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PRATHAN CHOMMUANGPUCK : DESIGN OF HIGH-SPEED
AUTOMATIC VISUAL INSPECTION MACHINE FOR HEAD GIMBAL
ASSEMBLY (HGA). THESIS ADVISOR : ASSOC. PROF. JIRAPHON

SRISERTPOL, Ph.D., 109 PP.

VIBRATION ISOLATION/ AUTOMATIC VISUAL INSPECTION/ MACHINE

DESIGN/ HEAD GIMBAL ASSEMBLY

Nowadays, automation machine and system are widely used in Hard Disk Drive
(HDD) industry for high production and inspection process. Western Digital Company
(WD) also used auto inspection machine to inspect Head Gimbal Assembly (HGA) by
2,700 HGAs per hour. But with its present performance, this machine become the
bottleneck in HGA automation process. In order to eliminate the bottleneck, the machine
should operate to achieve machine units per hour (UPH) of 3,600 HGAs. Thus, this
research aimed to design the high-speed automatic visual inspection machine in HGA
automation process to achieve machine Units per Hour (UPH) of 3,600 HGAs.
Consequently, the driven components of machine have to opcrate at high speed in order to
achieve 3,600 UPH and it cause:the vibration taking place in machine which arise from the
dynamics responses in machine component. Moreover, the large amplitude of vibration
responses are affected to the resolution of images and it decreased machine efficiency to
justify whether HGA has defect or not. The vibration isolation approach is demonstrated in
this research by changing the boundary condition or adding the isolator into traditional
machine to reduce the force transmissibility from vibration sources. After the isolator are
installed, the results shown that the amplitude of vibration responses decreased to 85-98%,

30-95%, and 54-98% of displacement transmissibility for X, Y, and Z axes, respectively.



shown that the amplitude of vibration responses decreased to 85-98%, 30-95%, and
54-98% of displacement transmissibility for X, Y, and Z axes, respectively.
However, the machine cannot refrain the low speed of driven components.
Nevertheless, it can operate at high speed to examine 3,600 of HGAs per hour. As
well as, the standard deviation of HGA’s reference hole is reduced from 1.70 microns
to 0.50 microns or about 70.59% of machine’s precision increased and it can ensure

that the machine can examine 3,600 of HGAs per hour.
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Frequency Responses in X-Axis
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Frequency Responses in Y-Axis
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Frequency Responses in Z-Axis
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Test and CI for Two Variances: 150 RPM Before, 150 RPM After
Ratio = 1 vs Ratio # 1

95% CI for o(150 RPM Before) / o(150 RPM After)

Bonett's Test
P-Value 0.022
Levene's Test
Levene § * P-Value 0.008
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Residual Plots for Diameter

Normal Probability Plot Versus Fits
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Boxplot of Diameter
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DESIGN OF HIGH-SPEED AUTOMATIC VISUAL INSPECTION
ALACHINE FORE HEAD GIMBAT ASSEMBLY (HGA)

Prathan Ch'2", Sorada K', Jiraphon 5!

'School of AMechanical Engineering, Suranaree Univerzity of Technology,
"Western Digital (Thailand) Co., Ltd., Bang Pa-In, Phra Nakhon 5i Ayutthava, Thailand
Contact E-mail:*Prathan.chomuanzpucka' wde.com

ABSTRACT Nowaday:. moomation machine and system
are widely nsed in Hard Diisk Drve (HDD) méustry for
high production and inspection process. Westam Digital
(Thailand) Co, Ltd. (WDTH) alse uses auto msp=giion
machine to inspect Head Gimbal Assembiy [H(z.ﬂ‘]gt
2,700 HGAs per hour However, the mnchins should
operate at wmits per hour (UPH) of 3.600 HGAS The
bottleneck in HGA amomaton prodess Was o "ulﬁ.k
arder to elimmate the bettleneck, thit ressanch aimed fo
desipn the high-speed automafic | vismal :r_-]:-ﬂu
machine n HEA automation process to achisve mnﬁe

