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Abstract

The following document was developed at Bridgestone Neumiticos de Monterrey. It describes
the application of a Six Sigma methodology to increase the efficiency of the Bead Manufacturing
Line # 3, from 36% to 50%. Following the 5 phases, Define, Measure, Analyze, Improve and
Control, the project accomplishes its objective, achieving the 50% Bekido Rate (cycle time
efficiency) on the Bead Manufacturing Line # 3.
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Chapter 1: Introduction

This project consists in the application of Six Sigma methodology to solve a real problem in an
enterprise. The author works at Bridgestone Neumdticos de Monterrey, a manufacturing
enterprise. He decided to implement the methodology to provide a solution that would impact the
efficiency of the Bead Manufacturing Line #3, which represents a critical problem to Monterrey
Plant tire production.

The objective of this project is to increase the Bekido Rate of Bead Manufacturing Line #3 from
35% to 50%. In order to achieve this goal we followed the Six Sigma methodology, which consists
of five phases: Define, Measure, Analyze, Improve, and Control. Through these five phases we
defined the scope of our project, measured the actual condition of the process, and analyzed what
factors affect the process, implemented actions to minimize those factors, and finally, control
actions we developed to maintain the gain obtained. This document is organized according to
these five phases.



Chapter 2: Bibliographic Revision

You may have heard of Six Sigma, a process-focused strategy and methodology for business
improvement. Companies such as General Electric, Honeywell, Motorola, DuPont, American
Express, Ford, and many others, large and small, have been using it to improve business
performances and realize millions of dollars in bottom-line savings (Snee & Hoerl, 2005).

Six Sigma is a strategic approach that works across all processes, all products, and all industries.
Six Sigma focuses on improving process performance to enhance customer satisfaction and
bottom-line results (Snee & Hoerl, 2005).

Six Sigma is about business improvement; it is not about culture change per se, although it will
radically change culture. The strategy is to get the improvements, then create the infrastructure in
the traditional sense of the word, although it results in improved quality. it is not about training,
although training is used to build the skills needed to deploy it. Six Sigma is about breakthrough
business improvement, not incremental improvement. Sig Sigma projects are defined to produce
major improvements 30%, 40%, 50%, 60% and more in process performance in less than 4-6
months with a significant bottom-line impact (Snee & Hoerl, 2003).

Most material in a manufacturing process spends 95% of ... waiting for someone to add value to
it or waiting in finished goods inventory... by reducing this lead time 80% manufacturing overhead
and quality cost can be reduced by 20%, in addition to the benefits of proportional faster
delivered and lower inventories {George, 2002).

The sigma level numbers often associated with Six Sigma represents the capability of a core
business process, as measured in defects per million opportunities.

The “per million opportunities” aspect of the Six Sigma metric is critical because it allows you to
compare the capability of widely different processes. The sigma metric makes sure that simpler
processes, which have fewer steps and fewer chances for something to go wrong, aren’t given an
advantage over more complex processes (George, 2002).

The source of the defects is almost always linked to variation in some form: variation in
materials, procedures, process conditions, etc. That's why the fundamental thesis of Six Sigma is
that variation is evil because a high level of variation means customers will not get what they want
(George, 2002).



Chapter 3: Methodology

3.1 DEFINE

PROJECT CHARTER

Element

Team Charter

1. Process:

Bead manufacturing line.

2, Project Description: what is the
“Practical Problem”

On February 2008 the bead manufacturing line #3 (BBF3) has a 35% of
Bekido Rate, where 100 % Bekido Rate represents the optimal designed
cycle time. This represents a very low level of efficiency and the bottom
line is that the machine cannot make the daily ticket of bead carts.

3. Objective:

Increase the Bekido Rate of the BBF3 from 35% to 50%.

4. Team members:

José Flores Project Leader

Gilberto Gonzalez Electrical Engineer

Manuel Mendoza Production Control/Financial Advisor
Abraham Cantu Project Champion/Mechanical Engineer

Manuel Miyamoto Production Advisor

5. Benefit to Internal Customers:

Provide the required amount of bead carts to the tire assembly line.

