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LAKSANA CHAIWINEE : DEVELOPMENT OF A CALIBRATION DEVICE
FOR GRAMLOAD TESTER. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG, Ph.D., 77 PP.

HEAD STACK ASSEMBLY/ GRAMLOAD/ CALIBRATION

Hard disk drive, HDD, composes of a lot of components and sub-
assemblies. Most of them have to pass the testing of parameters. Especially, HSA:
Head Stack Assembly, which is one of the most importance sub-assemblies in HDD,
must pass the test of PSA, RSA and gramload. The gramload tester uses the supreme
HSA, so call Golden Unit, for tester calibration. The golden unit has high cost and
limited life time. It should be more advantage in case that simpler and cheaper sheet
metal could be used instead of the golden unit. Therefore, this research aims to study
shape of the gramload tester calibrator that could be functioned as the golden unit.
Various bended angles, width and thickness of stainless steel sheet were made and
measured the gramload. It was found that increasing of bended angles; width and
thickness lead to higher gramload of the sheet. From the data, range of width and
thickness of stainless steel sheet were specified for desired gramload. The calibrator
was designed, built and tested with industrial tester. GR&R procedure was carried out
to indicate variance of measurements. It was found that the designed gramload tester
calibrator was acceptable in the gramload range of 1.5 — 3.0 gram with narrow
variance compared to industrial requirement. HDD manufacturers might use these

prototype for development of further gramload tester calibrator.
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HDD = Hard Disk Drive

HGA = Head Gimbal Assembly

HSA = Head Stack Assembly

ABS = Air Bearing Surface

GR&R = Gauge Repeatability and Reproducibility
r = AMNANVOIUTZHING

C = maFesiy

v = Degree of Freedom
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2.5 T-Distribution (Student’s T Distribution)
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51891139 1815 um0re Student’s T @oumguiil Idsumssenimiluediaun 331di5en
Distribution #1 [A91NN15g1A1961971 Student’s T Distribution %30138n80 9 91 T-Distribution
=K o dy

audiall

0911 a A < o 1 Y I o ~

Tuaoulun1snoIsan onUAI9Y1aaINILH1 T-Score  aauaadluannian 2.1

TagNs1uIUA106190 04 11NN 30 (1<30)

x— U
s/\/;

T= (2.1)

Tagh T f9 A1 T-Score
- A 1 d‘ [ 1
X 19 ANURAYIUDINIDYIN
= 1
U AD ﬂ"lﬂﬁN‘Ui’N‘]J'i%GIﬂﬂi
S ﬁﬂ f1 Standard Deviation

n A9 1UIUAIE1

AMANLIAUDY T-Distribution 9z1MIOUNUAY Standard Normal Distribution (1oUNN

]
=

Usgms tiisauadiuilate (Tail) ¥09 T-Distribution 321if1 Probability Ngand1 oriieuya
H 1] k4
HW19INAINANTUNINY AL Degree of Freedom 191911 Infinite 1Y T-Distribution %3

AueanAn1ng Standard Normal Distribution 15y dandaslugli 2.19
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0.4

df=100 —m

df=1

710 2.19 udAIWAVDI Degree of Freedom Hagdouanavueaiaraduns
Y 09: 4 o o 1 1A o < 1 19 1 1
aatuieisimsanealedis mnsisuiuzdesy Jududrclily z Snaell
1¥UIAYINY Z-Distribution 92171319 T-Table @151 T-Distribution 15U Aduaasly
' =2 o 9 ' A o
MANLIN v Tumssea 15139311 uA0332 A1 NNABNY (C) 11ag Degree of Freedom (v)
] 4 v 4 [ qgj v
Are1eue 13U t,, 1109910 T-Distribution v idnyazauiassey q qud (0) auium t_,
1w o IS { a '
Fumiy ~t, T-Distribution lagnii T 1dilwaTesiielunms naaeuaunagiu anuuana1a
1 @ ' 9 =2 A Aan A ) Y v 1 A . . . 9 1 @
YDIAINANVDIIBI A28 15199580 551 1 1Faena1Imuese T-Distribution AretuiY
' I J ' o 1 1 [
7 T-Test WUAUI1 1-Sample T-Test HUBHINITNATOUAINAVDIRIDG1URBINGUIRGINY
AMNRINUA 150 2-Sample T-Test HUNEDI NMINATOUAIINLANAVDIAINGIL VDIAIDE1

GONIGH

v A o
2.6 MIMIYIANNNBONY (Confidence Interval Derivation)
Tunsdindesmsnadounnuuanavesnundsvesllszyinsdosgadoya amnsnly
MINATOUAVUATIUNNADA Feansafmuaauuagv e AnumnaneanaAveInIRae

aauaadluaunsn 2.20 uag 2.2
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H U =U, (2.2)

H L # U (2.29)

v Y9
A v

Tagh  H Ao Ay

L Ap Amdueszanns

1 Y

smualdanunlsdsudismniu o =0 =0 ileannmdunaluiszanni

A1NIN3Z018UDVUNA (Normal Distribution) Hagd1uIua106199 laninmsguaiedialuua
AaA

=~ 9 U [ ng 9 = 9 . . . & oA aaa 9
azlszynsUioanin 30 Auiuananlsnagoudsainsolsy T-Distribution FaNMA DA N 1%

NAFDY AUEAAIUANNITN 2.3

(2.3)

Taeh  t, Ao Amadoudna

- A ' = 9 £

Xi A9 AUNAYVDIYAVDID (i=1,2)
A o 9 .

N, A9 NUIUVDIVOYA (i=1,2)

o : n —1)S?+(n, —1)S?
Spﬁa dlsznamanuuilsdsiumldon Sﬁz( L DS, +(n, ~DS,
n+n,—-2

S, Ao Manuulsiruvesgadoya (=1,2)

1A a

A wya ¥ ° = = o . & e o
Llli’]“lﬂﬂ"l tO ﬂ@ﬂﬂ“m?ﬁ]gunﬂlﬂifJ‘]JWlEJ‘]Jﬂ‘]Jﬂ"I’Jﬂf]ﬂ (Critical Value) FIATINTNND

wznn—2 1000 [to| >t Tl gasanudgiuind Hy @y = 1, vazseuiuauuagiy

—

1 . & Yo ~ :/’ 9 =\ 1 19 [ =
N H, @ # 1, Bazaglldnaumasvelszmmsnidosmdoyalinnuuananued1all

=)

e

gAY
1 I a v 9 9 ] Y 1
@ﬂ'l\ivliﬂ@'lll ﬂ1§T]ﬂﬁflﬂ’tfflll|¢]j§11!@]\151]1\115]1!113Jﬁ'lll'liﬂizuhl@ﬂ'lﬂfl'lllu@ﬂ@1\161]’8\1
1 = Qsj = 9 1 @ 3 Y o ] A o
ﬂ'lmaﬂﬂlﬂﬂﬂﬁg%'lﬂi‘]/]\‘]ﬁ@\‘lhll'lﬂu@ﬂﬂEJ'N]li muummm1%ﬂ1§mmmmﬂfnmmwamuiu
a 1 ' { o $ o P2
ﬂﬂﬁﬂﬂﬁhﬂ\lﬁﬁWHﬂ'J'liJLmﬂG]'NSU’ENﬂHﬂaﬂﬂl@ﬂﬂi%“]ﬂﬂi‘ﬂ\‘]ﬁ@\? Gd]f\?fl\‘lﬁ'lh'l‘iﬂi$uhlﬂ3'lﬂ3'lﬂ