Umits per Hour (UPH) of 3,600 HGAs. Cnue:@iﬂ; =
driven components of machine had to opemle ar high

speed and this coused the vibmatiomewking place in
machme which raised Som the dypamics mespooses in
machine componsm Morsover, the Jarpe amplimeds of
vibmtion responses afected to the resolurion of images
and it decreased machine efficiency te justfy whether
HGA has defect or not. The wibration iselaSion approach
iz demamstrated in thiz research by changne the beandary
condition or adding the selater ino Taditional maching
i reduce the force mansmisgbildy fom ibraton
soarces, Aftesthe isolator are mstalled, the results shown
that the amphads of vibration rasponses decreased o B5-
98%. 30053 yeand 3498% of | displecement
trapsmissibility for LK and Z axes. respectively.
Howewver, the mackine gamepd reffam the low speed of
driven companents. MEteghal=g: Jitgan ferate at high
spead to examine 3500 of EGAs'per emr. Fhe swrdard

deviation of HGA's reference hole is reduced fom 1.90°

micrens to .50 micons or aboat 70.59% of machine’s
precizion mireased and &t can epsure that the machine can
examime 3,600 of HGAs per hour

1L INTRODTUCTION
In modern Hard Disk Dinve (HDDY) technology, thers

are couple rypes of data storage principle available. They
are conventional HDOD apd Solid State Drive (S3IN).
Currently. the conventsonal HDDY continues to dominate
for more than 70%: of market share of toial data storage
basiness which the key mofivation is cost per storape
capacity. The technology of conventional HDD now a day
is stll_developing to implement the Heat Assisted
Mazmertic Fecording (HAME.) mstead of Perpendicular
Magmetic Fecording (PME). HAME technology has been
demonstrated in the experiment at over a willion bifs per
square inch or abowr a 30%: improvement of PME.
techoology (Rosenthal 1013). Due to the comventional
HDD techoology erowih the mamafachrers has
developed the process themseives to achieve the goal of
basiness. In additen. the high speed aufomatic process
plays an imporant tele o produce HDODs comesponding
to market’s requiremest

The comventonal HDDs key components consist of
mechanical Dase components mieprated with advance
electronics, comtrol. system In addition, ome of the
important mechamical part is Head Gimbal Assembly or
HGA which is the key compoenent of readwrite module.
HGA perform the finction of sustain the read wie bead
and conwel the fiyinz Weldylowr durinz transfeming
digital information imte =_1s:rngemdu and gathenns them
from storage m—:»:l..a The Jpoducton process of HGA has
LEvED “m,a:hﬂhhsﬁntai i figure 1. The bottleneck
of HaA protes1s TSpEan maching with machine Unit
per HEw GPH) Fhout 1700 HGAs. In addition. the
Tumen: machine ks Moo Value Added (WVA) process
from pick and place robots and a lot of vanadoms io
congol {ep workpiece varatoos, mackine visiom
varatons, and vibmtion). Accordingly, those of WWAs
and variations have o be elmirated as mach as pessible
in order to achieve the UPH and the botleneck in HGA
process will be eliminated also.
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Therefore, this research aimed to design the high
desired UPH. The reselution of image taken by machine
which define by the standard deviation of HGA's
reference hole diameter should be lower than 15 microns.
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Fig 1 Head Gimbal Assembly Process Flow

2. MACHINE AFFEARANCE & ITS OFERATION

HGA Inspecton machine as ilhsmated in figare 3
comsists of five main compopents ie. machine table
clamping podule, mansporation medule, camem holder
frame, ad camera adjusting medule. Machine @ble
perfarm i support all components as well as to steady
machime part while it is operating. Clamping module is
nsed fior bath clamp and unclamp HGA for inspectionand
stabilize HGA during the camera fakes an @R to
examine HGA': defact. Transportation mndulnhaiiﬂ}
for transpert HGA on its camer throush the
zope. Camema babdariime:lsuseu.furmnvﬂlem
sefting module and stabilize the camera while m
the HGA. and camena adjustinz module for seing the
cm:mapm.d&ibumfucu;mﬂﬂldm'mm
prery pih Al bt Wioa, )

