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THAWISANEE PATTAMAPRADIT : ANALYSISOFHARD DISK DRIVE
SHIPPING COMB FAILURE DUE TO MECHANICAL FACTORS

THESIS ADVISOR : SOMSAK SIWADAMRONGPONG, Ph.D., 174 PP.

HEAD STACK ASSEMBLY/ SHIPPING COMB/ FAILURE/ EXTERNAL LOAD/

FINITE ELEMENT/ IMPROVEMENT

Head stack assembly (HSA) process is one of HDD manufacturing process
which assembles some of head gimbal assembly (HGA) with actuator. After that each
of HGA has worn by component called “Shipping comb” to separate and protect them
from contact each together and impact along process. Shipping comb has been used
until the end of the process, HSA will be taken to HDD assembly process while
shipping comb will be taken to HSA process again. The reuse shipping comb must be
check before using in the new process and found that there is damage shipping comb
like broken or bend that cannot use. The mostly failures occur at Pin, Latch and
Z-Latch respectively. These are important positions that whole use to assemble with
HSA. The reasons that make shipping comb failure cause from external load occur
during the process, cleaning and design of shipping comb model. Therefore this
research aim to study shipping comb failure factors by building fixtures to test
shipping comb in 3 positions and using finite element method to simulate stress
distribution. This research aims to find directions and force magnitude which cause
shipping comb damage also improvement model at weak point to increase lifetime for
using. From the study found that, Pin is the most failure form HSA process. Secondary
is Latch and the last is Z-Latch. From improvement shipping comb at these failure

areas, the new design able to obtain external load more than old design also



the maximum stress which occurs on the weak point is decrease. In order that, the new
design must be consistent with condition for assemble shipping comb into HSA.

Finally, this research data is for Seagate Technology (Thailand) Co.,Ltd in

considering adjust the new model later.
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MINMIANE Latch tuviay asnaaalugili 4.52 azwmsidonie 2 fian fe

a Y Yy Aa Y o 1A Y & 1 1w
1) Latch 9ztAan1ssoid imidiuiindidageniidndiunie ualidn

aaanalugii 4.52 (n)
1 k4

2) Latch 92990009104 HAARINE1IA 01 520 MTAINE9INTY Latch

I a = @ A [ A
AinaseERNIALAIN IUNgA Awaaslugili 4.52 (V)

b

JUMN 4.52 1AAIUTIWUMNITOH 10U Latch

=

[ P4 Qy a @ { Y
mMsUsuUgaun lvFuaunsnm Latch dandaalugdi 4.53 sl
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munhde

<
Hyun 1

<
HUUN 3

Fillet

A
Hyun 5

munhda

iag Fillet

<
HUUN 2

<
Hyun 4

A
HYUN 6

JU7N 4.53 LAAWVUUDY Latch 61 11in
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~ A Yo ¥ Ao ' Y 1o o Y
uuun 1 i ldgsuaiundinnlimsune 2 du

Qe

o 9 A

A A 1 Y 4 o A 09.1’ 9
WUV 2 N IR U 2 A iasiiy 1A UNVO UTY 2 AU

e

uuUN 3 N 1T 2 dunazond Latch suavoonliimasuaouuy
d' Q' ] Y 1w c?/l 9 d' [ 1 q' 9 1Y
U 4 it 1Fm i uNe 2 14 191% Latch duadeonuazinIAI5095Y
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NUOUNI 2 du
~ A ' Y 1w e ] ~ o ~ ]
uuuf 5 W 1Em uNe 2 411 191% Latch dua19eonuazi)asu TAauy
Y
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A A ] Y 1w 09/’ 9 A [ U A Y
U 6 uU IFIMIA U 2 AU 191 Latch duaeonuazilasu Ay

o Y Y} o A A Y o A o Y
@NﬂWﬂﬁh’i’LﬂuiﬂﬂllﬂﬂﬁﬁullﬁglwNiﬂﬂﬁﬂﬂﬁﬂ‘ﬂmﬂﬂﬂﬁ 2 91U

a 4 a 4 a 4 4 @
Tumsiasiziareas W ludeaud a2 lddeulvlumsnacouviiouiy
Y
N1SNATOU PinAo 31899015 1d THaANTZNIADTUIIUAIBUTIVUIA I N UAIANY

@ ' Y = A A a
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a d Y ag 4 a 4 % o

MHANITIAT1EHA2075 1l Tudedudues Latch nunilagiuezgniiun
] Y

nlSeumeuny Tuaan laase Inasail

a L4 a J a J %
® wamsuns1zHia1075 1Y Tudedwuavue Latch nunilegiiu

q i
<
5 5
S
AT S

Fur
o

B i
i,
A

{ a L4 A J a J %
5UM 4.54 naaawams 1ns 12191075 1 Tudodmuavued Latch uuuilagiiu

Y
%Wﬂwaﬂ']'i’JLﬂiT%ﬁGBu\NUﬂﬁ]ﬂ‘]jjufg]}?ﬂﬂ']iﬂﬂﬂl!ﬁﬂﬂﬁgﬁﬁJHT@] 1 N AQUana

Tugili 4.54 2zwua1 MamaNUAUFIEAUTIUYNVIHTIAAG U BUAA LAY TasTiaT

1 % = 1 [ = d‘ 1 9

MY 18.17 Mpa AMAT 8AFIgAMINY 0.008 naziinsilasuntasgiinlddreszes
Ay v a ¢

0.12 mm. Wai 1d91nMsAATIZHY

v
v

Y
HanyaAMYN UM IITIMIBUDITUIIUDT
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a Y ax d A 4 ~
L4 wamﬁama‘wwmmﬁ”lwllumaamumm Latch 4uun 1

- L 3 e
UnitMFa o5 S ) ‘(MV.?E

Time: 1
17/5/2554 0:02

R
GV N
A .

1
5

14.84 Max
12.2

11.55

9.897

8.247

6.598
4.948

2.299

1649
5.126e-14 Min

A A 7Y ax s a o ~
?j‘]J‘VI 4.55 mewammmiwwwaﬂaﬁ”lwllumaamumm Latch #uun 1

2 v Y
nanams iz ruaumu ldiiidune 2 A undleenusansei
1 4 Y
u1a 1 N asuaacluzdin 5.55 92nu371 AAAIANIAUGIGAYNYDITUIIUNG 2 AU
TaslA1NIAY 14.84 Mpa AUIATEATIGANIND 0.006 uaziinistlasunilaazisig

Tu@res2e2 0.11 mm.
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a Y = d A 4 ~
L4 wamﬁama‘wwmmﬁ“lwulumaamumm Latch #uun 2

Unit MPa
Time: L
174572554 (.09

13.54 Max
12.03

10,53

8.025

7522

6.017

4,513

3.009

1.504
6.44e-14 Min

A a JY as d A 4 A
317 4.56 uarnanams NI 1z1in 1075 1 TudiofuAved Latch nuna 2
A o2 A ' Y 1w o Y 2 Y v
INHANIT AT IZHFUINL IR AU 2 ez 1A 095
[ Y v
NvounN 2 Aundlreenusinsziivuia 1 N awaaslugii 456 wwuiimes nmdugege
2 4
a a @ a g a J T W
U300 BIFUIING 2 AW Tagszinailuusnauay « TAuNy 13.54 Mpa AR 8AFIGA

10 0.006 azlimanfasunasglsieldreszes 0.09 mm.
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a 4 A, 4 a 4 {
® pamsunIeHae3s W ludieaudaved Latch tuun 3

Time:
174572554 12:14

7.157 Max
6.362

5.567

4772

3.974

3181

2.386

1591

0.7953
2.005¢e-13 Min

~ a Y ad d A 4 ~
gﬂ‘ﬂ 4.57 Llﬁﬂ\‘lNﬁﬂﬁ’JLﬂiwﬁﬂﬁﬁl?ﬁllwhlum@amuﬁﬂlﬂﬂ Latch L4110 3

H ' A
n1sdSudgandla Lach Tunuud 3 agmnur 1dmiduns 2 auuay
{ [ ' 1w Y = a Jd o '
191% Latch dua1900n InMaouas uuuswAed wan1sunsizd awdaaslugil 4.57 agwun
4 k4
FUNUIZINAAANVAUFIGAVTIUYUNT 2 A1 TA WD 7.16 Mpa ANUAT IAZIZANINY

0.003 wagiimsulasunilasglielidleszes 0.01 mm.



110

a 4 A, 4 a 4 {
® HamsuAIeHae3s W ludeamudved Latch tuUN 4

IS

ol
et [

- .y
b T \.‘.;;

4.993 Max \
44383

38835

33287

27738

22191

16643

1.10%4

0.55478
3.1901e-13 Min

VAW
AR gy 4
Ty

TN

o
ks

o

=
S
A
Ay

~ a Y an d A 4 ~
EL]J‘Vl 4.58 l!ﬁﬂ\‘]?\lﬁﬂ’lijlﬂﬁ131’1@3831511"”1!@]&@?3!&”@61]@\1 Latch HUUN 4

v 1 9
n1sUsudgaud 'l Lach Tunuu® 4 vziiinldssessulddusuain

oa/‘ a Jd o ! 1 Qy a 1

M9 2 A 1InWans AT IzH Aauaaslugli 4.58 aznudn FuavIzmasIANUANGIgA

a 4 us/' 9 = Y =l [ =\ =y
V3w TR 2 A AMIAY 4.99 Mpa AuR3 sagaganiiny 0.002 taziinisn)asunilag
si519'lde5282 0.02 mm.
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a 4 A, 4 a 4 {
® HamsunieHale3s W ludeamudvod Latch tuUN 5

17/5/2

.

7.629 Max
6,782

5.834

5.086

4,239

3391

2543

1695

0.8477
2.786e-13 Min

IV
|

PATAPAYATA ,’ /
*_'_ﬂr

i

R
‘Eﬁ#'u AR

taman "g

A a dY as S A 4 A
51N 4.59 uﬁmNaﬂ13’;mﬁxwmmﬂﬂ"lumaamumm Latch 4uuUN 5

u

1nm3Usudgeudly Lach Tunuun 5 TagnisinIdslddunidida

Y

2 H H
YoIFUURAINAY asuaaslugli 4.59 aznud Tanvaznsnszaeaivesnufy

D.

Y S a { 2 o Y
adrenuLUUN 3 nazANUANgIgANdunaNAT IV UUBITUNIUNG 2 AuriouiuBndle

9
A Aa K

A1nNuAUgIganaiuiia 1Ay 7.63 Mpa A2101AT 8AFIGANIND 0.003 Laziinig

L)

nasunlasgislidaeszes 0.01 mm. FeliarIndiResiunuui 3
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a 4 =y 4 a 4 {
® HamsunIeHae3s Wl ludieamudved Latch tUUN 6

17/5/2554 12:04

4.915 Max
4,368

3.822

3.276

273

2.184

1638

1092

0.53461
3.224e-13 Min

~ a Y ad d A 4 ~
EL]J‘V] 4.60 l!ﬁﬂ\‘]?\lﬁﬂ’lijlﬂﬁ13Wﬂ383ﬁ17‘]1u@]1@ﬁ£ﬂu§]ﬂ19\3 Latch HUUN 6

[ v Y
v sdSulgaudly Latch Tuunud 6 Taonsimy TAesessulnnuguau
Qg/l 9 [ A 1T A @ 9 9 [ ~
M9 2 11 daaaalugiin 4.60 9znu DanBBEMINTLYAIVIANMAUATIEAULUDN 4
S Aa { Qy o’j @ J
HAZANUIANFIGANGURATIATIVOVVOIFUNIUNT 2 Mumilounudndie mnnudugaga
d' a dgl =Wl 1T o = 1w = d' 1 9
MAATUTANMNY 4.92 Mpa ANUIATEAZIGAIND 0.002 naziimsnlasumlasgsielilde
& A Y 2 Y A
3282 0.02 mm. Fa0A IndReIt U 3
n1seonuuuliulsaud 1y Shipping Comb Tudau Latch $1u2u 6 uuw
o ' : .
wasoagliuamsuaasainnudu anunies nazszezmalasuntasglila

aaaaalunisnean 4.22
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A 1 Y = A '
A1TNN 4.22  UFAIAIANULAU AULATYIA uazizazﬂmﬂawuﬂmgﬂin

F2 ' F
VoI¥UAIU Latch N'ldoonuuulniiiig 6 uuy

.4 ANUIAY . seozlasuntlag
aaun Latch ANNINTEA
(Mpa) gﬂ‘i'N (mm.)

