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CHAT CHAIBOON : ANALYSIS OF USING ULTRASONIC VIBRATION
ON BALL SWAGING PROCESS FOR HEAD STACK ASSEMBLY OF
HARD DISK DRIVE BY FINITE ELEMENT METHOD. THESIS

ADVISOR : TEETUS DOLWICHALI, Ph.D., 71 PP.

ULTRASONIC VIBRATION/BALL SWAGING PROCESS/SWAGE FORCE/

HEAD STACK ASSEMBLY

This research aims to study and analyze the integration of ultrasonic vibration
on ball swaging process in head stacking assembly (HSA) of the hard disk drive
(HDD), and its result will be used as an alternate approach to develop the traditional
ball swaging process and reduce the nonconforming parts in HSA manufacturing
process which running about 0.27% in average. A vast defective rate is the impulsion
to looking for the alternate approaches.

The nonconforming parts caused by the driver pin bent from its normal
position and damage to the adjacent HGA boss. It found that all of the rejected
samples were subjeeted to the higher swage force which higher than 305 N. The
current equipment’s technoloegy of ball swaging process is outdated, the optimization
on it does not help to fix the problem. Therefore, the integration of new technology on
the current ball swaging process is a favorable solution to develop the current process
and reduce the defective rate.

Many pieces of research studied the integration of ultrasonic vibration on the
traditional process, and its result was remarkable and showed that the influence of
ultrasonic vibration could reduce the forming force which according to the approach

of ball swaging process.




The research was carried out by using Finite Element Method, the simulation
study and analysis focused in the influence of ultrasonic vibration and its parameters
on the swage force. The result showed that the influence of ultrasonic vibration

induces swage force to lower, and the maximum reduction is 53.49%.
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WOHMIAN 2561
NQUIU 2561
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FIMAY 2561
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0.23
0.10
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290,167
290,895
415,428

IUIUVDIUTY
2,488
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Ao/l ATIAIUVDIUTY SuFH ARG IUIUVDIUTY
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TUNAN 2561 0.11 101,280 113
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1 Qy < Qy < 1 ] Qy 1 [~} { ]
1515eNMIUUN TR uFUEn ) MMITUUUNY (Mesh) FUNIULAN 9 ﬁQﬂLLUQGQﬂNW
da’l ~ 1 a J A A 1 1 a 4 ~ 1 1
UINTINIUDALNUSA (Element) TﬂEWI’gﬂLGBfJiJﬂ@ell9\1!ma&@aluu@lﬂmiﬂﬂ'ﬂﬂﬂ@@ (Node) Tag

T8uaaa13luzii 2.4 sfliaveuedmudamniouisesnilu 3 yianwilauaas 13 lugli 2.5

Examples of various types of elements

Element Name Element Shape
__First Order Second Order

1D Elements Spring, Damper

Line Element Beam, Truss \ \
2D Elements  Shell, Plane2D é
Surface Element

3D Elements Hexahedral ’ .

L L ]
Volume element r e

Tetrahedral A A

317 2.5 ¥1IAv09 Element ozF0i38nu0L@az¥ia (Christopher , 2018)

¥

22 Yuseulumsdanzrilaald v ludeaniudaerinag

Funeundn 4 Tumadmszidmiuizdouds I udiodnud Taold v ludioa
adwerinddgnsiusw uazagl Biiudedsd

221 afawnfiaed (Simulation model) fideanTs InT12H

222 ﬁ1§u31u1ﬁ51&@iﬂﬂ1ialﬂi1$ﬁ(Simpliﬁed Geometry) 1% 101M5AUYUDON,
Tagmei bisuiludenisinney w1asarvvuTuaansesnysyueen udu el

1 Y dgj
Tusunsuauns o "lmwmu

v
=KX A ]

223 MUUANIAN ) (Mathematical Model) 195U A1IAQ ATATUIIY UTINTSI]
<3|
ihudu

' [ o o a 4
224 WANFEUTVINMNMIAATIEH
a S o . o Ay ¥ @ =

225 WATIZHNAANT (Analysis) Tnowaansf lavzuaasludnyuzveunaduaz oy
=1 Ao w A = 2R 1 £ VA o yzl A 1
Huoudsinuievenidlanaasdeaumls danldsunsudruaaldnlivatenais 15u

o )
ANUAY (Stress), ANNIATEA (Strain), 358LMITIAAOUN (Displacement) 1] 1A



BASIC STEPS IN THE FINITE ELEMENT ANALYSIS
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Aspect Ratio = 1 Aspect Ratio > 1
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Skewness = 1 Skewness < 1






