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Welding and machining processes for Lift Arm Repair in Remanufacturing heavy-duty 

companies in Indonesia has produced parts according to customer specifications, but the 

company still has the intention to reduce the level of damage and Cost of Poor Quality. 

The purpose of this study is to demonstrate the application of the Six Sigma method with 

the DMAIC cycle (Define, Measure, Analyze, Improve and Control). Other tools to 

analyze this problem are the Pareto Diagram and the Cause and Effect Diagram. The level 

of product defects in the Lift Arm Remanufacturing process is relatively high, namely 

73.5% over the past 5 months with the categories of Miss Alignment (68.5%), Porosity 

(18.9%), Crack (4.5%), Oversize (2.7%) Scratches (2.7%) and Others (2.7%). with a value 

of 834586.47 DPMO and is at 1.91 sigma with a COPQ of Rp.650,800,000.00. The Six 

Sigma approach with the DMAIC method is a systematic method that focuses on 

improving processes. From the DMAIC method, it can be known the factors that cause 

defect miss alignment and porosity through the cause diagram. After Six Sigma 

implementation, the level of defective products decreased from 73.5 to 7.03% with an 

increase in quality from 1.91 to 2.43 Sigma. Finally, we can reduce COPQ from IDR 

650,800,000 to IDR 135,000,000 or 66.47% from the previous condition. 
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1. INTRODUCTION

The Remanufacturing industry began in 2015 when the 

United States Environment Protection Agency (EPA) 

implemented a Comprehensive Procurement Guidelines (CPG) 

program to enact waste reduction and resource conservation 

through the Reuse of used materials and ensuring recycling 

programs for certain materials can be made into materials to 

create new products. Roman world Magazine, March/April 

edition, 2018 states the remanufacturing industry is spreading 

in various countries with a total forecast of $ 160 billion/year 

with spread: the USA $ 100 billion, Europe $ 32, Asia $ 27 

billion and Brazil $ 1.4 billion. The Asian region (including 

Indonesia) ranks third in the distribution of the 

remanufacturing industry. 

The high remanufacturing forecast reaching 160 billion 

dollars/year in the remanufacturing industry is a promising 

business opportunity. However, the remanufacturing industry 

has a higher risk of product failure compared to original 

equipment products. In Indonesia, the remanufacturing 

industry, which is engaged in the Heavy-duty equipment 

industry, supports the repair of mining equipment and vehicles 

both in open pit and underground in running its production, 

experiencing a product failure rate of 834586.47 DPMO if the 

capability of the process is measured at the level of 1.91 sigma 

and the Cost of Poor Quality must be borne by IDR. 

650,800,000.00 for January ~ May 2019. Valles et al. [1] state 

that Six Sigma is a strategy of continuous organizational 

improvement to find and eliminate the causes of errors, 

damage, and de-lays in business organization processes. Gijo 

et al. [2] with the application of the Six Sigma method resulted 

in a reduction intolerance related to problems and increased 

yield values from 85% to more than 99%. Get a total savings 

of US $70,000 per year. Hassan [3] shows that, for the 

calculation of the yield value of 95.75%, from this result, the 

sigma level was calculated and found an initial sigma value of 

3.22 and a DPMO of 42,500. Using a target of a 2% defect rate, 

the target sigma value is calculated to be 3.55 and the DPMO 

value is 20.000. The results achieved 98.24%, according to the 

sigma level of 3.6 and the DPMO value of 17.600. Referring 

to various studies on problem-solving with the help of Six 

Sigma methods showing positive results that are marked by 

decreasing product failure rates and increasing sigma levels, 

then in this study, Six Sigma methods are expected to be used 

in the failure of remanufacturing lift arm products in the 

Heavy-duty industry in Indonesia to be reduced so that the 

process capability is getting better, COPQ can be suppressed 

and will certainly increase company profits. 

