Welding processes assembly of a vehicle cabin with portable spot gun and brazing welding machine that 
controlled by the operator. Based on defects historical data on Welding process from July to September 2020 
production of Colt Diesel vehicles the proportion of defects was 4.13%. The purpose of this study is to reduce the 
number of defects by increasing the process capability. Using Six Sigma method with DMAIC methodology 
(Define, Measure, Analyze, Improve, and Control) to improve the quality. The tools used are SIPOC diagram, CTQ 
(Critical to Quality) in the Define stage; Control chart, DPO, DPMO, and sigma level in the Measure stage; Pareto 
Diagram, Ishikawa Diagram, Five Whys Analysis method, FMEA (Failure Mode and Effects Analysis), and FTA 
(Fault Tree Analysis) in the Analysis stage. There are five defects: dents, holes, minus spots, ding, and stray spots, 
with sigma level of 3.89752. Results of the Pareto diagram, the dent has the highest defect 86.2%. Based on the 
FMEA and FTA methods, three causes with the highest RPN value and probability are the machine handling process 
by operators who are not careful in the main body 1 welding process causes dents on the back panel and outer pillar, 
bolt door panel installation and machine handling by operators who are less careful in the door installment process 
which causes dents in the door panel. In improve stage, the improvement that can be given is to control the 
performance of the operator using a more effective feedback check sheet and to use poka yoke torque wrench in the 
door installment process. The application of the proposed check sheet feedback for 7 days production increases the 
sigma level to 3,9275. 

 
Keywords. Defect, DMAIC (Define, Measure, Analyze, Improve, dan Control), FMEA (Failure Mode and Effect 
Analysis), dan FTA (Fault Tree Analysis), Six Sigma. 
 
 
 
1. Introduction  

 
The development in the industrial world is always developing with increasingly fierce competition in the industry, especially in 
manufacturing. The quality of a product depends on defects in a product. All products (finished good) go through a quality 
control process to become a product that is suitable for use and maintains and increases the level of customer satisfaction. An 
important factor in maintaining product quality is rigorous inspection and repair methods to improve quality. One of the methods 
that can be selected is Six Sigma as the basis for the company to improve quality. 
PT X is a commercial vehicle assembly company consisting of Colt Diesel (TD) and Fuso types. The vehicles produced by PT X 
are based on the number of requests given by customers which can also be called using the Make to Order production system. 
Assembly on a Colt Diesel (TD) type vehicle goes through several processes, welding, painting, and trimming, and quality 
inspection. This research is devoted to the welding process to identify the number of defects in the vehicle cabin assembly. The 
data identified are historical data on the welding process in July 2020 - September 2020. The larger production amount is in Colt 
Diesel (TD) vehicles with two types, namely standard (Std) and wide, with the assembly process carried out in one production 
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line. Based on the the problems faced by the company, the purpose of this study is to reduce the number of defects by 
increasing the process capability 
 
