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Abstract
 

______________________________________________________ 
Every manufacturing company will strive to create the best quality 

products. This is also done by PT. CMSM, a steel company, is producing 

corrugated zinc products. In several production periods, the defective 

product values were still found that exceeded the tolerance limit value set 

at 0.5% in corrugated zinc products. These problems are, of course, very 

detrimental to the company, so it’s essential to control the quality of 

corrugated zinc products. This study aimed to determine the factors that 

cause product defects, propose plans to improve product quality, and 

provide managerial recommendations based on Six Sigma analysis. Data 

collection techniques are carried out through observation, interviews, and 

documentation. Based on the study results, it is known that DPO is 

0.000885 and DPMO is 884.6028. At this time, the company is at the level 

of 4.64 sigma with CTQ (Critical to Quality) folded zinc sheet, cut size is 

not according to standard, thickness is not according to standard, uneven 

coating layer and perforated zinc sheet. Based on the analysis, five factors 

cause product defects: humans, machines, methods, materials, and the 

environment. To improve quality, the company should improve their 

quality control through 5W + 1H analysis, namely by providing training to 

employees, periodic machine maintenance and ensuring that the SOPs 

that have been made are implemented correctly and adequately. 
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INTRODUCTION 

 
   Product quality is one of the benchmarks for improving product purchasing decisions (Schmuck 

& Benke, 2020). So, companies must constantly make innovations to improve the quality of the products 
produced (GUAN et al., 2009), through manufacturing, using high-quality material, or even by regularly 
doing innovation (Prendeville & Bocken, 2017). Quality products will increase customer satisfaction 
(Suresh & Vasantha, 2021) so repeat purchases will occur (Hsu et al., 2015; Kunamaneni et al., 2019) 
and create long-term cooperative relationships that can increase profits for the company (Navío-Marco 
et al., 2019; Tremblay et al., 2019). To create quality products, companies are required to be able to 
optimize the use of their resources (Lyu et al., 2020) efficiently by using effective methods so that 
companies can create quality products by optimizing the use of their resources without having to spend 
a lot of money to buy additional resources (Herron & Hicks, 2008; Pyzdek & Keller, 2013; Romdony et 
al., 2018). 

The manufacturing process consists of 3 stages (Gaspersz, 2005; Malviya, 2021), namely Input, 
Process, and Output. There are often problems with products that do not meet good quality product 
standards (defects). Products that do not pass the quality test will undoubtedly cause a lot of harm to 
the company because these products must be recycled or destroyed. Defective products can cause 
additional production costs (Jirasukprasert et al., 2015; Younge & Tong, 2018), so that the number of 
defective products as much as possible must be reduced to near zero value so that the company can 
minimize additional production costs.     

According to data in the Indonesian Ministry of Industry, 316 industries have been registered 
(Kementrian Perindustrian Indonesia, 2020). Based on The World Steel Association, it was noted that 
in 2019 Indonesia was in the 26th position in the world for processing raw steel products with a total 
production of 6.4 million tons. The processed steel products also range from zinc-coated steel, 
lightweight steel roof trusses, iron pipes, frame beams, and so on (World Steel Association, 2019). PT. 
CMSM is a company engaged in the light steel processing sector, which has been operating since 2011 
and started producing commercial products in 2014, It has 80 employees in the production sector with 
a 3-shift work system and 22 employees in the managerial sector, located on Cikarang, Bekasi, West 
Java. There are two types of products made: corrugated zinc sheet steel 0.20 x 762 and plain zinc steel 
0.20 x 914. The optimal production capacity for corrugated zinc is 4,000 tons/month and produces 
800,000 pcs / month. 

Based on the data obtained along with observation, it shows that the corrugated zinc product 
defects are still above the reasonable threshold set by the company of 0.5%, so this study is carried out 
to understand what this causes. Products that do not pass the quality control check cannot be further 
processed for packaging at the warehouse, so they must be melted back to be reproduced (recycled). 
Based on the data collected, the number of defect products in several production periods still exceeded 
the maximum allowable limit, the data could be seen in Table 1. 

