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Abstract Thisstudy investigates the use of kiragtinozzle jet based cleaning system to

purge unwanted particulate contaminants from Mh®Ad stack assemblyrior to

assembly of the HSA into a finished hard dfieehnical, economic and environmental
challenges have caused cleaning process development to shift away from chemical cleaning
towards dry cleaning, while ensuring high particleakeffisiencies, reduced material loss

and other damageinite element analysis was used to study the detachment of deposited
particles using turbulent tws and then this numerical model was used to design a better
cleaning systexperimentation veaperformed to determine the effectiveness of system

and specification parameter such as nozzle design, distance of nozzle to target, angle and
pulseRemoval of the contaminants was measured using an optical particléQi®Gnter

to quantify the numbemd types of particles by using digital image anBhgsiesults

showed that an air particle purge cleaning process can perform well for surface cleaning
The particle removal efficiency of air cleaning and purging increases with elapsed time and
it is correlated to critical set up parameters, such as pressure, velocity, pulse interval and
cleaning duratioiithe optimatelocitywas determined to ensure no mechanical damage to

the HSA The removal efficiency for submicgired contaminants was obsereelie

highly correlated to drag for8eiccessful development of this type of this system could
provide significant benefits for improving the process of particle cleaning, which can result
in higher product reliability
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1. Introduction

Theareal density of magnétard disk drivHDDs) has increased enormously due to market ddorand

higher capacity per dri@ne of the main problems lard diskmanufacturing is contamination from
unwanted particleds areal density increases, the disk surface becomes increasingly sensitive to small sized
particlesThis paper is going to focas thehead stack assem@fsA) which is a key component of the
write-read mechanisimside aard disk drive

Particle contaminants may be deposited on HSA surfaces before adeg¢h@NDD. The properties
of these particles may result in a reduatiqualityFor exampl e, a conductive p
size that adheres to a substrate in an integrated or on the surface may cause an eldttepalyshoait
damage to head and disk caused by particle contaminatioveaverifiedthat the damages were typically
caused by particle interaction ranging from light deformation to very deep circumferentia[Hcratches
Similarlystainless steparticlecanbe detecédat assembly HDD proceasdexperiment is performed to
studyscrew bit spedd 2 ]

Even when higlefficiency air filtration systems are installed in the factory, particle contaminants cannot
be completely eliminated; therefore, effective surface cleaning methods ar¥ aeiquisesuirface cleaning
methods haveralady been developed and some of them are used indddtes#lycleaning methods can
be divided into the following two categoriBsfet cleaning, ar{d) dry cleaning

Wet cleaning is known to be effective for removing fine particles even tidlgesiss is less thad 0
Q mChemical additives or irradiation by ultrasonic waves can also be used to enhance the cleaning efficiency
Although wet cleaning has been widely used in industry due to its high removal efficiency, it requires a drying
process after cleaning and results in the processing of a large amount lof adatition, residues in the
solution may deposit onto the surface after drying and cause recontafinatigthe limitations of wet
processing are the high cost and purityirezgants of cleaning agents and possible liquid residue causing
adhesion of remaining particles

Air based dry removal of surface contamination has become increasingly important in HDD cleaning
application®Dry surface cleaning is simple andironmentally friendly since a large amount of solution is
not requiredMicronsized particulatntaminantthatareadhering to surface®restudied to removay
an air je{3]. The effect of the surface material, contaminant particle size, aad Bélresultingn the
removal efficiendd]. The removal of submicresized particlesasusing consecutive pulsed air jets and
analysed the removal efficiency taking into account the ratio of drag force to adheSioinfiproze the
removal efficigcy, electrostatic pobarging and vibrating air jets were also invesf{igjaldte experiment
by releasingarticleunder a steady fiw to avoid the transient effeatas analys¢d] Particle detachment
from disk surfaces in disk drives has bemtiedThe conclusion is thdetachment of sutmicron particles
from the disk surface by using a sliddvesiring design is possittdution They have also calculated the
critical operating speed conditions for detachment of particles of siagsusd compositiof?.

