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Abstract 

Six Sigma is a technique using myriad tools and 

methodologies which leads to improvement in a given 

process’s capability. In the automotive industry, the 

commercial vehicle space experiences especially high levels 

of competitiveness and it is therefore imperative to be 

dynamic and flexible in maintaining high levels of quality and 

productivity. To respond to this need, Six Sigma is a popular 

approach used by managements. This paper deals with one 

such approach, DMAIC (Define, Measure, Analyse, Improve, 

Control) to identify, eliminate and prevent sources of variation 

in process, thereby improving quality for PDI (Pre-delivery 

Inspection)-the immediate customer in question at a Light & 

Medium Commercial Vehicle manufacturer. Usage of tools 

such as process mapping, Pareto charts, cause-and-effect 

diagrams, failure mode analysis & statistical testing is made to 

analyze problems with production quality and provide 

justifiable solutions which resulted in reduced weighted 

defects at PDI station from 105073 PPM to 53055 PPM and 

improved corresponding sigma level from 2.76 to 3.12.  

 

Keywords: Six Sigma, DMAIC, PDI, Process capability, 

Weighted-DPMO 

 

Introduction 
Six Sigma is a well-structured methodology that focuses on 

reducing variation, measuring defects and improving the 

quality of products, processes and services. Six Sigma 

methodology was originally developed by Motorola in 1980s 

and it targeted a difficult goal of 3.4 parts per million defects 

[1].  

Six Sigma has gone through some change in its function and 

approach since it began. Initially it was a quality measurement 

approach based on statistical principles. Then it transformed 

to a disciplined processes improvement technique (based on 

reducing variation within the system with the help of number 

of statistical tools) [2].  

Unlike other quality initiatives that focused just on tools, Six 

Sigma is based on the active involvement it generates from 

management. Thus, to create a Six Sigma strategy, it is the 

responsibility of management to identify the key processes of 

their organization, measure their effectiveness and efficiency, 

and initiate improvement of the worst performing processes. 

Results from Six Sigma have not been paralleled by any other 

quality initiative. [3] 

 

Problem Statement And Objectives 
In this study, work was focussed on reducing problems 

relating to defects occurring during final and various 

individual sub-assemblies that were found in the final Pre- 

Delivery Inspection.  

Problem Statement- High defect rate (105073 PPM) at PDI 

station resulting in low sigma level of 2.76. 

Notable aspects and objective of this study were to: 

1. Study and map the overall process responsible for its 

capability and performance 

2. Find the issues with performance 

3. Identify relevant factors influencing the performance 

4. Provide solutions and recommendations for 

correction of these factors wherever deemed 

necessary 

Methodology 
DMAIC is a comprehensive and standardised approach 

towards the aforementioned points. It follows the following 

phases: 

Define – This step consists of forming a project team and 

creating a charter. The customers and their requirements are 

taken and verified. The scope and objectives of the project are 

created here.  

Measure – this stage includes selecting the measurement 

factors to be improved [4] and providing a structure to 

evaluate current performance as well as assessing, comparing 

and monitoring subsequent improvements and their capability 

[5]. • 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 73-80 

© Research India Publications.  http://www.ripublication.com 

74 

Analyze – this stage centers in determining the root cause of 

problems (defects) [4], understanding why defects have taken   

place as well as comparing and prioritizing opportunities for 

advance betterment [13]. It includes the data to investigate 

and verify cause-and-effect relationships.  

Improve – this step focuses on the use of experimentation and 

statistical techniques to generate possible improvements to 

reduce the amount of quality problems and/or defects [4].  

Control – finally, this last stage within the DMAIC process 

ensures that the improvements are sustained [4] and that 

ongoing performance is monitored. Process improvements are 

also documented and institutionalized [5].   

 

Project scope (Longitudinal) 

Project Scope helps us to understand the start and end point 

for the process and also gives an insight on project constraints 

and dimensions.  

Figure 1: Project Scope 

 

Project plan 

Mapping the process is done to identify key process and 

functional areas across departments and provide overview into 

parameters to be improved. Process map and SIPOC diagram 

is used in the project plan. The voice of customer (VOC) that 

was captured was the loss in productivity due to high number 

of defects in vehicle assembly  that were found in PDI. The 

Customer in this case was PDI Department. The VOC was 

translated to customer needs to output characteristics (Critical 

Customer Requirement). 