1 suvilagaiu 18.17 0.008 0.12

2 U 1 14.84 0.006 0.11

3 LL‘]J‘]J‘ﬁ 2 13.54 0.006 0.09

4 LL‘]J‘]J‘ﬁ 3 7.16 0.003 0.01

5 LlﬂJ‘U‘ﬁ 4 4.99 0.002 0.02

6 uu‘uﬁ 5 7.63 0.003 0.01

7 Huwi 6 4.92 0.002 0.02

Y
a K (%

a Jd ! g 4 o
NﬁﬂWi?!ﬂin‘ViﬂTﬂ’ﬂle?{uﬁLﬂﬂﬂluﬂ‘ﬂ Latch 19 6 LHJ‘LILﬁ@L!nJTL%fJL!ﬂiTV\I

v
=

9
nFsuiousznneruaniligiule dwaaslugili 461

20

18

16

14

~ 12
g

2 10
172}
2

S 8

6

4

2

0

sovilegiy wuui BN 2 MNTE w4 HUUN 5 w6

9
=<

A = =} J Y A a Y
§“]J“Vl 4.61 !Lﬁ’ﬂ\‘iﬂﬁlﬂiﬂ‘ﬂmEJ‘]Jﬂ1ﬂ’J13JLﬂu’q\1q¢mlﬂﬂ‘llu‘Uu Latch ‘ﬂmguu

f1 Latch Noonuuy vy
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@ 9 9 [ ] oa.;l o3| =
Tuniseenuuy Latch uvvuilagiulditt 2 dru'ldmiduiusziiunad
' v A a A a &2 yyd v <
ApMs 199U Ao azan lomalunsidonieusd Latch Nenusonadulans 2 a1u Taeazmiv
91 Qs’ Yo o 9 A1 o ' o Blay 1 o yQy @
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=9 = Yo ] o alay @ 1 1 @ :JI ~q Y @
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< YYo ' 0 ° = Aa & yy oA
v laimseenuuy Latch Tl Taovimssrassnnudomoninatiu ldnadail
A ] Y 1w qul 4 o Y Y a dgl
1) myeenuuy Tyt Ivmidune 2 dusgildanuaugegamayy
a 09/' Y] Qy ' Y aa d? oa/’ 1 9 1 v I 9
VINUYUN 2 AUYDIFUNY tazA A UNReI LA oenI 1 Latch tuuilagiivaniios
N I N P A Y P
2) Moty Tagiul IHmMIAuNg 2 Muuaziiy 1A95995UNMINAAAIRIN
k4 ] [
M9 2 AUIZNUI AIANNAUFIgAIZIADUAINIINA IHL AN §erneuasziin1unna
e S
HUDN 1 18ntoY
A 1 T Y] u9.1} 9 A [ 1 Y =)
3) M3eanuuy Tagui 19N uIT 2 A1U1aze1% Latch 91819990 11i1HAD
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UABUUUITNUI ANUAUgIgan 18T uasanod19nINIie991INT282N1991NYAD 19D
v Y Y 4
dwrusnFuaugnusanszdiezduniuuilagiu duiuieainisaiuainnudu
2
Taunniuaruaueziinaunamanuaugegauinafenuiunuuilagiv

1 Y 1 [
4) myoonuus Tasmuu 19mITue 2 A1 101% Latch duaeonuaziny 1A

Q' 1 Y 1w qgj Y d‘ [ 1 d'
5) msesnuuy IagNyU R IMINUNG 2 AU 191% Latch dua1900nazlasu
v 2 A ), v & v v o W Yo
Tasesataesuanundlunuudananlfdlunun Ias mesz Idedeninotaes lu ldsunansen
v Y
PINTNAIAUTINUINTLHIATUTI9V0IF LU ez lASUNADE19UINADNITT VLT
o A & o Y I 1 Aa @ 3 [ dy 1
nsgi lunnassgi mduilymIvimaaiuu duiumsesnuuuanyuz il zyIoan

1 b4 4 ' 4
ﬂ’ﬂiJ!ﬁ'EJWWEI‘ﬁ@ﬁ]!ﬂﬂﬁuﬁU Latch M4 TUNANINUUIAILAZUUIUDUY UATUIIUIZIIAIUNA

&y

MmanuAugIgausnaReInuiunuuilgiv

' Y ' v
6) M3yvonuuy Tasul 1FmIA LR 2 @11 191% Latch dua1990n 1asuIfq

'
v A

2 A o Y v A sy Y o o & v
@lﬂﬂmﬂﬁb‘mmﬂyﬂmm‘uwﬂmﬂﬂl‘wuJuLL‘mﬂﬂmazLwaﬂmimﬁuwﬁmm]mmﬂm 2 AU

Y
= Y]

Y [
’i]Zﬁﬂﬁlﬁb'u\‘]']‘Lllﬂﬂﬂ']ﬂ’NiJL?a{ufl)ﬂfJalezgﬂ%jﬂaﬂﬂQTNLﬁﬂ‘ﬁ?ﬂﬁlﬂﬂ"’l}uﬂﬂ Latch 11 2 NAN19

=S A a d? 1A A A 4 3 9 Qy
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[ o I [
Tuniseonuuy Latch 1vdazdo98111999n013 169110 unaniws 1z Latch Ao

E4
a

Fudiuiios ﬂmumﬁmiﬂumﬁﬁ’m Shipping Comb [ Actuator §01ulunenmiionin
P53 AN ESTAAT YR Latch 14 6 10ud) S1doaiinsnaaoUI Latch
Force 3015 RIAAT MY Latch gnanudiy Actuator 18911157 Latch indeouit Tudheszez
A IS a J Ay Y 09-!’ 09-!} o Y
0.127 mm. titerdunmsngaia Tumai ldeonuuuuing 6 unutiuszamisoilyldau

4

Y
Taaoandoafiun1s 149114959 WaVDINITNATDY Latch Force YOIFUIUNI 6 11U AILTA

4
v A

Tums199 4.23 15 udail

l 9 Y
AN 4.23 HAAINANITNATDY Latch Force UDITUIMUN 6 LU

LL‘U‘U‘ﬁ Latch Force (N)
Latch yuilagaiy 0.66
HUBA 1 0.72
i 2 0.75
LL“]J“]Jﬁ 3 0.71
LL“]J“]Jﬁ 4 0.75
WA 5 0.71
WA 6 0.74

a J A4 a 2 A Y o Y o 9
INNANITAUATICVUIINNAVUUME N Latch ‘Qﬂﬁ’J‘JJLGlﬂﬂ“U Actuator LL@’J‘V]ﬂ‘H

A = Y ' ;’ = < 4%’
Latchlﬂﬁ’ﬂu%llﬂﬂ?]flizﬂz 0.127 mm. 9 WUIT Latch N3 6 LUUVILUAITULUILIININYY

v v Ed ] v
wlRusei Idiawiuniunuuuilgiudnies Feoglugreiannsod il Fauld
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433 99nuuuiullge Z-Latch
= C% [ d' =
91AM3ANYT Latch unvuilogiiv aweaaslugii 4.62 azwumsidering 2 glunu

A % a =S
f19 Z-Latch ﬁﬂllﬁglﬂﬂﬂﬁﬂmﬁﬂzﬂ

717 4.62 uaaagdiuumMI@eNI8YDe Z-Latch
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E4
A v A

9
msuSudgaud lFuauusina z-Latch Jdail

v

Outer Fillet

Inner Fillet

< <
Hyun 1 HUUN 2

317 4.63 UAAWVUVLY Z-Latch &uln

~ o A v A Yy 9
HUDUN 1T MNISTINN/aa iﬁumuimmuiumm Z-Latch

HUUN 2 msu/an Salaiu A Iuuenyea Z-Latch

o Y A { ' Y 9 3 J
msdSudgaunly zLach TagnmsiiutioassaruTasldvurimiudn
& A o y2 < 2 a VY Y o o v
vuntanieii ldFuauudwsu aalomanisidogl uadlredesinaainnisldau
A o 1 o I . .
WIMANA NN U119 Z-Latch Tinudanguilooasiilin1sden Shipping Comb
9 o 9 9 d? 1 a [ 3 (% U 9 Qdd’}d %
190U Actuator A0 15 I nTUNIUAN FariumsUSul s lvdedFitedaoen i
a 4 a 4 a 4 4 Y]
Tumsiaszyiae3s 1l ludedwud e ldSeulvlumsnaaeumiiouny
v
ASNATOU Pinitay Latch Ao $1a04n15)a 1HaAnT R 1A0FUIIUAIBUTIVUIA I N
Yy =K o 1 Y a A (A a
HAIANBINANITNTLIBAIVOIAIANMAY ANMAS oA uazseezidsuudasldoinau

A 3 A ~ Y o Y ad L. o
UagIUe991n Z-Latch n,ﬂmnﬁ’mmgﬂa@mmuuﬂﬁmmuma’oﬂ Shlpplng Comb NU Actuator
9

AR (Z-Latch Force) ariumsil5uijaud lu z-Latch 9z dosdoandoanuinsinanan
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a d Y ad S a 4 o o
mﬂwami’;mﬁwmmﬁ"lvd"lumaamumm Z-Latch uuuﬂ«nqungﬂmm

1 Y
nlsoumeunuTuaan laasa Tnadail

a 4 a Jd a o Y
® wams AT 1zHA075 I ludedmudves z-Latch nuuilagiiv

19.67
1574
118

7.868
3.834
7.103e-15 Min

1 a 4 a Jd a 4 o
517 4.64 uaaawams 1A T1zHA835 I ludlofmudves z-Latch uunilegain

U

E4
Mnnamsangisuauiligiudieniseenusinsziivuia 1 N dauaag

Tuzl

[ @

nunthdalanay TaslAunin 35.41 Mpa ANIATEAZIEANNL 0.01 tazlinmsn)asunilag

4.64 zwuN amANuAugIgausna Iasd iy usnusesaoveshaamnasy

< =),

is19'lIRe3782 0.2 mm.
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a J Y ax J a o A
L4 wamﬁam‘iwwm&nﬁ”lwhlumaamumm Z-Latch 1iUun 1
a 4 = Qy d' Y o [ [ =
Tun15IATITHANUTIHI10VDIFUNULDUN 1 Ulﬂ“l/nﬂWi‘]Ji‘U‘Uu"lﬂiﬁil

aTdesd i ludu 03 04 0.5 182 0.6 mm. MUSIAL

A a J Y ax Jd A 4 A
gﬂ“l/l 4.65 meNammmmzwmmﬂmuﬂLaamumm Z-Latch L1UN 1

a1u1A903 0.4 0.50a% 0.6 mm.

[ 9 d' a ;2} Qy v A Y o A qﬂz} U [
ANHULANMAUNNAVUDUFUNIUTANTIU TAITATA 9 N 4 A1 AT AN
Tugdi 4.65 w091 TdnbuzmsnszaealvesmanuAugegamiioun Z-Latch i)

Pogiiu anmdy anunioa wazszezmanlasunlasglse dwaaaluasiei 4.24
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d' a e’ay d‘ A Y= | Y 9
AN 424 LAAINANTAUATIEHFUANULUUN 1 Taeniu/aa SataiuInaaiuly

L ANUAY . seezilasunilaggilang
a1euNn zﬂLL‘U‘U ANULATEYN
(Mpa) (mm.)

1 wuvilagiiu 35.41 0.01 0.20

2 371 0.3 mm. 41.32 0.02 0.21

3 371 0.4 mm 37.16 0.02 0.21

4 7% 0.5 mm 35.92 0.01 0.21

5 5711 0.6 mm 35.54 0.01 0.20

9

a Qy { < ' 1
ﬁ]"lﬂ@]151\1ﬂ153lﬂ51$ﬁ’°§u\11uu‘ﬂ‘ﬂﬁ 1 %mu"lé’fawmﬂ’nmﬁ'uqqqﬂ

MpavuVUFUNULaazuuVNauana1nu luundn miniinsasvnavessatiaiuIaeag

v A ' Y A 1 Qy v I3 Y Y
(3713 0.3 1oz 0.4 mm.) mmmmuqqqmwﬂm1ﬂmwmmuuu‘ﬂfﬂﬁuumﬂu@ﬂ UAZDINN

A v A Y v A 1 Y = Y A o Qy
uvRsANEIu A (5714 0.5 1tag 0.6 mm.) ﬂ"Iﬂ'J13Jl,ﬂ‘L!q\if]:ﬂﬁ]gllﬂ"lllﬂﬁmﬂﬂﬂ‘]ﬁlfuﬂ"luuﬂﬂ

v £
Pagriu dauanunieanazszezmsnlagunlasgilsvesunuiiaindfenu



121

a 4 A, 4 a 4 1
o pamsunievaleas W ludeduudves Z-Latch 1uuh 2
a 4 = c§' ~ 9Y o [ =
lumsaasizganudemigvoaruaruuuui 2 lavinsdsuvuiasai

! v v < o w
drulnsmuuendu 0.5 0.6 0.75 4a2 1 mm. MUAIAL

A a d Y as d Aa 4 A
5UN 4.66 uﬁmwaﬂ1'5:1mmwmmﬂﬂ”lum@amumm Z-Latch LiUUN 2

u

d1u1A90.5 0.6 0.75 1A% 1 mm.

v F4 9
A a K a

o ] A (o a o A Y 9

anyazANUANNAYHUUSUIUNYTulasusaldiulasdiuuen
aanaaalugili 4.66 9z w21 TanBUZNITNTZI0AI1V09A1ANWA UGG Al oun
Z-Latch nuuilagiuuazuuui 1 fio A59UTIIUTOOADVYDINUIAA LANITNTZVI1OUO
AMAUFIGAVDWVUN 1 92N WnanLavess Al duIAsas (39 0.5 0.6 1182 0.75 mm.)
1 Y a9 v 2 @ 19 A v A Y
MANuANgIgaaziamioan ULV tadMINLYIAYRISANAIU TAT 1 mm.

4

annudugegasziinnnyuaunuuilegiv Taeainnumdu anunsen uazszes

d‘ 1 ay d' v A 1 Y 1 (% d'
mﬁLﬂaauuﬂmgﬂﬁwawmm HUUN 2 SANaIN AR 9 Aauaadluasen 4.25
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A a day A A v A Yy 9
ATNN 4.25 UFEAINANITAUATIEH B U ULDUN 2 IﬂEJL‘WZJ/ﬁﬂ Sauaiulnswmiuuen

o ANUIAY . szazilasulag
aAa1uUN Latch ANULATIA ,
(Mpa) gﬂ‘iN (mm.)

