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SIMULATION

This research studies the behavior of the air flowthe process of particles
suction of the Auto Vacuum 3 in the Hard Disk Driwanufacturing line using the ability
of the commercial Computational Fluid Dynamics (GHoftware. Starting with the
simulated behavior of the air flow between the inagoperating conditions found that
the relative pressure in the suction chamber doeguite difference to the environment
pressure, effected to the particles removal effoye then the new vacuum system has
been designed by 3 models. The objective is teeasng the different of the relative
pressure to improve the particles removal effigeete results of the simulations found
that the model M 1 gives the maximum relative pressaround -0.0157 Psi when
compared to the other models with 10 percent ingr@nt for the particles sizes 0.5 and
1 micron compared to the original model. The réshe models unable to increase the
relative pressure around the surface of compoiesitke the Hard Disk Drive, so that the
air flow velocity around the component’s surfacelse to zero, effected to the particles

removal efficiency is not significant improvement.
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317 2.10 Velocity Profile ¥84¥29a11U1 Single Probe 1132AUANNGINANAY

M13799 2.1 ANNAW30 1UNIIATA particles VB¥IQAUVY Single probe NILAUANNES

A9
Operating Height Total Particles Removed Particles Percentage
1 mm 10,000 1,224 12.24
2 mm 10,000 3,095 30.95
5 mm 10,000 1,656 16.56
10 mm 10,000 1,369 13.69
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A1519% 2.2 anuase lumsmana particles GU’ENﬁ’J@ﬂLL"U"U Castle-like probe
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Type of Particles Total Particles Removed Particles Percentage
Overall 10,000 9,951 99.51
® (.2 micron 7,000 6,966 99.51
® (.5 micron 3,000 2,985 99.50
Aluminum 5,000 4,977 99.54
® (.2 micron 3,500 3,484 99.54
® (.5 micron 1,500 1,493 99.53
Stainless Steel 5,000 4974 99.48
® (.2 micron 3,500 3,482 99.49
® (.5 micron 1,500 1,492 99.47
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2.13 @NMZNTIADINOULAZHAINITAIVA Particles YOILIUUT1A04 Profile probe

14



15

105304002

2 AEEe+DOT

1.062e+ 002

-3, 33204001

-1.728ar(02
fms"-1]

gﬂ‘ﬁ 2.14 Velocity Profile "lJEthE]ﬂLL‘]J‘]J Profile probe

M3197 2.3 ANVANITD TUNIIMIA particles YBINIPANV Profile probe

Type of Particles Total Particles Removed Particles Percentage
Overall 10,000 6,421 64.21
® (.2 micron 7,000 4,493 64.19
® (.5 micron 3,000 1,928 64.27
Aluminum 5,000 3,201 64.02
® (.2 micron 3,500 2,246 64.17
® (.5 micron 1,500 955 63.67
Stainless Steel 5,000 3,220 64.40
® (.2 micron 3,500 2,247 64.20
® (.5 micron 1,500 973 64.87
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o d
2.4 MsMUIUNamIansIvedlva (Computational Fluid Dynamics, CFD)
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2.5 aUNINIUAN (Governing Equations)

2.5.1 AUMIANNABIHDY (Continuity Equation)

p

V() =0 @.1)
p A9 ANUNUUUVDIVDS 11a (kg/m’)
U Ao aAnuEesedlva (m/s)

252 auMSlNUAN (Momentum Equation)

%+-V(pu ®U)=-Vp+V-7+S, (2.2)
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2,53  auMINAIU (Energy Equation)

a(par:tot)_%+v,(puhot):V.(/'LVT)-}—V-(U -7)+U-S, +S. (23)

2 o v o

d'i = =\ a 4 ~
e h,, unuwasrmeamall , Fadunusnueanailaded a7, p) Tagh:

hy = h+%u 2 (2.4)

I
A fem dulszansmsihanuiou (WmK)
S, Ao aurasnuia Tumuay (kg/m’t)

S. Ao AUUAIRUHANGIIU (W/m))

A Yy A a A A A '
Ny V(U 'T) LNUATUIUBDIDTIDAITUAUNINAITINAITUUUANITDLTUN I
A A
NTHIHBDNINAITUHUA

A ( 1 1 o a
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d' Y 4 lll
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) Y
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7
c,=24 7 +0.38
¢ Re 1+0.03 - Re+ 0.48 </ Re 2.6)
o dausg luad (Re) w1ldain
Re — Pf|Vf 7 Vpld
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MA@y Reynolds a9 duilszdnimsnadimnsunis lvaseueyniAnsinay

o ldon :

