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II1-2. DMAIC

‘ALl E A A BAHQ 64 Tn A AW A

1]

=

i

E AA (Define), &4 (Measure), 2] (Analyze), 7§14 (Improve), ¥
2] (Contro)®Z T4 %+ DMAIC AlolES wel Fdx] dolx EIFE
P ol A AR 8-S ofgflef ol

2R (A YT 5(2000), &3] 5(2000)).

HaE 9% Zzde 252 A4

ol

oful AFFARC] "SAAME LAMNY £F A AR HEA =
g9 AN 1 ZRAE WAt 4 B PAL Felss zz
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Flange Rungut scrap ratio reduction from 1.4% to 0.5 %._

Project Title:

From ... to ... statement (Flange ru ittolerance will be changedfrom 50microto 20~25micro due to customer's requirement »

Project Number: Sp-0701 Last update: 22 of Nov '07

General information

Division: Car Comer Business Unit: HBU
Site or location: Product/Service Family: HBU Bearing
Belt: Category of Project: ™ Black Belt

Project Sponsor: I Green Belt

Strategic Impact: T~ 10% Profit Margin Level
R ETy I~ 6% Growth per Annum

Deploy Ch

Process Owner:

Project Team Members: W Zero Defects

T~ Zero Broken Promises

I Zero Accidents

— Quality/GB

— Process eng.
S/Chain I Zero Loss making Business

-
engineering/GB Beyond Zero

Controller: Project Start Date: Mid of Jun'07

Project Receiver: Project Target Completion End of Dec’'07

Who to handover the Date:
projectimplementation to, if
itis not the Project Sponsor)

(29 6] Z2AE Chart -1/2 (AA)

(7% 6]¢] ZEAE Chartl= 24 87 APS B, &4 s
% $9e A6 A3 Tited TAN FEE FUSR00, LA
& }

A ogge AN sl ¢ 4 549 AN 2%

hid

of Al AAtY 7|&E, FAE Supply Chain¥® o 93x =2 FAH
eSS Y3 9 WEES A3

W
H
ol 22 AE AgF HEA3F @8 A4, 25 Resourced] 2 A3gH A

el Wk Al dEE grisilen, a8 A £ 2 2
g
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Aol we F5de A 7l el tiaide W§riste], A 99
hy2 o 3) =) O =
AR exsh Bayge BEE FHsksich
Element Description Charter
1. Problem Statement State project’s problem and The flange runout tolerance will be reduced from 50 micro to
background, ("What, where 20~25micro due to the customer's requirement to improve

when, who, why, how”)

the break efficency. The customer's assembly tolerance with
break disk is max  micro.

External Customers

most critical requirements.
(Include the projects "CTQ's")

2. Process Impacted Describe the Process where -. FIR Tuming Process
TINOV oMM Cppariimey - FIR Grinding Process.
exists

- Assembly
3. Benefitto Internal and | Define the customers and ther | External customer

-. Customer satisfaction including vehicle driver,
- Rejection ratio reduction al customer's assembly process.
Intemal customer

- Rejection ratio reduction at flange runoul inspection
process

4. Benefitto the Describe Project relevance 1o | - Improve the customer satisfaction because the customers
Business 1he_bu_sms_r._s "?‘“"9"“‘“’ are doing re-assembly to reduce disk runout in customer's

objectives; i.e. increased profit
margin by reduced cost by: assembly process.
increased sales & market
share by, reduced customer
complaints by, improved
customer satisfaction by, etc.

5. Constraints Descnbe any constraints which | -
influence the project

6. Project Scope Define the part ofthe process | Included:- FIR final Tuming process
(stattand end pq'm) SN - Intemal transportation process
product(s) that will and will not
be investigated. -. FIR Groove gnnding process
Describe how the projed
conditions are when itis ~ Workedl 1
finished, e.g proposal, -. Flange munout inspection process.
investigation, full or partly
implementalion elc. Excluded: - FOR Gnnding/Tuming process

- Final visual inspection.
(1% 7] Z2AE Chart -2/2 (4%)
3 hva 5 LA = 3z ey H
ZRAE B3 MA DA A e FAk e FdA 3 BF

_27_



Mo

oy
=
!

oo

®
Ho

oy
&

4
N

o

—_
fiTe)

ﬂAlO
L
oj
i

o
o
,mo
)

wh

]_

=
=
<]

3ol

7] =

S

BN

571 9

7}3
[e)

=

[e]

|

L

AEE
AEAA 719 R&R

]

1o

an = IS
— X

=4 Al
=7] ¥

S AA E#ZE(Potential Rejection Ratio)©] &} aL
E 9]

]

A
A

=

A (Measure)

=

=

2.