6. Schedule:

Project Start 01/28/2008
Measurement Completion  02/28/2008
Analysis Completion 03/08/2008
Improvement Completion  03/31/2008
Control Completion 04/04/2008
Safety Reviews 04/07/2008
Project Completion 04/12/2008

PROBLEM STATEMENT

Table 3.1-1. Project Charter

On February 2008 the bead manufacturing line #3 (BBF3) has a 35% of Bekido Rate, where 100 % Bekido
Rate represents the optimal designed cycle time. The actual level represents a very low level of efficiency
and the bottom line is that the machine cannot make the daily ticket of bead Carts.




GOAL STATEMENT
Increase the Bekido Rate of the BBF3 from 35% to 50%.

TeAM MEMBERS

Name Function

José Flores Project Leader

Abraham Cantu Project Champion/Mechanical Engineer
Gilberto Gonzalez Electrical Engineer

Manuel Mendoza Production Control /Financial Advisor
Manuel Miyamoto Production Advisor

Table 3.1-2. Project Team Members
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Figure 3.1-1, Project Gantt

ESTIMATED FINANCIAL BENEFITS

Every 10% of Bekido Rate represents 10 Carts of production. The goal of this project is to
increase 15 % the Bekido Rate, that is 15 more bead Carts per day.

1 Cart=32 Tires ’ 7 15 Carts = 480 Tires
1 Tire = $60 USD .. 480 Tires = $28,800 USD
This project represents a potential income of $28,800 USD per day.

Table 3.1-3. Project Estimated Financial Benefits
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BBF3 Bekido

Scatterplot of BBF3 Bekido Rate of February 2008
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BBF3 Daily Bekido Rate Average vs. Target February 2008
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BBF3 Bekido Rate Probability Plot of February 2008
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8BF3 Bekido Rate Process Capability of February 2008

Using Box-Cox Transformation With Lambda = 0.5

LSL*, Tamget*
Process Data transformed data — \Nithin

LsL 0.5 | w— e (v erall
Target 0.5 . :
usL o Potential (Within) Capability
Sample Mean  0.361487 Cp -
Sample N 349 CcPL -DJE!
StDev{Within)  0.185047 cPU
StDev(Overall) 0.249059 Cpk  0.30 :

After Transformation Overall Capability

- Pp -
LSL 0.707107
Target* 0.707107 PPL -0.2.2
usL* = PPU
Sample Mean* 0.556678 Ppk 0.22
StDev (Within)* 0.168957 Cpm  0.00
StDev(Overally* 0.227476

NS~

2 L J (1] 15 —
0.15 030 045 0.60 0.75 090 1.05

Observed Performance | | Exp. Within Performance | | Exp. Overall Performance
% < LSL* B1.34 % < LSL* 74.58
% > USL* . % > USL* -
% Total B1.34 % Total  74.58

% < ISL 70.77
% > USL w
% Total 70.77




BBF3 Daily Cart Production February 2008
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BBF3 Pareto Plot of Alarms February 2008
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1 Bead filler weight abnormality 289
2 Wire chuck error T — 203
3 Covering Error 190
4 No.2 Extruding feed let-off abnormality 114
5 No.2 Load on extruding screw: Low 91
6 No.l Extruder Rubber wind-up of roller h 76
7 Hand B traverse minor failure 74
8 Servoerror of hand B traverse detected 74

BBF3 Top 8 Alarms on February 2008
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) l . . .
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roller h
- Alarm