This research was conducted to examine the level of 

disability in the Machine Rebuild section with the Machining 

and Welding process in the company. The section is the final 

section of the process in the production process, where the 

level of disability is still high based on the 2018 Machining 

and Welding quality reports. Based on internal data of the 

2018 Machining and Welding product defects, 1.99% with 

types of defective products as follows: Lift Arm (73.5%), 

Bucket (7.9%), Front Frame (3.3%), Rear Frame (3.3%), Tilt 

Lever (3.3%), Tilt Link (2.6%), Cabin (2.0%) and others 

(4.0%). Based on the 2018 defect product data, this study is 

motivated to re-duce the Lift Arm product failure of the 

Machining and Welding process which has the highest 

accumulation of defective products by 73.5%, with the hope 
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that Lift Arm quality can be improved to meet customer 

satisfaction and provide a more optimal company advantage. 

 

1.1 Quality improvement 

 

Speaking of quality, of course, there is no definite 

understanding of quality and quality has a broad scope and has 

a different understanding [4]. Quality can be seen as a point of 

fulfillment to customer demand and satisfaction [5]. Quality in 

terms of producers is the fulfillment of quality standards that 

have been owned [6]. So that quality can be interpreted by how 

much the ability of producers to meet the standards owned to 

satisfy the desires and expectations of customers [7]. Referring 

to the definition of quality, the improvement of product quality 

to increase customer satisfaction is an important attribute in a 

business organization [8]. Customer satisfaction can be 

formed if customers get what is expected from a product or 

service it uses [9]. In this fact the industrial world is expected 

to identify the attributes that will affect customer satisfaction 

then design and create it into superior products and services 

according to the wishes and expectations of customers. Quality 

improvement is a company policy that must be done to 

maintain customer satisfaction and resistance in question. 

Quality improvement is a series of group and individual 

activities that focus on reducing the variety of processes and 

products with systematic and measurable methods aimed at 

reducing any waste [10]. The process of improving quality is 

identifying quality indicators, monitor these indicators and 

measuring the results of these quality indicators which of 

course lead to the outcome, and always focus to improve the 

process, so the quality of the results/products will improve. 

Because it is believed that quality improvement greatly 

influences the company's profitability and competitiveness 

[11-13]. 

 

1.2 Remanufacturing industry 

 

In 2005 the remanufacturing industry began when the 

United States Environmental Protection Agency (EPA) 

implemented a comprehensive procurement Guidance 

program (CPG) to enact waste reduction and resource 

conservation guidelines through the Reuse of waste materials 

and ensuring recycling programs for certain materials can be 

made into materials to create new products. In 2004, the EPA 

established several remanufactured vehicle parts. 

Remanufacturing is to use a portion of its original form and 

replace or rebuild damaged parts. The testing process follows 

the same specification process as the new product 

manufacturing process (https://www.epa.gov/). 

Remanufacturing is the process of bringing used products to a 

"new-like" functional state by rebuilding and replacing 

existing parts [14]. 

The remanufacturing industry is an industry that uses a 

portion of its original form/original equipment to rebuild 

damaged parts and replace it with new equipment through the 

testing process following the same specifications as the new 

product manufacturing process. The quality of Re-

manufacturing products has the same standard as the 

manufacturing of new products [15, 16]. Three main factors 

are the reasons why industrial remanufacturing is the choice 

[17], namely: (1) ecological factors, namely reducing waste 

caused by the product life cycle that has run out, (2) the legal 

factor with the increasing number of wastes as point 1 certain 

countries have enacted legislation regarding recycle products, 

(3) economic factors, the increasing price of new products to 

guarantee industrial remanufacturing provides attractive 

choices with quality standards for new products. Referring to 

some of these studies it can be understood that the concept of 

remanufacturing is one of the effective choices in the industrial 

world because, in addition to providing financial benefits for 

companies, it can also provide non-financial benefits in the 

form of customer satisfaction and also support legal legitimacy 

or government policy. 

 

 

2. METHODOLOGY 
 

Quality is a dynamic condition related to products, services, 

people, processes and the environment that meets or exceeds 

expectations, speaking of quality there is certainly no definite 

understanding of quality and quality has a broad scope and has 

a different understanding [4, 18]. Quality can be seen as a point 

of fulfillment to customer demand and satisfaction [5], Quality 

in terms of producers is the fulfillment of quality standards that 

have been owned [6]. So that quality can be interpreted by how 

much the ability of producers to meet the standards owned to 

satisfy the desires and expectations of customers [7]. Referring 

to the understanding of quality that the improvement of 

product quality to increase customer satisfaction becomes a 

very im-portant attribute in business organizations (industry). 