8l

bol A3} grel o]}

S

ol
il

<A

2071 ¢

bol 1=

)

0

HE

=

=

22.19(AHs 7

=

| A== (29 919 [29 1119 2ol Gage
=1

1akdaL, z-s A7l o

A& gl

=

R&R o] 18.74(5 & A5 71)

of Al

rvze]

X
Ho

N

(229 819 o], @
AAE UD A& AL 7o)

-
R

B ZA AN g Aol

ol A AR&5

=

=

_28_

skt

AL



Holg A=
thold Ale] =)

[ 9le] Axpol Aol o]

—~

itk Gage R&R Wi &

S

ol =% HAAFT Gage R&R E41& A

—
o

o)

Ho

T
)

Mo

™
P

Aol A 2 A

3

oL
[¢}

#9)

ol o 207 =

3

hyA
ar

HAd =

—_
file)

ol

AR T gt Ao, [y 9]¢t

4

(Repeatability) ¢} 54 =S 3

3

o

i
o

—

B
X

0

A

A=

77

ol

0

X
_ZTI

T

jant

el
il

=H

214 747}

% 9]

) LAY =

g

=
=

21¢] 47}

% o)

_29_



AFE9 =4 A¥E(Reproducibility) 7} L8 ZE & 2z EA50o] F

Gage R&R (ANOVA) for Runout value
Reported by: 9P Seang

Gage name: Runout gauge Toemne: 20 mico
Date of study:  17thof Sep07? Mic:
Gomponents of Variation Runout value by Part
= 24
# L i 18
& oo &
a " =
Gage RER Repeat Reprod attoFat T e L
Part
R Chart by 0perator
DH Lee 15.Cha = Lo Runout value by Operator
£ 24
€20 T , uCL=343 = ] =
: ' " g g §
=
415 Al ik /’If \/\ £ s g 5 g
E 4 aved bl reeee Ii e 8 g g g
® 4 | i
b R oA L= E Cha Mzle=

o atbor
Xbar Chart by Operator Lk

= DH Lee | 15 Cha T iz Le= Operator ® Part Interaction

| | 22
\ i TI b1 ﬂ\ g 3 N 18 H
Y L A 1 . ?ic_ : 95:
HV V\’I i 4 Vﬁvﬂvﬁi J‘V%V\fl = ‘\4‘/\ //ﬁ\ ”J{\ ,[

3 4 5 s ¢ 8 8 .18
Part

i

Average

Sample Mean
o

Study Mar %Study Var % Tolerance
Saurce StdDey (SD) (10 » 3D)  (%3V] (3V/Toler]

Total Gage R&R 1.06265  10.6265 18.74 53.13

Result : Measuring system is Acceptable

(18 9] =% A=7]d izt =3 Al2" 24 Ay}
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Gage R&R (ANOVA) for Measurement
Reportedby:  SPSecng
Gage name: Automa tic Runout gauge Toerance: 20 micro
Date of study: 15th of S=p'07 Msc
Components of Variation R Chart
450 e UCL=4,762
&
s
‘i 300 o 3.0
w
0.0 La=0
04 1 3.8 7 9 11 13158 1719
Gage R&R Part-to-Part Part
Measurement by part2 XBar Chart
15
s N A AN |
R A \/\\/*9-9’
) u L] LCOL=8.07
£ s V V
w
0
123435 7T 0UBUWESTEED i1 3 & 7 8 11 13 15 17 19
part2 Part
Study Var %Study Var %Tolerance
Source SidDev(SD) (20 » SD) (%SV) (SV/Toler)
Total Gage R&R  1.04881 20,9762 104,88

