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Abstract: Complex products and complex process are most common in automotive production industries, and the 
complexity continues to increase day by day so it is needed for our process to have all capability to meet product 
characteristics. The process planning is an activity within the production process that translates design requirements into a 
detailed descriptive instruction for transforming the raw materials to finished products. Design requirements are normally 
generated from customer survey conducted by the marketing team of the company while developing the new product. While 
planning the process in the shop floor, we need to give importance in understanding the product requirement and identify the 
product critical characters and process critical characters. To meet this productrequirement, we should establish process 
capability, monitor skill matrix of  the workers, Mistake proofing of required processes, as an integrated approach and this 
papers deals about it, also it gives clear view regarding manufacturing quality maturing index-a novel approach in 
maintaining the desired product quality consistently. 
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I. INTRODUCTION 
 
Quality is key factor in any automotive industries as 
Automakers expect defect free products, Dealer 
repair charge backs are costly, Annual auto-related 
warranty exposure is high. Customer is the main 
determinant of Quality in any industry, both product 
based and service based. Besides 
Customer,instruments influencing the quality 
includes sales, price, point of sale, distribution, 
design, competitors, production etc., Inproduction, 
Processcriticality, Product criticality, and skillset of 
the workers of the production shop floor plays vital 
product and this paper deals mainly on integrating 
these elements to obtain optimal product quality. 
The Product criticality [1] is the factor which 
describes important and safety related aspects. The 
Process planning also deals with product critical 
factors and it is planned in such a way that process 
are within control, which includes assembly and 
machining processes basically. So the process 
criticality plays key role in achieving the desired 
quality, critical in selection of subsequent process, 
product aesthetics, machining and assembly to meet 
the process requirement. We have to frame our own 
standards for process capability, mistakeproofing, 
processinformation, skill level of workers then we 
need tointegrate those standards with process 
criticality. 

 
II. QUALITY- TRADITIONAL AND MODERN 
CONCEPT 

 
According to Juran, Quality is “Fitness for intended 
use”. But Deming states that the customer’s definition 
of quality is the only one that matters.     ISO 8402-

1986 standard defines quality as “The   totality of 
features and characteristics of a product or service 
that bears its ability to satisfy stated or implied 
needs”. In Traditional concept, some minor defects 
and deviation are acceptable whereas in modern 
concept, the goal is to have defects-free products and 
services. Quality depends only on production 
according to traditional concept whereas it depend on 
all phases from design to after-sales service in 
modern concept. 
 
III. PARAMETERS TO MEASURE 
MANUFACTURING QUALITY MEASURING 
(MQM) INDEX 

 
Manufacturing quality maturing index is the 

term which integrates process criticality and Gemba 
capability and it is the new approach employed in this 
paper for achieving quality for critical products in 
automotive production and Elements of MQM Index 
is as shown in the Fig 1. 

 

 
Fig 1: Elements of MQM Index. 
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3.1           GEMBA CAPABILITY 
By now most leaders understand the purpose of 
“Going to Gemba”. Go See, Ask Why, and Show 
Respect –A Lean Mantra now as per the famous 
words of Toyota Chairman Fujio Cho. Gemba 
capability can be studied by parameters such as 
Process Capability,Process Information,Skill level of 
the workers, Mistake proofing . 
3.1.1.      PROCESS CAPABILITY 
Process capability [2] is the study used to measure 
our process 5M and it is the long term performance 
measurement of the process after it has been brought 
under statistical control. 
3.1.2.     PROCESS INFORMATION 

 Process Information gives details regarding the 
process and information about the product 
requirement such as Control Plan(CP), 
WorkInstruction Sheet (WIS),and Production 
Performance Sheet(PPS). 
3.1.3.      SKILL LEVEL  
The Skill level of the workers can be studied using 
the skill matrix which is in practise in many 
automotive industries. It displays all tasks and skill 
required to work in an area or team. It also displays 
current member competency and skill level and 
where to improve. Here, in this paper we are just 
integrating the skill matrix with the process criticality 
and Gemba capability. 
3.1.4. MISTAKE PROOF 
Mistake proofing is the use of any automatic device 
or method that either makes it impossible for an error 
to occur or makes the error immediately obvious once 
it has occurred. It preventsinadvertent error and it will 
avoid manual errors in the process. The main aim of 
Mistake proofing is very simple and it is to eliminate 
errors/mistakes. 
3.2. PROCESS CRITICALITY 
Criticality analysis is primarily a quality planning 
tool. It is useful in developing features and goals for 
products, services and processes; inidentifying and 
prioritizing critical product/process factors; in clearly 
establishing organizational responsibility for essential 
factors and in establishing process control or 
implementation steps to transfer a process to full 
operation.  
Process criticality factors normally depend 
onMachining processes and Assembly/special 
processes as shown in the Fig 2. 
 