Some various strategies or methods can be used to improve 

product quality including the Six Sigma method. Six Sigma is 

one of the methods of improvement and quality control that 

has been implemented by many companies or organizations. 

The Six Sigma concept is to put forward the principle of 3 ~ 4 

defective products per one million products proven to be able 

to increase the competitiveness of companies or organizations 

[19-21]. Six Sigma is an effective and flexi-ble system for 

achieving, maintaining and maximizing business success. Six 

Sigma is uniquely controlled by a strong understanding of 

customer needs, the discipline of using data, facts, and analysis 

statistically, as well as paying careful attention to managing, 

improving and reviewing business processes to achieve the 6 

sigma target [22]. 

Researchers The research methodology is a systematic 

description of the steps taken by the author from the beginning 

to the end of the study so that the implementation of the 

research becomes clear and focused following the research 

objectives. Through the following principal steps: (1) De-

scribe the issue that is happening (2) Measure baseline 

performance or sigma level as an initial standard Re-

manufacturing the Lift Arm process. (3) Analyzing the cause 

of product failure fac-tors in the Lift Arm Remanufacturing 

process. (4) Determine the improvement efforts that can be 

done to improve the quality of the Re-manufacturing Lift Arm 

process, (5) Evaluate and control the results of repairs. The 5 

stages are following the rules of problem-solving using the Six 

Sigma method namely the DMAIC phases (Define, Measure, 

Analyze, Improvement and Control). The research 

methodology used in this study is shown in Figure 1 

Six Sigma as a management system is applied to ensure that 

efforts and critical opportunities for improvement are well 

developed through metric methodology and an applied level is 

in line with its business strategy. Six Sigma enables an 

organization to improve quality process by identifying and 

eliminating the causes of defects and error terms through 

minimizing variability in manufacturing and business 

processes [23]. The stages for improve process ability (process 
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capability) regarding Six Sigma method are specifically 

allowing the standard steps such as define, measure, analyze, 

improve, and control for interlinked statistical tests. For a 

particular project within organization of applied of Six Sigma 

the stage is typically consists of a step-by-step requires for 

obtain measurable target values i.e. reduces cycle time, 

decreases air pollution, reduces costs, improves customer 

satisfaction, and increases profits [23]. It is inevitable, in order 

to gain benefits, as a results of Six Sigma’s application in an 

organization or company, would require relatively high of 

initial investment, but might be offer benefits in long terms 

including cost savings, generated profits, improved 

consistency of quality processes, better employee performance, 

and better service quality and products. Those elements 

particularly would lead an organization or company to provide 

a higher customer satisfaction as well as to gain the ultimate 

goal of organization [23]. By applying DMAIC using a 

statistical approach, the root causes of the problem can be 

found and can improve the production process. The results of 

the six sigma improvement show the process capability 

increased from 2.2 to 3.1 sigma, saving $18,394.2 per month 

[24]. Six sigma is a systematic, flexible, measurable and 

effective method in solving various problems in the industrial 

world [25]. Seeing the results of the studies mentioned above, 

the Six Sigma method is used in improving the quality of 

Remanufacturing Lift Arm in the Heavy-duty equipment 

industry in Indonesia to be better to meet customer satisfaction 

and provide better company benefits. 
 

 

3. RESULTS AND DISCUSSIONS 
 

The research methodology is a systematic description of the 

steps taken by the author from the beginning to the end of the 

study so that the implementation of the research becomes clear 

and focused following the research objectives. Through the 

following principal steps: (1) Describe the issue that is 

happening (2) Measure baseline performance or sigma level as 

an initial standard Re-manufacturing the Lift Arm process. (3) 

Analysing the cause of product failure factors in the Lift Arm 

Remanufacturing process. (4) Determine the improvement 

efforts that can be done to improve the quality of the Re-

manufacturing Lift Arm process, (5) Evaluate and control the 

results of repairs. The 5 stages are following the rules of 

problem-solving using the Six Sigma method namely the 

DMAIC phases (Define, Measure, Analyze, Improvement and 

Control) 

 

3.1 Define phase 

 

At the stage of defining activities carried out to identify 

problems that occur based on consumer needs and 

determination of goals (reduction of product failure). The 

initial step of the define stage is to identify the sequence of 

activities that occur in the welding and machining process that 

aims to find out at which stage the problem is. As for the 

sequence of activities intended in the SIPOC Diagram as in 

Figure 2. 