1 1 { :;l Y 1
Lmﬂ@]NeU’ENﬂHﬂaﬂmﬂﬂﬂig%Wﬂiﬂﬂﬁﬂ\iﬁMWﬂu@EJ?JEJNUli
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a I a P ] [ % 4 { @
Tagauudld @ Wumslmesn1uns1n (Unknown Parameter) fvilaiNoNazi@)
(] o 1 aa 1
Uszanaesiaves € sududesmameana 2 ane L (Lower Limit) ttag U (Upper Limit)
Taoh P(L<O<U)=1-c

[l 1 s 3 §y o ) o a 4
19999 L<O<U Gonnn 100(1—c) woesikuanuyenudmsumsiines 0

7

1 Y A
awnsoesuielan Mlmsgualededaunilanats q afnndsznnsiarue udaiun

A

o 1 o o (% a 4 1 [ 1 ] 4 o
AUIUTNANUFOUUT NI VNI INNDT O mﬂ%y’aiuumzmaﬂw 51%’3\1?\’)1%&%@1114

o % a L4 usj = a 4 L] A 1 [ ] A o [
AHITUWITINGDT 6 HUUMUBINITIWNDT & ag%nmmghmqmmmuu ﬂ\illﬁﬂﬂl&}jﬂ

A K

{ ] y o 1 ) @ a 4 [~} '
7220 Llﬁﬂ\‘]ﬂ"lﬁﬁ%l'NGU'Nﬂ'JHJLGdb"E)iJuﬂa"IfJ 9 FNAIMIUNIT NS 6 EﬂTﬂg‘]_I WU UNUNU

] §y o { ] a 4 1 I 3
FRANUFoNY (udadlaaduiiu) Ny lildaseungunsives @ wu dr 95 wlesidu

A o 9 =K A < I3 A o oA " Y a o 3| Y
ANUBDNU LTUNUAD S !fiJfJﬁ!,Glimlmmmwﬂuuwmﬂu"Iﬂﬂi@ﬂﬂqllwimmai 6 1Wuau

0
I I
I I
L [ | \ |
| B
I I
| |
I
I
| |
1 1

31 2.20 namamsadeANUFETUNAIE A Faed T UM TAes 6
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a F24 . .
27 NlsupsuBadunsa (Linear Programming)
a [ a 4 $ a A Q'
TU5uns FUFUATINALININANAANUA NN NNFAATFIRUUIANUANTITY
Y [
mnminadiaransiaziinInenans vateviiy Menaiasninlanasainasainudans
{ o a a 4 o 1 A
mziiweunaianundamaas 115l umsudilyminmssudalaeisun Fourier, 1.B. (1823)
v a s o ' a2 a A g 4 <
WnIneenanssdTuaa od1a st TUsunsuFadusuiuseailusilae Dantzig, G.B.,
= a o a { A Ly
and Wood, M. (1947) l@1¥35adiamans uazmatianinertesudilyvimienmsnaumu
o A o 4 Qall Yy [ @ 14 a J I Y] a
Tasanmlunesin Taaisuiagiesansiaualnanuduiuinnaamaasidudnyuzis
Y Jaq Jas a J 9 qs/l A Yo 0o < 1
iduase uaz 19351995 nendlamaasudilygnniu 9 vanuilsing lasuanuduseeds
o a a { 1A < 4 . - a A ) [
s M lmAadsniEona1 Sumand (Simplex Method) Fuilumatianlgdmsuudilyminig

a o a Y o

a 9 d‘d a a Y o dy
Tsunsu auduaseitidszansnwun mdemwvesldsunsuFaduassswun ldaedl
@ a J A an Y o Y Y Y 1 =] 1
1) swtinadlamdaas ae 35nsundyminelddetsduais q Taeihidmuiein
1 1o ey
Aoams 17 ladgeganieadigavesilandu
] Jd A ax o [ A 1 1 o w Y vy @
2) MRS HIAEAS Ao IBMIIAAIINTNeININNegdedesnaliasandeeiung
yosgilasnuazgilniu
@ a A A A A 9 Yo a Ia 9 a A
3) auningsne Ao wiesdonlFlumsudilygmimsimizinenisuniesdiuginaive
av o 3| { o
msaveuagiann i lamthwnendmua’ll
4
Junouod lsunsusudu
k4
s 1 lsunsuFaduasalumsudiayminei 1 2 dunou Ao
1) ﬂwsa%ﬁqgﬂgguummﬁaﬂmww (Formulation of Linear Programming Model) Fudu
Y v @ A o @ J Y a o v L4 = a [
vzaosnumaalsnsodimuaauilsvesilyriney uarauuailudyanyalmanyaaie 195w

I Y 4 ) Y Y :/1 1
x, v, z \Wudu Wetmvuadiuilsuds Yuse l1de

D3
Be B

(Optimization) 2@t me1Re) (Single Objective) 14U ApIn1snIn1lsgeganiodunu

v
o

Aqa
k4

a$1ades11a (Building the Constraints) vzdosAumnilymiiidediia

9
o_ v A

Yy A4 ¥ o 19_1 Aoy v ’ ' )
aglli‘ﬂnlﬂ‘ﬂlﬂﬂfl“]]@ﬂﬂ‘lll "IWZJ']EJ'VWNIIU ﬂl@ﬁ]Tﬂﬂm@ﬂ‘ﬂﬂJﬁ’]@1ﬂ@q1uzﬂ@1\3 9 hlﬂﬂ\ﬁr!
g‘ﬂfcmmi (Linear Equation) L5 axX,+bX,+c=Y

gﬂ@ﬁ’uﬂﬁ (Linear Inequalities) U aX,+bX,+c<Y
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Tagn Y @0 dawalsaw
A

X, Ao dunlsoasy (j=1,2,3,...,n)

4
a,b v duilszansuihndgunls

A J d'
C 79 AN
Y @ % Y1 [ A 1 4 .. ..
t’fiN@l’JLLﬂinﬂﬂ’ﬂ‘ﬁmm1ﬂUﬁi@M1ﬂﬂ31ﬁUﬂ (Non-Negativity ~ Restriction)

[ ]
1 - I o w o { 3 1w 3
WinenuNM X; 20, j=1,2,3,..,n Wudedriavesilam dwevn lauiuaidnseuily

au'lu'l4 (og1u Quadrant #1 1 1 1viw)

2) Tassahavesilymllsunsusuduns
Y
nTuaouvedlsunsuFuduass nudazlsznovlide aumsithvune

Y o w o v 9 A 1 1 A Y Jd o 09: Y A v
UDINA LLaZGl’)l,l,ﬂi‘1/!ﬂﬁ'Jﬁﬂﬂllﬂ'liﬂﬂﬂﬂ'lﬂif)!ﬂ'lﬂﬂﬁuﬂ @1Quuiﬂiﬂﬁi?ﬂﬂl@ﬂﬂmﬂ?haﬂﬂmg

Y .. . <) . . B . @ ~
18097135 Maximization %30 Minimization a3t e (Z2) aaraaaluaunsin 2.4

1% dy Y
fatl f1d
Z=CX; +C,X,+...4C; X, +...+C X, (2.4)
Meld¥03177 (Subject to Constraints) AILAAIANNITN 2.50 2.5 1AL 2.5A
a X +a, X, +..+a, X, <,=2>b (2.5M)
A X, +a, X, +..+a, X, <,=2h (2.5%)
an X, +a, X, +...+a,,X, <,=2b, (2.50)
wazogn1e1Aiden 1y Non-Negativity Restrictions X; >0, j=1,2,3,...,n
3) maudilayn
Tumsudilymiiieg 3 35 fie 35n57W (Graphical Method) ABFUIWANC (Simplex
e l5n519)