Governing
Fhysical —> | equations & ——
phenomenon | ;. BCs Approximation

* Solid Mechanics

g [ JLEJH b=0
e.g. Axially loaded elastic bar dy dx

* Fluid Mechanics (D )

—d—‘ A D dlo=0
eg. Poiseuille flow in pipe dv \ 32u d"

L] 1 [ .
Thermal Conduction :li ([ ak J 0=0 o B s
>g. 1-D heat flow x|
o cat flow (Boundary

e Di i ( Conditions)
Diffusion d | HJL|+Q"U P—
e.g. 1-D diffusion (l\ \ /

» Electrical Conduction (. 0=0
e.g. 1-D electric current flow '-I-‘ dy )
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K] Ao w
u} Ao 1
F}fo 1>
i ] o o
awr 214 ug W 11 103
Ki Kij+1 Kij+m | w F;
Ki+1; Ki+1,j+1 Ki+1,j+m Ui+1p = Fi41
Ki+n,r Ki+n,j+1 Ki+n,j+m Uitn Fisn
LA
[ D

Finite element
equations

o

System of equations:

[K =11}

Force
vector

Stiffness Nodal
matrix vector
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F = 0A = (E¢)A 2.4)

F = AE(u; —uy /L 2.5)

k4
Y

d' = d' ]
V3] F a9 usanuinggni (Force)
A Ao Nunnih ﬂ“ll’f)\‘lﬂﬂ’;gﬂu‘iﬁ (Cross-Sectional area)

)3

A A a w vy ' @ dy
e Ingi 2.8 9z 151 laumsdesasii

AE(u; —w)/L = F, (2.7)
_AE(ul o uz)/L = Fz (28)

Futouliogluzilvoanmsnd I8l
AE[ 1 —11(U1 _ (K
L [—1 1 ]{uz} iy {FZ} (2.9)
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Y, 4 (a A = v A o A Yy
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4 1
252 ﬂ?nmf?]}uuiﬁﬁjﬂ(Compressive Stress) lﬂﬂﬁulﬁﬂﬁuﬂﬂﬂuiﬂizﬁﬂu
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Proportional limit \
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3V oo o 1 1
WINAATDININANMINLUILNY X Y tag Z nazlinnuAudou (Shear stress) 90 6 A1 1AL
Tey Tyx Tzy Tyz Tzx M2 Ty, MRIEMIOGUUSTINUHINAAREIAUAMANIALR AT TR

ueraa 13lugaa 2.23
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9

Aq Y 5} [ 9 Yo A
aumslFlumsm oy, 0y, 182 Ty, Susumaudasanuduluszuvagy1ddad

x+ X~ .
O =6—2—g’5-!—6—2—gJi cos 260 + 1, sin 26 (2.16)
Ox+0, Ox—0; ;
G =—2—’5—~—Z c0S 20 — Ty sin 26 (2.17)
x— 0 .
Tyryr = —===25in 20 + Ty cOS 26 (2.18)

' v 4 4 4 Yy a (4
weNINAANMAUTUIINNY 0y, 0y, 1AE Ty, NNATHITEIZUILSB U A0 T1)
HAIMUANUAUNED (principal stress) LA mmgﬁ’mi’auqqqﬂ (maximum plane shear stress)

A a dgl 39 o Aa Y
NINAVUNADIUININITIUNIY

=

Y
ANWAUNAN (principal stress) ABANVAURINNTVUIATIGALAZAIGATNATULIY

U Q q

o=

o o . . dy = Y A a 4? aAq Y
TLUIUANUAUYAN (principal plane) Tﬂaizummz"lmmmmumaumﬂmu aumiﬂcﬂu

2
v A

MIMUIIM 0y 0, 1az 6, dq1) 1dash

2Tty
tan 26, = —~ (2.19)

Ox—0y

er+{7 rl Tyt — Tyt 2
o, =202 /( - "’) - e (2.20)

A A Y @
e oy Ao AnuAUNANgIga
o, A9 ANUAUNANAIEA

A 4 3
Gp Y YNVDITSUTUANNINUTAN

Y A . A Y A A A
ANUAURDUGIAA (maximum plane shear stress) ADANUAUIRDUNNVYUIATITAN

9
PATUUUTZUIDANAUDOUGIEA (maximum shear stress plane) TAgTZHIUAIALR DU

o @ Y [ g Y o Y
gagavzihygw 45° ATTIDANUAURAD duMINIFIUMIRIUIUNT Te, 1oz 6, a31) 14
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~ - Y} =
1. H13ENYA C WIDANUAURAY NTUNT

Ox+ay

Oave = —=2 (2.23)