Figure 3.3-1. BBF3 Top 8 Alarms on February 2008




Bead filler weight abnormality

1=very low ornone 2 =low or minor 3 = moderate or insignificant 4 = high 5 = very high or catastrophic
No. Causes FIJg:s Abcr;r‘:m m Operator  Total
1  Personnel Experience 2 2 3 3 36
2  Visual Checkups 1 2 1 1 2
3  Temperature Checkups Al 1 1 1 1
4  Material Lamination Compound Condition 3 2 1 1 6
5  Bead Weight OK 3 1 1 ] 2
6  Weight Meter Calibration 3 2 5 3 S0
7  Product Weight Parameters 1 Al 1 1 1
8  Extruder Temperature of Screw 2 2 2 a 16
9  Extruder Temperature of Cylinder 2 1 2 2 8
10  Extruder Temperature of Roller Head 3 1 2 a 18
11 Bead Filler Take up Device Gripper Chuck 3 1 2 1 6
12 Weight Meter Stability Time 4 1 2 1 8
13 Weight Meter Accuracy 12 4 1 2 16
14 Hand B Pickup Position Damage Bead 4 3 3 5 180
Filler
Stability time
Accuracy
| Equipment Personnel
\"'4- ——  Experience
Bﬁld:.fmlﬂlﬂuu T h .\.‘\:_' : ) i
Chuck \\. | |
b ) , Bead Filler Weight
g P ‘Abnormality
PRSI = —% y
y
A, s i e
Scraw Cylinder w /
f4————  Weight Metar A Lamination compound



1=verylowornone 2=loworminor 3=moderate orinsignificant 4= high 5 = very high or catastrophic
Jose Ab ilberto
No. Causes Flores cr;fh;m Geonzai = Operator  Total
1  Personnel Experience A 1 1 1 1
2  Visual Checkups 2 1 1 1 2
3  Bead Wire Condition 1 1 1 1 1
4  Bead Wire Thickness — 1 1 1 1 1
5 Insulation Compound Application OK 4 3 2 4 96
6 Insulation Compound Stickiness 2 1 1 2 4
7 MW Extruder Temperature i 1 1 1 2
8  Wire Festoon Pressure 1 1 1 1 1
9 MW Former Alignment i 2 2 ] 12
10  Pitch Feeder Alignment 3 2 4 3 72
11 Magnets Alignment 2 3 3 3 54
12  Pitch Roller Alignment 4 4 3 2 96
13 Wire Chuck Tooling 1 1 1 1 1
14 Magnets Tooling 4 3 3 2 72
15  Pitch Roller Tooling 4 3 3 2 72




Covering Error

L=verylow ornone’ 2= low or minar 3 = moderate or ins nt 4= high 5 =very high or catastrophic

PR Jose  Abraham  Gilberto

No. Fiores Canty G lez Operator  Total
1 Personnel Experienca d- me 1 Al 1
2  Personnel Visual Checkups 2 1 1 2 4
3 Covering Tape Condition 1 1 i T 1
4  Covering Tape Size 1 1 1 1 1
§  Covering Tape Size Selected 1 1 1 1 1
6  Covering Tape Number of Turns 4 4 4 4 256
7 Winding Festoon Limits -4 T 4 192
8  Winding Number of Turns 4 4. 4 4 256
9  Bead Position Up And Down Guide 1 3 2y el 3 |

Encodar
Nlmd .
Heading 1
| /Equipment | Personnel
foine Mg -
Winding : - ‘#———  Eaperierce
) ETRE m ."'—\_ —g Training
i N\ - Sarva haming "\\ |
Featoon \.‘ Gude ot
.I.Fnlh Upk down L Tl —:‘_ s S
Tape wes — /
z'ir ~  TapsTuins “_-... RN T o
J ),«/ Condition  Siss




No, 2 Extruding Feed Let-off Abnormality

1=very low or none 2 =low or minor 3 = moderate or insignificant 4= high 5 = very high or catastrophic
Jose Abraham Gilberto
No. Causes Flores  Cant Gonzsles Operator  Total
1 Personnel Experience . 2 3 72
2 Personnel Visual Checkups 3 4 2 3 72
3 Lamination Compound Feed Cut 4 4 4 4 256
4 Lamination Compound Reel 3 3 3 3 81
Winding
5 Lamination Extruder Pressure 1 2 1 i 2
6 Lamination Extruder Speed 1 1 1 1 1
7 Feed Conveyor Motor Speed 1 1 1 1 1
8 Feed Conveyor Applies to Much 4 3 4 3 144
Friction to Material
| Personnel
Vieun|
L m B o
p . No.2 Extruder feed
_,x' _"_ ._let-clhhawmalitv |
3 ¥ ¥ —Y / A

muu'p-- Extruder Spead f.-" |
L ) et pesiwinang
| Process | | Material |



‘1=very low ornane 2 =low or minor 3 = moderate or insignificant 4= high 5= very high or catastrophic
Jose  Abraham Gilberto
No. Causes Fi Canty  Ge zalez Operator  Total
1 No. 2 Extruding Feed Let-off Abnormality 5 5 5 5 625
2  Screw Pressure Sensor Malfunction 1 1 1 1 1
3  Screw Speed Malfunction I 1 1 1