[}
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Machine Furdismenial

Fig 2 Machine Appeamnce
There ape Spar processes m the nspection machine
which are contmowsly work as 3 cycle related to the
amount of HEASI HGA's camier as shown in fgmre 3.
The process stamy/fom fndex which is performed by
tramsportation module, Afenindes step iz accomplished

the clamping module willl:@E ® <lamp HGA md |
stabilize it Then the camera cap” ke @nfimazs Sarl

mmwmmmmumm
i inspect the next coming HGA In order to achieva
machme UPH, all of the four processes need to finish
within 1 s=cond as illustrared in figure 4. Due to the
performance of linear motor and machine vision, the
process cycle time of index process amd inspection
process are fized i 150 millisecond and 200 millisecond.

respectively. Although. those two process cycle times are
fized but the clamp and unclamp process cycle times are
variable by varying the speed of servo motor. Therefore,
the machine can achieve 3600 of HGAs per bour by
changzing the senvo motor speed to | 50 FPM.

i

Idax Usdarp
X Livas Woice Sarvn Mok
|| | |
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Fig 3 Opemation Procedure and Reference Hole of

Inspection
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"Fig 5 Frequency Tracking Position at Camera

J. EXPERIMENT
3.1 Experimental Apparatus & Procedure

In this research, the vibmtion waveform in freqoency
domam of X Y, and Z amas are measured by the vibration
handheld apalyser with acChlerometer probe moumted
onro the measuring locaton byax as illusirated n figore
5. The vibration wavelfors of all axes are collected while
prgperimats, inhiz Taskarch The first experiment was set
1o |50k the Wkration responses at 150 BPM of servo

resulis after instlled the wibraton isolator components at
150 BPM speed of servo motor The results of these twvo
experiments were compared with each other mn order o
ensure that the machine can withstand the wibration load
in system In addition, machine can get the high mmape
qualiry at high speed mmming which can observed by the
standard dewiation of diameter of reference hola.
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3.1 Location of Vibration Isclator

Thee to the dynamics respopses in X, Y, and Z axes, the
vihmation iselatars are used for restrict the transmissibility
whether the force or the displacement (Rivin, 2010} (A.A
Hamieh, et al.. 2002) and it located in the position as
illustrated in fzure § and 7. Machipe is divided info two
zones Le. the source of vibraton and the camera holder
frame or the cribical system (s=¢ fgure §). The vibration
in maching is penerated by linear modor in transportation
module and zerve driven motor in clamping module.
Based on the movement behaviour of these two motars,
the wibmtien force from hnear motor bas wery little
influence to the dynamics respemses in machine In
addition, the linear mator is moving smoothly in machins
which driven by the magnetic field. On the other hand, the
vibration force is mestly pensrated by serve mder,
because of o movement and the cyclic load from the
clamping module. Therefore, it need to separate from each
other between these two drven components and the
camera holder fmme o achieve both of machme UPH and

Fig & Location of Vibration Isslater Equipmest

Fig 7 Vibratwoo [solaters Installed to Machne

3.3 Vibration Isalator Selection

The wibrabog isolators are selected based on the
equation of wibraten Tansmissibility (Inman, 2007) in
equation (1)

[1—r* 4257 @

In addition, the frequency mtio {r) is given by the
nafaral frequency and cratical feguency in system The
crifical frequency m system is defined by the dymamics

displacement responses, can be observed by the frequency

which shown the larpe amplimde while the machine was
operating. The mass and stiffness in system are related o
natumal fequency so, in this case, it is determined by the
mass of weight of machine components and machine’s
struchwe  which installed oo machine table. The
mansmissibility is determined by an acceptable maximmm
amplifade of displacement (J.C. Golimnal & M. Gendin,
1998 which iz defined by the lens’s forus and FOV (Long
Cui, et al, 2011) (0. Tomas, 2013). The primary
parameter for comtrolling machine vision is lens’s focus
and itz accepble amplibade s about 10 mcroms.
Feparding to the figure 8, Z-axis shown the maximum
amplinade about 20 mirons tms it bas to edue the
amplinade from 30 microns o lower than 10 microns or
about less than or egual 0% of tansmissibility. In
additon, there are thres dampers available from wendaor,
ie 5%, 10%, and 15% of mansmissibility, therefore the
damper which has 15% of wansmissibility is selected to
install in mackine.