Result : Measuring system is Acceptable

[2% 11] A& A5Vl dE 54 A28 24 23
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» Flange Runout Capability{continuous sampling):
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g, AAe] e, A2} Adu e 58 ] Abe), x2el & wA-§ Tool
of Al F A Fwd W T F 19 T2 98 Werh AFHA
i, oo mE F8 WFR AAF FWA ok Aol == FIR
SE FAA ol FUEsF AAHE Y FaW FHAE & 5
ALt

:3’222 m}:m Flange runout scrap % reduction ( FIR Turning )

S 1 P [®) [

Suppliers Inputs Process Outputs Customers

Turning Utility

Clamping Jig
and Tooling

Turning program
& Set up data
Woark instruction

Transfer Handling

Operator

___Nodirts

__Stable tool life

Proper caolant
Stable Coolant
Pressure/Qty
(Min  bar)

_Stable ele. condition

Stable clamping
Clamping variation

__Jig concentricity

Proper feed-rate
Proper RPM

Stable Removal stock
Proper Cycle time
Setup instruction
Operating instruction
Trouble instruction

__Bite change instru.

No dents
Training records
Skill evaluation

FIR 3rd Phase
Turning

Prowders of the requIrcd  Resources required by the  Numencal o Top tevel Srthe D Trom he Tumeneal requirements on (Stakeholders who pIace
resources process. actiuy process outputs the requirements. on the
outputs)
Requirements Requirements
|
FIR turning process  Heat treated ring Drawing dimension
s n 1 grindi
material specification Turned FIR Eltitest:: Max Internal gringing
— I iy il ‘micro Operation
Flan ]
Turning bits Counsumbale tool langs Runout
Max micro

Daily Production
report

Worn consumable
tool

Measuring gauge

reliable gauge
Calibrated gauge

Unloading &

mowng to FIR Grnding

No damage/scratch
Other dimensions

Efficiency Management team
Scrap ratio S/Chain team
D-time

Production gty

Cycle time

Waste of consumable S/Chain team
tool EHS

[

[z 15]o A 9 o], <12}
B IEEHe e E
Consumable tools(*] 4]
F%, A% Aol A
e (o] F

FH ), 3 wAlE

a4

14] 37+ A

Bl =
==

AF Aol gk SIPOCH]

TA Fo JEWMFrE M2 FHPorR
°of 4 AdH, A FTAAA AEHE
oju}f ~E) d2Hg FHE IH HHY oH, ¥

, A Ao b, A4t cycled] ZE IR
3 2w A By AE, 721E cycle time A A

Setup data e, AdH]
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el A AR NG, AT s 2 AuF 4 5 F 97
Fo 9Y Wt ARHYD, olo] e Y WEE HAE FdA
obgol PFE F ANF FIR BES Fd dolgat FuUws} 44
P e $EYe & 5 A

Process Name: H3 Flange nunout scrap % reduction( FIR Grinding )
Process Owner:

S I

P o) Cc

Suppliers Inputs Process Outputs Customers
WProviders of the required Resources required by Numercal requirements  Top level description of Delw erables from the Numencal requirements  (Stakehoklers w ho place
resources the process on nputs the actwviy process on outputs the requirements on tha
outputs)
Requirements Requirements
Ring Loading I
\|FIR Grinding process FIR tumed ning Drawing di
material specification |Finished grinding FiR F'atmess :Max  Intemal customer
| imicro (Assembly)
. Concentiricity : Max
Consumable tool Whesl specifiction micro
Wheel dimension No damage/scratch
Stable tool Iife Dthers ceayiny
dimension
Grinding Utility Proper coolant
Stable Coolant Daily Production Eficisiic Madigosant isami
Pressure/Qty report ¥ g
Clean/functional Scrap ratio S/Chain team
Sléb!g electric D-lime
conditien
Clamping Jig Stable clamping Production q'ty
and tooling Clamping variation FIR Grinding Cycle time
Jig concentricity
Lo Proper feed-rate Wom consumable Waste of consumable S/Chain team
Grinding program tool tool
Proper RPM EHS
Stable Removal stock
Proper Cycle time
Work instruction Setup instruction
Operating instruction
Trouble instruction
Wheel change
instruction
Operator Training records
Skill
Measuring gauge reliable gauge Unioading &
Calbrted gaupe
A 7 = Ie) o] I~ = =
[ 15] FIR 44} 340l digh SIPOCe] Y HHFel S
1 3Lz 0] 2= o] 2= = A} oL =]
[ZH16]A 9 Zo], 2 T8 F8 JHHFEe A2 FFo2R
LI Tl 1 hey A = Ire) 3T ey hey A & A =i}
H gass drteeed w4 4H, 29 42 ¥H5= FOR &
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SIRel wd A, ol% W, Al vlold Astel dash #4F
(Stud, Cage, Ball, Seals, Grease %5)2 %32 e, Z% 2 A HA
(Setup A3A, A ARA &), Anjd Ad=e] 71 A, AAHS
NHE L ARF FUE F A F2 A WSt AgHQw, ol
e 9 WER dAFe] F9A ek fa A4F T4 VIE5E 50
gkl w9,