Figure 2: SIPOCR Diagram 

Figure 3 shows the layout of plant and processes involved in 

the main departments namely Engine assembly, Body shop 

(Frame line), Cabin line and Paint line. The process map 

allows the team to view the major steps in the overall 

assembly and to delegate tasks to specific stations wherever 

deemed necessary.  

 

Figure 3: Process Flow Chart 

 

Measure Phase 

In the measure phase, data was collected by random sampling 

at PDI station. The data involved defects which occurred and 

were found during inspection. Defects are of three types, viz. 

1 pointer, 10 pointer and 50 pointer. These are arbitrary values 

assigned according to their significance towards certain 

parameters such as cost of rework, safety, etc. Values of 

defect frequency were converted into weighted defect 

frequency so as to compare the defect types.  

Using the information collected, the process capability, the 

sigma level, is calculated through its weighted DPMO.       

The cost of poor quality (COPQ) was also calculated by 

measuring the extent of extra human capital required for 

purpose of reworking.  

Process Sigma: 

• Total weighted defects = 6089 

• 1 pointer defects total= 1129 
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• 10 pointer defects total= 496 

• 50 pointer defects total= 0 

• Opportunities = 950 

Weighted Dpmo (weighted average of defects/ 

Opportunities)*1,000,000 = 

105073.33 [(1129/61*880)+(496*10)/(61*880)]*1,000,000 

Sigma level (taking 1.5 sigma shift and normal distribution of 

data) = 2.76. (Using DPMO to Sigma level conversion table) 

 

COPQ  

To analyze the tangible impact in financial terms of the low 

level of quality, the cost of poor quality (COPQ) was 

measured using rework cost, one of the major portions of cost 

of poor quality. 

Rework cost: 

Per month average salary 

(temporary employee): 9000 Rs 

Per hour: 37.5 Rs 

Per minute: 0.625 Rs 

Total defects per month: 1625 

Rework time per defect: 10 min 

Total time of rework: 16250 

Cost of rework per month: 

16250*0.625=10156 

Total cost of rework annually: 10156*12 

=1,21,872 Rs.   

 

Table 1: Defects Frequency 

Sr. 

No. 

PDI Defects Defect 

Frequency 

Weight Weighted 

defect 

Frequency 

Cumulative 

Frequency 

1 Air duct 

misalign with 

air cleaner 

133 10           1330 20.2 20.2 

2 Steering lower 

shaft cover 

fouling with 

column 

113 10 1130 40.4 

3 Seat belt lock 

not fiited 

91 10 910 55.3 

4 Intercooler hose 

foul with 

radiator stay 

61 10 610 65.4 

5 Wiper earthing 

mount bolt 

loose/ not done 

46 10 460 72.9 

6 Bumper 

inclined/ axis 

tilted 

435 1 435 80.1 

7 Door hinge bolt 

loose/miss 

33 10 330 85.5 

8 Door setting not 

ok 

221 1 221 89.1 

9 Wiper spray not 

adjusted 

150 1 150 91.6 

10 Fender not 

seated 

            112            1 112 93.4 

11 Others {19} + [211] {10},[1

} 

401 100 

 

 

Analysis Phase 

After mapping the process, the team proceeded to identify and 

analyse the potential causes of defects. A Pareto Chart 

analysis was conducted to be able to focus on major areas 

where maximum occurrence of defects had arisen.  

The number of areas contributing to approximately 80% of 

total occurrence are  

1. Air duct misalign with air cleaner 

2. Steering shaft lower cover fouling with column 

3. Seat belt lock not fitted 

4. Intercooler hose fouling with radiator stay 

5. Wiper earth mounting bolt loose/ not done 

6. Bumper axis inclined/ axis tilted 

A cause and effect diagram was prepared after conducting a 

brain storming session with all the concerned people from the 

process along with the project team. The output of the cause 

and effect diagram depends on a large extent on the quality  

and creativity of the brain storming session. The next step in 

this phase was to gather data from the process in order to 

obtain a better picture of the potential causes, so that the root 

cause/s can be identified. The team had detailed discussion 

with the process personnel to identify the possible data that 

can be collected on the potential causes in the cause and effect 

diagram.. The cause-and-effect diagram, also known as 

Ishikawa or fishbone diagram, is known as a systematic 

questioning technique for seeking root causes of problems [6] 

by providing a relationship between an effect and all possible 

causes of such effect [4]. Once completed, the diagram helps 

to uncover the root causes and provide ideas for further 

improvement [7]. 

