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FEA/ SHIPPING COMB/ FAILURE/ DYNAMIC FORCE/ HDD

In HDD assembly processes, automation has been deployed in many steps of
process from subassembly to drive. Dynamic forces of a shipping comb removal and
insertion have impacted the automation process related to HSA assembly. Dynamic
force of shipping comb is‘a complex result from parameters such as removal and
insertion shape and surface contact condition. This paper will discuss the relation
between dynamic forces, removal and insertion Shape and contact surface of shipping
comb. Generally, parts.are manufactured and tested for performance evaluation and
making of corrective deign. These 'steps generally consume long time and high
expense. It would be more advantageous, if these steps could be carried out by
computer simulation. Therefore, this research aims to use the Finite Element Analysis
(FEA) and will cover the prediction of comb removal and insertion force related to the
comb shape. Potential benefit of this work is the cost saving by reducing the number
of trial and error, reducing the change of comb mold design and test which tried out in
comb development process. Moreover, having predictable force will reduce time to

market and increase competitiveness of HDD product launch into the market.
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aqaalugii 2.10 (a)
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b) In Local rst System a) In Global xyz System

5101 2.10 nanIBaRNUANILGNUIAN Hexahedron 8 TrHuA

U

2.6.2 Natural Coordinate System

aree191uzUN 210 (a) Walugduwuing Ao r, s, uaz « AlgasUAUVDS

a a 4

4 1 L a o 1
U ﬁ’ﬂ YALFUNTDYA (Centroid) ¥DULADLDADNUE GdlfﬂllﬂlﬁzﬂzWﬂﬂﬂJ@QLMﬁmlﬂu r, s

= 9 9 = ]

uag t vzien 1893 HI9gueIiIToga1uas WNTFINAIegTE 119 £1

u

R-

(% QgJ’ Ao A & A A PR ~ A
auiuszaginaniulansa supyvesdaamuaniuginsamvasy

Y A o

amnad asfieglugil 2.0 ) dauinlussuuiing Cartesian Wiy Global 01992 14
9

nginasinuiuew uaznsAagvensgninan g sy Tugiii 2.10 @) anwduius
9
FEHANNNAVO Local 18z Global mistiaaslan )
Xl
Y1
z
X 1
X2
yi=[NK (2.30)
, :
28
| N, 0 0 N, 0
Tagi [N]= N, 0 0 (2.31)

o O
o
Z
iy
o O
P
[ec]
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uaz Ny =(+m)(I+ss)(+)  5i=12,.. (2.32)

o d‘ H
2.63  wuURIALIMIITEZMSNAUN (Displacement Model)
s a A A 4 '
ﬂTiﬁ\‘iﬁ'lllﬂ!@]ﬂWUﬂJ@QﬂWiLﬂﬁﬂullﬂﬁﬂﬂl@QigﬂgﬂWi!ﬂﬁfluﬂigﬂ'}NIuﬂ (Node)
I v o 7 a Y A ~ Y 9 Jou a o @
L“]Juﬂ’)'liJﬁiJWH‘ﬁLl“U‘]JL“]NL’ﬁH ﬂ'lilﬂaf]u‘ﬂﬁ'liﬂiﬂuﬁﬂ\‘lUlﬂiﬂﬂﬂ?iﬂlﬂfﬁﬂﬂ%u@um@iiwmG]f‘Ll

(Interpolation Function) G atiilounvuguimiasanaia

l"Il
v i=[N] ul =[N]eQ® (2.33)
W o’

u8

£ Se) A J . =
%3 Q® fp 1AMBIVDI Nodal Displacement ‘Dégree Of Freedom uaz (U;,v,,,) Ao 5262
MsAaoUNUeIRA i,i = 1-8
v v d
2,64  ANUTNINUSUBININIAILANDLAIIINAY (Stress-Strain Relations)

Iauns (2.34) Three-Dimensional Strain-Displacement Relations

Oy
0,
9,
gXX ay
Ey 8_W
£ 0 _
F=9 “t={" =(BleQ® 2.34
d Eyy 0, O, e[sxza],.gxl (239
_+_
Syz ay a><
e) |0, 0
0, 5y
Oy , O
_+_
o, 0,
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Tagil LBZJ = [B,]8,]...[B]] (2.35)
N5 g
OX
o MNi
oy
Y B |= ,i=1-8 36
1a [6X,3] N oN, 5 (2.36)
oy  OX
o N o
oL | oy
N, g M
L oz oX

[ 4
Taefwasn [B, | eunsodionesmnlugiigiensius ldasie 1l

N, (oM [ox aN; oy N, o
or ox or ey o orcor
N, | _ [ONgy, 0 oN, oy ;. oz
0s OXx 0s oy o0s 0z 05
N | [N ox oNi oy oN, @
ot ox o oy ot oz ot

[ox oy oz ||oN,; oN,

or or or|| ox OX

= % @ g % :[J}% (237)
0s 0s 0Os|| oy oy '
x oy alloN | |eN,

ot ot ot|| oz oz

2.6.5 Element Stiffness Matrix

Amuali Element Stiffness Matrix Hgaumsainde (2.38)

(k] = [[[[8] [DIBlav (2.38)

v ()
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A a A . [V A X o d A Y
1WatuaIn [B] A9 Natural Coordinates (ﬂ\‘lllﬁﬂqclu@’ilﬂ'ﬁﬂ 2.34, 2.35) FI9UYUNILADITIY

