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Abstract— The Six Sigma’s problem solving methodology DMAIC is one of several techniques used to improve product quality. This paper
demonstrates the empirical application of DMAIC methodology to reduce product defects though investigation of root causes of major
defects and provide a solution to reduce/eliminate these defects. The analysis from employing Six Sigma indicated that variation in contact
crimp height represents 86% of total defects in cable cutting and crimping process. In particular, affinity and cause and effect diagrams
have been used to identify potential variation sources. Die applicator capability analysis, press shut height check and assessment of
operator self-check have been used to verify the root causes. Process flow chart and PFMEA have been used to assess current control
and prevention measures. The vital few causes for wire contact crimp height variation had been identified to include; Worn, loose die
applicator, Wrong die applicator setting, improper operator self-check, improper tool maintenance and release procedure and Shut height
variation, accordingly the following actions had been decided ; Use Press analyzer to calibrate crimping machine presses and press
maintenance, Use Crimp width gauge (SLE) during tool release 2 and after applicator crimper / anvil change , Monitor Contact Crimps by
“Crimp Force Monitoring device”, Fix new automated micrograph in quality lab. For fast checking contact crimp parameters and tool
release. Create and implement process for machine and tools release and Create and implement documented procedure and records for
crimping tools check and maintenance before and after finishing production order. As a result defect rate had been decreased from 1066 to

119 PPM and operations failure costs reduced from 18770 € to 1609 € with a saving of 16842 €/Year.

Index Terms— Six Sigma, DMAIC,Wiring Harnesses, Automotive, Internal Failure Costs, Defect Rate,Cable Cutting, Crimping.

1 INTRODUCTION

Automotive companies are operating in an increasingly
competitive environment. Regardless of their size and
whether they are working in auto assembling or feeding
industry, they are forced daily to provide the highest quality
products at a lower cost. Companies that fail to improve quali-
ty, productivity and customer satisfaction fast enough will
face a bleak future where competitors will take their market
share that will lead to heavy financial losses.
Intermittent improvements are no longer sufficient to gain or
maintain a competitive advantage, to compete effectively in
this changing environment. Organizations need to implement
fixed methodology like Six Sigma to achieve vast improve-
ments in quality, productivity and customer satisfaction
In general, one of the most vital concerns for the wiring har-
nesses manufacturers is the elimination of the critical quality
defects such as contact crimp height too big or too small. From
this point, not only does an organization waste its resources
and time to re-manufacture or rework the products, but it also
contributes to the loss of customers’ satisfaction and trust. As
a result, this has driven ABC manufacturing organization to
improve the quality of its products in order to create a com-
petitive strategic advantage for its business and introduce it-
self to become a global organization for further prospects. This
paper investigates quality issues and provides a solution to
reduce/eliminate the most critical defects. In order to accom-
plish this, the paper evocates the principles and tools of one of
the most effective quality management and improvement

methodologies, Six Sigma. In particular, the DMAIC (Define-
Measure-Analyze-Improve-Control) problem-solving and im-
provement model of Six Sigma is followed. Under the umbrel-
la of this model, several statistical and quality improvement
tools such as fishbone diagram, Pareto chart, capability analy-
sis, measurement system analysis, PFMEA and control plan
have been used. As an initial step, the paper briefly reviews
some of the relevant theory of Six Sigma and DMAIC, paying
particular attention to the benefits and the positive impact on
performance that these approaches bring to organizations, the
wiring harnesses manufacturing process supported with a
case study.