2. Literature Review  
 
Quality or quality in general is the level or degree of good or bad degrees of something. According to quality management expert, 
Philip B. Crosby, quality is conformance to requirements with zero defect as an ideal result [1]. According to one of the 
influential figures in the development of quality management, W. Edwards Deming, quality is solving a problem in order to 
achieve a perfect level continuously with a bottom-up approach [2]. Meanwhile, according to Joseph M. Juran, quality is the 
suitability of the use of the product (fitness for use) due to customer needs and satisfaction [2].  
Six Sigma is an advanced logic of Statistical Process Control (SPC) with a simpler but much more accurate concept. A strict 
target measure with an acceptable level of disability is 3.4 out of 1,000,000 opportunities (DPMO - Defects per Million 
Opportunities) [1]. 
DMAIC is a six sigma methodology whicg is steps of define, measure, analyze, improve, and control [3]. The purpose of the first 
step, Define, is the process of identifying problems by making SIPOC (Supplier-Input-Process-Output-Customer) and CTQ 
(Critical to Quality) diagrams. The SIPOC (Supplier-Input-Process-Output-Customer) diagram was created in order to detail the 
processes and sub processes in a production process, followed by information starting from the Supplier, Input, Output, and 
Customer for each process [4]. This diagram can make it easier to understand the entire process by mapping a complex process in 
tabular form. Critical to Quality is a quality characteristic either physically, for a certain period of time, or in relation to the 
senses of a product according to the level of satisfaction and customer needs [2]. 
The second step, Measure, is a measuring step of quality improvement which aims to evaluate and understand the current process 
conditions by involving the measurement system by using U Control Chart, calculating DPO, DPMO, and sigma levels. 
DPO, DPMO and Sigma Level calculations are also used in measure steps. The calculation of Defect Per Million Opportunities 
(DPMO) is obtained from Defects per Opportunities (DPO) by multiplying 1.000.000 as an opportunity to identify how many 
defects will arise in that opportunity. The DPMO value that has been obtained is then converted into a sigma level in Microsoft 
Excel as a reference for the process currently being identified whether it has reached the Six Sigma level. 
The third step, Analyze, is a step in order to improve quality using the Six Sigma method where an examination of the process is 
carried out to get an understanding of the problems that occur, so that improvements can be made at a later stage. The tools used 
include the Pareto Diagram, Ishikawa Diagram, Five Why Analysis, Failure Mode and Effect Analysis (FMEA), and Fault Tree 
Analysis (FTA). The Pareto diagram is a diagram in the form of a histogram that sorts the data classification with the largest to 
the smallest frequency from left to right and includes a line chart as the cumulative data in it. Ishikawa diagram (fishbone 
diagram) is a diagram that contains the causes and effects of a problem so that it can show the cause of the problem based on the 
factors determined [4]. Five Why Analysis is a method used in order to find the cause or root of the problem. The step used is the 
“Why” question five times with consecutive questions to direct the identification process to the main cause of the problem [5]. 
Failure Mode and Effect Analysis (FMEA) is an engineering technique used to define, identify, and to eliminate known failures, 
problems, failures, and the like from a system, design, process, and / or service before reaching consumers [6]. Fault Tree 
Analysis (FTA) is a tool that can be used to analyze the causes of a system failure in the form of a combination graph. In use, 
FTA can describe and assess all incidents in the system [7]. 
The fourth step, Improve, is a process of improvement in order to improve quality with the Six Sigma method. The check sheet is 
one of the seven tools in implementing the validation test of quality. Data collection is determined in a certain time period, for 
example per day, with data being determined between variables or attributes. In addition, the check sheet is continuous in 
monitoring the data collection process, the information collected can be continued in the analysis process and further study 
processes [4]. Poka yoke is a systems approach taken to avoid mistakes in action or operation caused by human errors so as to 
reduce the rate of defect findings. The benefits of implementing the Poka-yoke system are to reduce disabilities, improve product 
performance, reduce costs, increase productivity, reduce losses, and reduce time efficiency [8]. 
The Control step is the last operational stage in the Six Sigma quality improvement program. At this stage the performance of the 
system is measured after improvements have been made. 
The following of  previous studies are listed in Table 1. 

Table 1. Related Research 
No Topic Author 

1 Integration between Six Sigma, FMEA, and Data Mining [6] 
Rina Fitriana, Johnson Saragih, Dea 

Prameswari Larasati 
2 Integration between FMEA and FTA on Assembly Area [9] Indra Sihombing, Darminto 
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No Topic Author 
Pujotomo 

3 Integration between Failure Risk Analysis, Failure Mode and Effect Analysis 
(FMEA) and Fault Tree Analysis (FTA) [10] 

Farra Nabila Murti, Nunung 
Nurhasanah 

4 Integration between FTA dan FMEA method [11] Joko Supono, Lestari 
5 Integration between Quality Control and Six Sigma Method [3] Alfian Huda, Sri Widiyanesti 