 
Fig 2: Elements –Process Criticality Factors 

3.2.1.CRITICAL TO QUALITY 
Critical to quality is the drawing requirement, this 
will reflect mainly final product specification, so the 
unit planning will responsible, while decide the 
process needs to consider all the product 
requirements.Critical To Quality (CTQ) are the 
internal quality parameters that relate to the wants 
and needs of the customers. The dimensional 
Tolerances and performance parameters are Critical 
to Quality for Automakers. 
3.2.2.     CRITICAL TO SUBSEQUENT 
OPERATIONS 
Based on the subsequent operations [3], the lead time 
can be altered by line balancing and thereby 
achieving the desired product quality and as per 
scheduled output time. Subsequent operations which 
are critical should be given priority while ranking in 
MQM Index matrix. 
3.2.3.    CRITICAL TO AESTHETICS 
Aesthetic basically deals with how the customer feels 
when touching the product, here an automobile part. 
So, the parts which relate to customer’s physical 
interface should be given higher priority while 
ranking in MQM Index matrix. 

 
IV. PROPOSED INTEGRATED APPROACH TO 
ACHIEVE OPTIMAL QUALITY  

 
The following is the table which contains all the 
parameters from Gemba capability and Process 
criticality. 
 

 
 

 
 

Table 1: Rank Matrix for Manufacturing Quality Maturing 
(MQM) Index. 

 
In this Ranking Matrix[4], All the safety and key 
characteristic process are high requirement, important 
characteristics apart from those in high requirement 
are medium, less important and less key characteristic 
process are low intense. 
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V. CASE STUDY: CAM SHAFT PRODUCTION 
 
The below case study was done at a shop floorwhich 
involves in cam shaft production in an automotive 
industry. 
Based on the processcriticality, assign weightage for 
each process in the below Table 2. 

 

 
Table 2:Process Criticality Matrix. 

 
In machining process, critical to quality is 70, critical 
to subsequent process is 20, critical to aesthetics is 10. 
In assembly process aesthetic is 20, critical to 
subsequent process is 10.Assign the rank like 1, 3, 
9based on the requirement.Gemba Capability matrix 
consist of process capability for 30 weightage,skill 
level for 25, Availability of process information for 25, 
Mistake proof for 20 depending upon the requirement 
and the rank is given such as 1, 3, 9, based on the 
Availability and Gemba capability matrix can be 
shown in the below Table 3. 

 

 
Table 3: Gemba Capability Matrix. 

 
Process criticality can be measured based on the 
criteria in the following Table 4. 

 

 
Table 4: Process criticality Characteristics 

 
Critical to Subsequent process can be measured using 
the below table 5. If the characteristics are critically 
relevant to subsequent process, Rank is given as 9, if 
the characteristics are relevant to subsequent 
operations, weightage is regarded as 3, and weightage 
is 1 for all irrelevant operations. 

 

 
Table 5: Critical to Subsequent Process Characteristics 

Aesthetics characteristics can be ranked as in the 
following Table 6. 
 

 
Table 6: Aesthetics Characteristics. 

 
Under Gemba capability -Skill matrix,Mistake 
proofing, Process capability, Process information 
characteristics can be studied. Process capability 
characteristics are given in the Table 7. For Process 
capability greater than or equal to 1.67,Rank given is 
9. Rank is 1 for the process capability between 1.33 
and 1.67. 
 

 
Table 7: Process capability Characteristics. 

 
More competent person having knowledge about the 
process are given higher rank like 9,Worker having 
medium skill and can do job but need training for 
adjustment is given rank 3. Low skill worker who 
need support to do that particular job is given rank 1 
in the criticality priority ranking and Skill level 
matrix is given in the Table 8. 
 

 
Table 8: Skill Matrix. 

 
If the process require mistake proofing and it is 
obtained, the rank is 9, if the process doesn’t require 
mistake proofing and mistake proofing is available , 
then also rank is 9, If the process requires Mistake 
proofing but it is not fulfilled, then rank is 1 and 
Mistake proof characteristics are given in below 
Table 9. 

 
Table 9: Mistake Proofing Characteristics. 
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Similarly Process information can be assigned based 
on the below table 10 which describes the 
characteristics of Process Information. 
 

 
Table 10: Process Information Characteristics. 

 
Assign the rank for all process and calculate the value 
of the process criticality and Gemba Capability and 
put the value in the matrix as shown in the following 
Table 11. 
 

 
Table 11: Gemba capability and process criticality score. 

 
While assigning the rank of a particular process in 
cam shaft production, The process criticality score is 
720 then it is R zone, Gemba capability score [5] is 
510 that is G zone, we can call that particular process 
as RG process which means the process criticality is 
high and also Gemba capability is also strong so the 
line is capable to perform that process,For example: 
GG process is so sophisticated, the RR process is 
highly risk and need more monitoring process. 
Likewise we evaluated all the process in the cam 
shaft production, Total process should be segregated 
in terms of all Gemba capability and process 
criticality parameters. If there is any RR process, it 
needs to be migrated to RY or RG to reduce the rank 
for severity for the failure. 