2 LITERATURE REVIEW

Six Sigma was proposed by Motorola, in the mid-1980s, as an
approach to improve production, productivity and quality, as
well as reducing operational costs [1]. The Sigma’s name orig-
inates from the Greek alphabet and in quality control terms,
Sigma (0) has been traditionally used to measure the variation
in a process or its output [2]. In the Six Sigma’s terminology,
the “Sigma level” is denoted as a company’s performance [3].
Particularly, a Six Sigma level refers to 3.4 defects per million
opportunities (DPMO) [4], or in other words, to have a process
which only produces 3.4 defects per every one million prod-
ucts produced.
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Besides being ameasure of variability and organization’s qual-
ity performance, Brue and Howes [5] mention that Six Sigma
is also a management philosophy and strategy as well as a
problem-solving and improvement methodology that can be
applied to every type of process to eliminate the root causes of
defects. In particular, some authors argue that the main bene-
fits that an organization can gain from applying Six Sigma are:
cost reduction, cycle time improvements, defects elimination,
an increase in customer satisfaction and a significant rise in
profits [3, 4, 6, and 7]. Markarian [8] suggests that not only can
the process improvement generated by Six Sigma be used in
manufacturing operations, as it is the case for the project pre-
sented in this paper, but it can also be expanded to improve
business sectors such as logistics, purchasing, legal and hu-
man resources. In addition, Kumar et al. [9] state that although
Six Sigma is normally used in defects reduction (industrial
applications), it can also be applied in business processes and
to develop new business models. Banuelas et al. [10] claim that
other benefits such as (1) an increase in process knowledge, (2)
participation of employees in Six Sigma projects and (3) prob-
lem solving by using the concept of statistical thinking can
also be gained from the application of Six Sigma. To illustrate
this point, during the utilization of Six Sigma in this research
project, several tools and techniques were employed. There-
fore, skills in the use of these tools were built up within the
staff of the ABC organization. As a consequence, people in-
volved in the project enhanced their knowledge and skills. As
a reason, not only does an organization itself gain benefits
from implementing Six Sigma in terms of cost savings,
productivity enhancement and process improvement, but in-
dividuals involved also increase their statistical knowledge
and problem-solving skills by conducting a Six Sigma project.
One of the Six Sigma’s distinctive approaches to process and
quality improvement is DMAIC [11]. The DMAIC model re-
fers to five interconnected stages (i.e. define, measure, analyze,
improve and control) that systematically help organizations to
solve problems and improve their processes. Dale et al. [6]
briefly defines the DMAIC phases as follows:

*Define - this stage within the DMAIC process involves defin-
ing the team’s role; project scope and boundary; customer re-
quirements and expectations and the goals of selected projects
[12].

* Measure - this stage includes selecting the measurement
factors to be improved [2] and providing a structure to evalu-
ate current performance as well as assessing, comparing and
monitoring subsequent improvements and their capability [4].
* Analyze - this stage centers in determining the root cause of
problems (defects) [2], understanding why defects have taken
place as well as comparing and prioritizing opportunities for
advance betterment [13].

* Improve - this step focuses on the use of statistical tech-
niques to generate possible improvements to reduce the
amount of quality problems and/or defects [2].

* Control - finally, this last stage within the DMAIC process
ensures that the improvements are sustained [2] and that on-
going performance is monitored. Process improvements are
also documented and institutionalized [4].

DMAIC resembles the Deming’s continuous learning and pro-

cess improvement model PDCA (plan-do-check-act) [14].
Within the Six Sigma’s approach, DMAIC assures the correct
and effective execution of the project by providing a struc-
tured method for solving business problems [15]. Pyzdek [16]
considers DMAIC as a learning model that although focused
on “doing” (i.e. executing improvement activities), also em-
phasizes the collection andanalysis of data, previously to the
execution of any improvement initiative. This provides the
DMAIC’s users with a platform to take decisions and courses
of action based on real and scientific facts rather than on expe-
rience and knowledge, as it is the case in many organizations,
especially small and medium side enterprises (SMEs) [11].

3. WIRING HARNESSES MANUFACTURING PROCESSES.
A wiring harness, also known as a cable harness is an assem-
bly of cables or wires, which transmit signals or electrical
power.
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Fig.01 Animation of wiring harnesses fixed in a car [17]

Automotive wiring harnesses running throughout the entire
vehicle and relay information and electric power, thereby
playing a critical role in "connecting" a variety of components.
They make up a circulatory system, comparable to the main
arteries and central nerves in the human body.