After getting the detailed picture of availability of data on 

causes, the team discussed with MBB to identify the type of 

analysis possible on these causes. Based on this discussion, a 

cause validation plan was prepared to detail the type of data to 

be collected and the type of analysis possible for each of these 

causes. Study of root causes was taken through Why- Why 

analyses and in part by Failure Mode Effect Analysis.  

 

Pareto chart for weighted-defects is shown below.  

Figure 4: Pareto chart of weighted defects 
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Through the cause-effect diagram, it was hypothesised that  

Figure 5: Cause-effect diagram for air duct misalign with air 

 

Play in element of cabin bracket, Flatness of side member, 

Tack fixture faulty, Availability of collar nut, control of 

concentricity of both parts, Supplier issue to be main causes of 

the problem. Subsequently, a validation plan was made to 

verify significance of these. 

 

Table 2: Cause validation plan 

 

S. 

No. 

Cause Plan for 

validation 

1. Play in element of cabin 

bracket 

ANOVA 

2. Non-concentricity of air duct 

and air cleaner 

GEMBA 

3. Flatness of side member ANOVA 

4. Tack fixture faulty Data review, 

inspection 

5. Absence of collar nut in side 

frame 

GEMBA 

6. Supplier issue Data review, 

Inspection 

  

Flatness of side member was determined to be a factor by 

measurement at facility. Side member frames were being 

supplied by a vendor. Upon inspection at the vendor’s 

location, it was found that flatness of frame was not ok due to 

issues with forming die. Some aspects such as oil leakage, 

stroke length, punch flatness, pressure pad wear and PU 

spring capacity were checked. It was found that PU block 

spring and pressure pad were worn out. Pressure pad was 

replaced. Trials of  PU block with different diameters was 

carried out to find changes in output quality.  

At the company’s end, play/ shift in position of rear cabin 

mounting bracket was checked by data collection. It was 

found that fixture clamping elements were worn out and loose 

that could be leading to shift in the position during welding of 

bracket.  

To determine if variation of PU diameter and dimension of 

rear cabin mounting bracket was contributing to defect rate, 

Analysis of Variance (ANOVA) test was carried out with 

replication. The hypothesis made was that changing these two 

parameters would impact number of defects. ANOVA is a 

statistical model for comparing differences among means of 

more than two populations [8]. However, if there are two 

sources of data (like in this case) that need to be investigated, 

two way ANOVA, which is a statistical methodology for 

analysing the effect of two factors, is required [8]. The factors 

were investigated with 3 different PU block diameters (150 

mm, 200 mm and 300 mm) and 3 different dimensional 

variation of two C.M.B (cabin mounting bracket) distance 

from each other (750 mm, 755 mm and 760 mm). The results 

of the two-way ANOVA are shown in Table 4.  

 

Table 3: Results of two-way ANOVA with replication 

 

Model Summary of results is shown as follows. 

Table 4: Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

3.48807 95.28% 90.55% 76.08% 

 

As the statistical test aimed at investigating whether the two 

factors (PU Diameter, C.M.B dimension) resulted in defect of 

misalignment, null and alternative hypotheses that suggested 

whether a variation in the number of defects would occur if 

the factors were varied were formulated.  

These hypotheses are presented below. 

H0 α: There is no interaction between the PU Diameter and 

defect rate (α150mm= α200mm= α300mm) 

H0 β: There is no interaction between the C.M.B dimension 

and defect rate (β750mm = β755mm = β760mm) 

H1: There is interaction between the PU Diameter and C.M.B 

dimension 

Note: 

αi = variance derived from the PU Diameter 

βj = variance derived from the C.M.B dimension 

 

The analysis shows P-value of both factors to be below 

significance level of 0.05. P-value represents the null 

hypothesis’s rejection when the P-Value is less than a 

significance value [9]. Hence it is concluded that there is 

correlation between defect and the parameters analysed. There 

is also impact of one parameter over another as seen by 

Source 

 

Df Adj 

SS 

Adj 

MS 

F- 

Value 

P- 

Value 

PU DIA 2 338.7 169.3 16.13 0.001 

C.M.B. 