Based on data on defect products in October, November, and December 2019, the highest number 
of defect products was in October 2019, with an average value of 0.5393%, while in November 2019 
was 0.3666%. Followed by December 2019 was 0, 3977% tends to be stable below the tolerance 
threshold that the company of 0.5% has set. We use late 2019 production data in this study, as the 
company keeps the last-one-year-production data confidential, so the shareable data is the 2019 
production recap.  

According to Render & Heizer (Heizer, Jay., 2017), several methods can be used to overcome 
defect product problems, including Continuous Improvement, Kaizen, and Six Sigma. Continuous 
Improvement and Kaizen methods overcome quality problems by taking continuous improvement 
actions on production parts that are not yet optimal to reduce the number of defective products (Render 
& Heizer, 2001). The Continuous Improvement and Kaizen will be efficiently applied if the factors 
causing the appearance of defective products are known (Prendeville & Bocken, 2017; Tjiptono, F., dan 
Diana, 2012; Tjiptono, 2003), so that the focus of improvement can be optimized on the causes of defect 
products.  

Six Sigma methodology can diagnose the root of the problem, both in quality improvement and 
processing time efficiency (Desai, 2017; Jirasukprasert et al., 2015). Six Sigma is a methodology that 
focuses on eliminating the causes of variations or defects in a product or production process (Martin, 
2008). In today's dynamic industry, quality alone is not enough to achieve customer satisfaction 
(Ferreira et al., 2015), however, supply of good quality goods must be delivered consistently according 
to the delivery schedule (Desai, 2017; Lyu et al., 2020). According to De Mast (Marques & Matthé, 2017) 
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the production process has reached perfection based on six sigma if it only produces no more than 3.4 
defects out of 1,000,000 opportunities (defects per million opportunities). However, this is undoubtedly 
very difficult to achieve. So, company tend to focus to minimize defective product to near zero (zero 
defects). 

 
Table 1. Product data that did not pass the quality control for wave type corrugated zinc sheet 

production for the period of October 2019 to December 2019 
Periods Amount of 

Production 
Amount of Product 

Defect 
Percentage (%) 

October 
Oct week 1 142.515 653 0,4584% 
Oct week 2 171.018 639 0,3741% 
Oct week 3 184.109 1.286 0,699% 
Oct week 4 165.048 605 0,367% 
Oct week 5 163.934 1.308 0,798% 

average 0,5393% 

November 

Nov week 1 0 0 0 

Nov week 2 201.697 630 0,3126% 

Nov week 3 178.211 512 0,2874% 

Nov week 4 188.684 715 0,3794% 

Nov week 5 224.245 1092 0,4871% 

average 0,3666% 

December 

Dec week 1 219.784 631 0,2874% 

Dec week 2 189.647 717 0,3785% 

Dec week 3 197.341 961 0,4872% 

Dec week 4 213.519 934 0,4378% 

Dec week 5 0 0 0 

average 0,3977% 

Source: Company weekly production data, 2020. 
 
Pyzdek and Keller (Pyzdek & Keller, 2013) explain the advantages implementing Six Sigma: 

reduced costs, improved cycle times, elimination of products that do not pass the quality test, increased 
customer satisfaction and a significant increase in profit. Several previous studies have shown that using 
the Six Sigma method can significantly reduce product defects. Sharma (Sharma et al., 2018) explains 
that using the Six Sigma method efficiently increases the sigma value from 2.67 to 4.11 and increases 
quality products from 87.8% to 99.6% in one production period. This is also supported by research 
conducted by Punyawan and Rahardjo (Punyawan & Rahardjo, 2015) that product defect percentage 
rates decreased from 0.11% to 0.073% after the Six Sigma method was applied. 

To reduce the number of defective products to be consistently below the fair threshold value set 
by the company, an analysis is necessary to reduce the number of defective products. As discussed 
earlier, that Six Sigma can diagnose the root of the problem so that the problem can be resolved in a 
focused manner at the problematic point. The use of Six Sigma seems promising to help solve the issues 
currently being faced by the company. 