3.1 Production steps of cable harnesses:

3.1.1 Wire Cutting and Terminal crimping

To produce a wiring harness, the wires are first cut to the de-
sired length, the ends of the wires are stripped to expose the
metal (or core) of the wires, which are fitted with the required
terminals,

Fig.02 Megomat 3000 Wire cutting Machines.
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3.1.2 Subassembly

i

Fig.03 Subassembly work place

In this step, all manual and semiautomatic operations are per-
formed like crimping of more than one wire in the same ter-
minal, twisting, soldering, shrinking, thermal tube cutting,
double crimping, splicing and so on.

3.1.3 Module Assembly

In this step, the cables are assembled and clamped together on
a special workbench, pin board (assembly board) or a convey-
or, according to the design specification, to form the cable
harness.

Fig.04 Harnesses Assembly conveyor.

3.1.4 Electrical Testing

Fig.05 Electrical test station and tested harness

The electrical functionality of a cable harness is tested with the
aid of a test board in which the circuit diagram data are pre-
programmed into the test board. After passing electrical test-
ing, wiring harnesses are subjected to final inspection for di-
mensions, passed harnesses fitted in protective sleeves, con-
duit, or extruded yarn to be ready for shipment.

4. Six SIGMA DMAIC APPLICATION (CASE STUDY).

Phases in the DMAIC framework include the Define, Measure,
Analyze, Improve, and Control phases; each phase consists of
3 steps.

| DEFINE | | MEASURE | | ANALYZE | | IMPROVE | | CONTROL |

Identify customer Select CTQ Establish Process Screen Potential Define & validate
CTQs Characteristics. capability causes Measurement

v v ¢ v v

Develop project
charter

Performance
Standard

Plan and Prioritize
Actions

Determine process
Capability

Identify variation
Sources

¥ ¥ ¥ ¥ L

Measurement System
Analysis

Process F

Process

Define process map. 1
Control

Merthodulogy

Fig 06-Steps Six sigma DMAIC methodology

4.1 Define

Nonthaleerak and Hendry [18] suggest that a Six Sigma pro-
ject should be selected based on company issues related to not
achieving customers” expectations. The chosen projects should
be focused on having a significant and positive impact on cus-
tomers as well as obtaining monetary savings [18, 19, 20]. The
Ist step in this project is to definethe project’s scope and
boundaries through identifying customer Critical To Quality
(CTQs)in which crimping process was selected as a process
that requires improvement due to high defect rate (1066 ppm)
and high operations failure costs (18770 € /year).

_.{

—»{ Nr. of Damaged / cut wire strands }

Contact crimp height }

Mechanical
Strength &
Electrical

connectivity

—»{Nr. Of wire strands out of crimp area}

Granted Mechanical —{ Length of Wire protrusion }

Strength and Electrical
connections

Nr. Of strands out of crimping area }

Fire Hazard &
Transition

Position of Wire insulation }

Impedance

Stripping length }

Fig. 07Internal Customer CTQs
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The 2nd step in define phase is to document the project’s
scope, problem statement, goal statement, team roles and re-
sponsibilities using the project charter.

1 Initiator Name: Kamal Elshawadfy ‘ Date: 01/042013
1Tifle Reduction of defect ratz in Cable Cutting Department
3 Process Wire Cutting, § tripping and Crimping Process using fully automatic machines

4. Project Deliverables: Reduction of Defect Rate from 1066 ppm to less than 130 ppm. (cummlative ppm)

Increasing Defect rate in Cable Cutting department in the period between April 2012 to March
2013 causing decreasing of Sigma level to 4.7 leading to loss of revenue, excessive scrap, resort, rework
and delaying of delivery of wires to assembly lines

