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Abstract - The objective of this study is to reduce bearing
installation cost, and to increase important capability
parameters such as, bearing height, bearing pitch, and
bearing roll in order to increase the overall process
capability (Cpk > 1.33) of bearing installed in Head Stack
Assembly (HSA) by applying Design for Six Sigma (DFSS).
DFSS aims to prevent reoccurring of production process
problems of the existing/future products. The design is
based on customer requirements. The result of the study
found that unit cost of bearing UV-Cure Glue process of
bearing assembly in HSA can be reduced by 6.77% in
comparison with Thermal-Cure Glue process. However, the
initial cost reduction target was set at 10%. The breakeven
unit of the new process is 1,766 pieces or 0.32 day (7.68
hours) in production time. After the completion of the

process capability (Cpk) development, important capability
parameters such as, bearing height, bearing pitch, bearing
roll were calculated with the result of overall process
capability greater than 1.33 which is a quality pass of
customer and development team requirement.

Keywords - Design for Six Sigma (DFSS).
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Bearing UV-Cure Glue

PROBLEM STATEMENT GOAL STATEMENT

1. High Unit Cost at Bearing 1. 10% Bearing Attach Process
Cost Reduction/Unit.
2. Maintain CTQ Cpk > 1.33 ;

Brg_H, Brg_P and Brg_ R.

Installation Process Due to Many Bearing
Fixtures. Glue Process Thermal Cure Cost
is Higher than T-Ring Process 0.14
$/HSA.

DELIVERABLE DUE DATE TEAM MEMBERS

1. Fixture & Station Design/Sep - 1. Project Leader : Kun S.

Nov 10 2. Project Member : Monchai S.
2. Procurement /Dec 10 3. Project Member :
3. Fabrication & Assembly/Jan - April Ratthaphom K.
11 4. Project Member : Amarin W.
4. Debug & Optimization/May - Jun 5. Advisor : Channarong A.
11 6. Champion : Prapan A.
5. Qualification Build & 7. Customer : Manufacturing/

Summary/Aug 11 Maintenance/Quality /Replication/

Industrial Engineer.

mi’nﬁ 2 Project Key Metrics 4 DFSS waz DMAIC

Project Key Metrics T DFSS uaz DMAIC

Primary Metric:
1. Unit Cost Reduction (10 cent/HSA)
2. Bearing Parameters
- Bearing Height Cpk > 1.33
- Bearing Pitch Cpk > 1.33
- Bearing Roll Cpk > 1.33

Secondary Metrics :
1. Other Bearing Parameters
- Bearing Push Out
- Bearing Torque

2. Mechanical CTQ (PSA/RSA/Tip Height/Tip Pitch/Tip Roll)

Customers Group:

Manufacturing/Maintenance/Quality/Replication/Industrial Engineer
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Score 108 108 108 96 69 65 63 59 45 45 15
Percent 13.8 13.8 13.8 12.3 88 83 81 76 58 58 19
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ANT197 5 KPOVs uaz KPIVs Aidnaaialdnn Transfer Function

]

Item KPOVs KPIVs
1.1.1 Design Shape
1.1 Bearing
1. Materials 1.1.2 Dimension/Tolerance
1.2 Hook up 1.2.1 Leverage From Last Model

2.1 Bearing Fixture 2.1.1 Bearing Fixture Designed

2.2.1 Nozzle Position

2.2.2 Speed

2.2 Moving

Mechanism

2.3.1 Nozzle Diameter

2.3.2 Pressure

2. Mechanic Sub

2.3 Dispenser 2.3.3 Dispense Cycle Time

System
2.3.4 Flow Rate

2.3.5 Glue Volume

2.4.1 UV Intensity
2.4.2 Curing Time
2.4.3 UV Distance

2.4 UV Genererator

2.3 O (Optimize) Phase
KPOV__ 1st
Height annfigalasldnannnyued Tolerance Analysis aMaILKING

mMIaTeR KPIVs NAnansznu@a Bearing

Monte Carlo Simulation ﬁmamwaﬁﬂugﬂﬁ 2 ifuﬁa Bearing Slip
Ring 7ildn Sensitivity Analysis 953 efifiud ¢ PNC
(Probability of Non-Conformance to Specification) Wihnu 3.96 ‘fi\‘]
fNTNAANZUIBRERezAATAL Bearing Height LYinfy 3.96
Fulududn Cok = 1.64 ‘[mﬂmmeﬁag’ﬁ' Cpk > 1.33 wafloanan
inunasininnuels o Tolerance 189 KPIVs anamansay
MTU KPOV

KPOV_ 2nd sansowszezldivindiy  0586"  eudloaium
NA331% 0.002917 @TﬁLLﬁﬂdi%Eﬂ“ﬁl 24 HaAWETITUE s
FLUTANUANGIFATAITUYAL 0586 + (3°0.00291) = 0.5947
Taoflszuzanvassosnmariiy 0.61” ugaiin 0.586" (Juszuzan
maotﬁuﬁmmmuimﬁﬁaL%;J"lsjns:ﬂuﬁ'm:U:@‘iﬂqmaﬁ'mma
yudndoaun 0.00291” Tolerance +/-30 LlagnamsfuImaINy
Snvaaduraeinmsaemsiisunuinduunaad HSA laold
WANN13V8Y Statistical Tolerance é’auamwaﬁa‘lugﬂﬁ 3

KPOV  3rd munsamscesldindy 0567 dudpaiun
N1A331% 0.002917 é’auamlugﬂﬁ 25 naaWsTeeUi s
FLULANUANFIFAVAITUNIAL 0586 + (3*0.00260) = 0.5748"
Taoflszuzanvassasmaiiy 0.617" ugasin 0.5748" 1iluszes