Ne.2 Extruder feed
iet-off sbnormality

Personnel |

I

@ Expariance
\'.
\

Serew prESSUM  Sorew speed Wisial
san30r Chackups
& L
y A screw low
/ i
.‘{
. x ? /
/! ,.": - [ dhon C
Lt of Lammishan f"
Emmsar pressure  Extruder Speed /‘ L /
FJ
—_— L stsdalout ReslWinding
| Process | Material



No. 1 Extruder Rubber Wind-up of Roller H

1=verylowornone 2=lowor minor 3 =moderate or 4 = high 5 = very high or catastrophic
No. Causes Jose  Abraham Gilberto Operator Total
Flores Cantu  Gonzalez
1  Personnel Experience T T I 1 1
2  Personnel Visual Checkups 1 1 1 1 1
3  Lamination Compound Condition 1 1 1 1 1
4 Roller Head Motor Speed 2 3 3 2 36
5  Roller Head Rollers Temperature 3 4 4 3 144
6 Roller Head Motor Condition 2 2 2 2 16
7  Roller Head Gear Condition 4 4 4 4 256
8  Roller Condition 4 4 4 4 256
' Equipment | _ Parsonnel

Motor Condition l \"?— Experiance
‘Goar box condiction ——— —‘l\ \{ ___‘— G

Roel Winding

Figure 3.3-7. No.1 Extruder Rubber wind-up of roller h Cause and Effect Diagram



Hand B traverse minor failure

1= very low or nane 2 = low or minor 3 = moderate

Mo, Causes Flores  Cantu  Gonzalez -
1 Personnel Experience 1 i 1, 1 1
2 Personnel Visual Checkups 1 1 1 1 1
3  Servo Motor Maximum Torgque 2 1 3 1 6
4  Servo Motor Acceleration Curves 1 1 1 1 1
5  Servo Motor Positioning Malfunction 3 NE 1 1 3
6  Servo Motor Condition 1 1 1 1 1
7  Gear Box Condition L | 9 A 1 1
8  Mechanic Hindrance or Obstruction 3 2 3 4 72
9  Motor Band Tension too Low or High ‘2 2 1 1 4
'Equipment | Personnel
Lo il Lol
\e " N
Motae Conditian ;- \‘-.,
‘@ Band tension - Training
Gear bax condicton ———— ¢ \
= A\ N\ G Hand B raverse |
F ‘minor failure
Positioning —Jr—’-,-’ ——
hiliai = / (Servo positioning errar)
M Max Torque
M/
/ Avastorstlon i
ro Curves




Serveo error of hand B traverse detected

1=very low or none’ 2= low or minor 3 =maderate or insignificant 4=high 5 = very high or catastrophic

Jose  Abraham Gilberto

o Cause Flores Cantu  Gonzalez Operator  Total
1 Hand B Traverse Minor Failure 5 5 5 5 625
Hand B travarse
Equipment | ' Personnel
e " \-_‘-— B
Motor Condition ————— s \
‘- Band Wasion *
‘Gaar box sondiction - % T
Vigual -
1 s X _ Servo Error of Hand 8
-~ o - 7,-" ‘traverse detected
o T T b (Servo positioning error)
T e e
Entoder, Limits ‘;_'f Accateration | Deceleration




3.4: IMPROVE

Bead filler weight abnormality

Team consensus. Items found on the field
1. Hand B pickup position damage bead filler. (Cutting some rubber)

2. Weight meter not return to zero after measuring.

Countermeasures
1. Hand B re-homing.

2. Hand B chuck segments re-alignment.
3. Weight meter re-calibration.

4. Operator to visual inspect weight meter when this alarm occurs again. If it does not
return to zero call maintenance to re-calibrate.

Wire chuck error

Team consensus. Items found on the field
1. Misalignment between former and pitch feeder.