3. Problem Statement

Mefrics Current Anmual Goal
6. Goal S atement Comulative Defect Rate in Cable Cutting Department 1066 ppm < 130 ppm
Cumulative Inernal faiture costs in cable cufting department 18770€ < 6000€
7. Broject Scope Fully automatic crimping Machines.
Schon Jusrgen BAD-EWS Project Manager
Sponsors —
Szuecs Emil BAZEWS Quality Manages.
$ Roles and
Responsibili Stakeholders Quality, Production,, Mz and Enginsering
Kamal Elshawadfy, Mohamed Fissa, Taher Kamel Mohamed Shawkey, Mohamed Mostafa, Mahmoud
Team members "
Maghraby
9. Resourcss Required 3 Quality inspectors, .3 production operators, 3 maintenance Technicians | 1 lab. S pecialist
Phase Start End Responsible funciion
Define 1" Apeil-13 20 Apeil-13 Kamal Elshawadfy | QC Section Head - Cable Cutting
Messure 16 Aprl-13 0Apeil13 | Mohamed Shawkey QA Section Head
10. Project Plan —
Ay 01 May-13 30 May-13 Taher Kamel | Prod. Section Head - Cable Coting
Tprove I June-13 30 June -13 Sanecs Enil Quality Menager
Control 1" By 13 15 July-13 Schon Fergen Project Manager.

Fig.08 Project Charter

The 3rd step is mapping the process to assists in understand-
ing where the defects are in the current process,

Start cutting
process
Automatic sorting of orders according o
applicator Nr., terminal type atc.

Then distribute them to machines using
Ksinfo.

1

operatar import the next order to wire
star program with ll information
needed to startthe order.

rb{ Start Series Production

i

Wire Cutting

Wira Stipping

Putting rubber seal
Crimping

Materials automatically requested by
Ks info system
(Terminals, Wires, Applicators)

{

Adjusting machine
by production operator
Adjusting Die applicators,
blades, etc by maintenance
tachnicians

Production of first sample:

Staging Area in preassembly
or module assembly

y Do
4 Rework
process
End cable cutting
Process

Fig.09 as is Process Flow Chart for cable cutting Process

Self Check ok?

4.2 Measure

The “measure” phase of the DMAIC problem solving meth-
odology consists of establishing reliable metrics to help moni-
toring progress towards them. From define phase, it was ob-
served that operations failure costs exceeds the target due to
increasing defect rate in the period between April 2012 to
March 2013 reaching 1066 PPM .As a next step, a Pareto anal-
ysis [21, 22] was carried out to identify the utmost occurring
defects and prioritize the most critical problem which was
required to be tackled.

Pareto Chart of all defective quantities from April 2012 to March 2013
400004
+ 100
30000 | =
= c
= r 60 @
5 20000 <)
3 &
L 40
10000+
r 20
[} T T T T T T T T T T T o
Defect code 1777 1776 1793 1780 1781 1772 833 587 528 829 Other
Quantity 1719413700 1046 766 550 469 417 374 300 247 881
Percent 47.8 38.1 2.9 2.1 15 1.3 1.2 1.0 o.8 0.7 25
Cum %% 47.8 86.0 889 91.0 925 938 950 96.0 96.9 97.5 100.0

Fig. 10 Pareto chart for defective quantities per defect code.

Pareto chart shown in Fig.10 indicates that the highest rate of
defects was caused contact crimp height too big ((Defect code:
1777) and contact crimp height too small (Defect code: 1776)
representing 86% of total defects in cable cutting process. In
particular, these types of defectsrepresent the most critical
ones, as if it wasn’t detected by production operator or quality
inspector, it may pass to the customer and can’t be detected on
time, causing malfunction or safety issue. Therefore, the im-
provement team and organization decided to initially focus on
the elimination of these defects which translated in to opera-
tional failure costs and sigma level.