(2.8)

1 ' ] v
#1M5UAT Reynolds ~ NNINNHAVDILTURDHIDIFULHAVDIA N HA AN Y

o a £ I a 1w [
ﬁzuﬂimmmigmzLﬂuaﬁszmﬂmmgam Reynolds A9@UNIS:

C,=0441000<Re <2x10°
(2.9)

luradsuruanuriiauazaumos, 0.1<Re<1000 S1MTUDUNANTINAN AN
= A = o w ¥ L [ Yoo a £ I I
nilanazaNuRosazinNudAgyn g uumlviaiduilszansmsgaiulanduveinouging
YDIAUAY Raynolds FIADI1INIT1191ANTNAADA

&2 A Y Y} = Y ¥ o o 2 A Y
clmnmum"lﬂumﬂmwazmamaﬂmmmmuwmﬂmmau GNL‘UEJ‘L!"I,Q’J"I

24
Cy=—/(1+015Re""

Re (2.10)

cFX imsdsvlyaie ldmunzaunumsldauldn

s ) ; a3 \
Cp = max| i[u 0.15Re"*).0.44 |
M ' @2.11)
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The comparison of Relative Pressure Distribution in Vacuum Chamber from 4 Sections-Model M1
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The comparison of Relative Pressure Distribution in Vacuum Chamber from 4 Sections-Model M3
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The comparison of Aver age Relative Pressur e Distribution in Vacuum Chamber All Models
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The Comparison of Velocity Distribution in Vacuum Chamber in Sections 1-All M odel
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The Comparison of Velocity Distribution in Vacuum Chamber in Sections 2-All Model
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The Comparison of Velocity Distribution in Vacuum Chamber in Sections 4-All Model
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The comparison of Air Velocity Distribution in Vacuum Chamber from 4 Sections-Model M1
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The comparison of Air Velocity Distribution in Vacuum Chamber from 4 Sections-Model M2

1.6 Variable
ahoil 1
1.4 — — aheil2
2hoil 3
— - 2hoit4
1.2 1
Mean StDev N
9.643 0.2791 22067
1.0+ 9.098 0.4915 7434
> 4.998 1.696 9756
- 0.8+ 1.334 1.070 17075
o0
0.6
0.4 -
N
0.2 S AN
e N
0-0 = T T T T
0.0 1.5 3.0 4.5 6.0

Velocity (m/s)

RY

{ 1 @ <] [ ! °
51]% 4.28 AMNINTLIIAVDIANNITIVOIDINIANG 4 ¥ TuuuTaes M2

The comparison of Air Velocity Distribution in Vacuum Chamber from 4 Sections-Model M3

0.9 Variable
ahofi 1
0.81 — — ahoit2
ahofi 3
0.74 — - ahefi 4
Mean StDev N
0.6 1 8.437 0.4754 26278
6.005 0.8939 6853
> 0.5 4.128 0.8786 15277
S‘ , 0.9519 1114 8117
0.4 1 il ie
N
0.34 ,/ \\
0.2 //
\/
0.1+ /
e N,
0.0 . ; —<a
-1.5 0.0 1.5 3.0 4.5

Velocity (m/s)

pRINT

1 @ o ¥ 1 o
4.29 ATN1TNTEVYAIVDIAIINLIIVDIDINIANN 4 mﬂuu‘uumam M3

48



49

p ' < 4 A4a X vy A
%1ﬂ§'ﬂ°ﬂ 4.30 Llﬁﬂ\iﬂ1ﬂ31ulﬁﬂmﬁEJGIIfNfﬂﬂ']ﬁ‘mﬂﬂ"lluﬂWﬂiﬁﬁ@ﬂﬂﬂﬂl@\ilﬂi@\‘]

o ' ] { o ES 1T voAa { 1
AUV3 YUTNINTU 131%$W‘1J'Nﬂ'3'lllli'3lﬂaEIGU’E'NLL'U’UﬁnﬁfN M2 uuﬁﬂm%muﬁgﬂﬂﬂ

o 4 (R I < o ES ] 1 [
LL‘U‘Uiﬂamﬁuq LmEJEINUliﬂ@mmmriT’ummﬂ1ﬁ"11’e)mﬂLLflJ‘iJma’eNuuVluﬁmmuﬂﬂmmu