Method) tag 1¥T1lsunsuneuiunesdusagal (luaw
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2.8 Linear Legation
aumaFaduassdusawaasluaumsi 2.6 awnsomaNuAaIAAaeY (Error)
NN e=y -y, =y —ax —bx,—c |@@eemimsi 27 uazMinimization ANABANNAAADBU

v @ o a £ o { Y 14
IﬂEJﬂ'liWTE]‘lgWH‘ﬁLﬁEI‘UGI’Jllﬂi’ﬁllﬂﬁgﬁ"]/]‘ﬁ ﬂﬁllﬁﬂﬂiu@fﬂﬂ'ﬁﬁ 2.8N 2.89 LAy 2.8A LAINITLN

ﬁumﬁf'?mm
y. =ax +bx, +c¢ (2.6)
E =¢’ =(y, —ax, —bx, —c)? 2.7)
OE
—=0 2.81
a (2.8n)
OE
—=0 2.89
& (2.8%)
OE
o 2.8A
P (2.87)

2.9 Gauge Repeatability and Reproducibility (GR&R)
I = [ o R KR a o
HumsAneIANuENToveInszUINmMsia lagiidedennudanainnnmsialag
4 4 4 4 Y v 4
Tofiavareau (n,) Tadunudaumaesy (n) tazdiaudazaniaduaunaas susiiay
4 1 v
(n) aselagldniodiodn uaziiamernuawanalugili 2.21 tazwanmsnaaswdaalu

=
ATWN 2.1
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Part 1 Part 2 Part 3 Partn
FuUau 1 FUNU 2 FUNUI | e FUNY n,
W f
Operator 1 Operator 2 Operator Il

57 2.21 udaadsms Iaefny1 GR&R

A1519% 2.1 LAAIHAINNITNANDI GR&R

Aanuii 1 | Aaauiiz | ASaauiis fianuiing,

fﬁymmﬁ 1 X1,X2,X3, | X1,X2,X3, | XI1,X2,X3, X1, X2, X3,
., Xn ., Xn . Xn ., Xn

§umuﬁ 2 | X1,X2,X3, | X1,X2,X3, | XI1,X2,X3, X1, X2, X3,
., Xn XY ., Xn s X0

§umuﬁ 3 X1,X2,X3, | X1,X2,X3, | XI1,X2,X3, X1, X2, X3,
., Xn ., Xn ., Xn,, ., Xn

“?;’u\imﬁ n | X1,X2,X3, | XI1,X2,X3, | XI,X2,X3, X1, X2, X3,
., Xn L, XN ., Xn ., Xn

ABMsAnE “Gauge Repeatability and Reproducibility”

o

4 [ ) @ . @ 1 . . I
1) 19309003aA251N15111395N11 (Maintenance) taz1l5U1a4 (Calibration) i uilszd

] ] 4
2) MIAAATOINUIBNOUTAAINUIBIAYFUIIY (Number the Parts) 11A75 1HH A3

Y
v A

E4 E4 [ E4
FununiaeianeFunumuomyla msizerunannud udes osnndiadesiaguaiudg

e ).

Y
NAYATI (MUYQUFUIY 1, 2 3,. n)

3) mmma AT mmmmmwmmu “ammmuan” (Ranbom  Order) JUATUNN

4
FUNUAIBE F8nATY 1 501 (Cycle) (LTS asudduan 1, 2, 3,...n)
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Y @ ay @ v ay Y v K v Aw Y A o as 9
4) wmmmmmqmmafmimﬂmnﬂ%uiwuummm@”lﬂ wazisuIamuds lude 3

o nsz} { Y %] :I o [ 1 Qy
IUATUIINIUATI HTDTOU (Repeat the Cycle) I ONANERGE R (n,) MUTVUARSTUNY

29.1  ANNAMIOVOINIIAG (Gauge Repeatability)

(% gl 9 9Y o = [ 9 d' A [} = [
anuansalumsdadg  Taglsddaau@einy  lHnselolagafedny

E4 2 Y 4 Y
JarunuFuRerdudsivatenss  Wieuieuanuanisovesnmsiadivesdiauaazau

TasiasannvIaaNUAULLT BSemNdeadanin1s1an 2.2 Tasnasananandemas

samszrnNdasaaaluaunisn 2.9

U

[ ] Y
A9 2.2 Llﬁﬂ\‘]Nﬁﬁ?l&?ﬂ!LWd@aLﬂiWZﬁﬂ’J"mﬁ'liJ"IiﬂGUENﬂ"lﬁijﬂ“l?"l

Yo ~ 9o A Y o ~ Yo ~
giaaun 1 | dieaun2 | diaaun 3 Hinaun n,
FUNUN 1 R11 R12 R13 Rin,
UL 2 R21 R22 R23 R2n,
UL 3 R31 R32 R33 R3n,,
FUNUN D Rn 1 Rn2 Rn3 Rnn
Ay R R, Rs Rop
R
Repeat — ——— (2-9)
2(nn)
4 = Ri+R:+Rs+..+R
Tagh R=—2""° ®
Nop
d, awnsomldaaaasluaiied 2.3
A A o
R f1D Wele
M3 9N 2.3 udasn d,
Sample, n 2 3 4 5 6 7 8 9 10
d, 1128 | 1.693 | 2.059 | 2.326 | 2.534 | 2.704 | 2.847 | 2.970 | 3.078
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Y
292  ANUANITDUBINITNIH (Gauge Reproducibility)
o 3} Y Yo d‘ [ Qy = @ 9
ANUEINII0voIM g Taslddiavarenwiodasuanaediu  Tagly
[l Y [
niosliodaygamedny  1935TaRednu  Taanudmnsomsmigiaaain1sei 2.4
TagnarsananuAunls MnaananuuanaesgrIndiaawaaluauns 2.10

U

{ o { a L4 o oy
A1519%N 2.4 !Lﬂﬂ\iWﬁﬂWHﬂﬂlLﬁﬂ’)LﬂﬁWgﬁﬂ??ﬂJﬁWNWﬁﬂﬂl@ﬁﬂWiﬂW“ﬁW

Yo ~ Yo ~ Y o ~ 9 v ~ A o
AIAAUN 1 | AIAAUN 2 | AIAAUN 3 giaaun n, ey
FUNUN 1 X11 X12 X13 Xln,, R,
FUNUN 2 X21 X22 X23 X2n,, R,
UL 3 X31 R32 X33 X3n,, R,
FUNUN n Xn. 1 Xn 2 Xn.3 Xnn R,
p p p p p op p
R | [Rldy, ]
R [ 2(nm)i|
Q’Re prod = x L4 (2.10)
d2(n0p) nm

2 — RA+R+R;+..+R,
Iﬂﬂﬂ Rop: ! 2 i 2

n

(7

p
1 d' a v Y 1Y d'
ﬂ%ﬂaﬂﬂJﬂQWﬁﬂﬁj’JﬂﬂﬂiuﬁNﬂﬁﬂ 2.9

[

R #

()]

A o a

n, fio wauruY
d, aunsomladauaasluasiei 2.3

A A
X f9 AURN[Y

293  ANUAUITIININNITIA (Total Variation)
v Y Y v Y
AennuAunlsifanndianatoau Jadunudufedriudivalonss
ganaasluaunsn 2.10  vazanIsuIMIdaa uauAunls (Varation Rations) 18

gauaadluaunsn 2.110 uag 2.11%
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Tag