6 Quality Improvement using DMAIC method on Welding Process [12] Juhari Mas'udi SMI, MM Heni 
Puspitasari S. Tr. 

7 Six Sigma Method for Reducing Raw Material Losses [13] Safat'at (STIE Mahardhika Surabaya) 
8 Waste analysis with quality control with Five Whys Analysis [5] Agita Pandu Widanti, Rani Rumita 

9 Quality Control using Failure Mode Effect Analysis (FMEA) Method [14] Ni Wayan Anik Satria Dewi, Sri 
Mulyani, I Wayan Arnata 

10 Proposed Quality Improvement using FMEA and FTA [15] 
Ghimaris Al Ghivaris, 

Kusmaningrum Soemadi, Arie 
Desrianty 

11 Lean Six Sigma in Quality Improvement [16] Muhammad Kholil dan Pambudi 

12 Analysis Causes of Defect using FMEA dan FTA Method [17] 
Muhammad Nur Mulianto Putra, 
Ishardita Pambudi Tama, Zefry 

Darmawan 
13 Defect Analysis Using FTA Method [7] Tara Ferdiana, Ilham Priadythama 

14 Integration between six sigma and data mining [18] R. Fitriana, J.Saragih and S. D. 
Fauziyah. 

16 
Integration between Six Sigma, DMAIC (Define, Measure, Analyze, Improve, 
dan Control), FMEA (Failure Mode and Effect Analysis), and FTA (Fault Tree 

Analysis),  
The position of current research 

 
3. Methods  
 
The research was started by making direct observations on the welding process of PT X. Observations were focused on Colt 
Diesel (TD) vehicles in the welding process. This literature study collects several references in order to understand the theories 
and methods related to problem solving. The objective of this research is to identify the factors causing the disability so that it 
can be proposed for improvements to improve product quality. Data collection was also carried out to support data processing 
and analysis of results in research.  
Data processing is carried out in order to improve quality with the Six Sigma method using the DMAIC stage (Define, Measure, 
Analyze, Improve, and Control). The tools that used detailed in Table 2. 
 

Table 2. DMAIC tools details 
Phase Tools 

Define - Diagram SIPOC 
- Critical to Quality 

Measure - U Control Chart 
- DPO, DPMO, Level Sigma 

Analyze 

- Pareto Diagram 
- Ishikawa Diagram 
- Five Why Analysis 
- FMEA 
- FTA 

Improve - Cheksheet 
- Poka Yoke 

Control - DPO, DPMO, Level Sigma after improvement 
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4. Results and Discussion  
Define 

The number of defects per unit in July 2020 - September 2020 for Colt Diesel (TD) type vehicles have defect of 4.13% so that 
repair solutions can be provided in the assembly process so that quality can be increase and performance is more efficient. 
The SIPOC diagram of Colt Diesel products can be seen in Table 3. It is known that the welding process is carried out in order to 
assemble the cabin parts supplied from the supplier PT MKM as the maker of the entire Colt Diesel (TD) cabin part material. The 
process starting from the receiving part to the inspection carried out on the metal finish is the scope of the welding process 
carried out in the resulting defect on the Colt Diesel (TD) cabin. 
 

Table 3. SIPOC Diagram 
Supplier Input Process Output Customer 

PT A Cabin Parts Receiving Part Cabin Parts Station Welding Under 1 
PT A Cabin Parts Welding Under 1 Sub Sub Assembly 

Under 1  
Station Respot Under 1 

PT A Cabin Parts Respot Under 1 Respot Sub Sub 
Assembly Under 1 

Station Welding Under 2 

PT A Cabin Parts Welding Under 2 Sub Sub Assembly 
Under 2 

Station Respot Under 2 

PT A Cabin Parts Respot Under 2 Respot Sub Sub 
Assembly Under 2 

Station Welding Main 
Body 1 

PT A Cabin Parts Welding Main Body 1 Sub Assembly  Main 
Body 1 

Station Welding Main 
Body 2 

PT A Cabin Parts Welding Main Body 2 Sub Assembly  Main 
Body 2 

Station Respot Main 
Body 1 

PT A Cabin Parts Respot Main Body 1 Sub Assembly  Main 
Body 2 

Station Respot Main 
Body 2 

PT A Cabin Parts 
Respot Main Body 2 

Sub Assembly  Main 
Body 2 

Station Las Brazzing & 
Sanding 

PT A Cabin Parts 
Brazing & Sanding 

Sub Assembly Main 
Body 2 

Station Door Installment  

PT A Cabin Parts Door Installment Cabin Metal Finish 
PT A Cabin Inspection QC Passed Cabin  Painting 