[ a A [ A 9 9 [ o Jo 1 dy
FUNMITHAIINNTOUTNTN ALEA IUTUNITN (2.38) Ay Taglganuduiuiaeaoi

dV = dxdydz = det[J ] drdsdt (2.39)

Y 9
¥ @

A ~ Yo A
ANUUAUNITN (3.38) mmsm%ullﬂmu

T

[K]® = [ [ (8] [DIB]det(s rdsc (2.40)

L e—

i

2.6.6 mimuadiuFaaaay (Numerieal Computation)
d‘ a A U q',/ a an as a Aa o 9
(o a3n [B] A0 TRFUBNNATT Y81 1, s Az t ITNMIAAMUTIANavYN 1%

a a a [ a o 1
GluﬂigmuNaﬂmnmmmiaumﬂw (Integrate) aanaasluauns (2.40) NNMTNFIUNUN
an . 2 ama. Ax a a i
1517 Gaussian Quadrature Lﬂuﬂ‘ﬁﬂﬂﬂnﬂizﬁﬂ‘ﬁwauiﬂﬂﬁ.{@

£ 1

E4
v A

4 Y { 1 o
Tumsuiilayiniile Gaussian Quadrature D VAP IR 9 IAWaNUILE i)

K9 =23 3" 'S((eT [DIBLeeta )R S, T)] @.41)

r=R; =Ry 5=8;=S, t=T =T,

Tagii [(B] [DIB]-det[3]|(R..S; T,)] (2.42)

YY) = = d. d
2.7 magudaluszdedsmalllundadmue
v W ay 1 I~ A A a = 1 9 o [ v W [l ay
ﬂ'liﬁllWﬁ"l]’f]\‘]"]fuﬁ')uﬂ'Nﬂalﬂuﬁ\?ﬂﬂaﬂ!aﬂqvlullﬂﬁ1ﬁiﬂﬂ1iﬁﬂWﬁﬂ]ﬂ\iﬁju%uq'lu
9 Y
@ [l 1 o o I~ a
AR TOITIU Gl,uﬂ'liﬁﬂ‘}ﬂ']ﬂﬁﬁﬂﬂrlf'lﬂ'ﬁﬁjﬂl%ﬂlﬁﬁﬂ@ﬂﬂ@ﬂﬂ]ﬂﬁﬂauu ﬂ1lﬂu§§]jf]ﬂw%1ﬁm1ﬂ1i

¥ v v ~ o = J a J
ﬁﬂJWﬁ'ﬂu"UENH’JLL"Uuﬁ’J’EﬂuHIEJuﬁﬁﬂﬂﬁfﬂﬂﬁ/‘l

4
a A

271 UMIAANUHSIUMSTNNE

@9

v
=) =

Y 1 1 v v Y Y
MIFUAE A0 MINNUAIDATLITUAABUNTIMIAUIUNTENINUA UK A1TY

A a A v W o v v W 1 S A o ~ ara S A
ITUINAUMTAUNTUASNINTTUNTDIUDYTIUAUN muﬁm“lugﬂw 2.12 “lu‘nNWﬁﬂ’d 9UY

9
% v A

auanyuzmsduialiail
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U 4 tﬂaj a = dgl o U U d‘
mmwmmwumaz"lmmﬁwmzummmmﬂuuazﬂu muﬁmclugﬂw

=

2.11 18TmsuaaemsaaiuusInatazusadoan Iy uaz luin1saardIuLsI89naId Ao
dy a [ d‘ d‘ Y 9 a
WUAITUR eI 01ENDDN LAz UNDDNIINAU 1A laedaTy
Y A = [ 9 < dg’ IR
msduda Ao msnldsuaoiuzuunluFudy aAnuuiwesssuuTuegny

v w1 v W 4 ! o
ﬁmuz‘ummimJWﬁ’mﬂmmummzﬁuNﬁﬁ?@ﬂlmzmﬁauﬁa@ﬂmﬂﬂu

3\

H 4
3211 waRIdRBRE N ITAUAdIRINUHID AT
o o U
2.7.2  auMIMUIUNITNNS
o o Ly Y <3 9 =1 a dy A
ﬁ'lﬁﬁllﬂWﬁfﬂJNﬁlLU‘U'N]QLL"INﬁ'IﬁJ'Iﬁﬂcl‘b'ﬁllfnﬁLWfJ'JWU'W] (Pure Penalty) #1590
4 14 = ddy = Y] Y Y 1 1
PONUUAAINTDIV(Augmented Lagrange)cﬁmwugmﬁumimEJ’JﬂuUlﬂ VDUANANWN TSUIN
o a Y 4 J
FUMTMUINLVY WEINUIA (Pure Penalty) 1% 99NINUADINTDID (Augmented Lagrange)

A = t4 v W A Y
A9 NTUNIUVIIYUDINTTUNE (A NWNUIN

@ v W @ <
517 2.12 uaasdnyuzMIFUATIUD AUl
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Pure Penalty : F k (2.43)

= +X
normal normal penetration

k

normal + Xpenelration

Augmented Lagrange : F + A (2.44)

normal

Tae  F__ Ao usannmsdudd
A 1w a S v o
K, £A0;duilszansanusdaduie
A A
X eneraion N0 TZOLNTINAAULDIIN
A 4 Y
2 AD NIUVEBUDIMFAVAH