Process Name: H3 Flange runout scrap % reduction( Assembly )

Process Owner.

S | P 8] C
Suppliers Inputs Process Outputs Customers
Providers of the required required by Top level of Dely erables from the T who place
resources the process on npuls the aC‘le process on autputs the requirements on the

outputs)
Requir t: Requirements
Ring Loading
Assembly FIR Ground ring Deawing dimansion |7—I

material
specification

FOR Ground ring

Drawing dimension

matenal specification

SR Ground ring

Drawing dimension
matenal specification

Transfer

Not dents
Clear mateirals
No dirts

Components

Stud

Cage
Ball
Seals
Grease

Waork instruction

Setup instruction
Operating instruction
Trouble instruction
Wheel change
instruction

Operator

Measuring gauge

Training records
Skill evaluation

reliable gauge
Calibrated gauge

FIR Grinding

Assembled Bearing

Flange runout :
Max  micro

No damage/scratch

Others dimensions

OEM Customer

Daily Production
report

tool

Efficiency Management team
Scrap ratio S/Chain team
D-time
Production q'ty
Cycle time
'Wom consumable Waste of consumable S/Chain team
tool
EHS

Unloading &
moving to Assembly
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Process Map

Project Title H3, Flange Runout scrap reduction from 1.4% to 0.5%
Belt | su | | Date: 20070321 | Version: 2 1 Page 1
Input | class | | Step || Output [ Hotes
[ FIR HEAT TREATMENT |
PROCESS
Heat raated dngs [+ Einish Turned Ring -
Set Up Data c Crawing Dimersions=
c
E
< FIR 3rd phase turning
9 Appesrance (visusl) =
2 i
-
gl Einish Ground Ring ;
c Drawing Dimensiors
i FIR Grinding
s AL SHSLA
s Apoesrance (visusl) =
Jig & Todling c
| Production Fian c
| 1R oround rings = Assembled Ring ;
G Flange Runcut
S Appesr ance ( vis ual) =
s Assembly
=
=
P
b=
~
e
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Potential Failure mode
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Failure mode®™
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FMEA Nurnber
Item or Process HBU3 Flange Runout Process Responsibility Prepared by
Product /Sewvice Family Key Date PFMEA Date (Orig) _2007. 10. 07
Core team
: Potential Effect(s) of s| ¢ Potential ro e o
Pr et mmem_'f”"z'”ﬂ Failure i e I |Cause{s)/Mechanisms of|r ¢ | Current Process Controls |t e E
DoeEs Stop o8 de(él;s'?é)} 1 (customeroi A 0IX1= 2t v |® & Failure(failure modeg| [e © Detection it N
= o7 bel|l s 21012 nu lo e
FIR 3rd phase FIR Flange inclination & Jig and Tooling error.
' Jig & Tooling too higher flatness  [higher flange runout after (Wrong clamping + wrong Resetting check sheet 16
assembly Parallerism of tools)
x (Wrong clamping due to Jig
sl w‘:'w Over:Soigot Fumoul. ond and tooling ar spc operator 70
error
Wirong clamping or
Too higher runout FIR Flange inclination clamping dewviation during No inspection standards 400
foading v
Dents after 3rd pahse
"R:'”mm Transfer turning on edge of wrm a."“ Shﬂxﬂﬁz:mz and Visual inspection 280
No standard for internal
packing Visual inspection 196
FRgante; | Setonof | Mameromoson Over flange runout Operator setting error Resetting check sheet 160
Manual semi. auto
Manual transfer Dents on the edge of Over Assembly runout
Assembly and handling flange with disk ing machi;l; :;uETanual Visual inspection 196
too small chamfer on the
dts of Fiangs Visual inspection 196
1=
[2¥ 19] FMEA #4 W&
TC &
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ANOVA Anaysis:

F

8940 103

15
cla 2 20.5 10.2 1.00

Source DF 88 M3
Error 87

Total 89 914.5

| Result: No difference between turning machines.