Quality is a dynamic condition that combines products, processes, human resources, services, 
and the environment to produce a superior value product that exceeds consumers' expectations (Davis, 
2010; Pyzdek & Keller, 2013; Slack et al. 2016). Quality is also defined as a form and characteristics of a 
product in its totality that can show its ability to fulfill clear or hidden consumer needs(Heizer et al., 
2017; Martin, 2008). 
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The company needs to create a strategic system of how the steps should be taken and the 
essential points when implementing quality control (Choi, 2020). Strategy is needed because the 
determinants of quality consist raw materials, machines, production equipment, and labor which will 
cause varied effects on the final quality. So company needs to determine the suitable method in 
improving quality which can precisely target quality cost savings optimization (Ayhari, 2009; Kumar & 
Suresh, 2007) 

Pande and Roland R. Cavanagh (Pande & Roland R.Cavanagh, 2002; Sharma et al., 2018) explain 
that Six Sigma is a concept that is almost close to perfection to meet consumer requirements. According 
to Gaspersz (Gaspersz, 2005) Six Sigma is a vision to improve quality towards a target of 3.4 errors from 
one million transaction periods for goods and services. So, by adopting the concept of Six Sigma in 
production process should be able to improve quality and reduce the error rate. 
              
METHOD 

 
There are five stages in implementing quality improvement using the Six Sigma method, namely 

using the Define, Measure, Analyze, Improve and Control (DMAIC) method (Pete & Holpp, 2002). The 
Define stage is a step to analyze to determine the target where quality improvement using Six Sigma 
will be carried out. At this stage an action plan is drawn up and what must be done to improve each step 
of the process (Gaspersz, 2005). The Measure stage has three essential things that must be carried out: 
1. Make a selection to determine the main quality characteristics (Critical to Quality) 2. Develop a plan 
to collect data 3. Measure the line of work at the output level. In the step of Analyze, things that must be 
done include 1. Determining the capabilities (capabilities) and stability of the process 2. Determining 
performance targets and characteristics of key quality (CTQ) 3. Conducting identify the root causes and 
sources of problems that impede quality.  

Followed by Improve stage, this step begins by establishing a plan regarding what actions will be 
taken to implement the Six Sigma concept on the targets set in the previous step. Quality improvement 
is also prioritized to reduce the DPMO value to near zero and increase the sigma value closer to the Six 
Sigma value (Gaspersz 2005). After all, we continue with Control as the last stage in the implementation 
of Six Sigma.  

In this study, the population is the entire production of corrugated zinc steel from January 2019 
- December 2019 at observed company. The samples in this study were corrugated zinc steel products 
that did not pass the quality test taken per week from October 2019 to December 2019. 

Several methods of data collecting were used, including interviews, observation and 
documentation to gather a deep understanding of what is going on in the company. The analysis 
technique in this research is based on the principles of Six Sigma concepts. By using the DMAIC stage in 
Six Sigma, which are Define, Measure, Analyze, Improve, and Control, we can try to identify the cause of 
the problem, analyze the data, and formulate some fix to overcome the problem (Pete & Holpp, 2002). 

 

RESULT AND DISCUSSION  

Define 
This research is carried out by follows the principles of DMAIC in Six Sigma. The very first stage 

in DMAIC is Define, followed by Measure, Analyze, Improve, and Control. The Define stage is the stage 

that describes the defect product problems which occurred in the corrugated zinc production. In the 

Define stage, we used data from the pre-survey, which explains the operational production flow, 

arranged in a SIPOC diagram in Figure 1.  

Based on the interview with the production manager on the production site, Mr. Winarto, there 

are five types of defect classifications. The first defect category is UCL (Uneven Coating Layer), the 

second defect category is FZS (Folded Zinc Sheet), the third defect type is PZS (Perforated Zinc Sheet), 

the fourth defect type is CNFS (Cut Size Does Not Fit the Standard) and Type The last defect is TNFS 

(Thickness Does Not Appropriate to Standard).  
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Figure 1. SIPOC Diagram of Zinc Wave Production 

Source: Primary data, 2020 
 

Measure 

The Measure stage is carried out in two phases. The first stage is to process defect product data 

for October 2019 - December 2019 with a control chart (p-chart) and in the second stage by calculating 

the value of Defect per Million Order (DPMO) (Anthony, 2017). The calculation of the control limit (CL), 

upper control limit (UCL), and lower control limit (LCL) are based on the following applicable formula 