Therefore, this paper will further study how to efficiently remove particle by using air nozzles to purge
particles before HSAs are assembled into the final HXDgoal is to meet the technical and economic
challenges, whi@re leading cleaning process development away from chemistries, while also maintaining
high particle removal efficiency, reduced material loss and other damage

Although air cleaning methods are widely used on many types of components, they aralsaidom use
fragile parts such as HSHse design approach used finite element analysis to determine concepiddesign
to develop optimal machine settiigee system is designed by same drive windage during operating

2. Material and Methods
2.1 Fundamental ofAir Flow Removal

In order to remove particle contamination from HSAs, the removal forces that act on the particles should be
greater than the attractive adhesion forbesmost important adhesion forces are van der Waals forces and
electrostatic forceghe strength of the van der Waals forces depentie particle material as well as the
particle sizeElectrostatic forces depend, in addition to material properties, on the pH of the solution and
can be attractive or repulsivés a longer rangerfie than the van der Wd@8ls .

Mathematicallyairflow pattern can be determined by a system of differential edcatiservation
equations and turbulence equatitmdetermine thefce acting on the partigle® willconsider a discrete
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particletraveling in a continuous fluid medidme force acting on the particle thffectsthe particle
acceleratiors due to the difference in velocity between the particle and fluid, as well as the displacement of
the fluid by the particléhe equation of otion for such a particle was derijgd

m dt =Fp+Fg +tFe+ Ry +F, +Fgy

p
F, is drag force acting on the partidk, js buoyancy force due to graviBy,is forces due to domain

rotation, i, is virtual mass force and this term is very important when the displaced fluid magiseexceeds

particle masdg=, is pressure gradient farég, is force deviation in flow pattern from a steady. $tate
subscript means particle apdheans fluid

The aerodynamic drag force on a particle jpional to the slip velocitys, between the péte and
the fluid velocity

1
FDzacDrFAJUs'Us: CDrFA:|UF'UP|(UF_UP) (2)

N

whereC, is the drag coefficient arl is the effective particle cross seclibe dragcoefficientC, is

introduced to account for experimental results on the viscous drag of a solid sphere
The Reynolds number foparticle on a surfacegiven byl D

_inertialforces _ rVL _VL )
viscousfotes m u

R.

: k963 : 953 3103
_NL:%zstg %552 (482 10°m)

- =8120C
m 1.81310° 9.
m3 s

Re:

Sinceghe Re is more than 40@ten a commerci@lFD solver witlthe ke turbulence model is used to
determine the particle behavior of the systdely used of-g turbulenceone of example is &pply this

k-e turbulencen thermal convectioand air flow velocity was adjusted and simulated in range m 5 to 20
m/ s at the exhaust fan d{icil.

Tablel. Physical air properties.

Properties Air
Density(kg/ md) 1225
Dynamic Viscositikg m.s) 181E5
Length of parfm) 48E3
Velocity(m/ 9) 25

The CFDisusing to calculate the velocity when the drive is operating, this is to get the reference velocity
during drive operating and this numbepoisg to beninimumvelocitytarget to develop cleaning system
by kinetic air flow
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Fig 1. Vectorof vortex shedding of air flow anelocitymaxwhen drive operating @ 2% sn

Small particles are held by very strong surface forces which are a combination aftpiotscal,
chemical bonds, and mechanical streHsissis referred to as adhesion fdtds therefore necessary to
consider various means of remg\al

The kinetic separation and the aerodynamic drag seperatitveen investigated by takitgaccount
the forces actingn a particle adhering to a surface stuatedparticle removal was explained by the
moments of the forcels 319]

There are three main forces that must be considered for particle: thrimopatt force caused by an
airborne particlé=c); 2 Drag forcg(Fd), and; BAdhesion forcéFa) Gravitational force can be neglected
since the contaminants are very sinaflig 1, Dp1 andDy. are the diameters of the airborne particle and
the particle adhering to the substrate, respedBigetije impact anglis the contact angle based on elastic
deformation, anifl; is the moment of force at the center of mass of the particle, vdaickdd by the shear
flow. The balance of the moments of forces is represenf2dby