1 nyvilagiiv 35.41 0.01 0.20

2 AN 0.5 mm. 28.30 0.01 0.12

3 573 0.6 mm. 28.14 0.01 0.13

4 573 0.75 mm. 28.31 0.01 0.13

5 FA3 1 mm. 38.4 0.02 0.16

Pl

a e’ay ~ < 9 1 9 A a =
INATNTWNITUATIEHBUITULDUN 2 i]zmu"lmmm’nmﬂuqqqﬂmﬂﬂw

Y
vuFuuuaazuuuiiaiosnuuuilegiu

i1 [ 9 4
erimnnuaugagan lannmsls vy wd v uaums 2 umndsunsml

Y v
nSeuiisuszrineruanuilaginld dwaaslugili 4.67

50

40
30—
20 |
10—
0

= A
Hyun 1 Huun 2

Stress (Mpa)

Y
=

~ = = J Y A a [ o
gﬂﬂ 4.67 LlﬁﬂﬂﬂﬁlﬂiEJ‘IJWIﬂUﬂWﬂﬁWﬂ!ﬂugﬂQﬂﬂ!ﬂﬂﬂluUu Z-Latch ‘]J*i]i]“]Ju

A1 Z-Latch Noonuuy 1y



123

1 Y k4

a 4 @ a @
i]’lﬂNﬁﬂ’]i:]Lﬂfl”lg‘ﬂﬂ’liﬂigﬂ'lﬂﬁjﬂJ@Qﬂ'JTiJ!?gljuqqqﬂﬁ!ﬂﬂsﬁuﬂu Z-Latch N3 2 1y
< v 2 A P Yy 9 ' A A o ~ ~ v A
ﬁ]gl,ﬂuhlﬂ']'l%uﬂ’lullﬂﬂﬂ 2 i]gulﬂﬂ’lﬂﬂ’llllﬂuuﬂﬂﬂj'lllﬂﬂm 1 LN@T]’]ﬂ’lfl'LllfiﬂﬁJﬁﬂfﬁJﬂU“]fu\ﬂu
Y Y

Y
Pagiivaznud Fuawne 2 vuulimanuauuanais ldanguauilegiivluunin

' a 'R A o o Y A an s a %
4.3.4 DTUUUDANUNYDY LW@‘VHﬂWﬁﬂ'IH'Jﬂ!ﬂﬂﬂﬁglﬂﬂﬂﬂﬁqwquﬂlaﬁmuﬁ
a 4 = d' a d? 1Y ¢Qy d' 9 1 09)1 o ]
1uﬂ1§ﬂlﬂ§1$ﬁﬂ31ﬂlﬁﬂﬂ'lfJVILﬂﬂ‘lJ‘Llﬂ‘UG]quTHVIllﬂ’é)’f)ﬂll‘ﬂ‘ﬂﬁlﬁll‘ﬂ\‘] 3 AU
v

an 4 a 4 Y o o a Jq Y [
mmn‘"l%l"lumaamu@fﬂmmmmiﬂmummmmmamumiwmmzﬁu LWITIENITHUN

Aa 79 YA <} a A o JAn Y = 1 o 1 1 = = A Y
Leamumﬁlwmmmaﬂ NOA AD waaWﬁm”lmzummuuummﬂmw UAVEUWALTY D 6151)'&3@11

Y
Ay AKX

a J @ 0911 o 1 a s A o .
AUATICUAAUIHUIN AN UUNTU ﬂﬂum"lfff‘mmswuwumz@amumﬁemm@ﬂmﬂaﬂuuﬂm
o a { <3| o w °
ﬂl@ﬁﬂ”lﬁ@‘].liﬂﬂliﬂéfﬂﬁ 0.5 mm. tazaavinaly 0.4 0.3 1ag 0.2 mm. mumﬂu"lﬁ’wamimmm

aaaaalunisnen 4.26

A o 4 ~ as Jd a 4 .
M1319N 4.26 LLET@NWaﬂﬁﬂWH’Jmﬂ’Jﬂ‘i%LUﬂU’JﬁUM[luﬁL@ﬁmlm Y94 Pin

o4 P YUABANUA (mm.)
a1euUNn LUUN
0.2 0.3 0.4 0.5

1 Gﬁmm‘ﬂﬁ]gﬁu 29.01 28.59 28.65 29.08
2 WD 1 2753 | 2748 27.68 27.49
3 B 2 3161 | 2875 28.90 2937
4 YDA 3 (6 mm.) 25.62 21.58 21.71 21.29
5 WUBT 4 (6 mm)) 21.13 21.03 20.85 20.99
6 wuui 5 15.30 14.43 13.19 12.64
7 it 6 17.72 16.08 15.35 14.69

= o 9 ~ an Jd a 4
AT NN 4.27 uﬁmwamammmmaazmaum”lﬂ"lummamu@ YD Latch



124

o p YIABFNUA (mm.)
GRINT LR
0.2 0.3 0.4 0.5

1 uppilagiiu 18.17 13.04 12.40 12.02
2 B 1 14.84 12.75 11.94 11.62
3 WU 2 13.54 13.05 12.47 11.49
4 WU 3 7.16 5.66 5.26 5.07
5 WU 4 4.99 4.96 4.61 4.82
6 wuuil 5 7.63 5.86 5.17 5.18
7 i 6 4.92 5.8 5.02 4.61

{ o ~ as J a J
A1519% 4.28 LLET@NWaﬂﬁﬂﬂ!’)mﬁ’lﬂ‘imﬂEl“]J’JﬁUlV‘lllum@anUGI VY89 Z-Latch

. p YABALUA (mm.)
a1UuN LHUUN E‘].]LL‘]J‘]J
0.2 0.3 0.4 0.5
1 wuvilagiiu 35.41 28.08 23.92 26.16
2 573 0.3 mm. 41.32 29.44 28.65 27.00
3 P 573 0.4 mm. 37.16 29.07 26.17 26.87
Huun 1 -
4 A3 0.5 mm. 35.92 27.76 25.41 25.89
5 A% 0.6 mm. 35.54 27.12 26.63 25.11
6 $A% 0.5 mm. 28302 | 23.13 23.50 22.94
7 . A% 0.6 mm. 28.14 22.56 21.88 23.07
HuuN 2 —
8 SAN 0.75mm. | 28314 | 23.75 21.98 22.36
9 73 1 mm, 38.4 25.81 24.59 22.53

o Y ~ aa 4 a 4 .
mﬂwamimmmmmzmﬂmﬂwhlumaamumm Pin Latch ltaig Z-Latch

'
A a

o A Yt v Ay v 4 A a
ﬂQl!ﬁﬂﬂiu@151Qﬂ 4.26-4.28 3ZNUN llﬂ31ﬂ’]ﬂ’J’]lllﬂuqqq@ﬂqﬂﬂzuﬂHWNﬂJWﬂﬂlu LUDUNIT

a 4 o A Y o [~ a o a 4
ARVUIAUDNLDALUUA AN ﬂ”l@]i’)‘]JVI]lﬂEN"l?JL‘]Ju@ﬁigsU’ﬂﬁﬂ?ﬁﬂ?ﬁﬂﬂﬂlﬂTﬂL'ﬂﬂlNu@

]
v A

1 a 4 Aa v J o o [ 3 o 1
HAMTaAVUIALAMNUE Tunudtetaiuison lds1danuuia 0.2 mm. asiudimeun'ld

aw dyd Yo ~ a d 1w
inﬂmmi]aumlﬂmmaummmaamummﬂu 0.2 mm.

4.4 mswmimmawn‘;z‘mnwmm‘n"lﬂaammuﬂiuﬂga (NNAY)



125

F4 Yy 9
a KX o v A

TumstaeamAnuAugIgaNnaIUND Pin Latch 1ag Z-Latch Wa¥uauilogiiu
ay ~ 1 9 1 o a = A a ~ 3
uazsuunesnuuulvnilaldIvaanszitlunaniufer Ao NAN1INGIRN
o dy A Y o Qy = I~ a Qy 1 1 dy Yo o 1 Qy
fuiunidaveaduau Faluanuiduaasudiumaiionn lasuusinseiineruau
A v o A ~ Aa 2 4 A ~ =
Turatenania aaiulumsiansananudemsnnavumeananiaudereinas luiisane
v 9 . Y o a { o w ay ay 1 .
Tuirdetda Idinausn1sna1saIus NN RO UFUIUBUAIY Pin Latch 1ag Z-Latch
=) 1 (% l:a’
TuneAN1ea9 q aall
4.4.1 MINTUWITINNTLIAINY Pin

&%

® NINIUMIINNTERINY Pin uuvilegiiu

a o = A A dgl [ . 1 o 1 Qy
M3AATIEHANWIAeMI8MAAVUAY Pin 9 Tausansziiaeyuaiy
Ty 2 fiama Ao uudszay awaaslugili 4.68 (n) vazunfs dwaaslugili 4.68 (v) Tagld

° 3 @ dy A Y o Y % A o 9 Y A
Hj\?ﬂi3°V]’W]\1ﬂ1ﬂﬂuwuV]ﬂuWﬂﬂllajﬂﬁﬂuuﬂQﬁ']m@\uﬁ\iﬂﬂigﬂ'lblﬂﬂ']uell']\jﬂag 15 93dMM

180° 1 - 0°
165° 150
150° C30°

135° 45°
120¢ 60°
].050 900 ?50

3
(1) YUUDIAUVU
15 O

300 .
45 >

60° /
750

90° |

105°
120°
1350
150°
180°

k3 Y
(V) YUUBIAUNHN

=1 a ~ Y a = A a dgl [ . o
ETJVI 4.68 LEAINANN 15 IUMINNTUIANUTIHENNAVUAD Pin L!.‘]J‘]J‘ﬂ%ﬂ‘uu



126

1 v Ay v o . o A !
mmmmumaw%mﬂmﬁmm Pin LL‘]J“lJﬂi]i]Uu LiJ’OGl,E‘TLLSQGUH1ﬂ 1IN

Q

4
v A

o @ A AN Y (v J @ =i 3|
nsgilunuisgaunazuunfei 1duSuyuesrmae q duaaluaisiei 429 udail

4
=2 o

MINN 429 udaemanuAugeganinaIuny Pin uuvilvgiumendsldTvaa

4 v
N5ERINVFUU TULUITEAVLAZIUUIAT

Femaiildusanseii

YU » =
HUITZAD HUIA

0 17.42 14.53
15 21.79 14.08
30 2591 18.4.0
45 28.62 23.69
60 30.23 27.37
75 29.85 29.19
90 29.01 29.01
105 31.05 27.32
120 31.13 23.91
135 29.45 18.87
150 26.5.0 13.00
165 22.17 14.04
180 17.42 14.53

A 9 a 4 4 a d A ] o @ 4
wan laanmsnaszma I ludeamuadioii lduaainannuduius

v
% =3

[ 1 9 A a 421 A X o 1Y
53‘Vi’JNﬂ"Iﬂ’N?JmuQ'QE‘IﬂTILﬂﬂEU‘Llﬂ‘]JZJEJi’NﬁWIL‘]JﬁEJuhl‘]J ‘Nngllﬂ'i‘]JLLS\‘]ﬂi81/]111!LL1‘1’J§$@‘]JLLEI$

q

pwanalugduuunsliFaduaz 1§ dueaalugl 4.69 uazgili 4.70



127

N
o DN

15

Stress(Mpa)

10

0 15 30 45 60 75 90 105 120 135 150 165 180

YDA

P4

d' U Y d' Aa K o . C% o
q’ijﬂ‘l/l 4.69 LAAIMANNAUFIFANNAVUNY Pin LLUUﬂﬁ]ﬂUuTﬂﬂﬂﬁﬁﬂﬁ@ﬂ

v

TausanserilununsgaunyueIrmag 9

Stress(Mpa)

0 S N
L AN

10

0 15 30 45 60 75 90 105 120 135 150 165 180

1B

E4
=2 o

51 4.70 naasmAuAUgIgaMinaTuND Pin uuuilagiiulasmsdiass

Tausanszir lunuaanyuema o



128

' v v
=2 v A

a 1 Y A A A Yo o
iﬂﬂgﬂ“l/l 4.69 mmmmmmuqqa@mﬂmuﬂuwmuma"lmmmﬂﬁzm

L)

a 1

. oy O 2 2 - 2
Tunusgauagnu ey uiuiy FunufazmamaNUAUNLTWNoUAIN IUNTEN

1w Qs’ I a 1 J { a 4
HUDIAUNINY 130 D3N %uﬁWHﬂﬂ%LﬂﬂﬂWﬂﬁnJlﬁuﬁﬂﬁﬁ ﬂWﬂﬂiWT‘ll!’ﬁﬂ\‘lﬂWﬂ’NiJL?S]}u‘ﬁLﬂﬂﬁu

[ <3 Y A 1 o [ [ Qy A A 1 9
ﬂ\iﬂa'l'lﬂ5!1’7u]’lﬂj'llu’f)clﬁllﬁ\‘]ﬂiﬁW11u&£u3'§8ﬂﬂﬂﬂ°ﬁu\11”“Nﬂ31uﬁﬂﬂ1ﬁﬁﬂ1ﬂ?1ﬂlﬂu