A s v W dy o Y o 4 J
1NMSAUNINV18V0INISTURE (4) # H1IHMITAIUINLVUDONNUADINT DI
[ ] d‘ " W a Q‘f S o o d‘Q d?
(Augmented Lagrange) 13 lhaepsilaauutlasvesmduilseanianuudsduiannaiu
A (LY a S o o [ g <
k _gemmdnlseanianuudedudak . fidunn szezmsanauiienunizios
4 < A o 1 v @
AUMITAINTOIDUUN IR (Bagrange Multiplicr) N A0 MFAUTIUIUAWTINAT U
I a A ~ a 9y J a
Hussmoasemsinaoui (Degree - Of  Freedom)  Tis 131 11 luaumsainsesduuyulng
A 9 a o o i A A o Y
(Normal Lagrange) tWolrtians dufia lagaai)sal wanaiuun Ao ununazimsudilyn
1 v W [l T @ A & < 18 o 4 1
aumMIausIduia Taesumdulszaninnuul iy A aias 5oz auad o N ULALTING
v W 9 an [ Y v v Yr dy = 1 [ A Y o
durazgnuAaNns laeIsHUUFAI919A 1 11A1N39BAULR U UAWN AUKIe Inangud

Tagnlasuuilas DOF Aanaaslugifn 2.13

F = Extra DOF (Contact Pressure) (2.45)

normal

gﬂﬁ 2.13 a9 Extra DOF (Contact Pressure)
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4 a o ]
Pynmivesaun1sa1nsoaduunnd (Normal Lagrange) Siimssiviuali lufimsow
g a 4 v @ I :/' = a\ : o A [
autlpaunadu aouzmsdudgzdunwuuda nTouuuialddaild 135 nsguhen
LYY a d? 9 3 [} ) A A "9y ya dy
mzyadudadsamnadu ldnclugruuidlaniola uadrwonldiinsawauile

a 3 I Aa ' <] o J v {
waduldtheeg Ididuasmsgnnegi ldiendt auaaalugi 2.14

apIuTMITUR
11lg e
dﬂl 1 1 dy 1 1
wawioay _ | _ youdn) | wawieay LEREE
ﬂﬂ ................ ﬂﬂ ................. ‘ ‘\\gﬁﬂﬂ]ﬁmaq
L
LUDITU

310214 nEAIANE U D INEH T AU

mMsduAdzgnasIatuuana1enu ldawriavesaunisily aunissiuianuy

a

y 4 o [
(WeINUIA (Pure Penalty) 1128 DONNUADINTDID (Augmented Lagrange) 9% 19115053991

v

. . . v ~ o Y o A
DUNUTLUUYA (Integration Point Detection) muﬁm”lugﬂ‘n 2.15 wﬂﬁmmma%uwmmm

{ [ v
U1 2.15 1AAINITATNIVOYNUTUVLYA

eaNt
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ANMIAINTOITUVUUAA (Normal Lagrange) 118 uuUTadnenoUaATUN (Multi-
Point Constraint) 3¢ 19 Tuneadmadi (Nodal Detection) fauaaaluglit 2.16,2.17 fl¥ilga
A5299 U 0aNN

TuABaAMAYY (Nodal Detection) 22 1¥wamsduafiveufianit uaudnin ludau

AU 9 FIMIN Y (Mesh)Razidsaaunsorrend 1u'la

~ o o J B = o
sUn 2.16 @AINITATINIVOUNUDLLUITA 1%11!@@51@“/]?]%1!

U

9
lunstlveansdudautudaaauay 13 n15LenIN I UUIaBINUAY a5 1%

v
o w a

v A 4 4 - . X Y 9 9
AUNITUAANDYIUAD UM T UN (Multi-Point Constralnt)ulﬂ mamﬂngmwmmﬂﬂ “Lume:i
d’ d’ d‘ d' 1 dy a U % Qddﬁ ] ) ) dy
L“INEJ‘V]%%IEJ\‘]ﬂWiLﬂE’I’E)N“V]i%W’JNWHN’JﬁiJW’ﬁ ’Jﬁubl,iJGlG]fﬁiJﬂ1iLL‘U‘UWH1ﬁmﬁ (Penalty-Based)
4 =l 1 A A o a 4 Aa
130 013099 VUNIM (Lagrange Multiplier) seillunyuninertesnuusne Aurilasasa

~ (K~ 9 v A d 4 . . . Y
madegdunalvgnaunsaldaumsiadnosinoudasumn (Multi-Point Constraint) I8

{ @ v J { a { a
U7 2.17 udaINIATINIVOYWUTHLUYA NUTIUNUFD
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Ay v U aa.l‘ E) Y A 9 o v W a a 9y a
vind lananunnanualudsduszimerdesdumsdudalunianalng driims sz
Y
DIAMTUTEANIU ANUHIIVUALAITIVIAVDINTTUAT dnHUIBFUTIZIDANITTUAD
Y Y
TufiamaFayu'ld adrenumsriud 1 'bildvnnmsdudaluianiauayy A
ld'l v [ Y a 2K A d‘y . . =\ a dy
o2 liideudieenaIniud UNANISEARATY “Sticking” FUMTULY IWBINUIA (Pure Penalty)

Yo =Y I T @ A S v o A A @
i]%@jﬂi“])’ﬂ1uﬁlmlﬁlli’)1@lel@]'JLLﬂilfﬂUﬂ"lﬁﬂJ‘]Jigﬁ‘V]‘ﬁﬂ’ﬂllLHNﬁiJNﬁl%ﬂl!ul!ﬁ%i%ﬂgﬂTﬁLaﬂu@’J