D2”2 +M, = §F_sinf(cosf +sing)+F, sinq}% 4

{F. cosf(sinf +cosg) + F, cosg} >

y

1 Airborne particle

Particle adhering
to substrate

Substrate | N Center of
F. rotation

Fig 2. Simple model of particle impact in shear flow field

In this study, the removal of particulate contaminants adhering to a surface by air n@zlerand
particle out was experimentally investigated

The particle removal surface was observed by using a combination-gp@eighicroscope camera,
SEM EDX and OPQOptical Particle CountihgquipmentThe HDD industry currently usthis type of
equipment for particle count monitoridET ONE Company]This system is callédjptical Particle
Counting This Optical Particle Countef®@PCg employ mirrors and lenses to collect scattered light and
focus this scattered light onto a photodetettoe photodetector then converts the scattered light into
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el ectri cal .Eaclgpulaelcarrelatas toa parttitlessiaes aid the instrument converts these pulses
to numerical particle size datalthe larger the partidethe larger theorreponding output pulse from

the sensawhich is illustrated iFg. 3.

Laser Diode

Particle
e

Light Trap

(@ Schematic of OPC system

(b) Paticlesizing determination from optical particle count

Fig 3. Principle ofight scattering plot of optical particle couatgripment.

2.2. Experimental Procedures

This experiment is going to use the model diidhe disk drivéhat is currently available in the market as

the testdparts
The experiment procedure was conducted per the followingssgtasvn ifrig. 4:
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Design the Air Cleaning System using Solid Wor

A4

Study the Numerical Analysis on this cleaystgm for
air flow velocity, particle trajectory from the part out ¢

outlet

Report the result of velocity and number of particl
dispersion out of system by Numerical Method

\4

Construct the Air Cleaning prototype while applying
same parameters as in the simulation

A4

Measure and compare the velocity between actua
simulation

%

Test on physical units by using kinetic air cleaning syst
remove particles on the parts

Verify efficiency of this cleaning system by using th

Optical Particle Counter to check that the amount and s

particles remaining on the parts till particle counts is
measured to zero count

Fig 4. Experiment analysis methodology
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The system willetesedthe ability of an air stream from a nozzle to flow out extraneous particles from
HSA surfaceas shown ifrig. 5. Following HSA assembly, multiple HSAs are packaged together, which are
then sentin bulk to the HDD assembly.lne si ngl e HSA i s contained in eac
as illustrated iRig. 6. Clean air fluid is injected into an inlet to release and remove patrticles

The experiment will help determine the ogtiracipe of air pressure, distance from nozzle to HSA,
Nozzle Angle, and Pulse interval, which results in the best particle removal perfohmarnghbt
combination ofhese variablehould enhance the release of particles from components in the HSA surface
into the purge fluid, which is then exhausted through an outlet

N
0 /\\ i

[ o |

Test piece
‘—I~

Fig 5. Geometric parameters for arrangement of the nozzle and the surface

@

(b)
Fig 6. (a)HSA incontaining packagindp) HSA air cleaning CFD study.
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2.3. The SetupConditions for the CFDSTUDY
2.3.1. Nozzleexit shape

Several type of nozzles are available in the ntlagkstudy is uses a commercially available rectangular
nozzle as shown kg. 7.

Fig 7. Schematic view of the air jet nozzle

2.3.2. Distance from nozzle t&iSA

Determine the optimal distance between Nozzle and HSA in order that the air stream is strong enough to
remove particle¥he simulatioin Fig. 6(b) showed that the result air velocity should be in the range of 25

m/ s to 50 ms

2.3.3. Impingingangle

In air jets used for cleaning, such as in air knives, the angle of the air jet should be-Ewiegnegs to

the surface to maximigkeaning efficiencyhe optimized angtiepends on many factors, two of the most
important being the pressure delta, and the distance from theasuitfasgation ifig. 8.