Pareto Chart of Defective Quantity per Terminal Nr.
40000
100
30000 80
— =
g 20000 LR
&
40
10000
m —— -
o o
Material No. - N& D 2y o el 's@ 0?’,\ A §5&
o o F o F gF o oF o5 O
& 8 & & &8
Count 10161 8770 7376 3800 2015 797 583 486 409 1547
Percent 28.3 244 205 106 5.6 22 16 14 1.1 4.3
Cum % 28.3 52.7 73.2 838 894 916 932 94.6 957 100.0

Fig.11 Pareto chart of defective quantities /terminal Nr.

Further analysis (Fig.11) showed that 48.8 % of total defective
quantities happens in Terminal Nr. A0528202 and A0228420
(Crimped by Applicator Nr: 5810) and Machine Nr: 321

40.6 % of total defective quantity happens in Terminal Nr.
A3206106, A3206626 and A3206639 (Crimped by Die Applica-
tor Nr. 3960) and Machine Nr: 329.

In parallel with monitoring the major defects affecting cable
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cutting process the measurement systems was assessed and
found to be acceptable and capable for distinguishing between
parts.

Gage R&R (ANOVA) for Measurement
Reported by Kamal Ehawadfy
Gage name:  Digitsl Micrometer Nr:103324 Tolerance:  0.001
Date of study:  April 2013 Misc:
Corrm ponents of Varistion Messurement by Part
= " 15
= i
N o=
CageRAR Rzezt Rezroc Partto-Part B 2 el * sP-(s T = = i
R Chart by Operator
A B E Measurement by Operator
I ﬁ I s B = =
Eonm t t T UQL-0.00901 o o o
e Ty ATTSUN LTS U g i
-
I [t B I BT os < < <
M Chisrt by Operator e
a i a i = Operator® Part Interaction
TR TR e e
L 2 . L1380 2] A R -
T WY L iY w7 i 2 S e
i I I oz y
o= L 2 3 4 5 & 7 8 9 10
Part

Fig.12 GR&R for digital micrometer

4.3 Analyze

Through analyze phase, affinity diagram performed with ten
participants all with knowledge about the problem, working
in various functions and positions, Problem Title: What is the
cause of “wire crimp height off target?”

Responses were considered as variable Xs

Wrong heasurement.

Material of Crimper too bad

Wariation in Wire cross Section

Wartation in Terminal Dimensions.

Sampling procedurs not adhered.

Tool release procedurs not adhersd.
Mieazurement daily verification procedure not
adhersd.

Improper measurement device setting

Poor lightening in work place.

Shut height not adjusted

Wrong Machine Setting

Wrong Die Applicator setting

Worn, loose Die applicator.
Measurement system not ok.
Self-check not done

Teols periodic maintenance plan not
followed.

Measuring equipment position wrong
Mzasurement Device damaged

Table 01 show potential causes as a result of affinity diagram

In order to illustrate and categorize the possible causes of the
problem, a cause-and-effect diagram was constructed. The
cause-and-effect diagram is known as a systematic question-
ing technique for seeking root causes of problems [21].

| Machine |Measurements | Method

Measurement
system not ok

5. Variation in Shut height

improper measuremen

tools calipration Poor Sampling

procedure

7. Improper Tool maintenance
& release procedure.

*Contact Crimp
"|Height off target

4. Improper self check.

Wirong Machine Setting

6. Damaged tools (Anvil or crimper’

Improper device poor self
setting Check procedure

1. Waorn, loose Die applicator

Device
damaged

Variation in
Terminal
Dimensions

materal of
Crimper too bad

Poorlightening
in work place

Measuring equipment
position wrong Variation in Wire

Cross Section 3. Wrong Measurement

‘material of
anvil too bad

2. Wrong Applicator setting

Environment

Fig.13 Ishikawa diagram for contact crimp height off target

Identified potential causes had been evaluated by the project
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team to get below screened list and assessment method.