Sthklng : angcntiul = ktzmgcntial T Xsliding (246)
108 Fypons 010 MII0INMIAUAITY
4
1 o a = S o v A
K gngenia 10 A107M1 38 ANTANMUASTUATT 1342
A d‘ Q
Xigne 10 T2UZNITAOUAD
d! = [ Y < o [ a =K a Y d‘ % ag YAy Y ax
B9 X g IAWMIAVEUITHTUMSAANMITARA U IIM51A0UA gnoaugA L 1aTu3Tms

9

HUUNUIALLE (Penalty-Based)

2.8 TMIINNTHMVIMTIAI@UMINATA (Dynamic Analysis By Numerical

Integration)
2.8.1  uUnin
{ o a I'd [V
Tagwugiuna ldlumsudilgwimisimsigiuesszuulnssadanain
AaA o Aa o . g .
(Dynamic Response) Ao M3 19I5 UATITHAUIFIANaVVeITUMT Dynamic Equilibrium
[ { A 4 o [} y o 1 1 [
luvagnasnninansvduiigqudautanala q lusrafidmua Taediulvglundn
a o Aa o o o I ]
AUATICUATUIULBIAUAVNAY ) Lm‘ufazmwuﬂnaﬂumsmmmgﬂumqnEJznm At, ZAt,
1 I~ Aa o I
3Ac... NA: Tumsilszunawa odrelsnammnismsudilgmannsadwunsemilu 2 wan
1ﬁﬂj 9 Av IBMILUL Explicit Integration {481¢ Implicit Integration
ag a L. . ] ) Y k4 A
ABMIAALDY Explicit Integration liamisoihunlglumsudilynuion
v o Aa 9 A g 1 Aa Y ax dy o EX 9 Aa Y4
WaﬁW‘ﬁﬂJ@ﬁﬁNﬂTﬁWﬂLﬁ‘LW]L‘]JLlﬂq%J IﬂEJ‘]Jﬂ@]LL@’J’JTJﬂ"Ii‘Ll51]3‘Ll13Jﬂclfcl,l‘lﬂTiLLﬂﬁiJﬂ'ﬁLGN@igWH‘ﬁ
. . . A Y o a A a d%l ~ o [
(Differential Equations) Nt3a1 “t” 1a B udnih ldszdiumannedy o nai “t+At” 9 1HITU

Yy  a A v ¥ 2 ' o
Iﬂi\?ﬁﬁ'l\ﬁ]i\ﬂﬂ 9 ﬂﬂigﬂ@‘ﬂﬂﬁﬂ Stiff Element memmiNaaW‘ﬁmLuuauiumanmﬁu ol
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a a ] 2 N 4

A5MsAAUDY Implicit Integration Az 1FlumsudaunsiFeoyius

d o d da J d

(Differential Equations) fit7a1 e 1@ 9 vidsnniinuwaiinaduninmsiszurana o nand
o 09/’ A yo < [y 4 v 7 a { g J
“Ar auiuIsmsidudurzdedldlumsuddlgmuiommadnsvesaumasudumiungu

282  33M35989H313A (Newmark Method)

P
a 9y K

5N3V09912115A (Newmark Method) 1danaaduauludl a.a. 1959  uaz

)

° Y a S ) o . A A 9

‘HHJ11“]51‘14fﬂi’JLﬂiW%WﬂﬂJuWWIﬂi\‘]ﬁ'SNWE’I'N] (Dynamic Structural Problem) NNYIVDIN
a 1T A Y] anl Y [ @ A ) 9 a 4

Lm‘izmmmsuwuﬂullm Wa\1ﬁ]1ﬂ‘11!‘l,!11913Jfﬂi‘]Ji‘]J1]iqQLLﬂZ‘WGJJ‘HHWE]HWMﬂ%’iUﬂWi’JLﬂiW%W

@NM3 Linear Dynamic Equilibrium Sa@eu3il aenaasluaunms (2.47)
MU, +Cu, + Ku, = F, (2.47)

wiemslFsmsvesinunsa eansouasesnin g luglunuaums 2.48) uaz (2.49)

. At?
U, =U,_, +AtU,  + g P PAtU (2.48)

U, = U, +Atl,_, + /AL (2.49)

Y o Y1 L] a Y A o =~
‘E]”Iﬂﬁ/il!ﬂiﬁﬂ”lﬂ’ﬂmixuﬂUL"INLﬁ’LlﬂTEJGl‘L!izElzmaiﬂﬂﬁ’iuﬂ VCHTIVITVIUTUNITODNNN

aaaaaluaunsn (2.50)

U= (Ut _AL:t—At) (2.50)

@ A ] J §
aquaasluaunsi .48, 249 waz2.50) ensoiwndsulugluuuesunugiuves

171157 (New Mark’s Standard Form) 181 danaaaluaums 2.51) nag (2.52) dese 113
B S - .
U, =u, . +At,_, + (E - P)AtU,_,, + PAL, (2.51)