The Welding and Machining process is critical in this 

research. The next step is to find out the Critical to Quality in 

the Lift Arm welding dam machining process is carried out the 

production data collection and Welding and Machining Lift 

Arm product failure in January ~ May 2019 with the 

percentage and types of product failure as in Pareto diagram 

Figure 3. 

Refer to the Pareto diagram as in Figure 3. Can be 

interpreted that 6 types of defective products occur in the 

welding process and Machining Lift Arm, namely: Miss 

Alignment (68.5%), Porosity (18.9%), Crack (4.5%), Oversize 

(2.7%) Scratches (2.7%) and Others (2.7%). Based on the 

concept of Pareto product failure that has an accumulation of 

80% into the improvement priori-ty in problem-solving, then 

CTQ in this study there are 2 types are Miss Alignment and 

Porosity product failure. 

 

 
 

Figure 1. Research methodology of problem solving of lift arm in welding and machining process 
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Figure 2. SIPOC diagram of remanufacturing lift arm 

Figure 3. Pareto chart of product failure welding and machining process of lift arm. 

3.2 Measure phase 

The measuring stage is the second stage in the quality 

improvement program with the Six Sigma method in this stage, 

the capability process/sigma level measurement is used to 

determine the ability of the process before improvement, 

plotting the ability of the process into 4 block diagrams to 

determine the improvement direction from the control side of 

technology and also carried out measurements cost of poor 

quality (COPQ) to determine the financial losses caused by 

defective products. 

Based on the collection of production data and product 

failure (defects) in the Remanufacturing Lift Arm process 

from January to May 2019 obtained from the report of the 

production department and Quality control, the calculation of 

the process capability/sigma level is shown in Table 1. 

Table 1. Measurement of level sigma current condition that 

representative of before improvement 

Item Value 

Total Production 266 

Total Product Failure (defect) 111 

CTQ 2 

DPMO 834586,47 

Level of  Sigma 1,91 

Four block diagrams are a description of a process and states 

improvement direction that leads to two sides of improvement, 

namely technology and control which is a description of the 

ability of the process (Z) of an ongoing process. Based on 

Sigma Level 1.91, it can be calculated Zshif value as a 

reflection of control ability and Zst value which reflects the 

ability of technology and then plots it in Four block diagrams 

that show the capability of the ongoing process (Z). The Zshif 

and Zbench.lt calculations in the four-block diagram are as 

follows: 

Zst       = Zbench.lt + 1.5 

1.91       = Zbench.lt + 1.5 

Z bench.lt = 1.91 – 1.5  

   = 0.41 

Zshift = Zbench.st – Zbench.lt 

   = 1.91– 0.41 

   = 1.50 

The next step is after knowing the value of Z shif (control 

ability) and Zst (sigma level) then it can be done by making 

four block diagrams to illustrate the current process condition 

(current condition), as for the Four block diagrams referred to 

are as in Figure 4. 

Figure 4. Four block diagram of product failure welding and 

machining process of lift arm 

Looking at the Four block diagram above (Figure 4), it is 

known that from the control side it is good and still lacking in 

technology, meaning that improvements are needed so that 

both sides are expected in the category of proper control and 

technology. 
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In addition to measuring the baseline performance of the 

Remanufacturing Lift Arm process, a cost analysis is also 

carried out due to poor quality, in this case, the cost of losses 

caused by product failure. The company's internal source costs 

must be borne due to product failure resulting in rework or 

rework. As a result, the costs of losses due to product failure 

in January - May 2019 are as follows: 

Table 2. Calculation of cost of poor-quality January - May 

2019 

No Month Product Failure (Pcs) COPQ (IDR) 

1 January 2019 22 127,000,000.00 

2 February 2019 18 115,000,000.00 

3 March 2019 22 122,000,000.00 

4 April 2019 23 134,800,000.00 

5 May 2019 26 152,000,000.00 

Total 111 650,800,000.00 

Table 2 shows the cost of losses resulting from product 

failure from January to May 2019 Cost of Poor Quality of IDR 

650,800,000.00. 