2. Pitch rollers damage.

Countermeasures
1. Pitch feeder re-alignment according to former position.

a. In/out servo motor.
2. Replace pitch rollers.
3. Re-alignment of pitch rollers.

4. Re-alignment of magnets.

20



Covering Error

Team consensus. [tems found on the field
1. Number of turns applied to the bead is incorrect. (using the upper side tapes)

a. Noise on power supply of the high speed counter of the encoder is making
impossible to read the number of turns applied.

b. The festoon upper limit is activated.

Countermeasures
1. Use a different 24 volt power supply for the high speed counter.

No.2 Extruding feed let-off abnormality & No.2 Load on extruding screw:
Low

Team consensus. Items found on the field
1. The feed conveyor is making friction with the lamination compound when feeding the
extruder # 2 hopper, breaking the compound.

2. If the compound is broken the extruder load decreases.

Countermeasures
1. Change the position of the feed conveyor aligning it to the extruder # 2 hopper
reducing the friction of the lamination compound.

No.1 Extruder Rubber wind-up of roller h

Team consensus. [tems found on the field
1. Speed of the reel rotation is very slow.

2. The condition of the roller head is not very good, we recommend replacing as soon as
possible.

Countermeasures
1. Increase 20 % the speed of the motor.

21



Hand B traverse minor failure & Servo error of hand B traverse detected

Team consensus. Items found on the field
1. Hand B chucks segment touches the lamination plate guard, when the lamination
plate rotates to the extruder side. This has been happening for a while because the
guard of the lamination plate has a big scratch mark.

a. This misaligns the hand B chuck segments. (Bead filler weight abnormality)

b. This makes the torque of the servo motor to go high and fault the servo drive.

Countermeasures
1. Re-locate the guard of the lamination plate, avoiding the contact with the hand B.

Implementation finished on March 16. After the implementation we again measured the
alarms occurred in the remaining time of the month of March, getting the next data.

BBF3 Top 8 Alarm March 2008
200
150
100
" - " . »
S E =EE =EHE =N L Ll o — |
Bead filler Wire chuck Covering Error No.2 No.2Loadon No.lExtruder HandB
weight error Extruding feed extruding Rubber wind-traverse minor
abnormality let-off screw: Low up of roller h failure
abnormality
WAlarm

Figure 3.4-1. BBF3 Top 8 Alarm of March 2008

The data shows that the alarms seleced for this implementation did reduce after the
implementation. Although the data collected only represests the alarms ocurred after the
implementation, that is after March 16.
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BBF 3 Top 8 Alarm March 2008
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BBF3 Bekido Rate Probability Plot of March 2008
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Bekido Rate Process Capability of March 2008
Using Box-Cox Transformation With Lambda = 0.68

1
iy
1 [

LSL*, Tamet*
Process Data transformed data — \Nithin
5L .3 I == Overll
Target 0.5
usL . Potential (Within) Capability
Sample Mean  0.509951 Cp "
Sample N 426 CPL -0.0.2
StDey (Within)  0.210494 CPU
StDev(Overll) 0.263055 Cpk -0.02
After Transformation Overall Capability
LsL* 0.623026 Pp X
Target* 0.623026 PPL -0.02
usL® . PPU =
Sample Mean* 0.609309 Ppk  -0.02
StDev(Within)*  0.186893 Cpm__0.00
StDev(Overall)* 0.235777

Observed Performance | | Exp. Within Performance | | Exp. Overall Performance
% < LSL 49.06 % < LSL* 52.93 % < LSL* 52.32
% > USL i % > USL* - % > USL*
% Total 49.06 % Toml 52.93 % Total  52.32
Average 36.14% 50.99%

Std Dev, .249 263




BBF 3 Top 8 Alarm April 2008
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BBF3 Bekido Rate Average April 2008

BO.DO% e S —
70.00% |
S0.00%
50.00%
40.00%
30.00%
20,00%
10.00%

0.00%

-s“'nsf’"