PN Brd AT

The comparison of Average Velocity Distribution in Vacuum Chamber All Models
0.16 Variable
Velocity MO
0.14 — — Velocity M1
Velocity M2
—— - Velocity M3
0.124
Mean StDev N
5940 3.629 56945
0.104 6.417 3.459 56472
- 6.248 3.753 56332
= i 5.903 2.819 56525
o 0.08
0.06 1
0.044
0.024
0.00 =+ T T T T T T T
-2.3 0.0 2.3 4.6 6.9 9.2 11.5 138
Velocity (m/s)

1 o : < o
gﬂﬂ 4.30 mmiﬂﬁzmﬂmmaﬁlﬂlmmmwamadﬂ1ﬂ1ﬁ1unﬂLLuumam



50

44 manfsaunavlszansmumsmaaduazens

3 1 U

v 9 dy I a J v ° o
Tuvetaz umsuATIZTHNaaNTYRULLTIA0 TUMTMIIAlUaZ09I00n1NAD

q

Y '
A A

J a J @ o o [ A ' s A
ﬁ']'iﬂﬂﬁﬂﬁﬁ\?%'lﬂ“ﬂ'lﬂ'l'ﬁﬂ'lu'JmWﬁﬁWﬁsluﬁ’)u“Uﬂﬂc]ﬂlﬂﬁulﬁﬁlﬁﬁﬂﬁullé}ﬂ NNAUTNUAN
° = ' a ¢ < A A = L A
muualuasien 3.2 L‘i']%%!!,‘lNﬂ'l'i’?l!.ﬂ'ﬂgﬁﬁ]ﬂﬂlﬂu@ﬂllWH‘Vl@ﬂﬂJgﬂ‘Vl 431 Tﬂﬂ“lunﬂwumg
MM sfSouneulss@nTnInmsnIaduaz 09U NNUUUTIADAUAENNUYUIAYDIHU

v A A (3 = A ' a =
(AR PJ'L!@3f]'é)\‘l“l/lﬁ'lll'l'iﬂ!.ﬂﬁf]u@l’lll'lﬂQﬂﬂ'lﬂﬂ']\‘l'ﬁ]f]ﬂﬂl'ﬁ]\‘lﬂﬂﬂﬂﬁluigEJ%L’J@'] 2 UM WHN

U

AnsanManIamiaeen landrasaadan lasvld

] o 1 @ J a g o
431 mgmuqmsi]mmmsammmduamaﬂumaﬁﬂﬂﬁﬂﬂaummi@ﬂ
f

=).

Epl i
NeIATe9 AUV3
441  dszansmmmsmndaduazessusn Top Magnet
[ 4 A 1 a A o w 1
MAWAANT Iu3UN 432 szwu)sz@nimiwmsmianduazenives
o ti' a = a a L!‘dtﬂ' o v 1
HUVUTI0IN M1 1UUT1I% Top Magnet U3z ANnTmnnangad1MiuduazooulIA 0.5 tag
[ 9 f
1 micron @ 11150M9A lALTEI8 60% 14 2 YA wauuuTIaes M1 H1seanTainnanas
<3| | A = . o ° = S a A o w
Husgaunioduazeealuna 5 micron Uy NUVUTIA0IN M2 Hilszansammania

Auazoe9u11a 5 micron IAANgaTIaNTMIR 1Al szunm 35%



51

Particles Removal Efficiency at Top Magnet-All Models
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Particles Removal Efficiency at Top Disc-All Models
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Abstract— The airflow field and particle trajectories inside hard
disk drive (HDD) during operations of suction tool are
investigated in this study using commercial software SolidWorks
Flow Simulation. The airflow field inside HDD is simulated using
Navier-Stokes equations. The effects of using the various setting
condition such as Air inlet channel height, Outlet volume flow
rate, Suction probe height and Suction chamber geometry are
assessed is this study. Then, the particles of different sizes and
materials are initiated from various critical locations to verify
the removal efficiency for each model. After that the model was
optimized in order to improve the suction capability. Based on
the investigation in the simulation models, the particles removal
efficiency to be different according to each model. Results of this
research will be wuseful for researchers to do the further
impr ts of the suction tools. Moreover, improving the
particles suction process will be helps to expand the HDDs
lifetime and reliability.