4 F4
o 9

A a & 9 9 2K A [ Y
NINAVUNNATUB1GUASATHUIINUAUNTNU
) [ Qs/ d' Yo ) Q' d‘ 2}’ 1 Yo
ﬁm‘i‘U“lfmm‘wllﬂ‘i"uLLNﬂi%ﬂﬂ‘LALLH’JﬂﬂH;ﬂ% 4.70 HHITNUN W’lﬂhlﬂill
o 1 I Y o [ . 4
15INTZINTEHIYN 0-90 89N T UANHULUTINTZRWMVULTINADA (Compression) 1A8IID
A d? Qy < a 1 Y A d? ™ & o
VOIAUWNUY FUNUNISINAATANTUIAUNUYU IUNTESNIYY 90 29 FUYULTINTZIN

9
Y

Y Y 9 1] Y
AIMINAVFUNUTUNUIZIAAMANUAUGITA naenniuloFuan Idsuusanseisenang

=) DS g

Y
U FUIY

)

% <3| @ [ . 4 =
HU 90-180 B3 "dﬁ\‘ilﬂuaﬂymgllﬁQﬂ§$ﬂ1llﬂﬂlliqa\1 (Tension) lﬁﬂuu@\jﬁnww

< a
ﬂi]z!,ﬂﬂmmm!,ﬁ}uaﬂm

P

o A A ] o v o
Elumiaammuﬂsuﬂqq Pin L‘wamumqmﬂmmuﬂmammumwm

'
a

% 2 A A g 4 9gvg o4
6 LUVUAINDIT FUNULVUN 5 uay 6 MYUNITINULILD Pin 19 auRIa¥ Ul uaINITo
1 9 A A g [ Qy YR J I J o 09/’ = 9 o Qy . 09/’ dy
aﬂﬂ’]ﬂ'J’]llLﬂuqqq@ﬂlﬂﬂmUﬂU%uQTUllﬂfN 50 1losiHua ﬂ\iuu%ﬂllﬂuqsb'u\i']u Pin N9 2 HUYU
a = A a 4!2} Y a 2 = Y Qy @
NTW@T?mTﬂ?’]NLﬁﬂ‘W’]ﬂV]LﬂﬂeﬂugluuuﬁlﬁgﬂTJLLﬁ$LLU'JﬂQL1J§EJULV]fJUﬂTJGBuQ"IH{Ii]ﬂUH

Tag31a09ms laus g I N ué’ﬁﬂmwamsﬂizmﬂﬁwmmwmﬁ’u



® MINITAUINTINATERINY Pin LUVN 5

129

180°
165°
1500

135°

e -_""'60°
105 gge 1°

Y
(M) YUUDIATUVU

N\

15° 0° ﬂ
300 . ]
45
A
60°
75/
90° | 1
105° \
1200
¢ /
1352~/
|
150° —
165°

180°

k% Y
() UUBDIATUHUN

~ fage

450

0°

/150

A a Aq Y a IS A a d%‘ @ . A
:JJ‘iJ“V’I 4.71 L!ﬁ’ﬂﬁ/’lﬁ‘VIN‘VI6161)'&11!ﬂ'liWﬁ]ﬁm'lﬂ’ll'lumﬂﬂ'lﬂﬂlﬂﬂ‘lluﬂﬂ Pin HUUN 5



130

® MINITAUIMTINATERINY Pin LUVN 6

' A Y v ¥ F
TumsnnsanaMUE eNIN AT UAUTUIMULLLN 6 111099 1NHINAAUDITUIY

[

= ~ [ na/’ a ~A o o . ~ =K A Y [ dy
Uanyue mﬁ@ﬂugﬂ‘n 4.72 AUUMINATUWINNAIEN DU Pin HUUN 6 IIWIITUT 2 AU AU

A o A 9 a = A a d? [ . A
sUn 4.72 !Lﬁﬂﬂﬁ%muﬁﬂi‘lﬂﬂluﬂﬁw%WimWﬂ’JTNLﬁﬂ‘Vﬂﬂmﬂﬂ%uﬂﬂ Pin HUUN 6

R

' 4 Ay v o . A A 1
ﬂTﬂ'ﬂilLﬂ‘qu@q@ﬂ]’lﬂflITﬂﬂTiinﬁ@Q Pin LLUUN S Uag 6 LﬂJ@iﬁ!LﬁQ"UHTﬂ

9
[ ' v A

0 o A Ay y [ = <
IN ﬂig‘ﬂflullu'ﬁgﬂUlla$!Lu3ﬂﬂﬂl‘1ﬂﬂiﬂﬂﬂ\lﬂ\1ﬁ1ﬂ1\1 g ﬂﬂllﬁﬂﬂ‘luﬁ'ﬁ"lﬂ‘ﬂ 4.30-4.31 1Wuaail

q



MINN 430 waaemnNuAugIgaing

Y H
= [ ~

YUNV Pin LUVN 5 1Az 6 Meriadld lviaa

Y
nszminuruaulunulszay

131

4 Pin 11T 6
YUOIA Pin LUUN 5 — —
AN 1 ATUN 2

0 18.66 15.67 17.44
15 20.00 16.14 18.37
30 20.02 16.63 18.42
45 18.82 18.14 17.26
60 16.80 19.09 15.61
75 16.55 18.81 15.60
90 15.30 17.72 15.73
105 15.01 18.02 15.94
120 15.60 18.01 16.02
135 16.62 17.25 17.69
150 17.82 16.16 18.89
165 17.91 16.34 18.81
180 18.66 15.67 17.44




132

1 1 Y v
MINN 431 waaemnNuAugIgalinaIuny Pin tDDA 5 1az 6 Menasld Inaa

2 d
nsemnuFUOIL A

4 Pin 11T 6
YUOIA Pin LUUN 5 — —
AN 1 ATUN 2
0 3.28 3.92 3.13
15 2.93 3.59 2.56
30 5.79 7.49 6.46
45 8.89 11.41 9.91
60 11.61 14.55 12.70
75 13.93 16.71 14.62
90 15.30 17.72 15.73
105 15.63 17.53 16.01
120 14.89 16.24 15.19
135 13.13 14.26 13.33
150 10.49 11.32 10.58
165 7.13 7.61 7.10
180 3.28 3.92 3.13
.2 4

AW Y A s P A
wan la1nn13uaizina T ludie dmudue U unuun 5 uag 6 1o

o v o 3 ' Y A a [ = =
i luaasnansilanuduiusszrinmanudugegannadunuyuesaminlaou 'l

Q

e

vz Idsusanszir lunszaunaziuanee 14 dwaaslugii 4.73 nazgii 4.74



133

Stress (Mpa)

(O8]
(93]

W
[}

[\®)
[}

N
(=)

Ju—
W

—_
(=}

// X \\
% Pin original

) n'
A Pinuuuns

o Pintlyu 6 Surface 1

®  Pinuyuh 6 Surface 2

0

15 30 45 60 75 90 105 120 135 150 165 180

HUBIMN

d‘ 1 9 d‘ a dg’ [ . d‘ o
gﬂﬂ 4.73 FIMANUAUGIFAVENAVUNY Pin LUUN 5 LA 6 Tﬂﬂﬂ']i%']ﬁ’é]\?

lausanszi lunuszaunyuoImag o

U

35
30
25 /m\\ % Pin original
= 20 / \\ ) A
o ® Pinlyuns
z e
2 15 K__ < a
= x ®  Pin UUUN 6 Surface 1
wn
10
/./ \ o Pin uuUN 6 Surface 2
5
% N
0
0 15 30 45 60 75 90 105 120 135 150 165 180
YoM
A 1 Y A a d? @ . A o
sUn 4.74 HEAIMIANUAUGIFANNAVUNY Pin LUUN 5 LA 6 Tﬂﬂﬂ'liﬁ]']ﬁ'ﬁl\?

Tausanseir lunuiszaanyuesmnan 9




134

1nmssiaedldlvaansziiny Pinuwuuilegiiu uuui 5 uazuuui 6
Tunu3zAuaZ NI Pin LUDA 5 1ag 6 zimaninuduiosndt Pin uuuilegtiu Tae Pin
d' 9 [ Qall :JI = 9 a 1 1 9 d‘ ) 1 ay 1
n1dusu g0 2 mnfuezlinn Tl umsnan 1m0 A g g AN N2 IR DT UL LOINA 1

1 . v A 9 dyw 1 . ~ £ Yo o 9
uANA1991n Pin wunilagiiudndle wenvndidanudn Pin unun 6 Fe1dsvusenseiludu
Asa §Y Y A ~ ] a 1 Y A o . ~
MR 1A (E11h 2) aTund TIuMSINAAIANUAUGIGANIBUNY Pin LDLN 5

dmsumiadiassldIvaansziiny Pin unvuilegiv uuui 5 uasuvui 6

A ' 4 A 3 Qy <] a 1 A 3 o

TulIAE MU WYNOIRIRNTY FUNUAIZIAAMANUAUNVTURIGNNLLY IUNTZN
¢ g 0 A o o 2 2 a 1 . .

1y 90 09eNF T uNsInTZMNAWINAVFUNUTUOUIZINAMANUAUFIGA 1A Pin LDV 5

a 1

uag 6 wNAA1INNAUT 00031 Pin tuuT91iu agwua1 Pin unud 6 #9ld5uusensgi

v
aQAAa

Tud i 1da @ 2) azlisanuAugegalndifesiu Pin uuud 5
1 Y d‘ a d?’ o 1 o v
vinnsuaasnIaNuAuimadusinnisiiaesld lvannsziiny
o ~ ~ 09: a 1 A 1 ° ng A A
Pin nuuilagiv uuud 5 uazunun 6 M9 2 AAngeznua e ldusinsgiiFuaund

[ 9 A A dgl 09: 9 9 FY 2K A 1T o
ANUANNIAT ATANVAUNNAVUNIATUFIYLASATUUIIINUAUNINY



135

442 ﬂ'liﬁi]']iil!'llli\iﬁﬂi%ﬁ'lﬁlﬂ Latch
9 9 9 [
9101590 NuU VYTV 9% UEIY Latch N9 6 HUVIEWUI FUNULDVN 3-6
A Y o A Y A 1A A J 9 A A 4?’ [
‘I/Iﬁﬂ%WﬂﬂWii“]f Latch 914U 2 “Ifcl,?il?‘iaf) Latch UAKIAYITTNITAAAATANUA UGIFANNAVUN Y
Qy YR J 3 S R a ay 1 dy a Qy ~ ] c?;l
Gh'u\ﬂuhlﬂﬂxi 60 UJ’E]%'LGBL!G] “INGlfLJﬂ1§Wﬂ15m1%u\ﬂu1uﬁ'3uu’ﬂ$W%13ﬂl1°]$u\11utl‘]J1J‘VI 6 MUY
Y o ~ ~ ] Qy Y ) a d Y A a dg’ [
LLﬁ'J’LlHJ'IL‘]J‘iEJ‘]JL“I/IEI‘IJﬂ“]JGIfL!\ﬂu‘ﬂﬂﬂ‘]Ju Tﬂﬁl“lmfﬂi’llﬂ‘ﬂ$ﬂﬂWﬂ'JWNLﬂU’BI\‘lq@ﬂLﬂﬂﬂluﬂmﬂﬁ\‘lmﬂ
1 o o A a { 2 I o ] Qy
Glﬁ!lj\‘]ﬂig“VI111«!!,!)1!'358ﬂ‘U!L'ﬁglluﬁﬂﬁﬂilﬂmﬂi\‘lﬂﬁ1ﬂﬂ®ﬂ“§ Latch c?axﬂumtmuwmm

Hlemaldsuanudomeun dwaalugili 4.74

A o A 9 a = A A d?
gﬂ‘l/l 4.75 !,mﬂq@1umm‘n“lﬂsﬁluﬂwswmimmmmwwmﬂmu

M Latch tuvilagafunag Latch uuui 6

a L4 o 1 o w z a
“lumﬁamiww"lﬁ’maaﬂmwwum 1 Nn3gn1ny Latch 13 2 AN

awaalugii 4.76 uag 4.77 wdrFnbImansnsz oA IveInNUAY



180° *- 0°

165° S i 15

1500 \, . 3 0°

1350 s
1200 - 600
105°  gge 19

(M) YUNDIA WY

152 @
30°
45°
60°
75°,
90° | |
105°
120°
135°
150° 16_;
n)
180°

Y Y
(V) YUUDIATUUN

~ a A 9 a = A a dg’ [ &
E‘IJTI 4.76 UEAINAN N 1B TUNIT OIS RIANT oD AUUN L Latch L!‘]J"]J{lﬁ]i]qﬂu

136



137

180° - 0°
165° | N [ 15

1500 \, . 3 0°

1350 e
e " 60°
105°  gge 19

(M) YUNDIA WY

152 @
30°
45°
60°
75°,
ol ' \
105°
120° g
135°
150° 16;
> 1800

k4 Y
(V) YUUDIATUUN

Y
[

d‘ a d' Y a = d' a =K dl
sUN 4.77 Llﬁﬂ\iﬂﬁﬂﬁ‘l’ﬂ‘]ﬂuﬂ’liwi]'liil!'lﬂ’]']iJLﬁﬂﬂ']ﬂ‘VI!ﬂﬂ"lJUﬂiJ Latch L1UN 6

U



138

' Y Ay Y o @ A A
mmmmuqqqml"lﬂinﬂmimam Latch Llﬂﬂﬂi}ﬂﬂullﬁ$uﬂﬂ‘ﬂ 6 LEJE]GL?HL?I'\T