U, =U,_, +(L— )AL, + yAti, (2.52)
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a J 1 1
“Lllﬁilﬁﬂulﬁml%ﬁ’llmi (2.47), (2.51) uag (2.52) Tumsdszanaraluugazyiana uag
Y I a Y Y = g .. I3 Y
s2aU AN UdATENINIZAAV0I1ATIaT 18 Taginall U, ﬁ’ﬁﬂiﬂﬂ”ll!’)ﬂ!ﬁﬂﬂﬁﬂﬂﬁ’ﬂﬂﬁ
o 1 A A 9 [ [ I a QEJ}
(2.49) Tasmsiiamlannertesnuszauanuiudase ldmsnaua
1T a A ) a o % 1 1
Tag Y uag g Ao AMBUNNINFUNITADT (Integration Parameters) Felinanon

ANNIADYTVDITLUY

=2, ﬂs; war md— L (2.53)
Y
a) [
max 2 ﬂ

{ [ 1 P { 1 1 4
Tagh o, Wumanwdinnigaluszaulagaade uazziinnueatosodia hifidoulud

2>y > % (2.54)
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LSL 2 | == == Overall
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StDev(Overall) 0694157 | |, Overell G ;b_l_t
verall Capability
| PP 192
| PPL 282
| PPU 1.02
| Ppk  1.02
| Cpm *
|
| -

Observed Performance Exp. Within Performance Exp. Overall Performance
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Process Capability of Insertion Force (Unit)
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\ \

| |
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Effect Type
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(response is Force (Unit), Alpha = 0.05)
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Normal Plot of the Effects
(response is Force (Unit), Alpha = 0.05)
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@® Not Significant
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80 - Factor Name
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$ 404
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1

Lenth's PSE = 0.277232
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T T T T T
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Effect
Lenth's PSE = 0.277232
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Normal Plot of the Effects
(response is Force (Unit), Alpha = 0.05)
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50
40
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Percent

Effect Type
® Not Significant
m Significant

Factor Name

A Insertion Chamfer Angle
B Symmetry Gap
C Fillet Radius

Lenth's PSE = 0.10695

T
0.0 0.1 0.2 0.3
Effect
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Pareto.Chartofthe Effects
(response is Force (Unit), Alpha = 0.05)
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Fitted Line Plot
Force (Unit) = 2.772 + 0.08163 Removal Chamfer Angle
a0 S 0.234704
R-Sq 95.9%
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Process Capability of Removal Force (Unit)

LSL USL
Process Data | | e\ ithin
LSL 2 | | == == Qverall
Target * " — —
USsL 10 | | Potential (Within) Capability
Sample Mean  5.63627 | | EEL g'gj
Sample N 100 | | oPU 4'73
StDev(Within)  0.3074 | | Cok 3'94
StDev(Overall)  0.317023 | | P :
Overall Capability

I I Pp  4.21

| | PPL  3.82

| | PPU  4.59

| | Ppk  3.82

| | com *

| } |

I T T T T T T 1 T T T T T II

2.2 3.3 4.4 5.5 6.6 7.7 8.8 9.9

Observed Performance

Exp. Within Performance Exp. Overall Performance

PPM < LSL 0.00 PPM < LSL 0.00 PPM < LSL 0.00
PPM > USL 0.00 PPM > USL 0.00 PPM > USL 0.00
PPM Total 0.00 PPM Total 0.00 PPM Total 0.00
~ 1 o = v o
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Process Capability of Insertion Force (Unit)

LSL UsL
Process Data | | — \\ithin
LSL 2 | | == wm Overall
L;rfet I . | [| [ Potential (within) Capability
Sample Mean  5.36205 | | EEL ‘3"22
Sample N 100 | | CPU 5'02
StDev(Within) 0.307703 | || | ok 264
StDev(Overall)  0.290912 | | —
Overall Capability
| | Pp 458
I | PPL 3.85
| | PPU 531
| | Ppk  3.85
| | Cpm *
| |
T T T T T T |I
22 33 |44 £55 66 7.7 88 99

Observed Performance Exp. Within Performance Exp. Overall Performance

PPM < LSL 0.00 PPM < LSL ' 0.00 PPM < LSL  0.00
PPM > USL 0.00 PPM > USL 0.00 PPM > USL  0.00
PPM Total  0.00 PPM Total  0.00 PPM Total . 0.00
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K Tensile Yield | Maximun | Ultimate Tensile Stress at Elongation at
PHITH 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
Aunde | 5597 225484 59,66 49.352 19.07

V.2 Nﬁﬂ1iﬂﬂﬁﬂ‘i.lf’h!l‘§\‘l‘ﬂ%

v E2
MINN U2 LAAIHANITNATOUFAIIIHIVOS 100 FUNY

Before Remoyval

Before Insertion

Improve Removal

Improve Insertion

Parts (Unit) (Unit) (Unit) (Unit)
1 7.878 5.852 5.122 5.865
2 7.878 5.577 5.282 5.169
3 8.286 5.165 5.050 5.623
4 8.695 5.165 4.907 5.538
5 7.878 5.990 5.224 5.370
6 7.266 4.039 5.006 5.270
7 7.878 4.588 5.707 5.395
8 7.878 5.577 5.254 5.279
9 7.062 4.588 5.348 5.498
10 6.817 5.165 5.363 5.941
11 7.062 5.303 5.089 5.877
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Before Removal