2.10

%’ayjmﬁagm@aﬁa (Suspension Angle) MrINzauuazAun

28

2 2 2
O71 = ORpe peat + ORe prod (2' 10)

[

2 A ! T A a 19 :’ 9 = v W ::91 Qy
Opepea 10 MANMAULATIRANINAMT IR Tasl ¥R TanuReIiu Iz uOIuTY

9 9
RN UTIHNAIAT

1 9
Cteproa A0 AIANMAULASTIAAVINAIATANA1E 9 AU FaBUNUATITY

2

@ 1 o { A 4 @ O,
daaruanuiulsiinannnsediieda = - Re peat (2.110)

2
O-Re peat + O-Re prod

2
@ 1 @ { a [ O d
dadaunnuiuulsiinanngia =— Re”mz (2.11%)
GRe peat + O-Re prod

L |
Ay AaA Y

NHININYIVD

J o A

J o J A L4 Y o = YA =
NINTU NINYLRTULAS DUADTT Glfmﬂizm’du (2551) "lﬂmmiﬁﬂmijﬂﬁamumm

g

F) = as d A 4
udeszieuds W ludeamud

(Finite Element Method: FEM) Taga1niulnanaguaig 2.5£0.2 51 Assembly Offset Height

WD 0.508 mm. ywasedInldlumsnaaeseglugie 100 de 20" 14TUsunsy ANSYS

Workbench V.11 lumsamnieviareszienas Il ludedwud uuuiiasslumsanuidaaas

Tugn 222 usenseinmmuadaaslugilin 2.23

—TITay

Polyeste

Stainless Steel

Polyimid

Slider

= o g =
7U% 2.22 uaaanuinaean lslumsfnm
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+Z

Assembly offset Height

dl o Adl o =2
51U 2.23 uaasenszinmrualumsany

u

[ v 4 ' 9
HANIANHINUI D Suspension Angle NN YY dawalianiy Tnamnugdu Tag

] ' ' a { a I [
1 Suspension Angle 920¢ 11529 10.20°-12.11° 1azAMIAUIIAANUS 1IN Bend Zone 1iunan

aqaaalugii 2.24

3191 2.24 nerasnuuduNIRAL51IY Bend Zone

4 a o a a o o =
qIrEg AU NAUN SN IaiN 9353UND LAy VITANA 1ad (2553) 14
o = a Qy ! 1Y v KX 9 S 1 [ A 1
MMIANHINGANTTHUNFUFAIU HGA HaINIVIAAIYHINN Tﬂﬂﬂiﬂ!ﬂﬁﬂuﬂluTﬂ!mggﬂiN
A 1 [ A 1 [ Ya S a Ia Jd [ Ao
summaNGhmﬂymzmmﬂm1aﬂuﬂ’38ﬂ1ﬂm15"lv\l"lum@au,uummiww ansu Tvaanmvua

1 ] [ o d' EY = [ d'
91159 2.5£0.1 n3u uuuIraesnlglumsAnyduaalugiin 2.25
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Swage Shuttle Fixture
Slider

Load Cell Gripper
; Spreader Pins

Base Plate /
Flex Circuit (z;eam

317 2.25 naasamlsy £AOUVRUVT 09 19 UM AN

E2
HAMSANEINUIFUAIUNIDINI Spreader Pins ViNnAFUAIUAUENA 1.09 mm. 111

A o o = =2 A Y s Ao ' o =X
1.125 mm. ‘V]nﬂ@nllﬂ‘u\?ﬂllflﬂ FJIUDIN ﬂlu1ﬂ£ﬁuﬂ1uﬁu&lﬂﬂ’]ﬂ 1.055 mm. NAUKHUINITIVIA

0.00 mm. AU 0.28 mm. #¢ ¥eUnAud19z19¥UaIUNIN19N Spreader Pins YUIALF UMY

4 d‘ o ] v X v X o I 1] d' ]
AUINAN 1.09 mm. NAWMHUINITVIATLEZ 0.00 mm. TumMsdvdavziInuaninlvanneg

U

S

Tugaiidmiue daun3o19nd Spreader Pins Y IAFUHIUFUINA 1.16 mm. 11 1.195 mm.
wihldmniu Tvaanunieiimue sazvinaduriugudnais 1.02 mm. 11 1.055 mm.

{ o 1 [ o Y o a <; ' [] § o
ﬁmgmmmnu% -0.28 mm. ﬂ$“VIﬂ‘ﬁfﬂﬂiwiﬁﬁﬂlﬂuﬁ1ﬂ31%’3\1ﬁﬂ1ﬁuﬂ
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o 1 Jd a 4 a a

4 o U o ] a o
Lﬂ?@\‘l?ﬂ ﬂ?ﬂiﬂjﬂﬁﬂﬂlﬂx‘]ﬂfﬂﬂﬁﬂ1ue"ﬂiﬂﬂﬁ'ﬂvlﬂﬁ/\l"llu1ﬂ 2.5” VYDNUTHN IAY Iﬂﬁ‘ﬂﬁ]ﬁ

Q

4
anoisv maluladd Uszmalneg $1ie 19ansuTvaneglugie 1.53.0 nfu Tasiiduaou

myanHuItedaaslugili 3.1

9y @ o y [V @
ﬁﬂ‘]slquJlmmz‘Viaﬂﬂ1iﬂ1ﬂ1uﬂlaﬂlﬂ§m’mmﬂimI’Viaﬂ

|

ponUUULazIaTI1unTaIan NS Inand T Uniai19 U

:

= ] Jou K
ﬁﬂHTLLﬁ%@@ﬂLL‘U‘UIﬁWmLWHUNLLﬁ%Qﬂﬂiﬂlﬁ]‘Uﬂﬂ

v

@ 9 o v 9 { [ [ ) @ & o
i]ﬂﬁ‘iNLLﬁWﬂﬂﬁ’Jﬂ@’JﬂLﬂ?@ﬂﬂﬂﬂJTﬂam“fWﬁ‘U‘ﬂﬁQWJmu

I

a 4 @ ] ° o & @ 1
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317 3.3 uaasszezdngvounietianiniuTnan
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1 tE 1 4 @ v @ o [ & o
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Cell Nas0Tamigagad 50 N5y ANUYNABLIUEIN 0.1% Az Indicator 31 HBM Model
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331  Jangunug
Tumsoonuuy Tanzuauu1aon 19 Stainless Steel NA1ANITAITINARULAA

Tuansed 3.1 Tag ldeenuuy 13 3 sUuuudwaasluaisen 3.2

Q15199 3.1 UEAAIAIANIIANIINAVDY Stainless Steel

Aaauia i N1
Young’s modulus 1.93x10° MPa
Poisson’s ratio 0.31 -
Density 7.75x10° Kg/m’
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y =0.5652x - 2.402

