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Abstract

This research aimed to study the tolerance effect of the natural frequencies of the HDD actuator arm to reduce the
working time of the CNC machine in HDD manufacturing. In the study, the HDD actuator arm was simulated with a three-
dimensional model in the finite element software. The HDD actuator arm dimensions were varied within the tolerance
criteria of the HDD manufacturer. The natural frequencies of the HDD actuator arm were evaluated by using the finite
element software. The results demonstrated that the tolerance of Heat sink thickness, Hub diameter, Swage pad diameter,
and Arm slot 1 diameter had a natural frequency variation less than 50 Hz. Therefore, the working time for those positions
production by CNC machine to obtain a high precision can be reduced due to the tolerance of that positions are not

significant in the natural frequencies of the HDD actuator.
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(Partial differential equation: PDE) sz1dsuidlinlusied
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ABBadtaa (Numerical methods) 1Ussendldy iom
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AuraAtANLissTurAlugUiansduasiiion Arm
bending, Arm torsion, Arm sway, Coil bending, Coil
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(Modal analysis) TulWludiediuudgenmuisun
WisuifisuiunisTauazuaninasiaiaias Polytec
Scanning Vibrometer 400 (PSV400) Tulwludiodiuud
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. AUINR ArmuLie
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(mm) (mm)
Arm thickness
3 0640 +0.040
Swage pad thickness
— & (3835 +0.025
— —
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1) nansmuInAANLasIsIEludargUTNs
Fuaziitoudildannlludiedmudvenduaf (ms1eil 4) 4
mnuAaIAAAsuIINAANLRsTIITATIdaInNs Tnuas
LARIHAMILLATDY PSVA00 g5zninafosay 0.481 A
9.636 lnggusnensduaziiiou Arm sway fin1uAana

'
1

\RsuMgnegfisesay 0.481 d1u3Usansduasiiiou

Y

Coil bending fimuAaIALARBUGIANDENTREAY 9.636

Aananslugun 6

ALY
(mm) (mm) y p . -
. MN15190 4 ﬂ'lﬂ’J'llJﬂﬁiiN”U'lasLULmaﬂiﬂiqQﬂ’]iéﬁiﬂ%L‘V]E]‘Ll
Hub diameter A
JUTIM AUz Lio Al (Hz)
6.070 +0.010 N
C >
£
c
g 2423.60
£
<C
2.680 +0.100 S =
S 12280.00
€
<C
>
1.000 +0.100 g <
& 22123.00
€
<C
o
C o=
£
1.400 +0.100 9 3925.40
%’
)
C
- ; - 2
MA1919N 3 ﬂ'ﬁ‘UTULUaEJUﬂWWﬂﬂﬂ'NlJLB{E]"U@ﬂﬂ'NNEﬂ? . E 7748.40
. AlsNA ANAINULRNE 3
28158 %3PN (W]
(mm) (mm)
Arm slot 1 length
3
=
2.400 +0.100 = 11538.00
o
i~ 2) AnmsUTuasuAfiinanuievasnuunly
2.140 +0.100 WUUINABIAUTRVDILVUIIB U SARANLATH WUINAT

USULUABUAINANAIULADYDY Arm thickness, Swage
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pad thickness, Coil thickness lLag Fantail thickness 2%
finswasuulamesianuiisssuwifuinnia 50 Hz Ing
n15USuLAB AR A NLR B8 Arm thickness 9%
denalifgusienisduariiiou Am torsion fin1s
WasuuUaswasaanudsssumfuings 761 Hz dawunis
USudsueifiaaauilonas Heat sink thickness 923
m3asuulaswasauiisssuyivesni 50 Hz Tag
sUsemsduaziiien Coil sway aziinsiasundasues

AANUDSTTUAUINGR 24 Hz dauanslugun 7-11

% Relative error of natural frequency between FEM and PSV400

10

5 4

0 - Mode shape

-10

Arm bending| Arm torsion | Arm sway |Coil bending| Coil torsion | Coil sway

B yodoyat | -0.732 -0.987 0481 9.636 2573 8.725

Hz Coil thickness
1000
800 + @ Tolerance -
600 -
400 4 [ Tolerance +
200
. m M
T T T Or T T E Mode shape
2004 g2 s 5 g
awo 4 2 g z 2 © S
- ] ) c ] 9 =
600 4 2 = £ < = G
c E < = 3 O
800 - < < o e
-1000