 

 
Table 12: Rank Matrix for Manufacturing Quality Maturing 

(MQM) Index of Cam Shaft Production. 
 
Rank Matrix for Manufacturing Quality Maturing 
(MQM) Index combines the parameters of Gemba 
capability and Process criticality for Cam shaft 
production processes and it is listed in the above table 
12. The processes involved in Cam shaft production 
are shown below Table 13: 

 
Table 13: Processes involves in Cam shaft production 

 
From the Rank Matrix from Table 13, we have found 
the number of Low, Normal, and Intense Processes 
which are listed in the below table 14.From this table 
we can take action depending upon the nature of the 
process and concentrate on the processes which ate 
Intense to achieve quality both in terms of process-
wise and product-wise. 

 
Table 14: Number of Low, Normal, Intense Processes. 
 
4. IMPROVEMENTS 

 
 Process criticality got correlated with product 

criticality so the severity will not change, and 
also no scope to change process criticality. 

 Gemba capability is the strength for process 
production capability. And therefore workplace 
should be improved depending upon the score. 
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 Process information is the document of activity 
related to processes ,information about the 
process capability report, tools and machine 
details used for machining,Guage used for 
measuring, availability of mistake proofing, 
preventive maintenance scheduling. All these 
information should be provided at periodic 
intervals and be updated if any changes 
incorporated so that it will improve the score in 
rank matrix. Process information should give 
details about Part no. & part description, 
Operation no. & description, document control 
details, Machine ,Fixture & tools details, Process 
activities details, Process activities details, 
product characteristics details including first off 
parameters(including tool contributed parameters 
such as radius, chamfer, etc..,), Key/critical 
characteristics identification, Process parameters, 
Mistake proofing details and verification 
procedure, Gauge details & Master list of gauges, 
Reaction plan, Safety instruction, and stage 
diagram for machining , visual aids for assembly, 
WI for special processes. Suppose if any of these 
information is unavailable it needs to be 
furnished and then only score for Process 
information will improve from 1 to 9. 

 Skill matrix can be improved based on the 
process requirement analysed through the rank 
matrix of MQM Index. In the skill matrix, 
specific skill and general skill should be 
mentioned so that overall employee skill level 
will get enhanced by the respective training. 
General skill of the workers deals with 
understanding the quality policy,TPM Principle, 
5S Principle, Environmentalawareness, self-
certification and SQC techniques, safety and 
general first aid. Specific skill are related to 
knowledge related to 
machineries,jobs,tools,advanced CNC machine 
and programming. The specific skills are directly 
related to the job so the process planner need to 
identify the skill required and employ methods to 
improve their skills. 

 The defects and Rejection rate of the output 
product is considerably reduced. 

 We have to decide required skill level for our 
job. Job description: Operator should be aware of 
need and importance of that particular job, and 
he should be trained with training documents 
which contains machine details, tool& fixture 
details, safety instructions, Product/Process 
outcome, Reaction information, Dos & 
DON’T’S,etc..,),Evaluation report to evaluate the 
trained workers, Skill matrix record to update the 
skill level at periodic intervals, Process audit 
report should be maintained so that skill level 
matrix score can be improved and which in turns 
improves the Gemba capability and Process 

criticality score ,also enhances the product 
quality. 

 Key characteristics list with Mistake proofing 
details, Mistake proofing information with work 
instruction number, validation method,PPM Data 
sheet with operation reference are the 
requirement in mistake proofing ,which should 
be improved so that Mistake proofing score can 
get increased from 1 to 9. 

 Process capability should give information 
regarding key characteristics list, Statistical 
Process Control (SPC) study report for listed key 
characteristics, summary sheet for SPC study, 
and PPM data sheet with operation reference. 

 
CONCLUSION: 
 
In any process in automotive production shop floor, 
process which are critical needs to be identifying the 
respective criticality factor and rank should be given 
in such a way to evaluate Gemba criticality. 
Improving the Gemba capability can reduce the 
process criticality. Applying both Gemba capability 
and process criticality is a step ahead than the current 
approach of applying separately. Production process 
contains number of critical parameter which is 
directly linked with the product quality, and some are 
indirectly linked to product quality. So we have to 
identify various parameters and give rank to it to 
produce defect free products, which require less to 
more intense monitoring depending upon the score it 
obtain. We have to evaluate our capability (like 
process capability, Mistake proofing, Process 
information, Skill matrix) to run the process without 
any deviation as planned, so it is clear that by 
improving the capability matrix, we are improving 
the standard of quality in terms of process and the 
product. As the result, overall rejection and defects 
can be reduced considerably and thus shows quality 
of the output product is at optimum level. 
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