Before Insertion

Improve Removal

Improve Insertion

Parts (Unit) (Unit) (Unit) (Unit)
12 8.286 5.303 5.218 5.586
13 8.491 5.577 5.683 5.948
14 8.082 5.577 5.363 5.393
15 9.103 5577 5.099 5.409
16 6.613 5.440 5.522 5.454
17 8.286 5.852 5.798 5.534
18 7.470 4.753 5.272 5.267
19 6.613 5.852 5.841 5.478
20 7.470 5.852 5.326 5.287
21 9.960 5.440 4.835 5.426
22 7.878 5:028 5.391 5.886
23 7.674 5.303 5:379 5.221
24 9.103 5.852 5.458 5.875
25 8.491 5.852 5.431 6.095
26 7.062 4.891 5.418 6.185
27 8.082 5.577 5.394 5.757
28 7.266 4.753 5.686 5.361
29 6.817 4.753 5.201 5.537
30 7.266 5.715 5.481 5.206
31 7.674 5.165 5.708 5.321
32 8.082 5.028 5.114 5.573
33 8.082 5.165 4.859 5.717
34 8.491 6.127 5.114 5.608
35 8.695 5.852 5.827 6.286
36 8.082 5.028 4.819 5.562
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Before Removal

Before Insertion

Improve Removal

Improve Insertion

Parts (Unit) (Unit) (Unit) (Unit)
37 7.878 5.577 5.493 5.724
38 6.817 4314 5.551 5.359
39 7.470 4.588 5.439 5.274
40 7.062 5.440 4.817 6.011
41 7.674 5.303 5.496 5.663
42 7.266 5.303 5.483 5.105
43 8.286 5.165 5.583 5.441
44 9.348 5.715 5.375 5.786
45 8.491 5.715 5.083 5.440
46 7.470 5.440 5.269 5.480
47 7.266 5165 5.437 5.766
48 6.817 4.176 5:254 6.044
49 7.674 5.028 5.724 5.438
50 8.082 4.891 5.683 5.995
51 7.878 5.577 4.969 5.582
52 7.878 5.440 5.057 4.818
53 8.082 5.165 5.968 5.547
54 8.082 5.577 5.507 6.470
55 8.286 5.303 5.220 5.633
56 7.266 5.715 5.662 5.447
57 7.878 5.577 5.717 5.516
58 6.817 5.028 5.253 6.427
59 7.878 5.440 5.713 5.361
60 8.695 5.303 5.393 5.729
61 8.491 5.165 5.546 5.879
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Before Removal

Before Insertion

Improve Removal

Improve Insertion

Parts (Unit) (Unit) (Unit) (Unit)
62 8.695 5.165 5.084 5.363
63 7.878 5.715 5.475 5.527
64 8.695 5.303 5.694 5.306
65 7.878 5577 5.238 5.583
66 7.674 5.303 5.351 6.040
67 7.674 5.715 5.724 5.702
68 7.062 4.588 5.531 5.866
69 7.266 5.303 5.468 5.772
70 7.878 5.303 5.218 5.207
71 7.878 5.303 5.306 5.543
72 8.491 5715 5.284 5.924
73 8.286 5.440 5:019 5.060
74 8.695 5.577 4.812 5.198
75 8.082 5.852 5.815 5.298
76 7.674 5.715 5.777 6.001
77 7.470 5.440 4.990 6.093
78 7.266 4.588 5.548 5.726
79 7.266 5.577 6.284 5.245
80 8.286 5.303 5.075 5.755
81 9.103 5.715 5.361 5.682
82 8.286 5.990 5.437 6.287
83 8.286 5.852 5.060 6.117
84 8.491 5.852 5.409 5.742
85 8.695 5.577 5.369 5.982
86 7.674 5.303 4.864 6.202
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Before Removal Before Insertion Improve Removal | Improve Insertion
Parts (Unit) (Unit) (Unit) (Unit)
87 8.286 5.577 5.226 5.547
88 6.409 4.891 5.684 6.142
89 6.817 4.891 4.841 5.468
90 8.082 5.852 5.568 5.968
91 8.491 5.165 5.155 5.544
92 8.491 5.577 5.235 5.925
93 9.348 5.440 5.694 5.707
94 8.286 5.577 5.456 5.811
95 8.695 5.852 5.438 5.644
96 7.062 5.165 5.387 5.423
97 7.674 6.127 5.511 5.515
98 6.613 5.303 4765 5.610
99 6.817 5.303 5.584 5.589
100 7.470 5.165 5.187 5.783
Gﬂ‘ﬂ\‘l‘ﬁ V.3 LAAINA FEA GluﬂWi‘ﬁW DOE ﬂJ@Q?iHLiﬂluﬂ1§ﬂ’E]ﬂ’ﬂﬂﬂ

Removal Chamfer | Symmetry Fillet Force

RunOrder | CenterPt | Blocks | Angle (Degree) | Gap (Unit) | Radius (Unit) | (Unit)

1 1 1 45 0.4 0.2 6.722

2 1 1 60 0.4 0.2 7.815

3 1 1 45 0.8 0.2 6.827

4 1 1 60 0.8 0.2 7.488

5 1 1 45 0.4 0.6 6.988

6 1 1 60 0.4 0.6 7.667

7 1 1 45 0.8 0.6 6.989




Q15190 1.3 uanana FEA Tun1354i1 DOE veaausdlunsnonsen (A9)