X =45 mm

Angle 30 degree

— Horizontal line

Z =10 mm

Fig 8. Schematic view of the air nozzle angle and distance frpradest
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2.34. Pulse interval

Otani et al[21] found that the removal efficiency increased with increase in the number of pulsed jets
Ziskind et al[22] also found that there is a marked enhancement of the removal efficiency at a certain
frequencyHowever this study will focus on the pulse interval

2.35 Air fin to control air flow direction

Since there are many HSAs, the amount of air pressure to gain most cleaning effectiveness required an air fir
desigras shown ifrig. 9to help control thair flow streanKey requirements of air fin design are to ensure

that the direction and strength of the air flow stream are sufficient to effectively remove particles and keep
them in the air stream without disper&egidehatthe air fin should be Ebto move up to z direction so

that air nozzle can move to another position

Air Fincan be
moved in Z direction

Fig 9. Air fin to control air flow direction.

Table2. Air cleaning setugpecifications

Parameter Description
Air inlet pressur@s) 30

Nozzle exit shape Rectangle
Surface material Stainless Steel
Particle diameté® m 03,15
Distance from nozziem) X=45,27=10
Impinging angl€) 30

Duration of pulsé¢seg 1

Pulse intervdseq 3

Cleaning duratiohcycle(seq 6

Outlet pressur@os) 10
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[

Fig 10 Schematic view ofverall system

2.4, Mesh and Element

This air cleaning system has been constructed using a basic airflamdnsalel works to design the
overall system as illustratioirig 10. This model included all of thetup specificatiotisat isindicated in
Table 2 sch parameters as nozzle desigflowimpinging anglend pulse interval etc

ANSYS simulation software, run on a system using a 64bit CPU, was used to performitais numer
analysig he fluid model shown Fig. 10 was constructed using a tetrahedral mesh model. WithilR@n
elements and3tmillion nodesAn example of # resulting mesh is showrFg. 11 This was the best
model in terms of the quality of tlesults and computation tirffibe quality of the model was verified using
factors such as skewness, which was a veryDG®®. Therefore this model was considereckllent,
skewednegsanged between@R23% is considered excellent resuit] appropria to use for continuing the
analysis

AN AN AN ANANEANE AN AN AN

”,

2

Fig 11. Meshmodel of air cleaning system at nozzle area.

Furthermore, the residual level which is the solution imbalances is verified to determine this numerical
analysis converged in an acceptable mannerfudtoer studyThe residual of this model wset up at
1E-4, this is considered sufficient for this matligh the RMS residuals at-4Fthe qualitative behaviour
of the particle velocity, particle trajectory is clearly repeeadso analysed aswinparedhe target to be
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at 1E5 and 1Eb. The difference in the velocity distribution between the resulting models thedidsel r
levels of 1E5 and 1E6, was almost negligitlecauseesiduals were not reduced any farffrem this
convergenceondition the experimental and the model have an error lowed #4860

3. Result and Discussion
3.1. Pressureon Surface

Pressure at the impingement point was measured to directly determine the mass flowrate.dittbe air jet
pressures were measurader steady state conditions with flow temperature¥Cét2Be air nozzle

The pressure increases with the mass flow rate, and diwa firessure correlates with the mass flow rate
of the jet flow, the local pressure can be used to evalustenbéh of the jet flow

3.2. Air Flow Velocity

To evaluate the strength of the jet flow on the sutfexz@glocity has been measured at several areas to
ensure that the final result of air flow velocity can meet the tardet, 5 higheras showtin Fig 1. This
isto get theminimum forceo remove the particles

From the CFD model output, the velocity is a critical parameter that would result in diggeforce
resulting velocity from the model indicates that it meets the requirement ofdretgnds and the air
flow from the model shows that it has well streamline asadiade oHSA that mean the air flow can be
clean out particle whole HSA atest contour of velocity from model has reportddgnl2

After thatthe prototype was built to test this particle removal effectiveness, the velocity was one of the
parameters used to verify the mdded measurement of the velocity of the system showed that the deviation
from simulation was within the acceptable rangesothan 2a.