(Gaspersz, 2005): 

 

Control Limit week one: 

CL= p̅ = 
∑ Defect products

∑ 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑠
 

CL = p̅ = 
10683

2439752
 

CL = p̅ = 0,00437872 

 

Upper Control Limit week one: 

UCL = p̅ + 3 √
P̅(1−P ̅)

n
 

UCL = 0,0044 + 3 √
0,0044 (1−0,0044)

142515
 

           UCL = 0,00407938 
 

Lower Control Limit week one: 

LCL = p̅ − 3 √
P̅(1−P ̅)

n
 

LCL =0,0039 − 3 √
0,0044 (1−0,0044)

142515
 

           LCL = 0,00385402 
 

This calculation is repeated for all data available using the same method, and the result can be found in 

Table 2 below: 
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Table 2. Calculation Results Data CL, UCL and LCL 

Time Frame Amount of 
Production  

Amount 
of Defect 

Proportion CL UCL LCL 

Oct week 1 142.515 653 0,0046 0,0044 0,0049 0,0039 

Oct week 2 171.018 639 0,0037 0,0044 0,0049 0,0039 

Oct week 3 184.109 1.286 0,0070 0,0044 0,0048 0,0039 

Oct week 4 165.048 605 0,0037 0,0044 0,0049 0,0039 

Oct week 5 163.934 1.308 0,0080 0,0044 0,0049 0,0039 

Nov week 1 0 0 0 0 0 0 

Nov week 2 201.697 630 0,0031 0,0044 0,0048 0,0039 

Nov week 3 178.211 512 0,0029 0,0044 0,0048 0,0039 

Nov week 4 188.684 715 0,0038 0,0044 0,0048 0,0039 

Nov week 5 224.245 1092 0,0049 0,0044 0,0048 0,0040 

Dec week 1 219.784 631 0,0029 0,0044 0,0048 0,0040 

Dec week 2 189.647 717 0,0038 0,0044 0,0048 0,0039 

Dec week 3 197.341 961 0,0049 0,0044 0,0048 0,0039 

Dec week 4 213.519 934 0,0044 0,0044 0,0048 0,0040 

Dec week 5 0 0 0 0 0 0 

Source: Primary data (processed), 2020 

 

 

Figure 2. Control Diagram 

Source: Primary data (processed), 2020 

 

Figure 2 above shows the proportion of defects. Several productions periods show defect 

proportion value exceeds the upper control limit and the lower control limit. They are October week 

three and October week five significantly pointing far higher than the upper control limit.  And the other 

side, November week two, November week three and December week one, point far below the lower 

control limit. 
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The value that comes out of the upper control limit (UCL) and lower control limit (LCL) areas 

can be considered undesirable values (Indrawati & Isnaini Dwi Ningsih, 2018). This shows that the 

production process is in an unstable condition. So further analysis is needed to determine the factors 

causing this instability in the production process. 

Table 3. Calculation of DPO, DPMO and Sigma Level 

Time Frame Amount of 
Production 

Amount 
of Defect 

CTQ DPO DPMO Sigma 
Level 

Oct week 1 142.515 653 5 0,000916 916,3948 4,62 

Oct week 2 171.018 639 5 0,000747 747,2898 4,68 

Oct week 3 184.109 1.286 5 0,001397 1396,999 4,49 

Oct week 4 165.048 605 5 0,000733 733,1201 4,68 

Oct week 5 163.934 1.308 5 0,001596 1595,764 4,45 

Nov week 1 0 0 0 0 0 0 

Nov week 2 201.697 630 5 0,000625 624,6994 4,73 

Nov week 3 178.211 512 5 0,000575 574,5998 4,77 

Nov week 4 188.684 715 5 0,000758 757,8809 4,68 

Nov week 5 224.245 1092 5 0,000974 973,9348 4,6 

Dec week 1 219.784 631 5 0,000574 574,2001 4,75 

Dec week 2 189.647 717 5 0,000756 756,1417 4,68 

Dec week 3 197.341 961 5 0,000974 973,9486 4,6 

Dec week 4 213.519 934 5 0,000875 874,8636 4,63 

Dec week 5 0 0 0 0 0 0 

Averages 0,000885 884,6028 4,64 

Source: Primary data (processed), 2020 

 
Based on the results of DPMO calculations on corrugated zinc production available on Table 3, 

we got average value of 884,6028. This value then converted into a table of Sigma Level which classified 

as 4.64 sigma. This means continuous improvement is needed to reach the 6-sigma level. 