B >

S

S

& @@@@@ﬁ
o fﬁ\ & X

— April Beddo Rate Average —Biekido Rate Targot
March Bok do Rate Average

February Belkido Rate Average

BBF3 Bekldo Rate Average

o =] o o o o 0 0 o 'x® o 0 ] 0 o g @
8 8 8 8 E 5.3 8 3 3 8:8 8 8 8 2 2 8 g 3
o c o,2 O 2 2 0O0'0 9 O © Q O O o
~ ~ ~ o My ~ ~ ~ ~ =~ ~ ~ o~ ~ ~ ~ (2 ~ ~ ~
- T — — -~ - — — — — ~— . — ~— - . — T S ~—
oM e MmN oA OO0 NBL QT B O G AN
N N o~ T s ROy o2 a2 Fs a8 8
o~ o~ ~NlN L T R . ) T T

- Bekido Rale Average  =—Bckido Rate Target -2nd Order Polynom a Trend Line



BBF3 Bekido Rate Probability Plot of April 2008
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Std Dev. .249

.263 .234

Alarm Operator SOS Activities

1. Measure the temperature of the extruder after restarting from a
stop period bigger than 20 minutes..
. : 2. Verify the Weight Meter shows ‘0" when there Is no bead filler at
M’ﬁ““ :{Mﬁh it. If it is not Zero, press the Zero Calibration button and verify that
ity it turns to Zero.
3. Use 200 gr. calibrated block to verify the weight displayed is 200
gr. (£ 2gr). If it is not ask maintenance to calibrate the Weight
1. Measure the temperature of the roller head after restarting from a
No.1 Extruder Rubber wind- stop period bigger than 20 minutes.
up of roller h 2. Probe the correct rotation roller head rollers, by rotating them,
they should do it smocthly and balanced.
1. Verify that there is not rubber stuck in the rollers of the Feed
No.2 Extruding feed let-off COnvERGS:
““"“_"??“"‘_" _ Np.z; Load or 2. Probe the correct rotation of the rollers by spinning them by hand,
extruding screw: Low they should rotate smoothly. If ane or more do not, report to
maintenance.
Hand B traverse minor 1. Visually verify that there is not an evident obstruction in the way of
failure & Servo error of hand the Hand B traverse movement. If there is, report to maintenance.
B traverse detected




Maintenance PM Activities

Verify the Weight Meter shows "0” when there is no bead filler at
it. If it Is not Zero, press the Zero Calibration button and verify that
it turns to Zero.

Bead filler Weight Use 200 gr. calibrated block to verify the weight displayed Is 200
Abnormality gr. (£ 2gr). If it Is not, proceed ta calibrate the weight meter.
Bolt tightening of the take up device base.
Verify the homing of the Hand B device.
- Clean, lubricate and inspect the roller head gears and chain. If bad,
No.1 Extruder Rubber wind- replace. After replacing any parts of the roller head homing must
up of roller h be done and verified.
No.2 Extruding feed let-off Verify that _there is not rubber stuck in the rollers of the Feed
abnormality & No.2 Load on Conveyor, if so, clean up and lubricate,
extruding screw: Low

Hand B traverse minor
failure & Servo error of hand
B traverse detected

Bolt tightening of the guards around the way of the Hand B
traverse; Lamination Plate A (A & B side) and Lamination plate B |
(A& B side)

Wire chuck error

Visually inspect the condition of the roller pitch, magnets and
nylon roller. If bent, fix if possible or replace if needed.

Verify the alignment of the roller pitch, magnets, and nylon rollers
again specification. [f alignment Is out specification proceed to re-
homing. |




FAILURE MODE AND EFFECTS ANALYSIS (FMEA)

SpeCcs.
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FAILURE MODE AND EFFECTS ANALYSIS (FMEA)
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Prepared by: José
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Chapter 4: Results

The project increased the Bekido Rate of the Bead Manufacturing Line # 3, from 36% to 54.6%.
These metrics indicate that the goal of the project was achieve. In order to prove these results it
was decided to analyze the data obtained by statistic means.

The two-sample t-test is one of the most commonly used hypothesis tests in Six Sigma work. it
will be applied to compare whether the average difference between two samples is really
significant or if it is due to random chance instead. This test will help answer whether the average
success rate is higher after the implementation of the project than before.