Potential cause Assessment methodology

Wom, loose Die applicator

Capbility Analysis for applicator 5810 &3960.
Wrong Applicator setting apily Anclysis for appicto

Improper Self-check procedure

Review Self-Check Procedure

Improper Tool maintenance & release

procedure Review Tool maintenance & release procedure

Check shut height for crimping press of machine

Variationin Shut height 320mmd 31,

Table 02 Potential causes for contact crimp height off target

1. Worn, loose die applicator and wrong applicator setting had
been assessed and proved as a root cause though binomial
capability analysis.

Process Capability Sixpack of Contact Crimp Height _Terminal Nr.A0528202

Xbar Chart Capability Histogram
— = ey
e L 'l_.)"l\;/\_ vocimem || | || [specications
i _ | | N[Nt
g 1= A=112573 Target 112
H ;’ ‘ I IMfusl 11a
& L4 e wc=tmm | | |
13 5 7 9 11 13 15 7 193 114 110 L8 LR LI LM LK
R Chart Normal Prob Plot
VCL=000555 AD: 1.3%8, P: < 0.005
H 0005 /\
e m A |
2 - — A=0003308
HE eV "
&
0.0000 LCL=0
i 3 5 7 9 41 83 &5 7 1 1120 1125 130 113
Capability Plot
Within Crverzll
1128 StDev 000142218 StDev 0.00234077
Cp 469 Pp 285
3 1-13: Cpk 334 Ppk 203
w Cpm 107
1122 e

Fig. 14 Process Capability for Terminal A0528202

2. Operator self check found to be the second root cause after

assessment of operator performance.
e Dy i

* | ey
g
aagghe

" ?i‘ ey " TFIERE |

s s i i gt

Fig.15 Machine operator check points.

3. Improper tool maintenance & release procedure,

Current process flow chart show that the available control is
only by Production operator and maintenance technician at
the time of starting production order and no other prevention
measures, indicating that process requires many changes to
add control and prevention measures to ensure that process
output matched with customer requirements.

Start
Cutting Maching, KS-Info Program. : ;
Start Series Production

Maching Under Inspect Wires According to|
Maintenance. “Self check list”

yes 1
Y /@m

Control of non confirmed
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Fig. 16 As is crimping process flow diagram before improvement

Current control detections and preventions still not enough to
prevent occurrence of defects indicated by high RPN number
despite of implemented actions, meaning that traditional solu-
tions will not be enough to achieve customer targets.

| Avetion results
E Current Control
Hespoasibaily
Frocess ) Potestil Fadue Pocesetil g Fowendal | 8 1 |k wiTuget |
Stepl  |Requitement v Eieotz] (3 (Consefs)of |§ i 0 Al ] H
Fmetica ofbulwe |3 | Fabwe E ,,:d Rt MM“ H H
Coastuimpopinnd, |y, 0
Ciing beightvitision 8| | rimperwom
Pisrigawall LT Y oottt Y IR I FIR]
Cring
L |Mafong A vt
m’””“'f‘”"‘ Edwe |3 keme 4| Ve | N |10
nahncion danaged|
Mackion
i topletre | | Dypeteeo
ety | [fEme [5] O Nam 4] 3
Cinpheitiision | Endew: |4 T Dt
Cann nafreson
Cimg Tool | Contiet Ciimp.
Setiy Fegpe
o Fiess
Wege |3 | Digtdealber | Mo |6 [ w2
Vaiaben
Veong e Macken
fpgicaer | 5 | Comaneser | nose (3| w9
sitting Chesk
o Mhek sup hong
::n?uwh& Endue: |9 | esanment | 2 Vere. 1| ®
ke nducion | | geses senmg
hong .
I L I P T

Fig. 17PFMEA Cable cutting Process

4.4 Improve

Through improve phase; thefollowing actions had been im-
plemented to close the gap between customer critical to quali-
ty (CTQs) and current process performance.