 
Analyze 

In the Analyze stage, the root causes of defect products are identified using Pareto diagrams and 

causal diagrams. The Pareto diagram is used to determine the proportion of the most dominant type of 

defect. In contrast, the cause-and-effect diagram determines the factors that cause the appearance of 

defect products. Before further analyze, Table 4 below show the result of Calculation of Defect Products. 

 
Table 4. Result of Calculation of Defect Products 

Source: Primary data, 2020 

Defects Classification Amount of Defect Percentage 

Folded zinc sheet (FZS) 4545 42,54 % 

Cut size does not meet standard (CNMS) 4077 38,16 % 

Thickness not meet up to standard (TNMS) 1074 10,05 % 

Uneven coating layer (UCL) 609 5,70 % 

Perforated zinc sheet (PZS) 378 3,54 % 

TOTAL 10683 100% 
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Based on the Table 4, there are five main types of defects, namely: Folded Zinc Sheet (FZS) of 

42.54%, Cut Size Does Not Appropriate to Standard (CNMS) by 38.16%, Thickness Does Not 

Appropriate to Standard (TNMS) by 10.05%, Uneven Coating Layer (UCL) of 5.70 % and 3.54% for 

Perforated Zinc Sheet (PZS). The proposed improvement will focus on the five types of defects because 

these defects have a significant impact on the quality of the output produced. 

Knowing those problem, the next stage of this research is carried out by finding the cause of the 

problem. The fishbone diagram is then used to determine what factors are the causes of defect products 

in the wave zinc production process (Ayhari, 2009). At the stage of compiling the cause-and-effect 

diagram, interviews conducted with production labor on the site. The purpose involving the direct labor 

on the production site is to make sure that we got valid information causing those all problem, as the 

labor on production site are the one who have daily contact with all of those problems. The interview 

discusses the factors causing defects in the wave zinc production process. Every main problem we 

discussed earlier are meant to be discussed with labor on site to gain deep understanding about what 

is causing the problem. The result is then described in the following fishbone diagram. The result can 

be seen as in Figure 4 to Figure 8 shown below.  

 

Figure 4. Cause and Effect Diagram of Folded Zinc Sheet  

Source: Primary data (processed), 2020 

 

Figure 4 shows the result of what causing the problem of Folded Zinc Place. There are 3 factor 

causing folded zinc plate often re occurred in the process of production. They are man factor, machine 

factor, and method factor. On the Man factor, we can understand the root causing problem, such lack of 

careful caused by less supervision and, the labor itself tend to over believe to the machine, so they tent 

just to ignore and does not performing check and recheck for the configuration. Machine factor can we 

understand caused by system error because of lack of maintenance, no regular maintenance is 

performed, and so on. Sometimes the conveyor belt just moves to fast, this caused by the labor does not 

perform check and re check so that the configuration does not fit to the changing materials being 

processed. This is also caused by the method because the labor does not always follow the SOPs 

available in performing each task.  
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Figure 5. Cause and Effect Diagram of Cut Size Does Not Appropriate to Standard 

Source: Primary data (processed), 2020 

 

 

 

 

Figure 6. Cause and Effect Diagram of Thickness Not Meet Up to Standard  

Source: Primary data (processed), 2020 
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Figure 7. Cause and Effect Diagram of Uneven Coating Layer 

Source: Primary data (processed), 2020 

 

 

 

 

Figure 8. Cause and Effect Diagram of Perforated Zinc Sheet 

Source: Primary data (processed), 2020 
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Improve 

The Improve stage is a stage to provide recommendations for improvements to overcome the 

problem found. The model of the 5W + 1H method is used in this improvement stage (Anthony, 2017). 