Keywords— Hard Disk Drive (HDD), Computational Fluid
Dynamics (CFD), Particle Trajectories, Suction Tool,
SolidWorks Flow Simulation

I INTRODUCTION

In the HDD manufacturing process, the particle is the
important factor that affects to the HDD performance.
Therefore, the HDD manufacturer has focused on their
process to controlling and eliminating the particles. Currently,
at the assembly process the production line will be installed
the suction tools onto every steps after the screws was secured,
since they found that the screws securing process is the major
cause to generated the particles. However the current particles
removal efficiency still need to be improving even thought a
lot off limitations such as the time conflict with the production
line, the cost of fabricating the new tool that unpredictable the
result, etc. All of those reasons become to the limitations of
tooling designer to testing the new ideas of improving the
current efficiency of the suction tool. Therefore, the capability
of commercial computational fluid dynamic software will be
used to demonstrate and helps the tooling designer to
eliminate those limitations.

Previously some studies of the particle tracking in HDD has
been done. Narongwit Yimsiriwatana and  Thira
Jearsiripongkul. [1]. Investigated that the most appropriate
operating height for the suction tool design is at 5 mm above
the target area. Ningyu L, Zhimin He, Craig Kok Tung Chow
and Han Tong Loh. [2] Investigated that there is no difference
on the particles distributions in HDD between the Spherical
particles and Tetrahedron particles. Hiroyuki Kubotera, Dae-

WeeKong, Et al. [3] Studies on the time variable air flow
inside the HDD and investigated that the air flow pattem
around the OD is the turbulent and the laminar at the ID. [4]
Was improved the comprehensive properties of the draining-
sand jet pump by optimizing the diameter fitting of the nozzle
and the throat.

II. THEORY

A, GOVERNING EQUATIONS

Flow Simulation solves the Navier-Stokes equations, which
are formulations of mass, momentum and energy conservation
laws for fluid flows. The equations are supplemented by fluid
state equations defining the nature of the fluid, and by
empirical dependencies of fluid density, viscosity and thermal
conductivity on temperature. To predict turbulent flows, the
Favre-averaged Navier-Stokes equations are used, where
time-averaged effects of the flow turbulence on the flow
parameters are considered, whereas the other, i.e. large-scale,
time-dependent phenomena are taken into account directly.
Through this procedure, extra terms known as the Reynolds
stresses appear in the equations for which additional
information must be provided. To close this system of
equations, Flow Simulation employs transport equations for
the turbulent kinetic energy and its dissipation rate, the so-
called k-¢ model. The conservation laws for mass, angular
momentum and energy in the Cartesian coordinate system
rotating with angular velocity £ about an axis passing through
the coordinate system’s origin can be written in the
conservation form as follows:

1) The Conservation of Mass Equation
Z—p+V~(pU)=O (1)
t

Where  pis the fluid density

U is the fluid velocity.

2) The Conservation of Momentum Equation

6('6';:])+V~(pU®U)=—Vp+V-r+SM @

Where SM is a mass distributed external force M = 1, 2, 3

T is the viscous shear stress tensor
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3)  The Conservation of Energy Equation

%—%Jrv-(pUhm):V-(J.VT)+V(U-1)+U-SM +SE(3)

Where  h,,, is the total enthalpy, related to the static

enthalpy b (T, p) by:
h,=h+ % U* e

A is the thermal conductivity

Sy is the energy source

B. MESHING

The computation mesh in SolidWorks Flow Simulation is
performed in a  rectangular  parallelepiped-shaped
computational domain which boundaries are orthogonal to the
axes of the Cartesian Global Coordinate System. A
computational mesh splits the computational domain with a
set of planes orthogonal to the Cartesian Global Coordinate
System's axes to form rectangular parallelepipeds called cells.
The resulting computational mesh consists of cells of the
following four types:

* Fluid cells are the cells located entirely in the fluid.

« Solid cells are the cells located entirely in the solid.

« Partial cells are the cells which are partly in the solid and
partly in the fluid. For each partial cells the following
information is kept coordinates of intersections of the cell
edges with the solid surface and normal to the solid surface
within the cell optimizations

As an illustration let us look at the example CAD model on
Fig.1 and the generated computational mesh on Fig.2.

Fig. 1 The original model

Fluid call
F

V >,

First lavel call

Partial cell __|
__Partal call

Salid cell

Zero level call (basic cell)

Fig. 2 The computational mesh cells of different types

C. PARTICLE TRANSPGRT THEGRY

Flow Simulation calculates two-phase flows as a motion of
spherical liquid particles (droplets) or spherical solid particles
in a steady-state flow field. Flow Simulation can simulate
dilute two-phase flows only, where the particle’s influence on
the fluid flow (including its temperature) is negligible (e.g.
flows of gases or liquids contaminated with particles).
Generally, in this case the particles mass flow rate should be
lower than about 30% of the fluid mags flow rate.