4. RESULT & DISCUSSION
4.1 Dveamics Responses before Imstall Isolators

The dynamics responses of 3 Y, and Z axes ame
demonstrated in fgme B The results shown that the
maximim amplirade of displacement is ocommed at 35 Hz
for X and Z awes about 10.96 micrens and 19.77 microns,
respectively. Whils the displacement amplibade of Y-mds
shown the smallest amplitude about 1.57 micoons at 50 Hz
compare to other axis and i 5 accep@ble_ As a results, the
image quality of inspected picture showm that it has low
guality of image as ilusmated o Sgure 9. Furthermers,
the siapdard deviation of diameter of reference bole was
about 170 microns

Wrymmmics Hesprmses ai 1501 RPM

v Lad 1o

iy

~ Fip | Dhynamics Fesponses befra Istall the Tsolators

Fiz & HGA before Install Tsolators




4.1 Dynamics Fesponses after Install Isalators

The results of isolation approach as ilustated in
figare 10. It is show that the displacement amplinade of 3,
Y, and Z axes reduce to 4.57 microns, §.00 microns, and
579 mucrons, respectwely. Moreower, the peak of
frequency are shified to 45 He, 40 He, and 80 Hzof XL Y.
and T ames, respectively. In addition, the frequencies are
shifi due o the installadon of an isolators and the
changing of boundary condition in conventional machine.
Furthermare, the isolators do oot have ooly the dampinz
ratio but the stiffess also mvobved in fself. The result of
reference bole's diameter was found 0.50 of stamdard
deviation. The image faken by machine affer install the
vihmation iselators i demonstrated in fzgure 11.
[ Afier insialll the Vibragin Dkl

11
et
a WAk

15 Atk

Arpdsd |Em)

" Fig.10 Dvnamics Responses after Install the lsoltor:

Fig.11 HGA Image taken by Machine aftes Inscall
Isolators

4.3 Vibration Transmissibility

The conventional machine has been divided meo twa
mopes a5 illnsrated m fgare 6. Them, the isclators are
installed into machine fo restrict the m@osmisabity by
15% of transmiszibility segarding to the specification of
damper from vendor. In table | presented tha the isclators
can be appliad at both of 75 FPM and 150 BPM of samvo
maotor's speed. These o speeds of serve moior shown
that the oamsmessibdiy are: 14.83% md 4.16% of X-axis,
16:26% and 15855 of Y-axdis, and 39 907 and 2.34%; of
Z-axis, respectivély~However, the 150 BPM of servo
meotar's speed is selecied, 38 ikis mentisnad in fimare 4, in
arder to meet the requirement of UPH . (Tha=foe  the
tramsmissibility at thiz spesd is accepatla.

Tahle 1 Displacement Amplitnde Feducton.

Servo Mators Speed | Ampliuie Reduchon ()

(REM) X-Axis YoAms Z-Axis
18.75 16000 11878 80.72

Tervo Motor s Speed | Amplitade Feduction ()

(BEM) N-Amis  YoAmis Z-Axis

3750 5631 -167.30 3213

75.00 £5.17 8374 6010

150.00 95.84 8BA1 9768
CONCLUSION

The HGA's reference hole diameter measured by the
inspection machine shown the standard deviation absout
0.50 microms which & decreased fom 1.70 by the
vibration iselatdon approach or, on the other hand, about
7059 of machine’s precision mwreased. As a reqults, it
can ensume that the machine can examine the HGA and
justify whether HGA has defect or not.

Moreover, the transmissibility as presented m tahble 1
shown the results accordingly with the prmciple of
vibration izolation tansmissibility (Iomam, 2007) (J.C.
Golimvald M. Geradin, 199%) (Yan Wen-bing, et al.
2009) (Thixing Li, et.al, 2011) (Thanh Danh Le, Kyoung
Ewan Abn 2013). There are two regions of the
ransmissibility ie. amplification region and isolation
region which can be described the transmissibility at
18.75 FPM and 37.50 FPM of servo metor’s speed. Thus,
the machine can operate at 150 BPM of servo moins’s
speed to achieve the required UPH.
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