3.3 Analyze phase 

Analyze Phase is the third stage of the DMAIC method. In 

this stage, what needs to be done is to analyze why deviations 

or product failure occur by looking for the causes that cause 

these product failures. In this case, a defect analysis arises in 

the Remanufacturing Lift Arm process which consists of 2 

types of product failure e.g. alignment and porosity Fishbone 

diagram (Cause and Effect diagram) as in Figures 5 and 6. 

From the cause and effect diagram, in Figure 5 the root 

cause of Miss Alignment in the Remanufacturing Lift Arm 

process is: (1) The process cannot be done in a CNC machine 

because parts are longer than the machine table. (2) If done 

with a Portable Line boring machine, the machining and 

inspection process is done manually so that it depends on the 

operator's skill. (3) Different parts condition when received 

such as bending, crack, and welding results from the previous 

process are uneven. (4) There is no standard process using jigs 

and fixtures. (5) The absence of standard parameters, methods 

for the machining process. From the cause and effect diagram, 

in Figure 6. the root cause of Porosity in the Remanufacturing 

Lift Arm process is (1) Dirty, oil-contaminated, grease and 

inconsistent surface cleaning by grinding before welding. (2) 

The welding process is carried out without Jigs, fixtures, 

parameters, and procedures as well as the inconsistency of 

checking after welding. (3) Humid winds and conditions in the 

welding area. (4) Difficult welding for inner diameter. (5) 

Uneven Welder Skill. 

Figure 5. Cause and effect diagram of product failure miss alignment 

Figure 6. Cause and effect diagram of product failure porosity 
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3.4 Improve phase 

 

Improve stage is determining the proposed improvement of 

the root causes that have been done at the Analyze stage. The 

improvement plan is carried out using the 5W + 1H method 

that contains plans and corrective actions for each of the 

factors causing product failure Miss Alignment and porosity 

that have accumulated 80% of the largest product failures from 

the overall product failures that occur in the welding and 

machining process. 

 

3.4.1 Improve plan product failure miss alignment 

Miss Alignment product failure that occurs in the machining 

process is a major problem in the Machining process based on 

joint discussion with the 5w + 1H method. Miss alignment 

problem is reconditioned: The Machining process changes 

from a manual process with 3 settings to 1 time setting with 

"Jig". This changes from the previous process of series per 1-

2 holes into 10 holes directly in 5 different places. The 

inspection or checking process can also be reduced by 

eliminating the alignment checking/alignment from using the 

meter, caliper, ruler, thread and pendulum become 

unnecessary because the Jig hole size has been adjusted to the 

part specifications. Quality Control focuses on checking 

dimensions with bore gauge and caliper and visual smoothing 

of machining results. The process is faster than the previous 4 

days to 2 days so that it can increase the capacity of workshops 

that were previously 13-14 units to 24-25 units per month. The 

engine parameters with a speed of 200 rpm, feeding rate. 1,2 

and feeding 0.5 - 1 mm per step. From the operator side, this 

process will change from grade 4 or multi-skill CNC operator 

to grade 2 semi-automatics. The Jig referred to above is as in 

Figure 7. 