Rear 

Distance 

2 294.7 147.3 14.04 0.002 

Interact

ion 

4 302.2 75.56 7.20 0.007 

Error 9 94.50 10.50 9  

Total 17 1030.

2 
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interaction data. Hence it was validated that root causes 

flatness of side member by way of worn out PU block and 

shift in position/play of cabin mounting bracket during 

welding caused the defect.  

The main effects plot shows that defects are least at optimum 

values of PU block diameter of 300 mm and dimension  

between the two rear cabin mounting brackets of 750 mm.  

Figure 6: Main Effects Plot 

 

  

Table 5. GEMBA Observation 

 

S. No. Cause Observation 

1 Absence of 

collar nut in side 

frame 

It was observed after a 

change in design of air 

cleaner position from LH to 

RH side of vehicle, vendor 

did not weld nut in air 

cleaner attachment to side 

frame. Root cause confirmed 

2. Concentricity of 

air duct and air 

cleaner not 

maintained 

Preliminary inspection of 

misalignment problem 

showed the two parts were 

not matching. Root cause 

confirmed. 

 

After validation of root causes, study of why-why analysis 

was undertaken to lay out the findings from identification of 

causes and to provide comprehensive understanding of the 

problem to the team so corrections can be made accordingly. 

Similarly, cause- effect analysis along with validation of 

probable causes along with why-why analysis was done for 

the rest of the 5 problems- Steering shaft lower cover fouling 

with column, Seat belt lock not fitted, Intercooler hose fouling 

with radiator stay, Wiper earth mounting bolt loose/ not done, 

Bumper axis inclined/ axis tilted. 

 

Improve 

After the root cause(s) has/have been determined, the 

DMAIC’s “improve” phase aims at identifying solutions to 

reduce and tackle them [4]. The solutions for the problem 

were found by brainstorming and collecting data found in the 

analysis phase. For a comprehensive plan, FMEA was used. 

FMEA is a structured procedure to identify and prevent as 

much as possible failure modes. A failure mode is everything 

included in defects or failures in the design, condition beyond 

the limits established specifications or changes in the product 

that causes the disruption of the function of the product [9].   

As shown in Figure 8, FMEA done on problem of “air duct 

misalign with air cleaner”, improvement is done in following 

points with high RPN (risk priority) values. 

 

 
 

Figure 7: Why-why analysis of “air duct misalign with air 

cleaner” 
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Figure 8: Failure Mode Effect Analysis 

 

The following pointed were noted in improvement process.  

1. Side member is not flat: As validated earlier, due to 

the side frame of chassis not being flat the air cleaner 

bracket bolted to it will be distorted. Hence solution 

to this is determined to be to replace at the vendor’s 

die, the worn out PU (Poly urethane) spring block 

with a high capacity one of diameter 300 mm, so that 

it may provide sufficient resisting force to the punch 

for required profile.  

 

2. Play found in cabin mounting bracket element: It was 

found during analysis phase that due to shift in 

position of cabin mounting bracket during tack 

welding on side frame, cabin position and with it air 

duct position shifted causing misalignment with air 

cleaner pipe. The cause was determined to be loose 

and worn out fixture elements which were unable to 

provide sufficient clamping force during welding. 

Solution to this was replacement of old fixture 

elements with more rigid ones.  

 

3. Absence of collar nut in hole in side member- Due to 

recent design change in position of air cleaner, a nut 

of size M10 was not welded in the changed location 

in side member frame by vendor. A nut of smaller 

size M06 was being welded outside the nut hole at 

company’s facility. This caused change in position of 

air cleaner duct flap mounting. The air cleaner duct 

held by the flap also shifted and hence the issue. 

Solution was to implement weld nut of correct size 

inside frame hole at supplier end according to 

changed design.  

Similarly, FMEA was conducted on all other major items 

contributing most to overall defects and solutions were 

implemented.  

Defect data was analysed once again after implementing 

solutions. Pareto chart and defects frequency data post 

improvement is shown in Figure 9 and Table 7. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Pareto chart for weighted-defects after 

implementing solutions 

Table 6: Defects frequency post improvement 

 

 

The Pareto Chart illustrates significantly reduced number of 

defects in problem of “air duct misalign with air cleaner” as 

well as other major contributing problems to high DPMO 

prior to improvement.  

Sr. 

No

. 