Taghl X Ao yuvod Tanzuiuu (0981)

y flo mnsuIvaa (NFu)
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4.1)

vingumsnuNyuinldinannsuivaalugsie 1530 05U A0 691956 BN

nndoyalumsiaiinnn % anuiudeiuil 90% 95% uaz 99% Iasawnsomuiwla

ganaaaluaumsn 4.2n vag 4.29 Tanadaansluaisan 4.1

Y =Y -t ,SD (4.20)
Y, =Y +t,,SD (4.29)
Tasfi Y fle AnsuTnanmas
Y fio nsuTnanlugaaiidiiiga
Y, fe mnsulnanlugasiiqeiiga
SD fie damdsauuiasgiu
t,, Ao A1i1§290M1319 T-Distribution
MIT 4.1 HTAINAMIA LI % AT TR sz o
% AU t., v v yuihlden | ik lde
iy (v=9) voerei | vourasi nsuTnan nsulnan
(c) 1 1@ Tugaedidn Tugasiiga
(SD=0.138) |(SD=0.138) ﬁqw ﬁqsa
90% 1.833 1.753 2.747 7.34 9.12
95% 2.262 1.812 2.688 7.43 9.03
99% 2.821 1.889 2.611 7.62 8.84
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y =0.2615x+ 0.9922 4.4

Tagh X Ao Aunievee laneuriu1d (mm)

y flo mnsuTvaa (NFu)
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A3 19N 4.2 LFAAIAT P YoaNNI5N 4.5

a b c
(fudlszaniuth x) | @udszaniniix) Mgl
Value 0.016 0.285 -3.149
P-Value 0.001 0.015 0.439
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[ Bld' 4’ a’; Y d‘ d‘ 1
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1.5+t,,SD < 0.016x, +0.285x, —3.149 (4.67)

3.0-t,,SD > 0.016X, +0.285x, —3.149 (4.6%)
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A15199 4.3 LAAIHANNABDITARULVY (MUIE : NTY)

WUANUAUN 1

WHANUAUN 2

WHANUAUN 3

Funud adaft | A% | adeR | ased | adeit | A | adel | asedl | aSeft | a%ed | asell | ased | asedt | A% | sl
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 234 | 234 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 | 2.34
2 2.33 2.33 2.34 2.33 2.34 2.34 2.34 2.33 2.34 2.34 2.34 2.34 2.34 2.33 2.33
3 2.34 2.35 2.35 2.35 2.34 2.34 2.34 2.34 2.34 2.35 2.35 2.34 2.34 2.35 2.34
4 2.35 2.34 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.34 2.35
5 2.32 2.32 2.33 2.32 2.32 2.32 2.33 2.32 2.32 2.32 2.33 2.33 2.33 2.33 2.33
6 2.35 2.34 2.34 2.35 2.34 2.35 2.34 2.34 2.34 2.34 2.34 2.35 2.34 2.34 2.34
7 2.33 2.34 2.33 2.33 2.33 2.33 2.34 2.34 2.34 2.34 2.33 2.33 2.34 2.34 2.34
8 2.35 2.35 2.34 2.35 2.34 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35
9 2.34 2.34 2.34 2.34 2.34 2.34 2.35 2.34 2.34 2.34 2.35 2.34 2.34 2.34 2.34
10 2.34 2.35 2.33 2.33 2.33 2.34 2.34 2.35 2.34 2.34 2.34 2.34 2.35 2.34 2.33
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451  ANUENNTDUDINTIAF (Gauge Repeatability)
MINTeyanInaei 43 shniansanvunaanuulsfunseindeldea

uanaluaisnen 4.4

A5 19N 4.4 LAAIHAMTHINTINM I IAVBLAaZ AL

wiinauaud 1 wiinauaud 2 wiinauAud 3

Fuandi 1 0.01 0 0.01
5§mmﬁ 2 0.01 0.01 0.01
5§mmﬁ 3 0.01 0.01 0.01
Fuawi 4 0.01 0 0.01
Fuand 5 0 0.01 0
Fuandi 6 0.01 0.01 0.01
Fuamii 7 0.01 0.01 0.01
Fuawii g 0.01 0 0
5§mmﬁ 9 0 0.01 0.01
5§mmﬁ 10 0.02 0.01 0.02

ARGy 0.009 0.007 0.009

Y
o @

nndoyalumsei 44 aunsodundnnamanuawnsalumsiadgia

saaaluaumsii 2.1 147
0.009+0.007+0.009

R= =0.0083
3
d, =2.326
Saiuae'1d
g 00083 036

Rt 0 306
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Y
452 anuamsnlunsmig (Gauge Reproducibility)
MNdoyanInaT e 43 hwninsandusdsinasnanuuanaaved i
Y v ~
Tddaaaslumsiad 4.5

Y

A5 4.5 LL’ﬁﬂ\iNﬁﬂﬁ‘l’i1f]l1mafl"llflﬁﬂ1iﬁ1cﬁ1

winawaud 1| winaweuii2 | winouauii 3 Wy
Fuandi 1 2.334 2.332 2.33 0.002
GT:mmﬁ 2 2.334 2.336 2.338 0.004
GT:mmﬁ 3 2.346 2.346 2.344 0.002
Fuawi 4 2,348 2.348 235 0.002
Fuand s 2322 2322 2.324 0.002
Fuawdi 6 2.344 2.344 2.344 0
Fuamii 7 2.332 2.332 2.332 0
Fuawii g 2.346 2.346 2.346 0
GT:mmﬁ 9 2.34 2.34 2.342 0.002
GT:mmﬁ 10 2.336 2.336 2.334 0.002

Y
o

9y 4 ) o o [
fl]’]ﬂ"’llaj‘;!a(lu@'lj’l\iﬁ 4.5 ﬁ'ljJ’liﬂu11|']ﬂ’]ugmw']ﬂj’luﬁ'lu’liﬂ‘IUﬂ’]iﬂ’]"]ﬂ@\i

saaaluaumsi 2.2 144
0.002 +0.004+0.002+0.002+0.002+0+0+0+0.002+0.002

Rop = 0 =0.0016
R =0.0083

n, =5

Ay ) =1.693

Ay, =2.326

2 2

0.0083/2.326

OReprod = {0'0016} .[ ] —0.0000015
1.693 5
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The Leader in Force Measurement

Model ULC Ultra Low
Capacity Load Cell

Why the Interface model ULC Ultra Low
Capacity Load Cell is the best in class:

* Proprietary Interface temperature
compensated strain gages

» Highest performance gram cell in the world

e Qverload protected

« Safe side load overload to 5X capacity

e Low extraneous load sensitivity

¢ Low temperature effect on zero (0.002%/°F)

e Capacity down to 50 grams

* Tension and compression

STANDARD CONFIGURATION

5 ft Cable (ULC-nnN)

OPTIONS

Extra Cable Length

ACCESSORIES

Instrumentation

Consult factory for more technical information
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SPECIFICATIONS

ACCURACY - (MAX ERROR)
Nonlinearity=% FS ..........cccccovenvenns +0.05
Hysteresis=% FS ..... i
Nonrepeatability-% RO
Creep, In 20 min-% (0.5N) .. s
(Al Others) ................ +0.05
TEMPERATURE
Compensated Range-'F
Compensated Range—"C
Operating Range-"F .
Operating Range-"C ...

Effect on Output-%/"F - MAX ....
Effect on Qutput-%/"C — MAX....
Effect on Zero-% RO/F - MAX............
Effect on Zero-% RO/C - MAX............ ;
ELECTRICAL
Rated Qutput-mV/V (Nominal) (0.5N}........1.
(All Others)......
Zero Balance=% RO (horiz.)
Input Resistance-Ohms ......
Output Resistance-0hms....
Excitation Voltage - MAX ...
Insulation Resistance - Megohms ......> 5000
MECHANICAL
Calibration
Safe Axial Overload-% CAP ......
Safe Side Load Overload-% CAP ...
Safe Load Axis Moment-% CAP x 1in ......+500
Cable length=ft ........cccoccoriivinnnnn 5
Natural Frequency/Deflection:
Deflection Nat. Freq.