U 9 NaNSUSUARNAAIULINBYBY Coil thickness

Hz Heat sink thickness
100
80 @ Tolerance -
607 [ Tolerance +
40 +
20
0 T T e EITD T Mode shape
20 2 c > on c m
£ e} g = ko] g
a0 4 2 2 a 2 jal a
3 2 £ 3 < 3
-60 - = € < = i ]
80 4 < < O e
-100

JUN 10 wansUSuATIinAIINBYRY Heat sink thickness

JUN 6 ANUARIALATRUVBIAIANLASITUYR

Hz Arm thickness
1000
800 o _ & Tolerance -
600 H
400 [0 Tolerance +
200
’
J[[H T T T T Mode shape
200 g g 5 3
-400 4 E 2 2 a
600 4 2 < = K
£ 3 S
-800 4 < O
-1000

sUn 7 NaN15USUANRAAAILABYBY Arm thickness

Hz Swage pad thickness
1000
800 E Tolerance -
600 -
[0 Tolerance +
400
200 Iﬂ
0 =7y T T T Mode shape
004 g5 g s g
] @ ] >
w04 8§z g 5 Z
600 2 £ % = = S
800 4 X < S o
-1000

U8 wansuTueiiinAMNeYed Swage pad thickness

Hz Fantail thickness

100
80 |
60 |
40 |
20 |

H Tolerance -

[ Tolerance +

Mode shape

-20 4
-40
-60
-80
-100

Coil swayép

o
Coil bend@@gH

Arm bending
Arm torsion

UM 11 wansuSueiiiaAiieves Fantail thickness

3) 91nn15USUAB AR AR BUE EUR U
Audnarslunvudtassauiifvewyuiieruansafan
Tas wudrn1suSuldsuarfidnainuiievas Hub
diameter, Swage pad diameter k8¢ Arm slot 1
diameter 2ziinsiasunlasvosianuisssugftes
171 50 Hz TnanisuSuilaesuamiitnanuioves Swage
pad diameter azdsualigusnansduaziiiou Am sway
ﬁmsnJ5EJuLLUawaammmﬁﬁismmﬁmaqﬂ 18 Hz du
AsUSuABuAIRTAALLReYa Arm slot 2 diameter

21N15: WA UL URIUBIAIAINUDSITUIIRNINAT 50 Hz
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lag3us1ansduaziiiou Arm sway aziinnsilasuudas
YBIAAUDTITUYIAUINGR 197 Hz danansluguil 12-
15

Hz Hub diameter
100
80 B Tolerance -
60 1 [0 Tolerance +
40 -
20
0 T = T Emt==—cc Mode shape
04 g 5 5 ¥ 5 5
40 4 B g & 2 2 7
g £ g 2 2 3
60 7 ¢ £ < = 3 S
80 1 < < S O
-100
= v I aw A .
JUN 12 wan1suIumIiineAMuIiNeues Hub diameter
Hz Swage pad diameter
100
80 - H Tolerance -
60
[0 Tolerance +
40 o
20
0 === T T T T Mode shape
04 g 5 é]]] g 5 3
40 4 2 g @ 2 g @
o] e c o e =
60 4 2 c = < = S
€ £ < 3 G
80 1 < < S O
-100
= v I aw - .
JUN 13 wan1sUIuAINNAAULINDUDY Swage pad diameter

4) nmsUsuasuAfitanuilevesnuenly
wuudnaesanudfvesuuuiieuesafania s wuiiazd
mswasuuasesrAuisssuYAinnnd1 50 Hz Tne
n15USUUABUAIRRAAIIULE DY Am slot 2 length 9%
denaliigusensduazifion Am sway Insiwasundas
YosmANLRsTIINANNGR 73 Hz Fauandlugud 16-17