The particles of a specified material and constant mass are
assumed to be spherical. The gravity is taken into account.
And the interaction of particles with the model surfaces is
taken into account by specific reflection coefficient.

Individual particles are tracked from their initiated points
until they escape from the computation domain or some
integration limit criterion is met.

[II. SIMULATION MODELS

A CAD MODEL GECMETRY

1) Model MO

Let us start with the model MO that working on the
suection tool right now. When the HDD come into the station,
the suction tool will provide volume flow rate which is
generated by vacuum generator for each outlet about 35
liter/min for 2 second. After that the HDD will be release from
the suction tool. The suction chamber is the open system. To
clarify on this details the picture of the simplified 2.5 HDD
and the suction tool that were used in the simulations model
are shown in the Fig. 3

« Nolume Flow rate 35 litar/min per tube
* Suctier time

Ambient Conditions
Pressure: 0.101 MPa

Temp: 20 °C e

+ Opening
* Cigp Height 1 42 mm)

Fig 2 Computation Domain and Suction Tool Working Conditions

The summary of the Boundary conditions, Mesh cells and
Particle Study of this model will be including in the other
model in Table II, Table III and Table IV respectively.

2)  Modified Conditions

The other objective of this research is to improve the
particles removal efficiency. Therefore, we have been tested
the ideas that related to the suction tool geometry and working
condition in this research as well. The Fig. 4 to Fig. 6 will
clarify on the ideas behind the modifications on each model
and the Table I below will compare on the changed condition
and blocking conditions for each model.




85

The M1 model is intend to increase the pressure
difference between suction chamber and the environment
pressure by reducing the opening gap about 50% from model
MO the Fig. 4 will illustrate this detail.

i

Reduced Opening Gap to 0.7 mm

[ S P

Fig. 4 The detail of model M1

&

The M2 model is intend to reduce the fluid volume in the
suction chamber and remove the volume at the top corners of
the suction chamber that we noticed from the flow behavior in
the model MO that have the swirl condition. By reducing the
chamber height 50% from original and made the chamfer
inside the chamber room. To clarify on this we have shown in
the Fig. 5.

[ o
0

suction time is limited at 2 second, the particles that reached
the outlet surface will be considered as removed particles. The
removal efficiency will be discuss in the section IV.

TABLEII
BOUNDARY CONDITION
Variable Mo M1 M2 M3
Fluid Volume 0.1440 0.1440 0.1068 0.1440
(Liter)
Inlet 1 ATM, 1 ATM, 1 ATM, 1 ATM,
20°C 20°C 20°C 20°C
Outlet 35 L/min 35 L/min 35 L/min 50 L/min
Volume Flow
Rate
TABLEIII
MESH INFORMATION
Model | Model Description Fluid Cells | Partial Cells
MO Original 161,746 253,232
Ml Reduced Opening Gap 161,746 253,232
M2 Modified Chamber 143,710 254,046
Geometry
M3 Increase Volume Flow 161,746 253,232
Rate
TABLEIV
PARTICLES STUDY INFORMATION
Particles Size Particles Reflection Suction
Initiated (um) Material Coefficient Time
Location (second)
Top Magnet 0.5, 1.0 Stainless 0.5 2
and 5.0 Steel
Top Disc
Base Plate

Fig. 5 The detail of model M2

The M3 model is almost the same with the model MO
except the outlet volume flow rate has been increased to 50
liter/min/probe

TABLEI
SIMULATION MODELS COMPARISON
Variable MO M1 M2 M3
Opening Gap 1.42 mm 1.0 mm 1.42 mm 1.42 mm
Chamber Normal Same MO Volume Same MO
Geometr Cubic Reduced
Flow Rate 35 L/min 35 L/min 35 L/min 50 L/min

B. BOUNDARY CONDITIONS

The summary of the boundary conditions that setting into
each model are summarized on the Table II. The Table III will
be summarized on the mesh cells that have been generated for
the computation in each model. And the Table IV will show
the details of setting for Particles Study module in the
SolidWorks Flow Simulations, all models will have the same
setting conditions. The stainless steel particles has been
generated from 3 interested areas, Top Magnet, Top Disc and
the Base Plate surfaces with various size of particles. The

IV. RESULTS AND DISCUSSION

From the results, we have investigated that the model MO
have the pressure difference between the environment
condition and suction chamber very small especially nearly
the HDD surface, the simulation data from Fig. 6 and Fig. 7
shows that about 40-50 Pascal (~» 0.005-0007 Psi) was
differences. The mean of pressure distribution inside the
chamber is about 97.8 Pascal less than environment pressure
(Fig. 8). While the models M1 and M3 shows the pressure
difference is higher than the model MO and M2.