PT B, PT C QC Passed Cabin Painting Painted Cabin Trimming 
PT D, PT E, etc Painted Cabin Trimming Finished good  Line off 

Line off Finished good Quality Control QC Passed Finished 
good 

Delivery 

Critical to Quality as a method for reviewing the characteristics of the quality of a product by paying attention to defects, data 
types, and processes that can cause a decrease in the quality of the product. Products that will reach the customer are expected to 
have no defects in the product. The following is the critical to quality possessed by Colt Diesel products in Table 4. 
 

Table 4. Critical to Quality 
No Defect Detail 
1 Dents Cabin surface that bend inward 
2 Holes Hole on material plat area 
3 Minus Spots Missed spot after welding process 
4 Ding Cabin surface that bend outward 
5 Stray Spots Error position point after welding process 

 

Measure 

The second stage is the measure stage by calculating the problem data obtained for further review. Data on the number of defects 
in the welding process are calculated using U Control Chart and the calculation of DPMO and sigma level. 
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Figure 1. U Control Chart of July 2020 

 
Figure 2. U Control Chart of August 2020 

 
Figure 3. U Control Chart of September 2020 

Based on the results of the U control chart calculations in July, August, September, the results of out of control data were 
obtained in the second data in July 2020. Furthermore, the first data revision was carried out by reducing the production data on 
July 14, 2020. The results obtained were still out of control data. of control on production data on July 13, 2020. This is due to 
the high number of defects produced in the first revision of out of control data and low production numbers in the second revised 
data. 
The calculation of the value of Defect per Million Opportunity (DPMO) by knowing the total production of Colt Diesel in July - 
September 2020 was 3,853 units and the number of defects was 159 defects obtained a DPMO value of 8253.31 and a sigma 
level of 3.89752. 
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Analyze  

The third stage carried out in the DMAIC method is the Analyze stage, which is the stage in analyzing the causes of defects that 
occur in the welding process in the study. The review was carried out with the aid of a pareto diagram. 

 
Figure 4. U Pareto Chart 

The results of the Pareto diagram can be seen in Figure 4. The dent defect is the most frequent error that occurs after the welding 
process on Colt Diesel (TD) products is complete, with a percentage of 86.2%. In accordance with the 80-20 Pareto principle, 
that is, 80% of problems can be caused by 20% of system defects. 
The five why analysis method is carried out based on the dent defect in the Colt Diesel cabin which has been reviewed using the 
Ishikawa diagram. Based on the Ishikawa diagram, it is stated in the process of answering the reasons for the question why dents 
in the cabin occur in the welding process. 

Table 5. Five Why Analysis 
Why Reason 

Why did the dent in the cabin occur during the welding process? Because of operator error 
Why is there an error with the operator? Because of material mishandling when welding 

Why the mishandling of materials when welding? Because the engine hit the cab plate 
Why did the engine hit the cab plate? Because the operator is not careful 

Why is the operator careless? Because the operator lacks concentration 
 
Based on the Five Why Analysis in Table 5, it can be seen that starting from the machine handling error in the welding process 
due to the machine hitting the cab plate by an operator who is less careful due to lack of concentration. This shows that there is a 
relationship between the method factor and the man (operator) so that dent defects can occur. 
Based on the results of the assessment of severity, occurrence, and detection from the results of interviews conducted, the results 
of the RPN value are obtained from the multiplication of the three value criteria and are ranked from the highest [15]. 