4
v A

o [ A ANy (o 1 @ A o3|
YUIA 1 N N3N ’lcl,ullugigﬂﬂlmgl!u:]ﬂ\i Tlulﬂﬂiﬂlqlllﬂ\‘]mﬂ N9 ﬂ\ﬂlﬁﬂ\ﬂu@’li']\ﬁfl 4.32-4.33 wuaail

' H Y v
MM 432 udeIAIAAUGIgANINATUAD Latch nuvilagiiuuazuuui 6

4

mevadld lvaanseinusuaulunuiszay

HUDIMN Latch uuuilagiiv Latch il 6

0 27.72 6.60
15 35.91 11.41
30 44.64 18.44
45 51.46 21.28
60 55.51 24.91
75 56.35 26.97
90 54.70 28.52
105 52.37 28.25
120 47.04 26.08
135 39.32 22.22
150 34.13 17.19
165 31.13 11.23
180 27.72 6.60




139

1 Y
= [

MINN 433 naasmanudugegaiinaiuny Latch nuuilagiiunazuuui 6

Y
a

mMeradld lvaanseinuFuau luuuiag

YUBIMN Latch uyvilagaiv Latch 11l 6
0 24.42 27.88
15 35.20 31.85
30 4491 33.77
45 52.19 34.51
60 56.31 32.78
75 56.90 30.43
90 54.70 28.52
105 50.56 32.66
120 45.00 34.72
135 41.57 34.51
150 35.40 32.28
165 26.94 28.37
180 24.42 27.88

Y
a K [

[ v 9
VINAIANAUGIgANAATUNY Latch uuvilagiiunazunui 6 1 2 Aan1g

=

v ]
Tastmualdguauwnanisideglldiias 15 esenarnuuaay e lideunsi

e

]
S A %

[ [ 4 1 1 9 d' d’ Y o
ﬂfJﬂJﬁiJ‘W‘L!TJi%W’J"Nﬂ"IﬂTJnJLﬂ‘L!q\TQ'ﬂVILﬂﬂﬂluﬂﬂﬁgm@ﬂﬁiﬂlﬂaﬂuqﬂﬁlgulﬂ AL AN

Tug1i 4.78 uazgilin 4.79



140

0

15 30 45 60 75 90 105 120 135 150 165 180

UM

60
50 /’//r\.\'\
40
S a
o 30 v s Latch Original
g
g 20 .
/ \ +  Latch 1uu#i 6
10
</ ~
0
0 15 30 45 60 75 90 105 120 135 150 165 180
YU
A U Y A a d%} o o A
JU7N 4.78 uaaamaNuAUgIgAMNATUNY Latch nunilagiiuuazunui 6
Tasmssianlausansginlunurszaunyuesmnaig 9
60
50 /}/I/—'\.\\
40
B / \ Lsteh Oriaina]
= 30 /.——o\\ /‘!\\ - atc rigina
\; 7’ ¢ \<
j 20 4
n ¢ Latch LUUN 6
10
0

4
=< v

31 4.79 ugasmANUAUGIGANAATUND Latc

h uyvilagiiusezunui 6

Tasmssnanalausansziinluunifanyue e <




141

InMIdaedld Inaansziiny Latch nuvuilagivuazuuun 6 lunuissau
1 d‘ A dgl Qy < a 1 Y A 42’ ~ a
ENUI WY NOIR NN Y FurunszinaaIn A WRuAY Tae Latch 1DUT 6 92109
AnNuIAUpegIganyy 90 89A1 dau Latch nuuilegiiu 6 vzifianianuduiosgaga
- v 2 4 o Iy
Nyu 75 99 NAINUUILOYNOIAUNLATY FUNUAIZIAAAIANINALAAD
v 2
dsueinnmissiaesldInaansziiny Lach Tunuinsszwuan suaiu
o = Y a ' 4 A @ o @
puvilegiiuazivun Tdulumsnamanudugegamiloununsiiaeslunuiszduy
H F4 4 ) b4
ue Latch UU# 6 WUAIANWIAUGIGAILIAATY 2 $29 Ao F23U5 B YNBIAININTY
' <] A 4 o a J o 3 1
AANUIAUNIZIRVTUIUNTTNIYY 45 DIFNIZAAMANWAUGIZA WA INTUAINNWAY
< o ' ] A 4 c?/’ 1 {
NIZAAAIIUNTZNIYN 90 DIA1 AIANUAUNIZIANTUBNAT WAz zTAIgagaiiyy 135 oen

(R I J {a o 1 @ 1 1 o
uaed 1 lsnamamnnudugIgaiinany Latch nuuh 6 fansdinniosniuunilegiu



142

v Y
4.4.3. MINTUWITINNTERINVFUAIU Z-Latch
9
1InMsoenuuUlsulgesudIu Z-Latch TasdsulgesaiinnmIdedmlunas
] Yy 9 1 v o A Yy v [ o Slay a
grulaeduuenaznyI1 MsUsusainuTAIA U NNINY 0.6 mm.92i1 1M FUIIUINA
! ¥y 5 A \ v o A y v o q Y1 v A a &
AnnuAuaInga uan1sdsusataulasaiuluszildainnuaugeganinaau
Y Y Fa Y
VUFUNUUAIVINNIUAY AT UNITNIITUIFUAIY Z-Latch HaanwuamzasUsusad
Yy 9 1w J 3 o 1 o w qy
AU TAIAIUUBANINDY 0.6 mm. M1 Tagd1aedan1s lausavuia 1 N pseiinuFuau
' Fa
S A =

Z-Latch 2 #1u dandaluzii 480 udrdnwinanisnizatedrvesnnuduiimnaiiy

Qy Y o =) = @ Qy %
Uu%mmummmmifmmﬂ‘immmmmmuﬂmguu

750 90 g
60° 1200
450 1350
15° . 3
307/ o 150°
152/ S | 1657
0 | Bi— | 180°

Y
(M) YUUBIATUDU

0 e
A 7-”-"'""\\ °
{ / N
1/ \ 750
1 | 90°
/105
.ff
/1200
‘//
.,.,/'/ 1357
h e L
' 180° 1657

Y Y
(V) YUUDIATUUN

9
v

A o T AqQ Y a = A a =
gﬂ‘ﬂ 4.80 Llﬁﬂﬂiﬂnmuiﬂi%iuﬂ’lﬁwi]'lim’lﬂ’ﬂlll,ffﬂﬂ'lﬂvllﬂﬂ"ﬂuﬂﬂ Z-latch



143

aanuAugega Iwa1nns$iaes z-Lach o ldusnszi lunulszdvuas

HUIAN ALEaa U319 4.34-3.35 10 uaail

AT 434 LAAIAIANUAUTS

Y
AurUau Uy

2
v A

4
=

AANNAVUNY Z-Latch mevadlalvaanszi

q

[

A
WinsaiiaanIds
YUBIM Z-Latch npuilagiiv y
ATUUDN 0.6 mm.
0 29.52 26.51
15 33.27 27.54
30 36.16 27.02
45 37.76 28.52
60 37.76 28.79
75 36.14 28.72
90 35.41 28.14
105 35.71 29.22
120 37.15 31.27
135 37.53 31.79
150 36.77 30.75
165 34.00 28.26
180 29.52 26.51




144

Y
a K [ (2

MINN 435 waaemnnuAugIgalinaIuny z-Latch nmevasldTvan

2 d
nsemnuFuOILluuIag

AL AGEMIEY
YUBIM Z-Latch uyvilagiiu y

AMUUDN 0.6 mm.
0 9.87 8.92
15 16.51 15.30
30 22.90 20.97
45 28.58 25.21
60 32.59 28.06
75 35.20 29.10
90 35.41 28.14
105 33.24 25.51
120 29.85 23.34
135 24.44 19.61
150 19.97 14.57
165 14.17 8.63
180 9.87 8.92

a & o

MINAIANUIAUGIGATINATUND Z-Latch nuuilogiuvazuumnnsalidiu g
Y [
Auuon 0.6 mm. Iasiviualisuaunamadesdldiaz 15 seemanuunay sl

u

H 4
A a <R

= v o d J v Y @ ~ A Y o
@eunsmanuduiusseninmanuauggainadutuyuessnasu 1z 18 dueaas

Tug1i 4.81 uazgilin 4.82



145

40
M
35 Y ®
* - \

» M " - N
’§25
< 20
3 o Z-latch nuuilagiiy
s 15

10 ®  Z-Latch Outer R0.6 mm

5

0

0 15 30 45 60 75 90 105 120 135 150 165 180
YoM
A 1 Y dl a dgl [ o
g‘]J‘VI 4.81 HEAINIANUAUGNFANNAVUNY Z-Latch Iﬂﬂﬂ']iﬁ]']a’ﬂ\i
Tausansginlunuaszaunyueareg o
40
35 * ®
/'/_\

30 / [ - \
25 //\‘ D .
8 // \\ \ o Z-latch nuuilagiiv
2 20 \
g
& ®  Z-Latch Outer R0.6 mm

5

0

0 15 30 45 60 75 90 105 120 135 150 165 180

HUBIMN

Y
=KX o

511 4.82 uaasAIAAUGIFATINATUND Z-Latch Tagn13§1a09

Tausansezi lunufanyuema o



146

vinmstiaesldInaansziiiy z-Latch nuvilagiiuuaznumiuiaiidiu g
Y ' 4 A ¥ ' o 22
AN 0.6 mm. TUUUITTAVITNUI WBYNOIAUNNNINTY AINMAUFIgANIZIANT U
2 9 A 42 2 A A o A Y v a Y Y !
@ntiosaunounIn Fasuauimuialdiuldsduuen 0.6 mmazifaanNuAioand
v 3 Y
nuuilegiiwaniios

dmsumisdiaesldInaansziiny z-Latch Tuuuiasagwuin ileyuo e

P v v
A =R a < Y (%

v b4 4
IWUUY “lﬂNTL!ﬂ%glﬂﬂﬂ1ﬂ31hlﬁulﬁhﬁu@'ﬂﬂﬂﬁ 2 0yy T@a%mmuuuﬂwﬁu%mﬂmmgﬁ’u

v Y E4
o v A

{ 9 d U 1 QB’ 1 ) a
gagaiyw 90 oeenFuiuusensziifaeninduFuau danwusuanuieonuuuIntwna

U Q

9
o 1

! o <
AAUFIgARLL 45 pamnudeanminmanuduiizanng



=
Unn s

asiwamsdIdenazdorauonis

U

51 agUwaniise

b4
a A A

@ [V S A = a 4 = A a d? Y]
NUIBNLTagsrasaie ANy IaL AT ITHANUT e INIINANINAYUN Y
Shipping Comb T11aa Moose 494 VTN F1nn tnaTulad Usznalne $18a nazilsvilga
A4 4 v y & v Y o A v a 4 A dyy
Tumariorineigms 15 ldunniiu Tasdesdoandosnuiton lunmsldauese geden lann
= [ 1 Y o dy
msAnaenanamsaaslua ldaad
= (% 9 =) d‘ a d? (%
5.1.1 WamsANEIaNEYULNIT IFNULAZANUTII18NNAYUAD Shipping Comb
= v A o L. Aq Yo o
91NN1IANYIVOYAINYINY Shipping Comb Tutaa Moose N 1A UYAT 1911
Y Y
$1uau 8 WauagnszuIumMsnaa HSA sz nuNFuau luaatwinnaudhnugaiieiu
d‘ o Y d' [ ] Y o U =\ 9 a [ Y A v 09}1 1
ietminfesdulildwieuwdoudeyainamsdudauazniznunszimounudaua
a 1 o % ! <
NITUIUMITHAA NTZVIUNMITNTVUAT aaoasudInszuIumsihganio llusznowiu
J a 4 4 Y Aa o Y . . o
g1sanan las Taelduse 2-4 Hadulunisalutazaen 11nl4a1u Shipping Comb 314U
o 0o q ¥ Aq Y~ ) A0 o Aq ¥ o o oA
naneaseazi inssn lgtnuaTinanas Fuaiuvo Shipping Comb N141un153U8a Ao Pin
A Y A o = L D A o R = o o
Latch 1182 Z-Latch Iaefintin lumsdvgauanaranu il iosihduau lddawnanuduius
] o | Y] o v o w 1 o ] 4 I
FENINAWNUIRVTIAN VT 992NV Latch 3z Tanudrnauinndd i sou msizilu
) ' ~Aq ¥ o qgj t:y [ Aa dya A <3 ] )
fatuaansanlgay aaiumnFuarivusnaiinanslasuuadlUfeg luamusaih
Shipping Comb nlFaude’la
' Y
1ANITATIVABVAIINLA 8 18NAAYUND Shipping Comb 14tAa Moose
1 Fa
nl¥duyalsznouiietu 8 wWie1u lunszuiruniswaa HSA wunsuaunanudone
Y v
3 @uKUINan 9 laelanyaemsdon1easinImsnnLazee addl

a

. & sl o a o
1) Pin ﬂmﬂu 53.44 Lﬂ’e‘)imuﬁ NANUT IV NI LA

a

& sl o a o
2) Latch ﬂm‘ﬂu 26.72 Ll]@ﬁ!;"’lfu@] NANULTYIHIININUA

a g sd o a o
3) Z-Latch ﬂ@!ﬁl]u 19.84 lﬂ@il“ﬁu@ﬂ ANANULFIHIININUA



148

a 7Y am J a 4 . .
5.1.2 Ham3uns1znae3s I ludledmudtaznanadon Shipping Comb

9

= @ 1 Av AR Y o o = 4
ﬁnﬂﬂ'l’]illﬁﬂﬁ’]ﬂﬂﬁﬂa"I'N'lu'Jfﬂﬂuﬂﬂulﬂﬂ1ﬂ1§ﬁ]'lﬁ’f)\‘]ﬂ')”lll!ﬁ'flﬁ']ﬂ@l')ﬂjﬂﬂlﬂﬁll