80

Removal Chamfer | Symmetry Fillet Force
RunOrder | CenterPt | Blocks | Angle (Degree) Gap (Unit) | Radius (Unit) | (Unit)
8 1 1 60 0.8 0.6 7.149
a3l ¥4 waaawa FEA Tun1sii DOE weamusslumsaandh
Insertion Chamfer | Symmetry Fillet Force
RunOrder | CenterPt | Blocks Angle (Degree) | Gap (Unit) | Radius (Unit) | (Unit)
1 1 1 45 0.4 0.2 5.454
2 1 1 60 0.4 0.2 5.766
3 1 1 45 0.8 0.2 5.550
4 1 | 60 0.8 0.2 5.783
5 1 1 45 0.4 0.6 5.596
6 1 1 60 0.4 0.6 5.705
7 1 1 45 0.8 0.6 5.508
8 1 1 60 0:8 0.6 5.458
m3f 1.5 waaawa FEA Tumsdsulganmsesnuuuvivesdusslunisnensen
Removal Chamfer Angle Symmetry Gap Fillet Radius Force
(Degree) (Unit) (Unit) (Unit)
60 0.8 0.2 7.488
45 0.8 0.2 6.827
40 0.8 0.2 6.091
35 0.8 0.2 5.438
30 0.8 0.2 5.190
25 0.8 0.2 4,781
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FEA Simulation Study of a Shipping Comb
Removal and Insertion in HDD Manufacturing
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Abstract— In HDD assembly processes, automation has been
deployed in many steps of process from subassembly to drive.
Dynamic forces of a shipping comb removal and insertion have
impacted the amtomation process related to ISA. Dynamic force
of shipping comb is a complex result from parameiers such as
removal and insertion shape and surface contact condition. This
paper will discusses the relation between dynamic forces,
removal and insertion shape and contaci surface of shipping
comb. Then, parts are manufactured and tested for performance
evaluation and making of corrective deign. These steps generally
consume long time and high expense. It wounld be more
advantageous, if these steps could be carried out by computer
simulation. Therefore, this research aims to use the Finite
Element Analysis (FEA) and will cover the prediction of comb
removal and insertion force related to the comb shape. Potential
benefit of this work is the cost saving by reducing the number of
trial and error, changing the comb mold design change and
testing try out in comb development process. Moreover, having
predictable force will reduce time to market and increase
competitiveness of HDD product launch into the market.

Keywords— FEA, Shipping Comb, Dynamic Force, HDD

I. INTRODUCTION

Nowadays, many technologies have grown rapidly with
high competition in each of industries even in manufacturing.
The step of product development in order to ensure quality
and performance begins with designing to follow the required
dimensions and shape that conform to its applications and
consumers. Then it is manufactured and tested for
performance evaluation and making of corrective design. Test
is an important procedure of product development process that
uses to investigate failure problems and is able to reduce
amount of scrap. There are many available testing modes such
as tensile test, drop test, vibration test, impact test etc. In
general, the product development process has followed these
steps: design, manufacture and test as shown in Fig 1
nevertheless these steps consume long time and high expense
especially in testing procedure. In addition, some product
must be sent to test in foreign country. It should be more
advantageous, if these steps could be carried out by computer
simulation. Therefore, this research aims to use finite element
method to analyse and help in the designing phase. The result

of simulation indicates the dynamic force, which can be
analysed to improve the design to meet the removal and
insertion force requiremnents and is able to find the way to
improve the design of the removal and insertion force.

Designing [~ Manufacturing—» Testing | Customer

'

Improving

Fig. 1 Shipping Comb development process

II. EXPERIMENTAL PROCEDURE

Finite Element Analysis (FEA) is one method that is used
ag simulation and failure analysis tool. Many industries use it
to improve and develop the product because it is faster more
convenient, and-less expensive than testing. This research has
studied-a designed relate force using FEA simulation together
with exponential validation using parts with fixture. The
project activities are as follow

¢ Process, material and physical configuration
collection
Classification of Removal and Insertion Force
Removal and Insertion force test
FEA Simulation
Model validation.
Design shape of the shipping comb base on the
studied force related experiments

¢ Conclusion

The project activities start with the study manufacturing
process, material of the product, and physical configuration.
Then data collector data by classifying product samples of 200
data points in order to identify removal & insertion analysis.
Afterwards, the step function to create dynamic force of
removal & insertion is assumed. The fixtures are designed and
used with the force gauge to push the parts in the removal &
Insertion directions to test the samples. In the means time the
Finite Element mechanical dynamics to determine stress &
force distribution on the model using appropriate element type
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and size show in Fig. 4. The results of the simulation are
compared with those from tested samples to verify the force
magnitude. Finally, the FEA and experimental results are in
agreement with approximately 95% of accuracy.

IM. GENERAL INFORMATION ABOUT SHIPPING COMB
& FINITE ELEMENT ANALYSIS

A. Shipping Comb Material

Polycarbonate (PC) is an engineering material widely used
in many industries. It iz a group of thermoplastic that has
organic chemical structure as shown in Fig. 2. If is well
known about its high strength, good hardness, flexibility,
impact durability, high temperature and chemical stability
compared with other polymers. Consequently, it i used many
piece part components including the shipping comb for the
ARM assembly.

[¢] (leg
ot O
CH:
carhonate 3
group

Fig. 2 PC Organic chemistry structure

TABLE 1

FOLYC 4RBONATE PROPERTIES

Polycarb onate Properties
Specific gravity 14
Tensile Btrength (Mpay s
Tensile Modulus (Mpa) 2400
Impact Strength (Mo 70
Thermal Conductiv ity (Wimk) 0.25
Melt Termperature ("C) 230-310
Electrical Resistivity (2.cm) <1E4

B. ANSYS Explicit Dynamics

Explicit Dynamic analysis expresses the conservation of
mass, momentum, and energy in Lagrange coordinates.
Together with a material model and a set of initial conditions
and boundary conditions, these define the complete solution
of the problem.