Based on the Define, Measure and Analyze analysis, several main factors cause defect products. They 

are namely Human (Man), Machine, Method, Material, and Environment. 

Proposed improvements to the Human factor by providing skills training, performance 

evaluation, and knowledge on the importance of maintaining quality to employees (Bozionelos et al., 

2020; Kelly et al., 2021; Reichler et al., 2020). On the Machine factor, by providing skill training to 

machine technicians and making regular schedules for maintenance (Bozionelos et al., 2020). And its 

strongly recommended to perform such routine worn component replacement. In the Method factor, by 

providing training in understanding the importance of following SOPs, employees understand the 

function of the SOP itself. 

In the Material factor, by marking each raw material which contains certain information or notes, 

or special treatment for each different. As well as separating raw materials that do not meet QC 

standards and providing detailed notes (Check Sheet) regarding any standards that these materials 

cannot meet to do a return. In Environmental factors, the proposed improvement is the intensive 

monitoring for the room temperature and production machines. This can be done by installing room 

thermometer sensors in each raw material and production warehouse to perform such effective 

temperature monitoring. 

 

Control 

At this stage, suggestions in the form of Control Proposal are built. Based on the results of the 

analysis from the previous stage, and focus deep underdiscusses the Production Manager and 

representatives from the management, the Control Proposal include: 

1. Reset the machine according to the SOP and according to the type of raw material used. 

2. Provide training to each operator, such as adjusting settings conveyor belts with press 

machines and cutting machines, regulating machine temperatures, and checking the type of 

raw material before use. 

3. Ensure that the SOP is adequately implemented and correctly during the production process. 

4. Provide skills training to technicians and make check sheets for machine monitoring and 

check sheets for machine maintenance. 

5. Checking configuration needed for the raw materials received before entering the production 

stage. 

6. Marking raw materials based on specifications and suppliers of origin. 

 

CONCLUSION AND RECOMMENDATION 

Conclusions 
Five factors cause defect products in corrugated zinc production found on this research. The 

first factor is Human, where at work the employees are less careful when operating machines, poor 
coordination between SPV and operators and less strict supervision during the production process. The 
second factor is the Method, at work, employees do not perform procedures according to the SOPs, this 
is because employees do not fully understand the work procedures in the SOPs. 

The third factor is the Machine factor, the machine often does not work normally because there 
are parts that need to be replaced and there is no regular maintenance performed. The fourth factor is 
Materials, the quality of the materials is different from each supplier. So, it a must to make some 
adjustments for each raw material during the production process. The fifth factor is the Environment, 
where inconsistent room temperature causes changes in the quality of raw materials and cause 
unintended result in the production stage. 
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Recommendation 
By using Six Sigma, company can determine the factors causing defect products on their 

operations. Then, the company will be able to make corrective policies to fix the problem and minimize 
the same problem in their future operations. Before the work process begins, it is necessary to have a 
brief briefing to fully understand the details and work procedures according to the established SOPs 
(Castro-Rodríguez et al., 2020; Nobori et al., 2014; Park-Lee, 2020). Providing regular training to 
improve employee skills and work motivation is also necessary to conduct (Bozionelos et al., 2020; Kelly 
et al., 2021; Reichler et al., 2020). 

Employee performance appraisal is also needed to be used as motivation for the employee to 
perform better and encourage them to compete to give their best productivity (Islami et al., 2018; Nair 
& Salleh, 2015; Sanyal & Biswas, 2014). Communication and further actions with suppliers must be 
improved so that the quality of raw materials sent is uniform and in accordance with the specifications 
required by the company.  So, the product defects caused by raw materials factors which not comply 
with company standards can be minimized (Huaccho Huatuco et al., 2020; Saghiri & Wilding, 2021). 

When the production process is running, coordination between supervisor and employees and 
overall during the production process must constantly be improved so that errors affect quality 
degradation can be minimized (Afridi et al., 2020). Giving certain marks to the raw materials based on 
specifications and suppliers of origin and do double checks each time raw materials are received from 
suppliers to make sure meets the company’s quality standard. 
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