Ansys Workbench 12.0 !,Lf;w‘Iﬁmﬁ’e’)ﬂﬂ!L‘UULl,a$5ﬂﬁ%NQﬂﬂiﬁlﬁ@ﬂﬂﬁﬂUﬁlﬁ! Shipping Comb

~ ' A a A Y a 2 A Y
!ﬁﬂﬁ?ﬂg‘ﬂiull‘ﬂ‘ﬂ@ﬂﬁ g !W@WT?I’"ILWG]‘ﬂ”lﬁlﬁflﬁ?flﬂlﬂﬁ]iﬂﬂ]@ﬁ%’uﬂ’]u Naﬂllﬂfl]"lﬂﬂ”lﬁmﬂﬁﬂlllmz

midaeia1e7s il ludeamuditlu T lunanaderdu daaaluaisnan 5.1

A ~ ~ ° Y} s a o
AT NN 5.1 LLﬁ@Nﬂ']ﬁlﬂﬁfJ“lJL‘V]EJ‘]JWﬁﬂ'lﬁ‘vm’ﬁﬂﬂllﬁ$ﬂ'lﬁi]'lﬁ’ﬁ]Qﬂ'JEJI“]JiLLﬂilIVlV\Illu@LfJﬁLQJHG]

404 Shipping Comb 14 3 AMHUY

aeu | | usagagainld pafi 189133 nlosidud
: funue | e .
f Tumsnageu (N) | Il ludedmud (N) | anvaaanaeu
1 Pin (ﬁﬂ) -y 10.8848 10.9537 0.6330
2 Pin (ﬁjﬂ) +y 10.7046 10.932 2.1243
3 Pin (N9) -y 2.2218 1.8792 15.4299
4 Pin (N9) +y 2.1328 1.8968 11.0653
5 Latch -y 5.3880 5.2817 1.9729
6 Latch +y 4.1194 4.0224 2.3547
7 Z-Latch +y 2.3143 2.2234 3.9277
8 Z-Latch -y 2.3163 2.2234 4.0107
9 Z-Latch +x 1.7937 1.7716 1.2321

= ~ o = P4
i]1ﬂﬂ15lﬂiﬂﬂlﬂﬂﬂwﬁﬂﬂﬁﬂﬂlmzNﬁﬂ1§i]1ﬁ6@ﬂ1ilﬁ8ﬂ18ﬂ381ﬂiuﬂih

3 ' o { IS
Ansys Workbench 12.0 921911 1831 1dwalndifesdu msdSevisunan 1diunsuans

< ] 4 o @
Glﬁllﬁua\iﬂj']i]u’ll%ﬂﬁﬂellﬂ\‘liﬂillﬂﬁ1]%1’[3@Qﬂ'3'111lﬁﬂw'lﬂiﬂﬂﬂ’]ﬁﬁﬂy']ﬂ']iﬂﬁgﬂ’]ﬂ@'J

1 v @ :JI a L4 J a o’dy o o =
UBIATAIITUEIAU @NuuIﬂillﬂilﬂLﬂ5'131’7ulwlluﬁlﬂﬁluuﬁuﬁnJWiﬂu'lllﬂﬂ'la'if)\?ﬂ']ilﬁﬂﬁ'lﬁl

a o & & a s (A A 9 & A o Y
GUENWﬁﬁﬂﬂ‘l“Vléﬂ‘iﬂﬂﬁfﬂﬂﬁ/‘lﬂu 9 !LﬁZNﬂWﬂQWNQﬂﬁﬂilﬂuﬂElfJiJi‘]Jllﬂ



149

5.1.3 wam3eonuuu1/5u1g9 Shipping Comb
a 4 = Qy Y 9y
INNITUATIZHNTITIHIBVOITUNIUAWIMTNATOULALNIT 1% LU 51nT Y

a J

4 a 4 = @ 9 A a dgl Qy
Aaszd Il ludedwud Tagn1sANEINITNTZ18A1U09ANAUTIAATUDUTUIIY
Qa: o ] T o 1A [ 9 @ 3 Aawv dali 9
14 3 durdeegnud dnvuzglselinaaeoigms Iy aaiunudseiveldmuenuimialy

4 ]
n131U5u159un lu Shipping Comb 19 3 d1unua tieldn1e uSEnFinn inalulad

o a @ { ' Y 1

dszindlne laidludoyalumsiasandsulyamion)aeu 143U esuaumunIniae T
&£ ~ Y o @ A A o 4 o Qy 9
Tasransyanndnn ldseuiunazaaaonuuuienr ldud lvd Sl gesuaiulvingy
E4
U 2 HUAIH
1 msud llSuigsdumis Pin
@ . { { A { Qy ]
ndnn Iddennisud lvdlSudse Pin nuuh 5 Adumawuiesuam gy
= A A 9 1 ay @ A dy Y I
mszaa lomannudeneiinena1nmsee launnnNnFuaumuuilegiu msmuie 1oy
0 q 92 o = oY & a Yy v " 2 Ay
Mlisuauansasuns sz ldnniunazinamanunuiosnNFUOUILVIUAIY
2) msud lval5u13edumiia Latch
2 9 [ [
nsUSvlgeruanludvusiiaz)aousinnis 14 Lach 2 & 1dindo
[ v 2 [
maewazmunidaldminune 2 au nednn ldidennsun lvdSuige Latch nnui 6
v v [ F4 4
AN Fillet NFIVVBITUIIUNT 2 A1
3) maud lval5uigedumiia z-Latch
@ ey o g 1 A o A Y o Y
nnmMsdTudgasuauludumiatinunmanusaldiu Tdaiaulunay
vy A =~ 3 9 7 o A & a Y
AMUBNYDI Z-Latch dznumadsuilasiouaniiosmniy minimsmuioTnalds
Y dg’ <] ] 14 o A Y [ 3 @ S < '
Tdwnvunee luaeandosdu@eoulunis T a9riy Z-Latch uunil oy iumednmvi g
< ~ Y o 3 ~ =< < o @ 9 ]
Wuvnaimunzaundd duiunndnniezdulsulyeenuuudnyazms ldaulmiimu
a d' o w Qy d‘ 9 1Y Q‘ a
5.1.4 msnnsamsainszinusuauin ldeonuuulsuilge (i)
a J { a g @ o
1INN15A51ZHANUTen10NNATUNY Pin Latch 11ag Z-Latch 111013
a { o :JI v A ay 1 g : S a
WMTUWTINVINTERIAMINAVAIVDIFUIU (Normal Load) 111111 #eluanuiluagauan

' Y

Qy Yo o 9 a o 9 a 1 A d?
Fuaenlasvusanszir lavarenaniaazii liinadinnudulugduuuaie 9 miudu

£4
a 1

v Y v Y v
a1 daiuuIdene IdiinsnansanusanasemtursuaIune 3 luuuszduuazuuing

9
v A

1awadati
e msfinTaIIdinszIAY Pin
iieldusansziiaaninfuiiuiinaasalats pin vz 195U Re
ANMUIAUIADY (Shear Stress) 1Az Tu1uud (Moment) fiowimsn/a oL uesRn lunsza vzt i

Y v v U
FUINLNAANUIAULTITA (Torque) LNUITINIA8 A douyuem luiuif 0-90 09a



150

Y Y
R IR FUUAANUAUNA (Compression) A 1M 51N 90-180 8ar1 a2 1A FuIUAA

Ed
= [

Yy = . A g Y a = A a . A vy
AMMAUAT (Tension) NVITINIAIE 1INMINNTUIANMTOMOTNATUND Pin 110 TAT UL
Y Y
nszir lufiAnIsazyueImIaIg q aznuIMInFuaY 1dsuusansziiamIniuuiae
9
YoaFuuazi lfinamnnuAugge
® MINTUIMIINNIZINND Latch
d‘ 1 o QBJ} [ a o SJQy a 9
e latsans AN Latch U5paslate sz 1suaunanuay
A s A = o 0 q YA a Y = s
mounaz Tumua wenlasuyuesm lunuiszavazm Inyuaunannuauag Tuuuduay
Y a 9 ! d‘ A o slay a Y A J
ANUAULSIaAde uarinlasuyuesenlunna i iy uminermn o ez Tuna
® NMINITUINIINNILINNY Z-Latch
A ! o o o 0 q Y a Y A
e ldnsanszidanInny Z-Latch 3z 1vsuananuAR o ULy
s A d' o 0 q ¥a a Y a 9 1 d'
Tuua Wenlasuyuesrmn luuuiszavazi lvsuaunanNuAuLstiaa e uaninulasu
2 0 q ¥ a Y = 7
yuoar luuuinsesmInsununannuAuaay Tumua
Y F4 '
1NN lausinsgmaesuauna 3 TunuiszaunazuuIAIIE NN
d' 1 o Qa: [ Qy o Y a 1 Y d' o d'
Weldusensziaeminiusuanusziildinasinnudugega ousensziudaou 'l

1 Y aa d? <3 A 1 o
manuAUNavuNIzasuLlausuiu

Y
5.2 UYalaualuy
A = FAE ga, = 9 °
1) tesninmsanyilgriluasaiiflunmsdnuilyninielausansginuy
[ qu [ ~ { A -4 a I~ (%
Single Load (MY UASNHMLN15LE8M18UD4 Shipping Comb NNAYUITI o 31T U5 1ATY
Y Y 1 v
11590352 N VU Combine Load fauiuFuiuniinlUnaaoudaldnyaemsidonionuanaig
Qy a Y] :J} awv lel [ a 4 { A -4 [ Qy
AFUNUTI aaiuauITeluasene ldmsdmsganudsmeninaruiuFuIIuIzdo
v ] Y
NTUWTINUINTLIUL Combine Load 1 azdeaganinii
PR o 9 Qy o [ = o [
2) ginsaidvgaminlglunisnageousuauursdmnuainsiunlsuly
9 9 Y Qy = o ] tﬂ' Y QIJ o Jo K
Transalsnadeunusunudnd i msziosdisszeznallumsdaiiglnsaiivea
9 v o do R A qU Y
lganuneaunds daiumsesnuuugnsal TugamelsnaaeunisszaonuuunIiilsenoy
Y v .. A ° A 9 v Y} A
1911 Shipping Comb Nagihimsnadeunuazyaiie Inminadou lAnagndesuiniiga

4
a =<

a d a A [ . . A Yo [

3) MITIAUATITHANNUFTININAVUNY Shipping CombIMLﬂﬁ MOOSCL‘JJ@llﬂ'i‘U‘ﬂ’l]i]EJ

Y o v do o A o & a . Ao 99

NNNa Iﬂﬂblﬂ‘ﬂ?ﬂﬁﬁiNQ‘]Jﬂ'iﬂ!‘l]llfJﬂL‘W?J‘L!"IGIﬂN”Iull‘ﬂ‘ﬂﬂﬁ@”uWTT]?WINLL?I%?WHL?QTWHGLW
Qy = @ 3 Y o 9 o = 9 Aasn 4 a 4
BUITULTYY ‘Viﬁ\ii]"lﬂuuulﬂ‘ﬂ"lﬂTiﬁiNLL‘LI“]Ji]"Iﬁi’Nﬂ’JnJLﬁEJ‘H"IEJﬂUﬂﬁ‘ﬁllwhluﬁmmlluﬂ
9 o d‘ 9 = = [ 3 = Y A [ [ 3 a 4
LLﬁTJ‘L!"IWﬁVI"lﬂﬂJ"ILﬂiﬂ‘UWIEJ‘Uﬂuuuﬂ%WDlTNﬂTiﬂﬁLﬂﬂﬂﬂu aatiulunisiasizw

! A 9 o i < ° A a o A [
ANUFSNNAVUAY Shipping Comb TuaaduNaINTaie13smMsias ey ldsuly1d



51801391999

o & = J A o a 2
YIANA 198 q31Hg AN Hag NANT fuilaned (2553). MIANYINGANIINTUEIU HGA
U a a J (a a @ a
YUz gNIVBANIY Shipping comb. INHNUFTUT Y IAINTIUMTATUR 1T DU P
a a 4 a J a @
MAIIIAINTIVIATOING AU IAINTTUAAAS UN1INe oA TuTadnszounal
= 9
5113, 92 U
@ v J awv daa
INTNUT U5nUIA5 (2550). MSANY Static Attitute 192 Gram Load Clamping Unit agl
a Jd vy ad d A d a a J (a a v A
msanzraeds v ludedmud. Ineinusilsya imnssumdasumitiuga
a a 4 o w A a 4 a2 @
MAIIAINTTUIATOINA d1INIBNIAINTTUAIAAST WMTINETH omA TuTad Wizaouna
~ Y
FU1YT. N1 9-26.
o a Jd A (% @ Jd (Awv Jaa =® =
NAUW AUTANDI 3BT AN Az INIRUT UTTNEITAT (2553). msAnamwmads3l
v (Y] d d d a
99 HGA manaamsdvaalagmsdinsizvinls s iwludedniue. milszyuisnms
1 4 [
1n30UeIRINTSHIATOINAUMILsZmalnenss 1 21 Tandawayy3. wiih 902-907.