(inches) (Hertz)

05 0.01 120

1 0011 125

2 0.008 200

DIMENSIONS
CAPACITY (N)*
Dr:;?ng 05,12
inch mm
[0) 042 106
@ 0.99 251
@ [ 4-40UNCx0.19 (4.8) Deep
@ 1.98 50.3
® 1.96 498
® 2.00 50.8
@ 042 106
® 099 25.1
0.23 538
0 038 95
084 21.2
D) | 1/4-28 UNFx0.32 (8.1) Degp

*1 Newton = 102 gram force
Note: Other sizes are available - contact factory

7U% 0.2 uaanuainea1e ) ¥ed Load Cell
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Measured value

display, .
parameter | - HOTTINGER BALDWIN MESSTECHNIK GMBH HBM

s | MHHHHHHUD

SET S0e o LOCAL NETHAXMIN

Button ‘ SET I L h U-qu-} H -rT-u-‘ CL_“_’ H O] ] [@
row
[ PARAM) ( D J [ A ) [ ¥ ) [MEAS) [ ==
Measuring mode
SET J +0+ H»F} ("L.“.J [ @} H@}
Change Set Zero Tare Clear Print Switch
operating limit stores display
mode values
Programming
SET
Change Select  Display ofset  Selection buttons Measure  Confirm
operating mode/ para- valug/choice  Change parameter/ input signal
choose group meter of number numeric value
Key to symbols: i i Motior . Keyboard
y y : fla/shes in programming mode count Interface active peration only
/'/ g f/-'/ ///,f
Sign |/
// / f ////
SET iﬂ >0 >TSS LOCAL NETMAXMIN
Limit switches Zero done (only Signal indicator

comes on if the zero Tare done (only comes on
if the contents of the tare
buffer are not 000000)

(come on when
operating, flash in value is not
setup mode) 000000 mV/V

7107 0.3 uansiledFueiie 9 109 Indicator
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3 Base 3 1
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2 Tawzuduwnanwue q M3lumsnaaes
Tamuw'uwﬁ“lﬁfﬂumimamﬁa§J: 3 U (H128 mm.) A9
1) ﬂmﬂ?;ﬂuuﬂamu ﬁmﬁﬂﬂugﬂﬁ 0.8 1H Tan gAYV 250 pm
2) manfasuulasnnunun ﬁmaﬂﬂugﬂ‘ﬁ 0.9 TagA@NBIAINHUT 200, 250, 300 pwm

3) mslasunasnnuniie dwaaslugla n.io 14 Tanzurunianun 250 pm

N3 AAAUUIDDTAHZUHMLNG

g Tavizwitnnalszneudas 2 dau (M1 mm.) Sawaaalugli n.11 fio

D) quUnsal§uBa Faii2 Fu e diiuda Swansluglii n.12 uagrhila dwaasly
1 .13

2) Tanzuruu danaaslugii n.14 19 Tanzuru119%17 300 um
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w1 wanmsnaaedlanzuNuuiauui 1 edasusilasiym)
msulasunasuazisunn 6-12° Jadrensesiansulrnaadmsunileiaeiu osm

Y Y '
A% 2 10819 JAT1A9819a2 10 AF9 lanadauaadluaisien v.1

A1 19N V.1 LAAINANTIAVDI TaNZUAUUIMUUN 1

yu (99711) X (nSu) SD

§re6197 1 1.123 0.086

6 Fred197 2 1.076 0.075
AURFYT I 1.099 0.082
Fe619di 1 1.579 0.207

7 Fr0819i 2 1.540 0.148
AUNAOT 1.559 0.176
§red197 1 1.742 0.222

8 Fred1af 2 1.701 0.149
AURAOT I 1.721 0.185
§r06197 1 2.963 0.131

9 Fred1af 2 2.952 0.171
AUNAOTI 2.958 0.148
§10619 1 3.276 0.107

10 Fred1af 2 3.221 0.124
AURGHTIY 3.248 0.116
§r06197 1 3.883 0.201

11 Fred197 2 3.934 0.076
AURFYT I 3.908 0.150
§r06197 1 4.234 0.171

12 §10819% 2 4363 0.043
AURGHTIY 4.299 0.138
ﬂ'uﬂﬁEJGUﬂii’f’)ulﬁﬁlﬂlUUNWliﬂWUﬁﬂﬁNﬂ (SD) 0.138
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v ~ =
V.2 wam‘mmmiamtmu‘ummu‘n 2 (!ﬂﬁﬂu!!ﬂﬁﬂﬂ'JnJ‘WHD
mMsasuuasanumun 200, 250, 300 pum Jadlsasediansy Inaadmsunil

Y Y ]
291U ANUKUIAZ 10 §19819 Tadidiee19as 10 Ase lanaaauandluaisnen .2

A1 19N V.2 LAAINANTIAVD TaNZUAUUIDUN 2

ANUNU
200 250 300
(pm)
fr081a | X (nTw) SD X (A51) SD X (A51) SD
1 3.047 0.003 3.457 0.183 4.595 0.083
2 3.035 0.006 3.744 0.059 4,783 0.289
3 3.072 0.001 3.586 0.219 4.489 0.076
4 3.072 0.004 3.570 0.070 4.703 0.117
5 3.072 0.001 3.555 0.092 4,704 0.042
6 3.068 0.003 3.508 0.291 4.673 0.020
7 3.071 0.001 3.448 0.350 4.613 0.021
8 3.065 0.006 3.700 0.094 4.804 0.008
9 3.076 0.003 3.838 0.075 4.614 0.078
10 3.059 0.008 3.538 0.455 4.758 0.052
AunaY
. 3.064 0.003 3.594 0.189 4.673 0.079

HUGLYA - ﬂ‘?ﬂlﬁﬂﬂlﬂﬂﬂ?ﬁiﬂ?‘uiﬁﬂ An SD =0.090
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v.3  wamsnaasdlavizueuuiauuun 3 edasuudasnnuniig
m3nagunlainnunasudag 3-10 mm SadaniediansuIvaadmsuniia
2911 ANUNUT 250 pm ANUANaE 10 @e1e Sadhdied1ear 10 ase lanadwanalu

<
ATNN V.3

Q139N V.3 LAAINANTIAVDY TaNZUHULIUUUN 3

AW
s 3 4 5 6 7 8 9 10
(mm)
fwea | X X X X X X X X
(M3N) | (3w | (M) | (3w | (3w | (5w | () | (nTN)
1 1.755 2.15 2.22 2.7 2.85 3.13 3.32 3.56
2 1.841 2.3 2.18 2.59 2.8 3.1 3.31 3.69
3 1.83 1.8 2.3 2.65 2.85 32 33 3.55
4 1.685 2.14 2.17 2.68 2.75 3.19 3.35 3.59
5 1.75 2.1 2.23 2.63 2.73 3.2 3.34 3.43
6 1.663 1.94 2.3 2.55 2.79 3.09 331 3.6
7 1.65 1.98 2l 2.67 2.84 3.21 3.35 3.5
8 1.756 2.08 2.2 2.73 2.75 3.09 3.34 3.54
9 1.682 2.14 2.24 2.6 2.8 3.17 3.33 3.6
10 1.724 2.2 2.3 2.75 2.79 3.15 33 3.59
Y 33U 1.734 2.083 2.225 2.655 2.795 3.153 3.325 3.565
SD 0.066 0.143 0.063 0.064 0.043 0.048 0.020 0.069