1. Crimp Press calibration using Press analyzer during ma-
chine release and after press maintenance activities.

—

Fig 18-Tec system (pal 3001)

2. Crimp width measurement using Crimp width gauge (SLE)
during tool release and after changing applicator spare parts
(Crimper & Anvil).

Fig.19 SL gauge crimp width gauge (SLE)

3. Controlling die applicator variation using crimp force moni-
toring device.

evaluation unit Force sensor in base plate Force sensor on the press

Fig 20-Crimp force monitoring device components

4. Monitoring contact crimp dimensions and crimping spare
parts (Anvil and Crimper) through automated micrograph.

Fig 21- Micrograph SBL 3000

5. Create and implement process for machine and tools re-

IJSER © 2018
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 9, Issue 8, Augf

ISSN 2229-5518

lease.

6 Create and implement documented procedure and records
for crimping tools receiving and inspection after each produc-
tion order.

4.5 Control phase

Through control phase,the measurements have been defined
and validated (operation failure costs and defect rate) in which
cumulative operation failure costs decreased to 1066 Eu-
ro/year and internal defect rate decreased to be 119 ppm and
the process identified to be capable meaning that the expected
improvements actually occurred.

The new methods become standardized in practice and les-
sons learned are documented through:

1. Training of cable-cutting operators on the new used tools

and on the new modified processes.

2. Training of maintenance technicians on the new modified
processes and tool release process.

3. Update control plan with the revised changes in the pro-

cess.
tion Cont v
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Fig. 22 Updated Control Plan

4. Perform event case process release to ensure that cable-
cutting process is controlled and actions are maintained.

TEST REPORT Wire crimp cross section

-
FlIg—Z3 EXampre 1o vitCTogTrapiT teStTePOTt 10T tO0T TETeast

RESULTS, DiscussiON AND CONCLUSIONS

This paper presented a successful case study of defects reduc-
tion in a wiring harnesses manufacturing process by applying
Six Sigma methodology. Therefore, the paper can be used as a
reference for Manufacturing Industrialists to guide specific
process improvement projects, After the analysis carried out in
the “analyze” and “improve” phases of DMAIC, the im-
provement project presented in this paper found that the worn
anvil and crimper of dye applicator 5810/33 and
3960/154,press shut height variation and the poor production
operator and maintenance technician skills represents the root
causes of contact crimp height too big and too small , Actions
were to develop all processes related to machines and tool
controls including :
¢ Control and monitor contact crimp dimensions using Mi-
crograph SBL3000.
e  Control press shut height using press analyzer.
e Controlling crimp width using SL gauge measuring de-
vice.
e Prevent producing defected contact crimps using crimp
force monitoring devices.
¢ Planning and performing machine and tool release to en-
sure that tools are controlled, capable and reproducible.
By considering this, a reduction in the amount of defects was
obtained and defect rate decreased from 1066 to 119 PPM and
accordingly operational failure costs decreased from 18770 € to
6000 €. / Year and the crimp height defects were totally elimi-
nated and sigma level increased from 4.6 to 5.2.
In terms of the Six Sigma level, the concept literally refers to
reaching a Sigma level of six, or in other words, 3.4 DPMO. In
the case of this study, the improvement project presented in
this paper has not been able to take the organization studied to
achieve a Six Sigma level. However moving from one Sigma
level to another does take times [23]. In addition, this study
was considered a pilot project that was conducted in order to
empirically demonstrate the ABC organization studied that
Six Sigma and the DMAIC problem solving methodology are
effective approaches capable of improving its manufacturing
processes by reducing the amount of defects. This demon-
strates that as long as the organization continues embracing
Six Sigma within its continuous improvement culture and ap-
plies its concepts and principles to systematically solve quality
problems, it is believed that benefits such as cost savings, in-
crease in products’ quality and customer satisfactions will be
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enhanced. [23] Harry, M. and Schroeder, R., 2000, Six Sigma; the breakthrough management
strategy revolutionising the world’s top corporations, Doubleday, US.
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