Hz Arm slot 1 diameter
100
80 o [ Tolerance -
60 -
40 [T Tolerance +
20
0 T T T T Mode shape
204 g2 5 7 g 5 %
w0 2 ] H hs] @ z
~ 2 2 a 2 2 a
5 2 g 3 2 3
60 1 ¢ £ < = 3 [y
80 4 X% < S O
-100

Ui 14 nan15usuaAfinanLiavas Arm slot 1 diameter

€

Hz Arm slot 2 diameter
1000
800 [@ Tolerance -
600 -
400 [ Tolerance +
200
0 =" T m T T T Mode shape
S
w04 g 5 Y% g 5 7
k] @ = ] ] =
-400 4 ¢ 5 a c S @
g 2 £ & 2 5
-600 c € £ - 3 O
800 4 < < S o
-1000
a v 1 aw - .
UM 15 wansUSTUAINAAAILLINDYBY Arm slot 2 diameter
Hz Arm slot 1 length

100
80

60
a0
ZOA ||_|_”
0 R B 5 AR N A T T
-40 - R |
o x
e & :
<

[ Tolerance -

[ Tolerance +

Mode shape

Coil sway

.60
-80
-100

Arm bending
Coil bending
Coil torsion

JUN 16 wansuSuAiiAAMUIBYEY Am slot 1 length
Hz Arm slot 2 length
100
80 [ Tolerance -
60 7 M Tolerance +
a0 |
20 1 m
0 N = == T T T Mode shape
209 £ : g 5 g
& z
“7 3 [
60 - sz 3
0] £ S S
-100
JUN 17 wansuSuaiidaAuiieves Am slot 2 length

A15719% 5 A1ANLDSIIUTIRLBIIInSiuASIsauTung
MUV AT TBUT

3U319N13 ANUDFTTUT IRV ITUIUAIDENS (HZ)

g e ol 2 J 2 J z 4
dudzinou AUsnA Jun 1 JUN 2 JUN 3

Arm bending | 2423.60 2425.00 2427.00 2421.00

Arm torsion 12280.00 | 12312.00 | 12324.00 | 12236.00

Arm sway 22123.00 | 22127.00 | 22125.00 | 22121.00

Coil bending 3925.40 3927.00 3929.00 3923.00

Coil torsion 7748.40 7752.00 7750.00 7746.00

Coil sway 11938.00 | 11940.00 | 11942.00 | 11936.00
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5) 91InMsAiAAiaALieves Heat sink thickness,
Hub diameter, Swage pad diameter kg Arm slot 1
diameter fnsiUasuulasasrnnudsssuritesnia
50 Hz weltiloa@a8@umis Heat sink, Hub wag Swage
pad sziimnuiiesdesfuiudinduiiozandsznou Suh
nsfinausasevlun1siiuve s e didudly
fwas Arm slot 1 Wilsefuntadion Fawuinainud
ﬁi'ﬁmwmugﬂiwms%’uazLﬁau Arm torsion U89
Fragevesuauiis ueniafasiadninisiudsuntas
unninguiensduaziioudu daandunnsied 5 3l
anudenndasiunsUsuasuafinaauieves Arm
slot 1 diameter lulwlusiieAuusvonsuag (Uil 14) 3s
wandlifuinnsifivanudiseulunsyiauvenades
Fuoudlusumvus Arm slot 1 @ansavinle
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bending, Arm torsion, Arm sway, Coil bending, Coil
torsion waz Coil sway 1¢f Ineflanunaiandeuainnis
VAABUMBLATEY PSVA00 geaniosas 9.636

2) n1suduLlAsuAIfidnaduiaaes Heat sink
thickness, Hub diameter, Swage pad diameter Lag
Arm slot 1 diameter vaauauIB UEIsARANLATH 2%
denaliinisiUdsundaswasaimiuisssumaluudas
sUsMsuazfiouvesuvuewendnfan nsuteynin
50 Hz

3) A15LANAINLSITEUTUNSNUYR AT IO UT
Speay 10 Tusduuus Arm slot 1 @1u1savinle lneay
danalviiinnisivfsunlaseminudsssuIRluguig

nsduazLiiew Arm torsion egluinasinueusula
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