Boxplot of FlangeRunout by Machine

Turning2 Tuming3
Machine

Turningt
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+ Data Variation and Normality Test : Process is stable. But, Need to be improved to reduce variation.

Individual Value

FlangeRunout

UQ=2058

X=10.83

La=1.09

28

37 4% 58
Obsenation

64

7

82

Probability Plot of Runout
Normal
989,
Mean 10.83
» s StDev  3.206
= ] 90
. AD 0.513
53 P-value 0.189
i
&
3
10-
5
1 .
al <
0 B 10 15 20
Runout

Individual Value

Flange runoug

B

23 17 2
Observation

s

* In some case, There is Special cause variation due to the damaged flange from unsafe handling.

UCL=30.91

X=11.68

Improving Strategy:

1. Improving a stable process by reducing the
common causes of variation.

2. Improving an unstable process by eliminating

the special cause of variation
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4. 7§ (Improve)
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FMEA Nurnber
ltem or Process HBU3 Flange Runout Process Responsibility Prepared by
Product /Service Family Key Date PFMEA Date (Orig) _2007. 10. 07
Core team
Potential Effect(sjof fr S| C Potential ro e o
B S m";;“ma Failure i e 5 1 |Cause(s)/Mechanisms of|r ¢ | Current Process Controis |t e 2
S il i ony (customer ol A DI&IE= 2t v |* o | Failure(failure modes] |e < Detection 0G| P
- o1 be| s 21017 n u o e
FIR 3rd phase FIR Flange inclination & Jig and Tooling error.
turning Jig & Tooling oo higher flatness  |higher flange runout after (Wrong * wrong ing check sheet 16
assembly Parallerism of tools)
|Wrong clamping due to Jig
too higher ‘Over Spigot Runout and
Concentiricity FIR Flange inclination and lM»g' :;anwmam SPC control by operator 70
Wrong clamping or
Too higher runout FIR Flange inclination clamping deviation during No inspection standards 400|
Tloading -
—_——

[ 23] FMEA ¥4 F8 949 s

wetA FMEA A3 3 $AAE #4235 7|+6
9 b v AR CAE G NS B mAE

T 7R A el JEAHoR AAFHA

il

b, Z A A2 gd s Ad) QA
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Improve Toolings in Finish Turning to reduce variation.

> Current Chuck : A. 2 Directions Movements.( X & Y Direction )
B. Limited Clamping Force.(xinch size)

> New Chuck : A. 3 Directions Movements as below drawing.
B. Powerful Clamping Force.(xx inch size)

New Tooling k — T
| e | s g 1 ; ;
L I ii i]‘ y X, Y & Z Direction
::-.;. | [ 1-‘. . XX il"lCh ¢ ;e = , !
T { ) LT | 3
I __1—=% A i 3
‘ =y ‘ ;_i- S |
il {1 d = | !
L T 3 N X
== (I .|
) |-
p= e 5 1{‘7’ I | Ry 2R ! |
‘ 1 == | % .
== i PN
=1 I ———— 2 ]
= f 1 B i H Akhie i L E
I L | » [
| ] : ]

AFE N BIke] £24S 95kl idE =8E =0l HE t-Tests
a

# 25]3 #e], 7|
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A (Before) 3] 7F&A29] WA ol S /A (After) 37F3
Aol Z:MA Aol S FA7E gtk 7HA sfoll, ZH7+9] b
ol 3070 Wit HIAEE AHAAsEon HAE Ay P value’t 0.05

urk He 00208 ol AM EIb] U@ fol@ Aol} ok S
712ysks Eelst ). , Equal Variances Test ZL#|Z oA ¢} 7ro],
sdgt Ho R A (Current)e] AHEeF A (New)e] AH27E FA
o 5L = ©0 O 3 =] A o 5
Ao Fo% Aot das st S, ;A "opxo gk A
o = &LO L 2=
A AR RS A5 AdTh
* Difference between turning Tooling.
Boxplot of Current, New
Two—-3ample T-Testand CI: Current, New