a 4 L4

4 o d a J a o o
U1 Tund arzd1In 2550). TllusedmualuaiuIaanssu. dniniunywiasnsal
a % 9
UMIINGIAY NTANNUTIUAT. 294 W1,
4 @ J a 4 o A 4 a d U U
MNTal NSNITY 1Az NUATT Trdszman (2551). M3INTIZHYNABLAIVEIFAIVEA
£Y2 U d a Jd 4 v = as d a Jd a Aa J 1a
Wie1uarsadaniasaleszida i IWludediuuad. Inerdnus Uy,
a @ a a a 4 o v Aa a L4
IRINTINAAATUHITUNA A1VIWIIAINTIVIATOING F1TAIFIAINTTUAIAAT
a [ = =~ 9
unInedema lulaggauns. 71 wii.
@ [ Aaa 4 0o A 4 =] [y d‘ Q' YV
gn5Fe 109 1NN Az nudAss izt 2551).  Anvwmaziannamiaer M Nuveq
a w d d o a [ a @ a
vanaAna e uasaaan lasil. Tnssmanmiadia vdngasisnnssurmansui1iasia
a a a Jd o v Aa a J a [}
A1U1IFIAINITULUAAINTOUNT F1UNIFIAINTTUAITAST UKW IINeaena 1y lad
~ Y
313 100 Wi,
o a 9 [ A J Ao o =® U YA | £ d' a
304 AAEONYT waz qIUA YITAU (2553). MIANHINANIZTNUABYAT I 1MV HYRYATINA
d A d
21NN32UIUMS Ball Swaging Process Aon1 Pitch Static Attitude maluarsadan
L a a J 1a a o a a a 4
vina 2.5 1. metdnuslsyanimnssumaasumiiaga 0103513905 TUATOINA

@ A A [ a o 1 9
UUNAINYIAY UN1INYIAYUDULNU. 116 WU,



152

= o J o A 4 o (Y] d
ﬁ’f)\ii]“l/]‘ﬁ F159A1 Lag NUAST Fdsemay (2551). N13IANINIANNISUNNUVDIVIIYNUN

Jd A d

a a < (a a Y a a a 4
313ﬂﬂﬁﬂ.’$‘ﬂfﬂu‘W‘L!‘ﬁ“lJ5mm1ﬂﬁﬂﬂiiﬂﬁ1?fﬁiilﬁ'lﬂmcﬂﬁ ﬁ'VUTJ"]ﬂ’Jﬁ’JﬂiiiJLﬂ%‘ENﬂﬁ

v A

dnindmimnssuenaas unanendomaluladgsuis. 112 nih.
@ =4 a J = a 3 a = d' J
AUTUY YUNWINDI LD Lﬂﬁliﬁﬁh G\Qlﬂﬁ]@l (2552). ﬂ1iﬂﬂ‘ﬂ1ﬂ15!ﬂﬁﬂu!!ﬂﬁ\1ﬂ1 PSA uag RSA
v 1A éia d qu A v Aq Yo < 1 v 1 Y ad
SIIEN‘i"i’JE)11!!61181‘L!815ﬂﬁfﬂﬂi‘i"lE)1—!!1—!6\‘13»11%1ﬂﬂ1!!5Q‘i’ﬂ‘lf%‘Uﬂﬂﬁz‘ﬁ’ﬂﬂfﬂ’i?ﬂﬂ]ﬂ?ﬂ?ﬁ
Tlludedinud. InoridnusdSyyrisinssumaasuniiuda a1nlan
AINTTUIATOINA VUNAINGIRE UIINBIROVOULAN. 55 W,

Gu, B., Shu, D.W., Luo, J., and Shi, B. J. (2006). FEA Simulation of Linear and Rotary Drop
Test for Small Form Factor HDD. International conference on Mechatronics and
automation June 25-28, 2006, pp. 1264-1268.

Monika, G., Albert, J., Shih, E., and Ronald, O. (1999). Finite-Element Analysis of Stress
Concentration in ASTM D 638 Tension Specimens. Journal of Testing and Evaluation,
Vol. 31, No. 1.

Nasser, F., and Chenhua, L. (2008). Optimal simple step stress accelerated life test design for
reliability prediction. Journal of Statistical Planning and Inference, pp. 1-10.

Yusaku, F. and Dong-Wei, S. (2008). Impact force measurement of an actuator arm of

a hard disk drive. International Journal of Impact Engineering 35 (2008), pp. 98—108.



154

n1  wszneuyaieuesanan iasul (Shipping Comb)

ao Ao = L. ' Aq Yo I S a o o
UIVYUNINTITAN Y Shipping Comb 37U Moose ﬂiﬂfﬂﬂﬂgﬂﬁ’)’muaﬁﬂﬂﬁﬂqﬂiw

Y ] ] ]
Yu1a 3.5 U2 aauaaslugii n.1 Shipping Comb az1ihmaamdriuganieietiniin

Y
% 1

Hosiulilieudoudoya (Slider) iRamsduiauazniznunszMouiUALANTZUIUMS

a % 1

[l o v 1 <
HAAYAN DU NTZVIUNTMIVUAS AnoadudInTzUIumMIiIganie1u lddsenomilu

Jd a J

J @ A o Y o . . o = J £ A B2
aWiﬂﬂﬁﬂblﬂiw ﬂﬁﬂwumﬂﬂﬁm Shipping Comb “I/naJ1mﬂTW’c1miU@uLuﬂ FINAUTUUA

v
=

<3 1 1 @ 3 o IS ay 1 o
LEUNIELTN “V]u@’f)ﬂ'ﬂll%}’t]u HAZNUABDLIINTZUNNGN muu'ﬁqmmwﬁlzumﬂ%’mu%ummu%

o S A a dg' @ a o 4
Lm&"ﬂE]Qﬂ’t!ﬂ'ﬂﬂlﬁﬂﬁﬁlﬂfﬂmﬂﬂ"lluﬂﬂWﬁﬁﬂﬂ!"l’l

gﬂﬁ N.1 1eA Shipping Comb ’iq"Ll Moose

¥
U

v K . . Y v v 1 d a 4
0.2 mummﬂumswm Shipping Comb !m1ﬂﬂ‘lgﬂﬁ3@1uﬁ1ﬁﬂﬂﬁfﬂﬂ‘iw

EJ
Aav A =< o a J

! { o 9 v W 1 4
Shipping Comb 31 Moose #1 la#1n13@ny13sei 1dd 1S uivdayaiieuarsaaen

a

v 9
=2 [

Jd (o YA 09}1 ) ] @ ~ 1< v A
Tasvluau 8 e Tasduaounazdwmriamssuda awaaslugdi n2 uaz n.3 Tudail
o . ! o 1 . 4 o { [
1) 11 Pin Tad 1 Tugueq Actuator asadmm Pivot teinihinduganyuldny
Shipping Comb 1UMIHINDOA
Y 9 Y 1 A A a v W
2) @1 Latch 191 11 aufuuvuveq Actuator 52131989 1 waz 2 TagArdudaves
Latch 929n0onuuuN11¥a@1u150aIu1az00a Shipping Comb 89N910 Actuator 1440
139VUNA 1-5 DU
A A . . Y o a A o Y A
3) %3904 Shipping Comb 3zgnAIMANNVUTNUATIUA1BVDI HGA 1iNestmTNuen

uaztloaru'lild Slider tRansduiaiu



4) Z-Latch 9z¥mv1#i@0A Shipping Comb Haweg lilingaoeniin Actuator

3

510 0.2 uaaId iR 9 ¥ee Shipping Comb NlFdmsumssudanu

i1

=
N

Z-Latch

o 1 J a 4
gareuaiaaan asi

Head Gimbal Assembly (HGA)
Slider

@ [ [ v d a J
n.3 LAAANHAULATILEA Shipping Comb 1HNALgATIBIUETAAAS lATH

155



156

YA d a r.'lll J
03 nszvaumsdszneuygarleuaisananlasn
o 1 J a 14 4 I qa/l £ a
nszudumMsdsznouyanisiuasaaan lasiduduaounialunszuiunmsnan
1 4 il [
g15aaad las¥e9zin15Aads Shipping Comb 1A ugaI8 1Mo v Atlo ey lalw
Ao doudeyausnuasslarenamsdudanu Shipping Comb Miwnldlunszuaums

A H
Uszneugariie uasaadan laswaziiduaeumsin i ldan dwanalugli na

Head Install Packaging Return

[ Chemical Contact

|:| Friction

. Possible Heat Contact
l:l Vibration / Shock

‘ Pack }—" Shipping }—'{ Customer ‘

v v
511 n.4 uaasiuaouni %11 Shipping Comb lunszurumsisznou

C J a J
‘ﬁﬂﬂ’)@1umiﬂﬂﬁmﬂiw

1) MIAa (Cleaning 1)
' A o L. ] Y, o 1 S a M o
nouNaz1i1 Shipping Comb 191 lunszurumssznouyaio s aadn s

vzdanai ldremanuazorauazinliuiudonou

517 n.5 ueAIN1s Shipping Comb Nz1i11d19



157

1 < @ | qszl 1
Shipping Comb 92gnU3359 ldazunsavwan daaaslugli n.s viniugnaadn

nTeedeiinnudazern awaaslugzili n.e Tasriiunsaraludeaisazale Valton 97031

v
Y

2 J ° WY o Y o v 4 ] A
%']ﬂuuéﬂggﬂaﬂﬂ?ﬂu'] DI llagu'lll']lﬂ']ﬂjﬂall 61]1!@]@uq@]ﬂ’]ﬂu'lll'I'E-]‘]Jﬂjﬂﬂﬁuqaﬂi'liﬂ]fuﬂ

4 1 g { @ [l [ Y . .
i lannuduiunsndlegamaonian 9 1dvua 11910 Shipping Comb

ci U Y ng
5UN n.6 HTAIOWNANFUNU

U

2) Head Stall Process
o dy <3| 0 2 o iy Y ~
VHABDUU !.‘]J UNMTUIBUAIU HGA 9 THIUNAY 9 GI)'°Ll111‘]J‘§$ﬂ’lf]°]JL‘ll 1MUY Actuator Arm NI
1 . ) 1 3 . Y 9 a ] 4
081U Swag Shuttle Fixture 1149 mi1 g uapums Swaging Aremsldgnuoad ai1u HGA 1o
o 9 a o [ qs: . < ay . .
MW HGA BaRafy Actuator Arm HAIINTUABUMNS Swaging 398U Shipping Comb &N

o Y o Y} 1 a 4 q Y 1 Iy 1 a v v @ [ {
HNAIUINUYAIDTUU I HGA Lﬁ’t]1N1W!Lﬂﬂ$ﬁ3@1umﬂﬂﬁﬁhW’dﬂu mamﬂﬂugﬂﬁ .7

~ a9 o Y ~ <
Eﬂ‘ﬂ n.7 Llﬁﬂ\ifﬂi’d’JﬂJﬁ’JL‘lJWﬂiJGIgﬂ‘H’J?)1uTI’1Ji$ﬂ’OlILﬁS"l]



158

v S a o S (A o . ~ 9 Y °
“];ﬂﬂ’)'ﬁ]'lua'lﬁﬂﬂﬁﬂulﬂﬁ/\l‘ﬂﬁﬁllﬂﬁ Shlpplng Comb (58U 28LLa 92U 1 Head Guard

= 0911 d! dl v . a =
11']’(?(’3“ﬂﬂ%uﬂuﬂl‘i/‘l@ﬂﬂﬂﬂuﬂﬁ'lﬂ"l]@ﬂ Slider {NANITLE UMY

9 Y .
3) MIANAWETLIAN (Cleaning 2)
o S a o s (A < o Yy 9
Glgﬂmmuaﬁﬂﬂﬁﬂ"lmWﬁﬂszﬂ@maingﬂm”lﬂmamﬂmmzmﬂiﬂﬂ

= % = Ay % d'
UMITATEIFUNY Aaaadlugiin n.g

31 n.8 naasgarire ez lildedrsarsazans

v
4) ﬂ’]ﬁ@ﬁ?ﬁ]ﬁﬂﬂﬂmﬂ’]?‘l%uﬂ’]u
o o 1 o Y =
ﬂ’]ﬂﬁa\iﬂ’lﬁﬂﬁﬁﬂﬂﬂﬂzﬂﬁjﬂqu %nﬂu@]@\illﬂTiﬂijﬁ]ﬁ@Uﬂiﬂﬂ’]Wﬂ’]ﬁﬂﬁgﬂﬂU
o A Y ' IR a ] v Y a o
qufﬂ‘ﬂ3@11«!le]Glﬁl!uﬂlﬁ]'J1ﬁ13J’]'§ﬂﬁ?ﬂWULﬂlﬂuﬂlﬂuﬁﬁ']llﬂli01615\1114!”1@ﬂi\‘]jﬂﬂﬂlﬂﬂﬂu
v v
ﬂ15@53"1]ﬁﬂﬂﬂmﬂTWﬂTiﬂﬁgﬂ'ﬂU’ﬂgﬁﬂWS%ﬂﬂT GramLoadeﬁﬂﬁiTuﬂﬂuﬁ ShippingComb
v ' '
"l]gg] ﬂﬂﬂﬂ@@ﬂﬁ]’]ﬂGHUQWHTﬂﬂ’ﬂgﬁ GIZﬂ Gripper uTﬂWQﬁ@iQﬂﬁWUGU@Q HGA lﬁ@ﬂ'ﬂﬂ Sh1pp1ng Comb