Fig. 6 The relative pressure contour plot of the model MO
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Relative Pressure Tracking in Suction Chamber for All Models

w0 e a2
kA
Se
-

> _’;Af&, e+

Relative Precsure (Pascal)

o 05 oo oms 002 oms 003 0038 008 o0as

Height in Chamber (0=Outlet)

Fig. 7 The comparison of relative pressure tracking inside the suction
chamber for all models

Relative Pressure Distribution of M0, M1, M2, M3

0.010

0.008
Mean StDev M
5780 4919 3
1461 4417 3
o 0:006 9181 3885 45
= 1883 3875 3
o
0.004
0.002

0.000

-400 -320 -240 -160 -800 0
Relative Pressure (Pascal)

Fig. 8 The comparison of relative pressure distribution inside the suction
chamber for all models

From the velocity contour (Fig. 9) and velocity tracking
inside the chamber (Fig. 10) we noticed that model MO have
the velocity inside suction chamber similar with model M1
and M2 while model M3 has the velocity around the suction
tubes higher than other models, however the velocity around
the HDD surfaces are almost the same. Fig. 11 indicated that
even though model M2 has the similar velocity with other
models but this model has the lowest deviation, which meant
that the velocity distribution for this model is better than the
other models.

Fig. 9 The air velocity contour plot of the model MO

Air Velocity Tracking in Suction Chamber for All Models

=MD WL kW2 w3

Air Veloeity (m/s)

%m‘ At

i
o ¥
0 0,005 001 0.015 0.0z

Height in Chamber (0=Outlet)

0,025 0.03 0.035 0.04 0,045

Fig. 10 The comparison of air velocity tracking inside the suction chamber for
all models

Air Velocity Distribution of MO, M1, M2, M3
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Fig. 11 The comparison of air velocity distribution inside the suction chamber
for all models

Form Fig. 12 and Fig. 13 are the overall particles removal
efficiency sorting by simulated models, particles size and
interested areas. The results of the simulated particles study
from Flow Simulations indicated that model MO have the
overall removal efficiency for all sizes particles about 60%,
and when compare to the another modified models, it showing
that the model MO is still higher than the other models excepts
the model M2 only that looks better than the model MO. The
Fig.12 also indicated that the larger particles size will gives
the lower removal efficiency. The Fig. 13 indicated that
removal efficiency for the Top Magnet surface and Top Disc
surface are better than the Base Plate surface in every models.
However the model M2 is looks better than all models in
every areas. That result is related with the information of the
air velocity tracking and velocity distribution that shows in
Fig. 10 and Fig. 11 which is indicated that model M2 has the
velocity mean higher than another models and low deviation
as well.
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Overall Particles Removal Efficiency All Models by Size

mMO mM1 mM2 EM3

s BT% 68%
I 62% 0%
g 53%

0.5 um 1um 5 Um e

Fig. 12 The comparisan of overall particles removal efficiency for all model
by size

Models by /

Fig: 13 The comparison of overall particles removal efficiency for all model
by area

V. CONCLUSIONS

The experience of the Flow Simulations from this research
is, we have investigated that the velocity distribution in the
vacuum chamber is the major factor that related to the
particles removal efficiency. The effective solution that we
found in the model M2 is by reducing the suction chamber
volume that will results to increasing the air velocity mean
and lowering deviation, this should be the important strategy
for the further research. However, we also found that the
lacking area of removing particles is the Bage Plate surface
that have the low velocity. The further task of this research is
to optimizing the model to improve the particles removal
efficiency at the Base Plate surface that still lacking for all

model. And the important thing is to validating the candidate
condition in the actual manufacturing line and compares the
result between the computational model and the experimental.
To compare the particles removal efficiency between model
MO vs. model M2, and experimental vs. computational, we
will need to fabricating the physical prototype of the suction
chamber of the model M2 and setup the evaluation in the
actual production line. The 2 groups of HDDs will be doping
the same quantity of particles and then load them into the
difference type of suction chamber that we need to compare.
The particles counter machine will be use to measuring the
remaining particles after passed through the suction tool.
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