s Before N Mean Sthev SE Mean

. After Current 30 1140 364 0,66

’ (N taols) Mew 30 960 244 045

o 12.5 ‘
3 | Difference = mu (Current) = mu (New)
10.0 \_\“@ Estimate for difference: 1,80000
T 95% Cl for difference: (019373, 3.40627)
2 ‘ T-Jestefdifference = 0 (vg not =) T-Value = 2.25
5.0 P =50
S = | Result : Difference between chucking types.
Test for Equal Varfances for Current; New * Modification about
e chucking system :

-. Capable chuck.
(8inch = 10inch)
10 5 10 40 45 55 55 -. Efficient chucking system.
ﬁ\immmﬁ!h
(2 directions clamping

-2 3 directions clamping)

ew| P———

Gt ] R R———————
M| ——— [ ——

0 75 wno s 50 125
Dota

[Z29 25] Al9F =l d3 t-H=E A



A Z2AEY dgo] FAld A HAH
MAE fle o] w9 ]9 3 BHRI~EY F9 55 T A7

g o] 7HA At Sl mAER EF Vhede SR eR AAd

Ade (27 2719 o], /MW (Before) H7FaA] ZAA Holy =

A A (After) I7bE Al ;A Aok FAALY FolAIt

U= 71 sboll, Zhzkel dlolE 30700 tiE HAEES A e o,
P

of W oRE HFs] 8 2 sample T-test® AAISA L, WA
[ 28]l A9} o] 7WAHd(Before) Z#A| "ol SAHZY MAF
(After) Z:A &op S FA7E vk 7B &fell, 2429
tolE 10070l g Bl=EE AAslon, HEE A3 P-value’t
0.05ETF A& 0.000& Lo 7B &fol] tigk Felg Aol7} gltk= 7}
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Add Chamfer on the edge of Flange Ring by Forging supplier.
> Current Design : Sharp edge.

> New Design : Chamfer.

[ Current Design ]

No chamfer

[ New Design ]

(29 26] A2 &4 A0 A
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* Difference between new designed process.
Boxplot of Current design, New design - =
25 *Two—sample T for Current design vs New design

Before

N Mean StDev SE Mean
20 Current design 30 1650 384 0,70
New design 30 350 136 Q.25

o Difference = mu (Current design) — mu (New design)
E *Bstimate for difference! 13,0000
10 *g5% CI for difference: (114820, 14.5080)

After

Result : Difference betweentwo processes.

Current design New design

(29 27] =Aels A9 7idel et t-Test A3}

Flange runout
see Before Afer

Before After

ua=19.42

R=8.51

Individual Value

121 41 61 81 101 121 141 161 181
Observation

T e Y

Two-Sample T-Test for Before and After

N Mea

Before 100 11 -

After 100 851 318 0.3 Result : Difference between
two processes.

Difference = mu (Before) After)

Estimate for diffe

95% C

: T-Value = 5.07 €-Value = 0.000)0F :/'r

[29 28] 2 sample t-Test 23}

e an, [2F] 29]el A 9 2ol oo wE o] dE WA FAe Wzt o
B oAZS 98t A A (Before) &
AEe] a7t gitk= 7HA s, Zh7he] ddite]l A E ulo]H o

e

EE AAEdoen, HAE ZA¥, P-value7t 0.06HTF A&
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>
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e
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(2
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Rejection ratio (Potential)

f Before 1.4% After 0.25%

Hm

U ! Sl"lllhudllt C h[lll”c‘
|
1
i
|
I
i

Proportion
e
:T.:>.
=]
=t
[
'T“‘

1 7 13 10 25 31 37 43 49 55 61
Sample

Two—Sample T-Test and CI: Before, After

Difference = mu (Before) — mu (After)
Estimate for difference:  30.6250
9% I for difference’ (237125, 37.8378)

T-Test of difference = 0 (vs not =) T-Value = 9.04 (P-Yalue = 0.000)DF = 31

(19 29] Az FAW &4 EFE Fo] 4 Az

5. &3 (Control)

7

01}1
il
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3
o,
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o,
X

#? A &an oz #dstr] 9], Fa &
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