ﬁn*’namiuﬁmm:mﬂmUﬁﬁ";Liuvlajﬂsmuﬁmw:@‘hqmaﬁfadrm
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lEwann3ua9 Statistical Tolerance é’mamlugﬁﬁ 4

KPOV_ 4" wuin lifumasufidesnis ualluwefidnnin
i@ 0.0095” N4 Project Team 39¥imstaniadnamia 0.0095”
gmsunszuaumslngil laoua ﬁﬂmmmmmﬁmhuguﬁnmwaa
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Bearing Height Transfer Function

Monte Carlo Sample Size N =] 10

017814125 ¢ X4 o X5
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| DO0E+0 | 83305

gﬂﬁ 2 namsiaaslamanisiiauas Bearing Height UWag HanN3

AT KPIVs @3kl Monte Carlo Simulation
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gﬂﬁ 3 MIfwImaNNAN Il NN NIAaMSaUNURY
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2.4 V (Validate) Phase

wasni ladmasruaefvanssuldun  KPIvs  luudaz
KPOV usevimsmasauiiaiusunannmstmuasn KPIVs 1
LANNZRAN ANNNINARIUIENaY  Cartridge 841 Hook Up WANI3

ﬂ(ﬂﬁadﬁ?ﬂﬁ\‘]@l’ﬁ’]\‘]ﬁ 6

a7efl 6 wanInasadlugldinats dudosuuwinasgiuuszen

@ﬁ”ﬁﬁﬂmumuwsnlul,l,@ia:ﬂixuaunﬁﬂi:ﬂaumé‘ugn'ﬂu

Mean

cTQ

Bearing Install UV-Cure Glue |  Bearing Install T-Ring Bearing Install Thermal-Cure Glue

Bearing Height 0.000199 0.000074 0.000002

Bearing Pitch 0.03450 0.06800 -0.01970

Bearing Roll 0.00257 -0.01510 -0.00928
Sigma

cTQ

Bearing Install UV-Cure Glue Bearing Install T-Ring Bearing Install Thermal-Cure Glue

Bearing Height 0.000260 0.000428 0.000273

Bearing Pitch 0.02560 0.03015 0.03350

Bearing Roll 0.03889 0.03690 0.04316

Cpk

cTQ

Bearing Install UV-Cure Glue Bearing Install T-Ring Bearing Install Thermal-Cure Glue

Bearing Height 230 148 246
Bearing Pitch 1.50 0.91 1.30
Bearing Roll 1.69 167 147

'mnmi'm“?i 6 KPOV ﬁﬁﬂﬁryﬁa 1) Bearing Height 2) Bearing
Pitch W&z 3) Bearing Roll W91 n3zua%n17U32nay Bearing UV-
Cure Glue ffnGTRAINIENNTAVEINTZLIN M3 ( Cpk) T8I 3
KPOVs annnin 1.33 nunmaidsziiin

A = a ) o A
AN 7 Lﬂmummumunumaanszmumsﬂs:naumaugﬂﬂum

u HSA luudazATnsdaznaunseanimuaziduauasduyuiulu

\ ad
waaz2AsNTlsEnay
UV-Cure Glue
Thermal-Cure Glue
Bearing Install Cost without Sleeve Delta Cost
Cost/Unit
Cost/Unit

Total Direct Controlled Costs $0.407 $0.325 $0.082

Fixed Costs $0.345 $0.345 $0.000

Other Variable Costs $0.423 $0.423 $0.000

Scrap Cost $0.037 $0.037 $0.000

Total Cost $1.212 $1.130 $0.082

Cost Compare $0.082

o : .
IANAIINN 7 WU'J']ﬂi:U'Juﬂ']iiJi:ﬂE]ll Bearlng UV-Cure

Glue mmsna@ﬁunumiﬂi:nauﬁa%umw 0.082 US$ %38 6.77
wasidud wWisufsununszuiumstszney Bearing Thermal-
Cure Glue L48991n&1NN50a6 Direct Control Cost 1@70.082
US$/Unit
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F13u ’gﬂ@ﬁ:u“qu"u 29NI¥UIWNNIUIENay  Bearing UV-Cure

Glue %a991NW1% Validate Phase ffu IMNFUNIT

UFUNmNES X = F/(P-V)

F= ﬁ%numﬁ = é1l418 , Scalar Robot + UV Generator and
Chamber = 1,000,000 B = 33,333.33 US$

P = 30 US$/Unit

V = 10 + 1.130 =11.130 US$/Unit
F9ti USannunda X = F/(P-V) = 33,333.33/(30-11.130)

= 1766.45 = 1767 Unit

FarudasfinsnGa HSA w1nnin 1767 Tu F9AUNU WIDHAA
HSA = 1767/5514 = 0.32 % (7.68 T2lu4)

3. 871

MNMIAnE Wi nazvaumsdszneuasugndulu HSA lan

NMALUWAIAIBLRS  Ultraviolet  wWuinashanuaInninvad

a ' € v o 2
NITUINNIT (Cpk) ¥A1WINNIN 1.33 AUNUNTENIAKAVBIANGN
memwuﬁ'@umﬁﬂuﬁunu@ia%ﬂ’mm:mumsﬂs:namé’u

antlulu HSA lasniauuridluuss Ultraviolet IN1TDRAGUNY

U q

LﬁaLﬁUuﬁ'uns:mumsﬂs:ﬂamé’ugnﬂu‘lu HSA lagn1iauuws

faauTaw (Bearing Thermal-Cure Glue) ¢ 6.77 tasidud

(%

nnhwang 10 Wasiduad Lm:ﬁﬁmqunumswﬁmﬁ HSA 1,767

9

Fu %30 AN 0.32 %
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