Table 6. RPN values summary for the failure of the welding process 
Failure Cause of Failure RPN % Cumu-lative 

Dent (back panel, outer 
pilar) 

Machine handling not carefull by 
operator (Welding Main Body 1) 288 19,45 19,45 

Dent (door panel) Bolt door panel attachment 280 18,91 38,36 

Dent (door panel) Machine handling not carefull by 
operator (Door Installment) 240 16,20 54,56 

Dent (roof assy) Machine handling not carefull by 
operator (Welding Main Body 2) 147 9,92 64,48 

Hole (floor) Ampere current on PSW exceeds the 
standard 90 6,08 70,56 

Dent (roof assy) Jig on the station is not accurate 84 5,67 76,23 

Hole (floor) Exceeding squeeze time on welding 
process 60 4,05 80,28 

Based on the summary of the RPN values in Table 6, the three causes with the highest score were the operator's careless handling 
process in the main body 1 welding process which caused dents in the back panel and outer pillar. This is followed by the 

Frequencies 137 12 8 1 1
Percent 86,2 7,5 5,0 0,6 0,6
Cum % 86,2 93,7 98,7 99,4 100,0
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installation of bolt door panels and the process of handling the operator who is not careful in the door installment process which 
causes dents on the door panel. 
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Figure 5. Fault tree dent defects in the welding process 

The Fault Tree Analysis (FTA) method is carried out in determining the intermediate event and the basic event 
based on the results of the acquisition of 80% of the highest RPN value in Table 7 which causes dents in the Colt 
Diesel cabin. Based on the determination of the minimum cut set, 5 cut sets are obtained: {BE 1}, {BE 2}, {BE 3}, 
{BE 4}, and {BE 5}. Furthermore, the calculation of the probability of occurrence of each basic event is carried out 
in Table 7. 

Table 7. Calculation of the basic event probability 
Event Cause of Failure Failure Frequen-cies Event Frequen-cies Failure Probabi-lity 

BE1 IE1 The handling machines by operators 
less careful 11 112 0,09821 

BE2 IE2 The handling machines by operators 
less careful 6 112 0,05357 

BE3 IE2 The station jig is inaccurate 1 112 0,00893 

BE4 IE3 Machine handling not carefull by 
operator 10 112 0,08929 

BE5 IE3 Bolt door panel attachment 8 112 0,07143 
The results of the calculation of the intermediate event probability value show that IE 3 has the highest value with 
other intermediate events. In addition, there is the highest probability at BE 1 with a value of 0.09821 which has the 
highest value compared to other basic events. Based on these results, it is focused on the dent that occurs in the door 
panel in the door installation process with the basic event, namely the handling process of the operator who is not 
careful and the installation of bolt door panels, as well as on the back panel and outer pillar in the process of welding 
the main body 1, namely the handling process. a careless operator. 

Improve 

Recommendations for improvement are given in the hope that it will reduce the frequency of failures to occur 
continuously. 

Control operator performance using a more effective check sheet feedback 

The suggested feedback check sheet listed in Table 9 is made in order to achieve effectiveness in recapitulating 
defect findings during inspections carried out by the check man. It is hoped that the check sheet is recommended so 
that the inspection time is not consumed by writing the type of defect so that the check man can provide feedback to 
the operator more quickly.  

Table 8. A summary of the objectives of making a check sheet 
5W Cause of Failure 
Who Check man in welding process 
What Defects found in welding process 
Where Metal Finish area welding process 
When Cabin inspection 
Why To record defect findings and provide feedback to related operators 
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Using a torque wrench poka yoke in the door installment process 

Currently, the use of the torque wrench tool used by operators is manual torque wrench. The use of torque wrench 
itself is to ensure that the bolt on the door panel installation has reached the specified tightness. This applies to the 
torque wrench that the operator uses by turning the tool on the bolt that you want to check until you hear a click as a 
sign that the bolt is installed properly. The current constraint is that the operator has an SOP in the use of ear plugs 
during the operation process, so there is a possibility that the operator does not hear the clicking sound on the torque 
wrench properly due to the sound of the machine being quite noisy in the welding area. 
Proposed improvements that can be given to overcome the problem of installing a bolt on the door panel are using a 
torque wrench poka yoke. Poka yoke is a system for detecting and preventing errors that occur due to human labor 
(operators) [8]. Application of the Poka yoke system using a wireless torque wrench. The difference with manual 
torque wrench is that this tool is equipped with a transmitter as a wireless method which functions as a sensor on the 
torque wrench when the click sound is converted into a signal that can be transferred to the receiver and forwarded 
to the display. The following is an overview of the concept of a torque wrench poka yoke system in Figure 6. 

