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Six Sigma is observed as a very promising quality management tool for any
organization to make its presence felt in the corporate world as it emphasizes on
obtaining a fruitful solution to improve accuracy, reduce defects which there by
reduces the cost and improve profits. This paper introducing about such concepts
which is mainly focused on reducing the RPN value by adopting standard failure
classifier and FMEA concept.

Reduction or elimination of RPN value will yield to smooth flow of production
process by eliminating non-value-added activities which is focused on minimum
material waste and lead time reduction. Thereby, improving efficiency and

productivity of an organization.
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1. Introduction
In any industry, organization or daily process, when you are un-aware of what knowledge you don’t

possess, it’s going to cost big. At present for many industries the costs of defects and waste generated
during processing are huge. For processes where errors occur occasionally may not have a major
impact on the industry. But when we consider how many errors may take place in company-wide
processes, the monetary impact on overall profitability, productivity and customer satisfaction

multiplies dramatically!

The Six Sigma approach to managing is all about helping organizations identify what they don’t
know as well as emphasizing on what they should know and taking action to reduce the errors and
rework that cost them time, money, opportunities and customers. Six Sigma provides opportunities

for business growth axguide the companies in being ahead of competition [1].

Sigma as defined in statistics represents standard deviation, it indicates the degree of variation in a
set of measurements or a process. Whereas Six Sigma is a statistical concept that measures a process

in terms of defects — at the Six Sigma level there are only 3.4 defects per million opportunities.

Define, Measure, Analyze, Improve and Control (DMAIC) is a part of Six Sigma, it is the key to
problem-solving method, it helps in identifying the vital few factors that matter most for improving
the quality of processes. It involves necessary steps in a sequence, each of which are essential to

achieving the desired out-come [5].

1.1 DMAIC USABILITY CONSIDERATION

1.1.1 Define:
a) ldentification of all the processes carried on at flush door manufacturing sector.
b) Analysis of all the critical processes that are meant to be improvised.
c) Defining of objective and framework i.e.: Failure classifier, FMEA — RPN value, Lead time,

Swim-line diagram.
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1.1.2 Measure:
a) Collection of all the initial data such as: Processes that are subjected to failures.
b) Calculation of RPN value using a standard ranking procedure.

c) Total lead time of each process.

1.1.3 Analyze:
a) Determination of all the failures and arranging them in the standard format.
b) Analyzing the reasons for problem arising (RPN Concept).

c) Estimation of difference between current and target performance.

1.1.4 Improve:
a) Implementation of solution for the identified problems in process areas.
b) Troubleshooting of various causes that leads to unexpected results.
c) Elimination or reduction of RPN value by SOD factor.

d) Verification of the recommended solution.

1.1.5 Control:
a) Control of changes made in the critical processes.
b) Monitoring and evaluation of results.
c) Documentation of the plan.

2. Methodology

A flush door manufacturing industry has eight major processes involved in producing a flush door.
By analysing the processes and after several brainstorming sessions it is found that, the industry is
not performing to its capacity and also particularly found that there is large amount of waste produced
during furniture manufacturing due to improper production process and inappropriate material
handling. In order to address these issues and to ensure that industry adopts continuous improvement
for good profit and sustainability in the market we adopted the DMAIC methodology that is focused

on reducing the RPN number using the framework shown below for continuous improvement.
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2.1 Failure Classifier:

In this work we have used the failure classifier framework shown in fig 1. There are 7 major
divisions and each has sub-divisions. The basic goal of this framework is to define the problems or
causes that can occur for each work station during the production process and identify them under

the failure classifier in-order to correct them [2].

ig gg::: z:.:izgpm 2A. Defective or 3A. Inadequate work
a; il inade quate procedure environment
tlnc e; A 2B. Lack of procedure 3B. Inattention to detail
ID. Eo K 3.‘?;3 2C. Error in equipment or 3C. Violation of requirement
IE.chl;lpmf.n mtur? K material selection or procedure
IF' C:nxf:;’zﬁ L 2D. Ervor in tool or cutting 3D. Verbal communication
11 Cuiticil Bt eikce ilseleckion peoblem
; 2. Procedure problem
1. Equipment problem Ok 3. Personnel error
A A
7A C —_ = |4A.Inadequate design
; - 5 — |4B. Drawing, specification, or
problems 5 = & - &
7B. On-time delivery = Eo Failure £ N
£ E3 : = |4C. Dimensions related
problem @ 28 Classifier o0 S
. 2 4a =
7(; Qjecu\ e praductor e b 2 |4p. Technological parameters
S < | problems
Y 4
6. Managem ent problem 5. Training deficiency

6A. Inadequate administrative control

6B. Work organization/planning deficiency
6C. Inadequate supervision

6D. Improper resource allocation

6E. Policy not adequately defined.
disseminated. or enforced

6F. Other management problem

5A. Notraining provided

5B. Insufficient practice or hands-on
experience

5C. Inadequate content

5D. Insufficient refresher training
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Figure 1. Failure Classifier
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2.2 Failure Mode Effect Analysis (FMEA):

FMEA is a method of identifying a part or process which fails to meet the performance specification,
creating non-conformance or defect and the impact on the customer it might have if that failure mode
IS not corrected. It is focused on enhancing safety and reducing defects. In recent times, organizations
are opting for FMEA to intensify the reliability and quality of their products and also to improve

business activities.