Table 3 The velocity from simulation and mock up prototype comparison

Velocity(m/ 9)
Position Minimum velocity Actual measureme Deviation in
from Simulation | using the velocity Percentage
probe
Arm tip 306 285 7%
Arm Root 269 25 7%
Bearing 267 255 4%
Coll 252 25 1%
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(b)
Fig 12. (a)Velocity ad air streamlinflom FEM; (b) Velocity ad air flow contour

The finite element analysis also studiediandated by releasing of 5,000 stainless steel fartites
system to see if such particles could be removed from the Bisteimulated particle trajectory is shown
in Fig. 13

It can be seen that most of the particles in every area were purged quickly through the datlet pipe
confirm these resulthe simulation was repeated 30 times with a total of 150,000 released particles, followed
by conducting a count of the number of unpurged pafficeeaumber of particles can be purged out from
the system is approximatelyd@&hich is calculated from tparticle that count from the mass flow rate at
outlet positiorwhich is 143550 in total counts

Fig 13. Trace of released particle.
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3.3. Particle CountStudywith Prototype Set up

The efficiency of the removal of particulate contaminantdetegamined using a commercially available
Optical Particle CountéOPGMETONE) This Optical Particle Countgf@PC9 employ mirrors and
lenses to collect scattered light and focus this scattered light onto a photddetqutotodetector then
convertd he scattered | i ght . Each pulseecdrrelatds toia paditie sid, andithel s ¢
instrument converts these pulses to numerical particle size datalarger the particle is the larger the
corresponding output pulse from tkasor

The group of parts was cleanedlibgticair cleaning and the partickesepurged oufrom outletThe
Optical Particl€ounter that was installed as part of this air cleaning systeised to measure the particle
counts that were removed by the air cleaftirgexperiment flowg shown how teleanHSA and then
latermeasuréhe particle count and size is showfignl4

Table 4 shows the particles removal counts frontgelehin the cleaning schefe results showed
that the first cycle had the highest cleaning effectivEme$$SA sample size was 100 units, with the 3964
total particles cleaned out in the first cicigher cycles were performed until the OPC teet®o more
particles being purged from the pantsummary, total particle from OPCs can count total 4287 patrticle
and the % cleaning could remove out 3964 particles¥eré&oval efficiency

Tabled. Particlecount from air cleaning remopabcess.

Particle Count from Air Cleaning Removal
Process
1]
5 4500
3 4000
) 3500 [—
S 3000 —
@ 2500 —
= 2000 —
S} 1500 |—
5 1000 |—
2 500 (—
£ 0
z 1 2 3 4 5
Total Particle Count o
100 units 3964 214 93 15 1
Air Cleaning Cycle 1 2 3 4 5

3.4. Time-DependentParticle Removal Efficiency

Table 4 indicates that the cleaning setup used in the study is able to clean particldretisdtivgbt
the maximum effectives; thember of cleaning cycles was extended to be 5 titoks, ieach cycle being
6 seconds in duratidgrhe number of particles removed in the first cycle Was3984 4287 of the total
particles removedhe calculation is weighted by the total counts of particle of this group sample of 4287
particle countss obtained from the OPThis is similar to the simulation, which showed that approximately
95% of the particles could be purged using the air jet method

The OPC is also reported the size of detected particle as illustration Fidtige 35 showtbat the
removal rate fod.3@n particles is much higher than that f6rGh, 1@n and 5@n particlesThis can be
interpreted that the aerodynamic drag force acting on the contaminants can be overcome by impact force
from pressure and the pulse of pressan enhance removal rate that are key parameters of kinetic air
cleaning system
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Air Particle Cleaning System

Vacuum Generator pull particles
from outlet pipe to Optical Particle
Counter

Using Sensor technique to detect
particles and usdight scattering
methodonto photodetector

Convert the scattered light into
el ectrical .Bachg
pulse correlates to a particle si:

Fig 14 Experiment Flow how tmeasurg@article count and size
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