HNANe - d?ULﬁHULUuNWﬁﬂﬂli’JN Ao SD =0.064
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M1319M3LUINUVY T-Distribution
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. . . { Y o 4 @ [ {
A1319N1319NLAY T-Distribution 1 1% lumssuaaNusoiuaatandlua1san v.4

A15199 V.4 LAAIAIT1INITUINLY T-Distribution

Two - Tail

.50 40 .30 .20 .10 .05 .04 .02 .01 .005 .001

df

One - Tail

25 .20 15 .10 .05 .025 .02 .01 .005 .0025 | .0005
1 1.000 | 1.376 | 1.963 | 3.078 | 6314 | 12.71 | 1589 | 31.82 | 63.66 | 127.3 | 636.6
2 .816 1.061 | 1.386 | 1.886 | 2.920 | 4.303 | 4.849 | 6.965 | 9.925 | 14.09 | 31.60
3 765 978 1.250 | 1.638 | 2.353 | 3.182 | 3.482 | 4.541 | 5.841 | 7.453 | 12.92
4 741 941 1.190 | 1.533 | 2.132 | 2.776 | 2.999 | 3.747 | 4.604 | 5598 | 8.610
5 727 .920 1.156 | 1.476 | 2.015 | 2.571 | 2.757 | 3.365 | 4.032 | 4.773 | 6.869
6 718 .906 1.134 | 1.440 | 1.943 | 2.447 | 2.612 | 3.143 | 3.707 | 4.317 | 5.959
7 11 .896 1.119 | 1.415 | 1.895 | 2365 | 2.517 | 2.998 | 3.499 | 4.029 | 5.408
8 .706 .889 1.108 | 1.397 | 1.860 | 2.306 | 2.449 | 2.896 | 3.355 | 3.833 | 5.041
9 703 .883 1.100 | 1.383 | 1.833 | 2.262 | 2.398 | 2.821 | 3.250 | 3.690 | 4.781
10 700 .879 1.093 | 1.372 | 1.812 | 2228 | 2.359 | 2.764 | 3.169 | 3.581 | 4.587
11 .697 .876 1.088 | 1.363 | 1.796 | 2.201 | 2.328 | 2.718 | 3.106 | 3.497 | 4.437
12 .695 .873 1.083 | 1.356 | 1.782 | 2.179 | 2.303 | 2.681 | 3.055 | 3.428 | 4.318
13 .694 .870 1.079 | 1.350 | 1.771 | 2.160 | 2.282 | 2.650 | 3.012 | 3.372 | 4.221
14 .692 .868 1.076 | 1.345 | 1.761 | 2.145 | 2.264 | 2.624 | 2.977 | 3.326 | 4.140
15 .691 .866 1.074 | 1.341 | 1.753 | 2.131 | 2.249 | 2.602 | 2.947 | 3.286 | 4.073
16 .690 .865 1.071 | 1.337 | 1.746 | 2.120 | 2.235 | 2.583 | 2.921 | 3.252 | 4.015
17 .689 .863 1.069 | 1.333 | 1.740 | 2.110 | 2.224 | 2.567 | 2.898 | 3.222 | 3.965
18 .688 .862 1.067 | 1.330 | 1.734 | 2.101 | 2.214 | 2.552 | 2.878 | 3.197 | 3.922
19 .688 .861 1.066 | 1.328 | 1.729 | 2.093 | 2.205 | 2.539 | 2.861 | 3.174 | 3.883
20 .687 .860 1.064 | 1.325 | 1.725 | 2.086 | 2.197 | 2.528 | 2.845 | 3.153 | 3.850
21 .663. .859 1.063 | 1.323 | 1.721 | 2.080 | 2.189 | 2.518 | 2.831 | 3.135 | 3.819
22 .686 .858 1.o61 | 1.321 | 1.717 | 2.074 | 2.183 | 2.508 | 2.819 | 3.119 | 3.792
23 .685 .858 1.060 | 1.319 | 1.714 | 2.069 | 2.177 | 2.500 | 2.807 | 3.104 | 3.768
24 .685 .857 1.059 | 1.318 | 1.711 | 2.064 | 2.172 | 2.492 | 2.797 | 3.091 | 3.745
25 .684 .856 1.058 | 1.316 | 1.708 | 2.060 | 2.167 | 2.485 | 2.787 | 3.078 | 3.725
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Study on Stiffness
of Suspension-like Thin Sheet

Laksana Chaiwinee, Somsak Siwadamrungpong
Department of Mechanical Engineering, Faculty of Engineering, Suranaree University of Technology
Nakhon Ratchasima 30000, THAILAND
e-mail: nong_pong5S(@hotmail.com

Abstract-HDD Manufacturing composed of many assembly
and test processes such as PSA, RSA and gramload test. The
gramload tester uses HSA that already known gramload value,
golden unit, for calibration frequently. The golden unit is costly
to manufacturing due to its short life time. To design new robust
golden unit, knowledge on stiffness of thin sheet is very
important. Therefore, this study was to investigate relation
between stiffness and suspension-like thin sheet. Gramload
measurement jig and device was designed and fabricated,
Suspension with various angles was tested for gramload. It was
found that gramload of suspension increase with increasing
suspension angle. The most appropriated suspension angle might
be 8-9 degree with 99% confident.

Keyword- HDD, Gramload, Suspension

[. INTRODUCTION

HDD manufacturing composed of many assembly and
test processes. Due to higher areal density of data storage is
required; testing is more important in both of more test
parameters and degree of test specification. Tests are done not
only on parts but also on sub-assembly and HDA (Hard Disk
Assembly) for assuring HDD quality. For instant, suspension
is tested to assure gramload value and dimensions. Slider and
flexure are attached to the suspension, known as HGA. Many
parameters are tested on the HGA, such as PSA, RSA and
gramload. The HGAs are assembled with arm, flex cable, coil
and carriage. Swaging process is carried out to fix HGAs and
arm together, known as HSA: of course, gramload and other
parameters are tested on the HSA to ensure effect of swaging
process to HSA characteristics.

The gramload parameter notified above 1s one of
important parameters that effect to areal density. Gramload
test is carried out by gramload tester which much be calibrated
frequently. The tester is calibrated by HSA which is known
gramload force, so call golden unit. The golden unit has to be
used and kept carefully, due to its cost, lifetime and
importance to gramload parameter. Therefore, design of new
golden unit that has longer lifetime at the same reliability is
profitable to the test process. To design the robust golden
unit, relation between stiffness of thin sheet and its dimensions
is very important. The aim of this study was to study stiffness
of various shapes and dimension of suspension-like thin sheet.
It is expected that this study may lead to new design of robust
and reliable golden unit.

< ID-7>>

II. HDD COMPONENTS AND GRAMLOAD

A. Platter

Platter, sometimes call disk or media, is thin round and very
flat plate. Platter is a data storage media which contains a lot
of data bit. Due to very high areal density in HDD, recently in
the range of hundreds Gbit/sq.in, very small data bit and track
is required. Data is stored in magnetic thin film layer of
platter and transfer to read head which is flied over platter at
specified track and at controlled height. The read/write head
is fabricated on slider that located at end of suspension. Fig. |
shows simple configuration of one arm with slider flying over
platter.

Hinge Slider
/ i
/ — —— }Flying Height
Load Beam Disk

Fig. | Configuration of an arm flying over platter

B. Heuad Stack Assembly

Head Stack Assembly, HSA, composed of HGAs, Flex
cable, coil, etc which illustrated in Fig. 2. The HSA is usually
contained more than one arm or suspension. The suspension
is made from thin stainless steel sheet, in few tenths micro
meter. Seeking of HSA to specified track on platter is drove
by coil and VCM (Voice Coil Motor) that assembly at the top
and bottom of coil.