For Lagrange formulations, the mesh moves and distorts
with the material that it models, so conservation of mass is
automaticalty satisfied. The density at any time can be
determined from the current volume of the zone and its initial
mass:

T

The partial differential equations, which express the
conservation of momentum, relate the acceleration to

the stress tensor oij:
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Conservation of energy is expressed via:
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For each fime step, these equations are solved explicitly for
each element in the model, based on input values at the end of
the previous time step

Only mass and momentum conservation is enforced.
However, in well posed explicit simulations, mass,
momentum and energy should be conserved. Energy
conservation ig constantly monitored for feedback on the
quality of the solution (as opposed to convergent tolerances in
implicit transient dynamics)

The Explicit Dynamics solver uses a central difference time
integration scheme (Leapfrog method). After forces have been
computed at the nodes (resulting from internal stress, contact,
o boundary conditions), the nodal accelerations are derived
by dividing force by mass:

P =t
n

where  x; are the components of nodal acceleration
(i=1,2,3). F, are the forces acting on the nodes » are the
components of body acceleration and m is the mass of the
node

With the accelerations at time n — 1/2 defermined, the
velecities at time n + 1/2 are found from

n+ll2

PR AT 1,2 1AL
Finally, the positions are updated to time n +1 by
integrating the velocities

n=l
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C. Shipping Comb Removal and Rsertion

Due to movement of the removal and inserfion from the
digassembling and the assembling the part generate the contact
force in the process, which it is mass and momentum
conservation to dynamic force, the shipping comb will be a
complex analysis result with key parameters such as removal,
insertion, shape and surface contact condition as shown in
Fig.3.
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Fig. 3 Shipping Comb and Arm assembly model

The ANSYS Workbench with Explicit STR analysis is used
for simulation the mechanical dynamics of the material model.
The Equivalent (Von-Mises) stress and the Contact force with
Material behaviour identified as in isotropic elasticity,
Mechanical properties of Polycarbonate are identified as
shown in Table II, and the model was composed of 14,000
elements and 10,000 nodes.

TABLEII
POLYCARBONATE MECHANICAL FEA PROPERTIES

Polycarbonate Mechanical FEA Properties
Possion Ratio 0.38
Young Modulus (MPa) 2,400
Yield Strength (MPa) 38
Tensile Strength (MPa) 64
Tensile Elongation (%) 5.0-10.0
Friction Coefficient 0.05-0.09
Dynamic Coefficient 0.03-0.09

Fig. 4 shipping Comb and Arm assembly Meshing feature

D. Force Testing and FEA vesult

TABLEIII
COMPARISCN OF TESTING AND SIMULATION RESULT
Force Comparison
Maodel Force test (N) Model (N)
Removal 2.56£0.2 2.64
Insertion 1.62£0.2 1.72

Removal & Insertion force show maximum force at the top
of shape contacted along the way to Simulation of shape
contact time. The FEA results are compared with tested result
in Table III.

E. Influence of Geometry

The stress on the model is used to study relationship
between the designed shape and predicted removal and
insertion force. Fig. 5 shows a stress of the shipping comb
removal, whereas Fig. 10 shows the stress of the shipping
comb insertion. The designed shape are optimized has been
created using Minitab v16.1.0 via DOE Factorial module to
create 2-level factorial with DOE 3 factors which Full DOE
are 8 rung, by varying the factors are the Chamfer (A), the
Symmetry cut hold (B), and the Fillet (C) in Shipping Comb
design.

Fig. 5 Stress of the shipping comb removal
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Fig. 6 Normal plot of the standardized effect in the removal force response
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Fig. 7 Normal plot of the DOE standardized effect in the removal force
response
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Fig. 8 Pareto Chart of the standardized effect in the removal force nesponse
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Fig. 9 Pareto chan of the DOE standrdized effect.in the removal force
response

The Chamfer of the removal foree shows significance-an
factor at 95% confident (key faetor 18.2.776 and combined
factors is 4.383) as show.in Fig. 6. and Fig, 8, whereas Fig. 7.
and Fig. 9 show of The DOE standardized effect, which also
shows the highest influence of Chamfer highest effect.

The Insertion force shows pstandardized effect
significance at 95% confident (kevefactor=is 2.776 and
combined factors is 4.026) of the parametersias s$hown in Fig
11 and Fig. 14, whereas Fig. 12, and Fig. 14 also show non-
significance of combined factors in DOL standardized effect.

non-

Fig. 10 Stress of the Shipping Comb Insertion
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Fig. 11 Normal plot of the standardized effect in insertion force response
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Fig. 13 Pareto chart of the standardized effect in insertion force response
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Fig. 14 Pareto plot of the DOE standardized effect in insertion force response
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IV. CONCLUSIONS

In summary, according to our FEA simulation study of
shipping comb design related to parameters of the removal
and the insertion in the HDD manufacturing. The simulation
result shows that chamfer is the major parameter in the
standardized effect. Designer must focus on the chamfeg for
surface force contact effect from it. By the way, the chamfer
designs of the force contraction recommend that the rémoval
chamfer design should has lower slope than that of ingemtion
chamfer. This design may lead to controlling of the dynamic

force of removal and nsertion to be close to each others
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