FMEA has three factors which determine the risk of failure and its effects:
Severity (S) — How bad the effect of a failure would be. (1=None, 10=Deadly)
Occurrence (O) — How likely is the defect to occur. (1=unlikely, 10=very often)

Detection (D) — Noticing the failure before the impact of the effect is realized. (1= always detected,
10= never detected)

Every likely failure mode and effect is evaluated by these 3 factors on a scale ranging from 1 to 10
[4]. By multiplying these ratings, a Risk Priority Number (RPN) value is calculated as in the formula

(1) below. This RPN value is used to determine the effect of a failure.
RPN =Sx0xD..(1)

The RPN value should range between 1 to 1000 for each failure mode which exist in every
workstation comprising of many operations [1]. It is used to evaluate the need for corrective actions
to eliminate or reduce the potential effect of failures. Higher RPN value indicates more risk, so the
RPN value must be reduced for a process. RPN value must be below 100 for good performance of

operations [4].
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2.3 Manufacturing Lead Time

Manufacturing Lead Time is the total time taken from initiation till completion of a process. For any
organization to stay competitive in the market, lead time plays an important role which basically
deals with the time period between date of customer order till the delivery of the finished product to

the customer. The scope scale of lead time consists of 5 steps and is represented in detail in fig 2 [2].

A

— Customer order recet'veﬂ

1. Order Lead Time

i~ Sales order created

2. Order Handling Time

3. Manufacturing Lead Time ~t= Production started
4 Production Lead Time — Production finished
5. Delivery Lead Time \— Received at destination )

Figure 2. Manufacturing lead time scale

2.4 Swim Line Diagram

The swim line diagram is a type of flow-chart. It illustrates a process from start to finish and divides
these steps into categories to help distinguish which department or employees are responsible for
each set of actions. The swim line diagram consists of data regarding failure classifier (FC), failure
mode effect analysis (FMEA) and production route card (PR card) which consists of work station,
operation name and duration. It represents total RPN value and total time taken with respect to the
defined workstations as shown in fig 3. This process conceptualizes what type of failures that occurs
should be eliminated or reduced in particular work-station to minimize production lead time that

consequently increases efficiency of the process.

——yees__________________________________________________________________________________n
297 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558  Impact Factor: 7.119

= Zle
S . Failure from FC | RPN =4 =
3 - faa & Failure from FC | RPN g =
£l | Ry | [ Time ciE
=
o™
[+ A 2
5 Failwe from FC|[RPN | |Z| 2

. . il
3| | Operation B » Operation C Failure from FC |[RPN | |2 ;
= S | | Time RPN | | Time Failure from FC RPN | | 2|28
=
o
= Y Failwe fom FCIRPN| |- |8
5 ; : : Failure from FC |RPN | |2 |&
o] Operation D » Operation E »{ Operation F ot RP, ; =
i o | [T = | [T =2l Failure from FC | RPN L
S =8 [FalwetmFC|RPN| |F|E
=
> v
b Z|E
8] Operationn |  [Failwe from FC[REN | | |5
%‘6 RPN | | Time ele
=

Figure 3. Swim line diagram
3.Case Study

In this case study for implementation of six sigma DMAIC for improvising the processes by
decreasing RPN value is selected with data from the production floor of a flush door manufacturing
industry, where the flush doors are widely used for domestic (household) and as well as commercial
purposes (schools, offices, hospitals).

The production of flush door consists of 8 processes as shown in fig 4. The failure classifiers (FC)
is applied to production process to identify the type of failures for individual operations. Also, FMEA
concept is used to evaluate the weights of each failure by means of severity (S), occurrence (O) and
detection (D) rated between 1-10 to calculate the Risk Priority Number (RPN) value [4]. The data

regarding original lead time for each work-station was collected and the data is represented in fig 5.

T 7)) () (| '
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Workstation 1 comprises of chemical treatment operation. Workstation 2 comprises of air seasoning
and artificial seasoning where in the wooden planks are loaded inside the heat room of 100°C-150°C
to remove the moisture content from the wood planks. Workstation 3 comprises of slicing operation
to form lipping and door framework. Workstation 4 comprises of assembly operation for
manufacturing flush doors followed by veneering. Workstation 5 comprises of hydraulic pressure
treatment (150 Pascal’s), one cycle covers manufacturing of 3 flush doors followed by finishing
operation.