Fig. 2 Head Stack Assembly

DST-CON 2010
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C. Flyving Height

Flying height is air gap height between platter and slider.
As HDD need to have higher areal density, flying height also
need to be smaller, please note that it is in few nanometer in
recent HDD [1]. The mechanism of flying slider at specified
flying height over platter is controlled by various parameters.
The first one is Air Bearing Surface (ABS), which is a
curvature surface of slider that faced to platter, indicate in Fig.
3. The curvature produces aerodynamic force from air flow
that occurred simultaneously with spun disk. Stiffness of
suspension is also key parameter that significantly influence to
flying height. Due to the force from ABS is relatively very
small compared to stiffness of suspension; Hinge on the
suspension, please see in Fig. 1, is designed as low stiffness
and deformable point. To control the flying height, stiffness
of suspension and aerodynamic curvature of ABS must be
manufactured and test seriously. Other parameters shall be
mass of slider, PSA, RSA, smoothness of platter, etc, which
are not notitied in this study.

Fig. 3 Air Bearing Surface of Slider

D. Gramload

Gramload is force that represented stiffness of suspension.
It is force value which made suspension deform in vertical
direction at specified z-height, h, in unit of gram, thus it is
called Gramload. Configuration of Gramload measurement
concept is displayed in Fig. 4. Gramload of recent HDD is
around 1.5-3.0 gram, depended on size and model.

Fig. 4 Configuration of Gramload measurement concept

[lI. PROCEDURES

A. Schematic diagram of gramload measurement

Schematic diagram of gramload measurement is shown in
Fig. 5. Jig was designed to support and fix suspension. Load
cell is also set in fixed position, X, Y and Z axis, on the same
Jig. Therefore, distance from cam to load cell, B, and height

«<ID-7>

from base of suspension to load cell, A, are maintained
constant. The distance-B and height-A was duplicated from
the existing gramload tester to ensure that test configuration
and results is conformed to the existing test operation. Cam
was used as mechanism to lower the suspension to tip of load
cell. Jig drawing is illustrated in Fig. 6

Gloden Unit

[
S
H

[ ]

Jig

Monitor

Fig. 5 Schematic diagram of gram load measurement

SRS

DETAIL A
SCALE1:]

Fig. 6 Jig drawing and main dimensions

Load cell with maximum load 50 gram and 0.1% precision
was used. Indicator of load cell, HBM model MVD2555, with
noise cancelation system was employed in this study. Picture
of measurement devices setting is indicated in Fig. 7.

-7

Fig. 7 Measurement device setting

DST-CON 2010
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B. Suspension-like thin sheet

Due to very thin of recent suspension, few tenth of pm, it
might have variation of stiffness on the suspension.
Moreover, it is easy to get damage from using and storage.
250 um thickness stainless steel sheets were used to fabricate
the suspension. Mechanical properties of stainless steel are
shown in Table 1 [2, 3]. The higher thickness of suspension
leads to higher stiffness. Therefore, the simple suspension
without edge-bend, and take longer arm length between load
cell tip to fixed point on the jig may compensate to their
higher thickness. Fig. 8 and 9 display the suspension and
suspension  holder  configurations, respectively.  The
suspension was designed by varying bended angle from 6 tol2
degree [3].

<<[D-7>>

IV. RESULTS AND DISCUSSIONS

Table 2 indicates measurement results. It was seen that
the 2 samples of same angle show gramload value within +2%
errors by mean. That shall be acceptable; the majority of
errors may come from manually cam rotation. Fig. 10 shows
gramload measurement result 10 times of each angle. Mean of
gramload with error was plotted in Fig. 11. It was found that
the suspension angle between 7-9 degree yields gramload
between 1.5-3.0 gram which is the range of recent gramload of
suspension. It is a little bit lower than reported by previous
work [3] at 10-11 degree by simulation technique. There is
obviously that gramload increase with increasing suspension
angle.

TABLEII
TABLE I MEASUREMENT RESULTS
MECHANICAL PROPERTIES OF STAINLESS STEEL SUSPENSION Y SD
Property Value Units ANGLE (Degree) (
gram)
Yqung’s’ mo@ulus 1.93e5 MPa m 1123 0.086
Poisson’s ratio 031 - 6 ® 1.076 0075
Density 7.75e-6 Kg/mm. Average 1.099 0.082
#l 1.579 0.207
7 #2 1.540 0.148
Average 1.559 0.176
#l 1.742 0.222
8 #2 1.701 0.149
Average 1.721 0.185
#1 2963 0.131
9 #2 2,952 0.107
Average 2958 0.148
#l 3276 0.107
10 #2 3221 0.124
Average 3.248 0.116
Fig. 8 Suspension configuration #l 3883 0.201
11 #2 3.934 0.076
Average 3.908 0.150
#l 4234 0.171
12 #2 4363 0.043
Average 4299 0.138
5.000
4500 +
———a—g———a— §
A0 HWA\(’.
3.500 ——6 degree
W 3000 - m =7 degree
é 2500 —i—8 degree
Fig.9 Suspension holder configuration 5 200 *‘i::g'“
g l4 > # m: n =+=—10degree
= 1500 +
C. Gramload measurement o e :i::::::
Suspension at each angle was fabricated 2 pieces. Each 500
suspension was tested for gramload 10 times. Cam was oo

rotated manually by slow speed. Gramload value of each
measurement was recorded from indicator.

1 2 3 4 5 6 o/ 8 9 10
Number of test

Fig. 10 Gramload results 10 times measurement of 1 sample
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Fig. 11 Gramload results with various angles

From table 2, confidential concept was employed to
analyze the range of gramload at 90, 95 and 99 percent
confidential. The student - t distribution, 2 sides, was used.
The analyzed results were displayed in Table 3. It was seen
that no such angle which is in range 1.5-3.0 gram even for
90% confident. However, suspension angle between 8 and 9
degree seem to be high possibility to obtain gramload range
1.5-3.0 gram. Otherwise, design of new suspension, by vary
shape, dimension and material, may obtain lower variance of
gramload.

TABLE 11
RANGE OF GRAMLOAD AT VARIOUS PERCENT
CONFIDENTIAL

CONFIDENTIAL SUSPENSION }
ANGLE X, \ X
(Degree) (gram)
90% 6 0.957 1.099 1.241
7 1.255 1.559  1.863
8 1.401 1.721  2.041
9 2702 2958 3214
10 3.047 3248 3449
11 3.649  3.908 4.167
12 4.060 4299 4538
95% 6 0.927 1.099 1.271
7 1.191 1.559 1927
8 1.334 1.721 2.108
9 2648 2958  3.208
10 3.005 3248 3491
11 3.594 3908  4.222
12 4010 4299 4588
99% 6 0.864  1.099 1334
7 1.055 1.559  2.063
8 1192 1721 2250
9 2535 2958 3381
10 2916 3.248  3.580
11 3479 3908 4337
12 3.904 4299 4694
X;=Lower Range
Xy=Upper Range
X, =X-t,.5D (1
Xy=X+1t,.5D (2)

<ID-7>>

V. CONCLUSION

Jig and suspension with various angle was fabricated and
tested. It was found that gramload increase with increasing
suspension angle. Appropriated suspension angle might be 8-
9 degree at 99% confident.

The further work will be varying in different shape,
dimension and material. [t is expected to know influence of
them to gramload, which can be used for designing new robust
golden unit.
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