 

 
 

Figure 7. Jig machining process design to reduce miss 

alignment 

 

3.4.2. Improve plan product failure porosity 

Product Porosity failure that occurs in the Welding process 

is a major problem in the Machining process based on joint 

discussion with the 5w + 1H method. Miss alignment problem 

is reconditioned: The welding process for Inside diameter or 

the inner hole is replaced from before the manual process 

becomes semi-automatic by modifying the machine and 

making Jigs and fixtures. With this process, a change occurred 

before Welder did welding to just run the machine correlated 

with Jigs and fixtures so that the welding results will be 

standard, even and the operator can prepare other parts in the 

queue. The making of Welding Procedure Standard starts from 

the cleaning process with chemical and grinding, preheat up to 

a temperature of 120º Celsius, welding and PWHT with glass 

wool after finishing. In the surrounding area of welding made 

a cover or screen to keep the wind and humidity. The 

improvements to the welding process in question are shown in 

Figure 8. 

 
 

Figure 8. Jig welding process design to reduce porosity 

 

3.5 Control phase 

 

This stage is the final phase of the DMAIC phase. What is 

done at this stage is monitoring and controlling the results after 

improvement. Process capability/sigma level, mapping sigma 

level into four blocks are salted and the calculation of the cost 

of poor quality (COPQ) is again carried out to determine the 

effectiveness of the results of improvements, in addition to the 

process of standardization of new processes that are also 

carried out to avoid similar failure products occurring in the 

future. 

Based on data taken from the production and quality control 

department with a duration from the first week of July 2019 to 

the fourth week of November 2019, the total production for 

Lift Arm is 341 units with a total of 24 units of product failure, 

with a percentage of 7.03%. The calculation of process 

capability/sigma level is presented in Table 3. 

 

Table 3. Measurement of level sigma current condition that 

representative of after improvement 

 
Item Value 

Total Production 341 

Total Product Failure (defect) 24 

CTQ 2 

DPMO 140762.5 

Level of  Sigma 2.43 

 

Table 3 Shows that the capability of the welding and 

machining process after Improvement is at 2.4 sigma with 

DPMO 140762.50 better than the conditions before 

Improvement 1.91 sigma with DPMO 834586.47. 

Referring to Table 3 above the same calculation as in the 

mature stage, the sigma level after improvement (2.43) can be 

mapped in the four-block diagram as in Figure 9. 

 

 
 

Figure 9. Four block diagram product failure welding and 

machining process lift arm (Before and after improvement) 

 

Just as in the measuring stage, the calculation of the cost of 

poor quality (COPQ) is a calcula-tion of the company's losses 

that must be borne by the product failure that occurs. The 

COPQ calculations after improvement can be seen in Table 4. 
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Table 4. Calculation of cost of poor quality July - 

November 2019 

 

No Month 
Product Failure 

(Pcs) 
COPQ (IDR) 

1 July 2019 5 28,000,000.00 

2 August 2019 5 28,000,000.00 

3 
September 

2019 
5 28,000,000.00 

4 October 2019 5 28,000,000.00 

5 
November 

2019 
4 23,000,000.00 

 Total 24 135,000,000.00 

 

Table 4 Above can be interpreted that the loss that must be 

borne by the company due to product failure after 

improvement as much as IDR 135,000,000.00 decreased from 

before im-provement IDR 680,800,000.00 equivalent to 

78.71%. 

Quality improvement from the production of 266 pcs with 

the number of defects 111 pcs to the production of 341 pcs 

with the number of defects 24 pcs, proving that the six sigma 

medology is very good for reducing the defect rate. 

To avoid similar failure products, namely Miss Alignment 

and Porosity Lift Arm in the process of welding and machining 

in the Indonesian remanufacturing industry, socialization of 

the results of improvement to all relevant levels and the 

creation of new standards in the form of Opera-tional 

Procedure Standards (SOP) related to welding and machining 

processes. 

 

 

4. CONCLUSIONS 

 

Referring to the entire stages of this research, it can be 

concluded that improving quality by using the Six Sigma 

method in this study can reduce Lift Arm failure products in 

the welding and machining process and can increase company 

profits due to decreased product failure. This study generally 

strengthens previous studies that the Six Sigma method is 

effective in identifying and analyzing product failures, and can 

improve the capability/level of sigma to get better quality 

products. Seeing the positive results contained in this study, it 

is recommended for further studies the use of the Six Sigma 

method in combination with other tools of quality can be used 

in improving quality in the other remanufacturing industries. 

To increase the repertoire of research using the Six Sigma 

method becomes more varied. 
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