 
Figure 6. Poke yoke torque wrench system 

The advantage of implementing the poka yoke e torque wrench system is that a tool in the form of a lamp display on 
the torque wrench tool can make it easier for the operator to find out the level of tightness of the bolt that has been 
installed on the door panel, and minimize errors if the bolt tension is less or exceeds the standard. In addition, the 
system that runs using wireless (wireless) so it is easy to use because it is not obstructed by cables in using torque 
wrench tools. Meanwhile, the drawback that is considered in the application of the torque wrench poka yoke system 
is the need for additional costs in the purchase of equipment and operation of the network system. 
 

Control 

Recommendations for improvement are given in the hope that it will Based on the implementation of control on operator 
performance using a more effective feedback check sheet, evaluation is carried out by making a U control chart, calculating 
DPMO and sigma level with the following results.  

 
Figure 7. U Control Chart of evaluation 

In Figure 7 that all defect numbers are within control limits. This shows that the number of defect findings with fluctuating 
results, where there are several times that defects are not found or are zero so that they are equal to LCL, namely 0. 
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The calculation of the value of Defect per Million Opportunity (DPMO) by knowing the total production of Colt Diesel in July - 
September 2020 was 763 units and the number of defects was 29 defects the result is a DPMO value of 7601.57 with a sigma 
level of 3.9275. 
Based on the calculation of the DPMO value and the sigma level after implementation, the results of the comparison of values 
before and after the application of the check sheet feedback can be made to the operator in the welding process. There was an 
increase in the sigma value from the previous 3.8975 to 3.9275. This proves that there was an increase with a difference of 0.03. 
 
6. Conclusion  
 
The  DMAIC approach used in this study is expected to improve the quality of the product. Based on the results of data 
processing and proposed improvements given, the conclusions obtained are as follows: 
1. Defects per unit in the cabin of Colt Diesel (TD) vehicles in the welding process for standard and wide types of production in 

July, August and September 2020 were 4.13%. 
2. The total production of Colt Diesel in July, August and September 2020 was 3,853 units with 159 defects, and a DPMO value 

of 8253.31 and a sigma level of 3.89752 was obtained. 
3. Based on the five types of defects, namely dents, holes, minus spots, protruding, and stray spots, from the results of the pareto 

diagram, dent defects are the most frequent failures that occur after welding on Colt Diesel (TD) products with a percentage of 
86.2%. 

4. FMEA method, the three causes with the highest RPN value are the handling of operators who are not careful in the welding 
process of main body 1 which causes dents in the back panel and outer pillar. This is followed by the installation of bolt door 
panels and the machine handling process by an operator who is not careful with the door installment process which causes 
dents on the door panel. 

5. The FTA method results in the calculation of the intermediate event probability value showing that IE 3 has the highest value 
with a value of 0.15434 which has a greater value than other intermediate events. Basic Event dents that occur on the door 
panel in the door installation process with the basic event, namely the process of handling the machine by an operator who is 
not careful and the installation of bolt door panels is a major concern. 

6. Proposals for improvements had been given based on observations and analysis, to control the performance of the operator 
using a more effective feedback check sheet and use a torque wrench poka yoke in the door installment process. After 
implementing the proposed check sheet feedback which is more effective to the operator in the welding process, the DPMO 
value is 7601.57 with a sigma level of 3.9275 so that it can be seen that there is an increase in the sigma level with a difference 
of 0.03 compared to before implementation. 
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