PDI 

Defects 

Defect 

Frequency 

Weight Weighted 

defect 

Frequency 

Cumulative 

Frequency 

1 Steering 

lower shaft 

cover 

fouling 

with 

column 

40 10 400 11.6 

2 Door hinge 

bolt 

loose/miss 

39 10 390 27.7 

3 Harness not 

fit near 

starter 

motor 

374 1 374 40.9 

4 Intercooler 

hose foul 

with 

radiator 

stay 

33 10 330 52.5 

5 Air duct 

misalign 

with air 

cleaner 

30 10 300 63 

6 Door 

setting not 

ok 

253 1 253 71.9 

7 Fender not 

seated 

204 1 204 79 

8 Wiper 

earthing 

mount bolt 

loose/ not 

done 

2 10 20 79.7 

9 Bumper 

inclined/ 

axis tilted 

1 10 10 80.1 

11 Others {21} + 

[357] 

{10} , 

[1] 

567 100 
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Sigma level is calculated again after having implemented 

solutions and collected data from PDI.  

 

Sigma level after improvement:  

• Total weighted defects = 2848 

• 1 pointer defects total = 1188 

• 10 pointer defects total= 166 

• 50 pointer defects total= 0 

• Opportunities = 880  

Weighted Dpmo = 

53055.14 [(1188/61*880)+(166*10)/(61*880)]*1,000,000 

Sigma level = 3.12  

Sigma level has been improved from 2.76 and to verify 

significance of this improvement, statistical evaluation is done 

using a two-proportion test as shown.  

 

Test and CI for Two Proportions 

Method: 

p₁ : proportion of defect before improvement 

p₂ : proportion of defect after improvement 

Sample 1: Taken before improvement 

Sample 2: Taken after improvement  

Difference: p₁  - p₂   

Sample: 

  Table 7:  Two proportion test samples 

 

Sample N Event Sample p 

Sample 1 57950 6089 0.105073 

Sample 2 53680 2848 0.053055 

 

Estimation for Difference: 

Table 8: Estimation for difference 

 

Difference 95% Lower Bound for 

Difference 

0.0520182 0.049387 

Test for confidence interval based on normal approximation in 

shown as follows:  

 

Table 9: Two proportions test before and after improvement 

 

Null Hypothesis H₀: p₁ - p₂ = 0 
Alternative 

Hypothesis 

H₁: p₁ - p₂ > 0 

Method Z- 

Value 

P-Value 

Normal 

Approximation 

32.52 0.000 

Fisher’s exact  0.000 

 

As p < 0.05, null hypothesis Ho is rejected.  

P-value is a statistical measure which indicates the probability 

of making an α error (Type 1 error). We normally work with 

5% alpha risk, a p value lower than 0.05 means that we reject 

the Null hypothesis and accept alternate hypothesis. The 

aforementioned test shows alternative hypothesis H1 is 

accepted and solutions implemented have in fact improved 

process.  

 

Control 

During control phase the implemented solutions were 

monitored with the help of various charts pareto charts for 

weighted defect based on daily, weekly and monthly reports. 

Monthly and weekly updates were generated on final 

inspection at PDI and customer vehicle audit (CVA), 

weighted defect per vehicle trend was generated. Pending 

issues were forwarded to agencies and departments concerned 

as a response plan. SOPs were updated and to detect problems 

with quality faster, quality gates were established at vehicle 

assembly line. This would also ensure standardization of 

quality management system of the organization. 

 

Conclusion 

This paper presented a study of defects reduction in a vehicle 

assembly process by applying Six Sigma principles and the 

DMAIC problem solving methodology. The study 

successfully demonstrates the methodology as a powerful 

quality management tool to be used in an industry.  

The methodology was used to focus on a few main areas of 

defects. Subsequently each item contributing most to overall 

defects was analyzed by brainstorming possible causes, 

validating those and performing FMEA to prioritize focus 

areas and improving processes by providing solutions. The 

result shows the sigma level of 3.12 improvement from 2.76. 

Although six sigma refers to a 3.4 DPMO, achieving this 

requires rigorous steps by the organization to implement it on 

all levels and areas and reaching close to this level takes time. 

The study demonstrates that as long as the organization 

continues embracing Six Sigma within its continuous 

improvement culture and applies its concepts and principles to 

systematically solve quality problems, it is believed that 

benefits such as cost savings, increase in products’ quality and 

customer satisfactions will be enhanced. [10] 
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