February 2008 Bekido Random Sample

25.60% 32.60% 40.50% 69.30% 65.60%
37.00% 60.30% 77.40% 36.30% 77.50%
45.00% 29.50% 38.10% 35.40% 45.50%
7.50% 6.60% 61.70% 27.30% 3.20%
25.20% 32.20% 39.10% 43.40% 0.50%
6.20% 54.60% 29.20% 17.00% 31.80%
42.20% 40.00% - 34.80% 29.60% 64.10%
10.30% 69.40% 21.50% 43.40% 15.30%
63.90% 9.50% 6.30% 33.40% 41.80%
59.60% 20.30% 8.70% 70.00% 36.00%

Table 4-1. BBF3 Bekido Rate Sample February 2008

April 2008 Bekido Random Sample

28.40% 22.20% 52.90% 51.00% 76.50%
43.00% 54.50% 71.30% 74.10% 83.80%
47.70% 84.00% 91.40% 61.10% 24.90%
27.10% 49.10% 81.90% 84.80% 62.80%
51.80% 49.00% 52.60% 57.60% 48.40%
28.30% 29.40% 47.00% 60.40% 53.90%
54.30% 91.40% 33.40% 28.50% 89.90%
61.50% 51.30% 43.00% 105.20% 38.10%
74.60% 29.80% 60.70% 66.80% 51.50%
68.80% 53.70% 77.60% 65.10% 68.90%

Table 4-2. BBF3 Bekido Rate Sample April 2008



In order to perform this test both samples must be normally distributed.

Probability Plot of Bekido Rate Samples February and Apri 2008
Normal - 95% CI
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Figure 4-1. Probability Plot of Bekido Rate Samples of February and April 2008

Since both samples have a p-value above 0.05 (or 5 percent) it can be concluded that both
samples are normally distributed.

Boxplot of Bekido Rate Samples
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Figure 4-2. Probability Plot of Bekido Rate Samples of February and April 2008



Two-sample T Test for February Bekido Rate Random Sampla ys. April Bekido Rate Random
Sample.

HO: Mean1 — Mean2 = 0 (The Bekido Rate Mean of April is not bigger than February)
H1: Meanl — Mean2 < 0 (The Bekido Rate Mean of April is bigger than February)

N Mean StDev SE Mean
February Bekido Rate Random Sample 50 0.364 0.209 0.030
April Bekido Rate Random Sample 50 0.573 0.201 0.028

Difference = mu (February Bekido Rate Sample) - mu (April Bekido Rate Sample)
Estimate for difference: -0.2088

95% upper bound for difference: -0.1407

T-Test of difference = 0 {vs. <}: T-Value = -5.09

P-Value = 0.000

DF =97

Since the p-value is 0.00, we reject the null hypothesis in favor of the alternative hypothesis. It
can be concluded that the mean of the Bekido Rate of April 2008 is bigger that the mean of the
Bekido Rate of February 2008.

This project was able to increase the sigma of the process. On the next table the increase on
sigma before and after the project is shown.

February April

Sigma = 3Cpk 0.9 0.15

~Sigma Delta = +1.05

Table 4-3. BBF3 Bekido Rate Sigma Level
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Chapter 5: Conclusion

Throughout this project Six Sigma methodology was applied to solve a practical situation in a
manufacturing enterprise, Bridgestone Neumaticos de Monterrey. This methodology, which
consists of five phases (Define, Measure, Analyze, Improve, Control), provided the necessary
guidelines to approach a specific problem, offering the engineer all the crucial logical structure to
solve it. Defining the objective and scope of the project, measuring and understanding actual
conditions, analyzing critical factors that intervene in the process, implementing corrective actions
to eliminate or minimize those factors, and developing contingency plans in order to maintain
effectiveness of the implementations. Simple tools like cause-and-effect diagrams, histograms, run
charts, control charts, Pareto plots and process capability plots, are greatly useful to define and
understand the behavior of the process, find root causes of problems, think of logical solutions,
and monitor the impact of those solutions.

This document was developed under Six Sigma methodology, the project obtained satisfactory
results since it reached the goal proposed, proving that this methodology is an easy and practical
tool for approaching and solving problems in a manufacturing environment.
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