Y ! 1
PONNAIVINUUYA Load Cell 9281191111H1115015993AA1 Gram Load Aanaraalugilf n.o



159

31U .9 naaINsiaa1 Gram Load

5) MIVIIYYANIOIU (Packing)
A o 1 1 = Y Y o
iWegaie urIuNTZUIUNMSYsznoutazasIIdeU suSeendvzgmit T ussy
1 1 A A 4 o [] J A o o 1
asnnauazgavenuedniiaga et ldgnszuirunmsdsznemilusisadad lasvde Tl

aaaasluglin n.io

P o s a s
ETJTI .10 Llﬁﬂ\iﬂTﬁ‘Uiiﬂﬂgﬂﬁ'}@'}uaT‘iﬂﬂﬁfﬂﬂﬁw

6) MIVUEAINAATHN (Shipping)

Y A

a8 1unsouIlsznouganieuszgndslliddsgndmiedonanae 11l

u
1 [

o 2 A & S A ¢
navInnsuaiugnuantdueisadan lasWuda Shipping Combvzgnasnauuild

U

lunszurumsnangaeIuan



U.1 MINATDUAITUNUNINGGIY (Specimens)

v 9
A15199 .1 u,ﬁmwamimaauﬁwmmmmgm

161

K Tensile Yield | Maximun | Ultimate Tensile Stress at Elongation at
T Stress (MPa) Load (N) Stress (Mpa) Break (Mpa) Break (%)

1 56.10 2,259.99 59.86 49.50 18.68

2 55.98 2,255.47 60.36 49.84 18.44

3 56.03 2,257.31 58.84 48.83 18.87

4 55.87 2,250.81 59.94 49.62 19.64

5 55.86 2,250.62 59.32 48.97 19.72
fhmﬁﬁl 55.97 2,254.84 59.66 49.352 19.07
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Abstract

Polycarbonate is widely used in many industries such as Automotive, Electronics, Hard disk drive
etc. It was well know that polycarbonate has high strength, good hardness compared to other polymers.
In HDD manufacturing, polycarbonate was used as parts and tooling. Some of them have life time
problems which investigation on such problem is in sufficient. Therefore, this project aims to compare
fracture of Polycarbonate part with simulation results. Numbers of fracture part was classified into various
failure modes. Simulation techniques were employed to indicate and compare with the part fractures, both
static and fatigue mode. Result of this study may yield the real cause of part failures and extend to longer
lifetime of part due to mechanical factors.

Keywords: HDD, polycarbonate, failure, mechanical factors, simulation

1. Introduction polycarbonate. It uses to contain or protect HDD
products from impacting and transportation.
Polycarbonate actually use in available
temperature range and suitable state. Some of
them cannot use because of polycarbonate part
fracture from usability. The damage of
polycarbonate part may cause from affecting
with various environmental factors such as
mechanical, chemical and temperature which
happened from manufacturing process. So it
cannot avoid from contacting with those
conditions. The damage part was rejected from
process and the usable part was taken into the
processes repeatedly.

Therefore, the project was aimed to study
fracture and investigate the effect of HDD
polycarbonate part damage by focus on the
mechanical factor. This project analyzes the
physical configuration of PC damage parts and
classifies type of damage. Simulation how PC
parts damage by apply static load and fatigue
load on PC model then comparing fracture part
and simulation result to predict the way how PC

A polymer that is well known for its high-
performance characteristics is polycarbonate
(PC). PC is an important engineering
thermoplastic that is widely used since its
development in 1953 and first production in
1960. Its main features are transparency, high
strength, toughness and high-temperature
stability. It is used to fabricate many components
and can be injection molded, blow molded,
extruded. Also it is an ideal engineering plastic
with good electrical insulating properties, finding
applications in electric meter housings and
covers, casket hardware, portable tool housings,
safety helmets, computer parts, and vandal-proof
windows, light globes, specific applications etc.
One of the most advantages of polycarbonate is
its impact strength thus it has become one of
the most frequently used engineering plastics.
The consumption of the polycarbonate products
are increasing significantly today even in HDD
industrial. Some of components which have
used in HDD manufacturing made from
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part damage. Also using reliability concept
predict the life time of PC part within the
appropriate confident interval.

2. EXPERIMENTAL PROCEDURE

PC part has assembled with HDD
components to protect products from impacting
and prevent them along translation. To study the
fracture of PC part, this work will analyze the
physical configuration of PC damage parts. PC
is tough material with excellent mechanical
properties. PC can use in many suitably
condition but it has limit its field of application.
Analysis of PC damage can classify fracture
behavior of PC. In HDD manufacturing process,
it passed several environments such as
mechanical, chemical and temperature. PC
usually shows ductile fracture. However, when it
used in these conditions it can fracture in a
britte manner.  Analyze the  physical
configuration of PC damage can predict the way
how PC fractures from mechanical factors.

To analyze the failure of PC by using Finite
Element Analysis (FEA) is a way to simulate
mechanical conditions and determine the result
of stress distribution which happened after apply
loading act on PC model. Each element has
exact differential equations that describe how it
responds to a certain load. The sum of the
responses of all of the elements in a model
gives the total response of PC. Eventually the
result of simulation will compare with fracture of
polycarbonate to yield the real cause of part
failures and extend to longer lifetime of PC part.

3. ANALYZE THE PHYSICAL

CONFIGURATION OF PC DAMAGE

In generally, materials fracture can be
classified into 3 failure modes, ductile brittle and
fatigue fracture. In a ductile failure, materials fail
in a slow and display plastic deformation with
high energy absorption before fracture. In
contrast, a brittle failure is characterized by a
sudden failure and display little or no plastic
deformation and low energy absorption prior to
fracture. And fatigue failure is the formation and
growth of a crack caused by repeated or
fluctuating loading. In fact, polycarbonate
actually is ductile material but using
polycarbonate in various conditions such as
affected chemical resistance and attacked by
many organic solvents from HDD manufacturing
process, all of these variables can cause a
change from tough brittle fracture.

Analyze the physical configuration by
studying Fractography surface should be able to
determine types of failure or failed components.
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This work is required to identify cause and
factors affecting such failures and give solutions
in order to prevent undesirable failures. The
fracture of HDD PC part has investigated and
was observed by 20x microscope that shows in
figure 1 and 2.

Figure 1. brittle fracture of PC

Figure 2. fatigue fracture of PC

It appears that polycarbonate shows 2 modes
of failure: the fist is brittle fracture. Brittle
materials (fig.1) present flat fracture surfaces
that cause sudden failure. The second is fatigue
fracture. It has quite a unique characteristic of
flat surfaces with limited plastic deformation. For
this PC fracture cases (fig 2.) show visible beach
mark that happen from fatigue crack growth.
From these fractures, the study will analyze
mechanical factors which can cause PC failure
by finite element method

4. MATERIAL

Polycarbonate was selected as the material
for the study consists of polycarbonate and
carbon black. The PC part was injected mould
into irregular shape that suitable design for
assembly with HDD component. According to
irregular shape of PC part is modeled as a semi-
circular one is considered. It is the important part
that mostly fractured.
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5. FINITE ELEMENT ANALYSIS

In this work, a finite element model of a
PC part was constructed to simulate the
mechanical loading condition. The PC part
model is studied by performing static finite
element analysis (FEA) using commercial
program ANSYS 11 which presents a 3D finite
element calculate of stress that occur on model
during apply loading act on. The material model
defined in the analysis is strength and tough
rigid model. Accordingly studying fractography
surface found that the fracture behaviors of PC
at semi-circular pin were fracture in 2 manners.
These were partial broken and absolute broken
part. For that reason, indicated that the PC pin
was damage form different force thus analysis
PC part will focus on semi-circular pin by apply
force in 4 directions long the pin. The FEA
model of PC is shown geometrically in Figure 3.

Figure 3. Model of PC

A. Boundary Conditions and Contact Surfaces

During HDD manufacturing process, PC
part was assembled with HDD component and it
was taken of from HDD component while the
component was tested and inspection. After
packing and shipping HDD to the customer, PC
part will be taken into the processes repeatedly.
It was translated to the process by packing
rework part together in the bag therefore it was
suffered with certain mechanical attack. In the
FEA model, the simulation is applied via force
acting at a reference point that cause PC
damage and other parts that unconsidered are
fixed support. Applying force in 4 direction: front,
back, left and right on a rigid plate. The stress
occurred at PC pin are in accordance with the
obtained from the real situation as will be
discussed later.

B. Meshing and Elements

All the elements used in the analysis are
three-noded elements. A semi-circular pin of PC
part is partitioned such that fined meshes are
only required in the vicinity of the contact areas
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and the elements are coarser in the area farther
away. Meshing of the model is portrayed in Fig.
4,

Figure 4. Meshing of the finite element model

C. Loading Condition and Analysis

The analysis of PC part is performed by
applying force to the rigid plate on semi-circular
pin. The force is applied in 4 directions by initial
enter 0.1 force. The results for stress profile at
the model reference point is evaluated then
continue increasing force and evaluate stress
values. The proper force which applied in each
direction must generate less than 8100 psi.
stress distribution. (Reference from PC material
properties) The stress results from finite element
analysis can be used to indicate failure that yield
the real cause of part failure.

D. Validation of the finite element model

The stress distribution of the model after
simulation is shown in Fig 5.

-
XEF

d. e. f.

Fig 5. Result of stress distribution

This simulation is applied via force acting at
a reference point that causes PC damage by
applying force in 4 directions; front back left and
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right however at left and right plane must apply
force in 2 positions; base (Fig. 5a, 5b.) and tip
(Fig. 5d, 5e.) of the pin because these positions
have more opportunity to fracture than other
ones.

The force that applies on FEA model is
generates stress distribution. Themaximum force
that cause ultimate stress less than 8100 psi.
has indicated as shown in Table 1.

Table 1. Force at ultimate stress in 4 directions

Direction Force (Ibf) max
at ultimate stress

Left (base) 9.6
Left (tip) 0.7
Right (base) 2.9
Right (tip) 0.5
Front 0.9
Back 0.9

The result from FEA shows that the
characteristic of semi-circular pin is different
from various directions. If applying force on base
pin in left direction (Fig 5a.), it can endure with
mechanical force more than other sides. On the
contrary, applying force on the tip pin (Fig 5e.)
has the most opportunity to damage. As for
applying force on front and back directions, force
in front direction has similar to  back direction
because the model is symmetric shape, some
part of model that has less section area can
easier fracture than full section area. Therefore
model designing is very important for long useful
life. In the light of this aspect, the consequences
of altering geometry of semi-circular pin are
examined. In this paper, three new model
designs as shown in Fig. 6 are investigated.

a. b. c.
Figure 6. New semi-circular pin design

To able use PC part in long life, this
work has to modify new shape. There are three
new model designs that can increase efficiency
for using and reduce amount of failure. These
models were adjusted from exist models. The
first model (Fig 6a.) is increasing thickness pin in
0.1, 0.2, and 0.67 mm. The second model (Fig
6b.) is increasing radius in 2.46 and 4.78 mm.
The last model (Fig 6c.) is increasing section
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area by chamfer surface. The result of force
after modify are shown in Table 2.

Table 2. Force at ultimate stress in 4 directions
after modify model

Force (Ibf) MAX at Ultimate

No.| PCPart Stress

Left | Left | Right | Right
Front | Back

(Base)| (Pin) |(Base)| (Pin)
1 Original 96|0.7]|29(05[09] 09
2 t=01mm ([70]10]33(06[1.2] 1.2
3 t=0.2mm [73]12]32(09]10] 1.0
4 | R=0.67mm [19(19]33(1.0(1.0] 1.0
5 |[R=246mm |83[0.7|3.0|05[1.0] 1.0
6 | R=478 mm |83|08|3.0[(05|10] 1.0
7 Chamfer [9.3[(09|3.1]|06]1.2] 1.2

After new simulation, almost of modify
pins have raise efficiency on force resistance
notice from trend of the data. If increasing 0.1
mm. thickness, the model can resist external
force that performs on right (base), front and
back directions better than other design.
Meanwhile increasing surface by chamfer can
resist external force that perform on front and
back directions. Besides increasing 0.1 mm
thickness can endure mount force that act on
right directions only. However, apply force in
both of front and back directions have equal
same result because of symmetric shape. The
trends of force resistance of the new modify
models at ultimate stress are shown in Fig. 7

12.0 .
W Original

10.0 ® Designl:t= 0.1 mm
20 ® Designl:t=0.2 mm

W Designl:t = 0.67 mm
b0 = Design2:t = 2.46 mm
40 ® Design2:t= 4.78 mm

20 Design3: Chamfer

00 dlw ak dB dE

LeftTop = Left RightTop Right Front Back
Bottom Bottom

Force (Ibf) MAX at Tensile Ultimate Strength

Figure 7. Force at ultimate tensile strength
6. RESULT AND DISCUSSION

The present work studies the polycarbonate
part fracture and simulation from HDD
manufacturing process. The failure part can
happened from mechanical factors thus the
stress distribution is investigated. The forces in 4
directions that yield ultimate strength are cause
of failure. To modify new model with proper
design can be improve and increase efficiency
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also reduce amount of failure part. Moreover, the
stress concentration at the critical damage point
can be diminished.

In the next procedure of this work plane to
test PC part by using tensile test machine and
comparison the result of the testing with
simulation result to predict how PC fracture from
impact mechanical force in HDD manufacturing.
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