Steps Involved in Flush Door Manufacturing Process

H. Finishing
[/

[/
G. Hydraulic
Pressing
L
Y

x

D. Slicing for
Framework &
Lippings

E. Assembly
of Cut Parts

Figure 4. Processes involved in manufacturing flush doors

Yy er e . b o b .  __________________________________________________________________________________§
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The flush door manufacturing industry was visited and critical observations of the processes
happening in the industry were made. As a result of which the areas of major concern were chosen.
They were chosen based on the failure classifiers for which we calculated the Risk priority number
RPN and the obtained results were very high for the 8 processes in the flush door manufacturing

production process as in fig 6 and explanation about this is as shown in table 1.

All these problems resulted in obstruction to smooth flow of the production process and the industry
was not able to work to their full capacity and due to this more than 40-45% of raw materials were
getting wasted. Hence, we focused on improvising the processes by the application of DMAIC
technique in-order to reduce the RPN value and increase the product throughput at the production plant.
The following table 1 shows the calculation related to the actual and reduced RPN value for the 8
production processes involved in producing a flush door [4].

ORIGINAL TIME in Hours

2000
1800
1600
1400
1200
1000

1830
800
600
400
200
1 — 35
1 2 3 4 5
O ORIGINAL TIME in Hours 24 1830 146 2.8 75

Figure 5. Calculated Actual Time for each workstation

CALCULATED RPN VALUE

1000
800
600

400
200 l
CALCULATED RPN VALUE
]
1

2 3 4 5

Figure 6. Calculated RPN values for each workstation
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3.1 Swim line Process

Table 2 shows the modified swim-line diagram having 5 work-stations and the reduced

manufacturing lead time. The lead time is reduced based on the formula:
Initial RPN = Initial Lead Time

Reduced RPN = Reduced Lead time (x); where x- lead time to be calculated.

i.e.

Reduced Lead Time =

Reduced RPN X Initial Lead Time

Initial RPN

-(2)

Example: For the first work station, reduced lead time is calculated based on the above formula.

Reduced Lead Time =

126 % 24

224

= 13.5 Hours

By using the same formula, reduced lead time is calculated for remaining 4 workstations.

Table 1. Calculation and Reduction of RPN values.
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Table 2. Swim-line process after reducing RPN value

RPN TIME
- y,
z A Chemical = e
= Treatment
-
T 126 13.5h 1. Equipment Problem | 1.4 Equipment Failure 63
; i 1. Equipment Problem | 1.2 Failed Material 63
[ | v RPN [ TIME
e C. Artificial 424 815h
Pl B. Air Seasoning Seasoning
2 [
=1 352 566h 72 245h 7 Supplier Problem | 7.3 Defective Material 256
: ' 6. Management 6.4 Improper Resource 96
Z Problem Allocation
= 3. Human Error 3.2 No Detailing T2
¥ RPN TIME
- 90 52h
z D. Sheing for
= framework and
= lipping , . .
Z 90 52h 4. Design Problem | 4.3 Dimension Problem | 90 |
£ .
RPN TIME
L 4
o 156 0.9h
Z
= E. Assembly of >
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v framework i) 0.1h 2. Procedure 2.3 Error in Equipment 72
,3 84 0.7h ‘ Problem
l RPN | TIME
z 140 | 3333h
= | H. Hydraulic N -
7 || Pressure G. Finishing I Equipment I.1 Failed Part 80
) Treatment Process Problem
= R0 33.08h 60 0.25h 4 Design Problem 4.3 Technical Problem a0
4. Results

By making use of FMEA template, the RPN value was calculated by the analysis of severity,
occurrence and detection. Further, the RPN value along with manufacturing lead time and
eliminating non-value-added activities which yielded smooth flow of production process, improved
product throughput and reduction in trim loss problem which was major cause of waste. The
comparison between reduced RPN value and calculated RPN value and also reduction in time

consumed and actual time is shown in fig 7 and fig 8 respectively.
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RPN VALUE

1000
900
800
700
600
500

952
400 424 390
300 315
200 224 22
100 126 I 5 126 140
’ O - O [l
2 3 4 5

1

B CALCULATED RPN VALUE W REDUCED RPN VALUE

Figure 7. Comparison between Initial RPN value and Reduced RPN value

Comparison of Change in time (h)
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1600
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Figure 8. Comparison between actual time and reduced time

305 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558  Impact Factor: 7.119

5. Conclusion

The RPN value was effectively reduced by making use of the defined methodology. Failure
classifier, FMEA and swim line diagram have contributed positively to enhance the process by
reduction of RPN value which resulted in smooth flow of production process in the flush door
manufacturing industry. It has also helped in eliminating non-value-added activities by focusing on
minimum material wastage and manufacturing lead time reduction. Hence, the six sigma DMAIC
methodology was successfully implemented for improvising the process at flush door manufacturing
industry which yielded in reduction of RPN value and simultaneously increased the productivity by
decreasing the manufacturing lead time. Therefore, industry could deliver the products to the
customers within the expected duration of time along with high quality.
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