2. WSRTIUINANNDS INANMS

2
— Ox— % 2
R—J( )"+ 1y (2.24)
3. MANUAUNAN DINTUNT

012 = Ogpe +R (2.25)

4. MMIITEUIUAMMAUNENIINE NN

tan 26, = -(J—;—f:jjz (2.26)
5. WIANUALMOUFIZANNTUNS

Tmax = R (2.27)
6. WIYHUDITZUUANUAUNOUFIGAINAUNS

tan 26, = ——(Ux::)/ = (2.28)
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specimen

vibrator

— connection

Upper l)ir
Compression sample

U-Horn

U-Transducer

L “l?F"

517 2.38 anpuzmsdszneugai uiadans 1L FGIND N1ATEINATOU Tension
test (CJ, Y, B, DB, Llag B, 2016) iLag . IATDINAADL Compression test (Saced & Karen,

2015)
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Actuator Arm B221 2,700 6.89E10 2.14E8 0.33
HGA Base Plate A304L 8,030 1.93E11 2.76E8 0.24
Swage Ball A403 7,805 2.00E11 3.10E8 0.30

Driver Pin M2 8,140 2.07E11 2.40E9 0.24



2, Volume Mass Element Quality
FUAIU Nodes | Element
(m"3) (Kg) Min | Max | Aver

Arm 3.0E-10 &.1E-7 | 49300 44352 0.96 1.0 0.99

Top HGA Base Plate 1.6E-10 | 1.2E-07 | 32900 27720 0.67 1.0 0.92

Bottom HGA Base | 1.6E-10 | 1.2E-07 | 33300 | 28116 0.66 1.0 0.92

Plate
Swage Ball 1.4E-10 9.0E-7 15264 12896 0.83 | 093 | 0.92
Driver Pin 5.3E-11 | 4.1E-07 | 9504 7950 0.94 1.0 0.99
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Wy =1/ Vn/(Vy = V) (3.5)
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Ap = (Vp +Wp)/2 (3.7
Ag = (Vg * Wg)/2 (3.8)
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Abstract: This paper presents the numerical analysis of using ultrasonic vibration on the traditional ball-swaging
process to reduce nonconforming parts in Head Stack Assembly manufacturing. In the current ball-swaging process,
high excessive force (=305 N) from a motor through swage’s driver-pin could cause the damage to adjacent HGA
boss hole and result in a nonconforming part. To prevent such damage, the reduction of the applied force magnitude
iz favorable. This study aims to defermine the influence on the force in the ball-swaging process when applying
ultrasonic vibration with amplitudes ranging fiom 1 — 6 pm. Finite Element Method was used in this study and
carried out using ANSYS commercial software. The analysis showed that by applying ulirasonic vibration could

reduce swage-force up to 53.96%.

Index terms: Ultrasonic Vibration, Ball-Swaging Process, Swage-Force, Head Stack Assembly.

I. INTRODUCTION

Head Stack Assembly (HSA) is a component of Hard
Disk Drive (HDD), which responsible for reading and
writing data onto media. Ball-swaging is a subprocess
in HSA manufacturing, and its purpose is to attach
Head Gimbal Assembly (HGA) to Actuator Arm.
Swage-ball iz used in the attaching between HGA and
Actuator Arm; it will be driven by driver-pin through
HGA boss hole, resulting in HGA boss expanded and
bonded to Actuator Arm as illustrated in figure 1.

Top HGA Base Plaie —— i
I
I

Swage-force or a driven force from a motor through
driverpin iz a critical parameter for the ball-swaging
process. The excessive swage-force could cause driver-
pin bent from its nommal position and hit onto the
adjacent HGA boss hole. The average defect rate of
this damage, collected from June to December 2018,
was running at 0.27% as summarized in table 1.

Table 1: Damaged HGA boss hole defect rate.

Arm Swrge Hole

Botiord HGA\_I\; 2
Base Plate Swage-Ball
Ami

Figure 1: Overview of ball-swaging process.

After swage-ball went through HGA boss hole, driver-
pin will be returmed to the original position and leave
the swage-ball drop into a swage-ball silo.

i Defect Defect

4 i (Count (Count) ®6)
June 315825 3373 1.07
July 290167 626 022
August 290895 666 023
Septemt 415428 416 0.10
October 348090 80 0.02
Novemb er 348863 519 0.15
December 101280 113 0.11
Total 2110548 5793 0.27

More than 200 damaged HGA bogs holes were sampled
for further study. It had been found that all of the
samples were subjected to the higher swage-force
which higher than 305 M. Swage-force distribution
were plotted and illustrated in figure 2, and the defect
symptom ig illustrated in figure 3.

The magnitude of the excessive swage-force iz vielded
upon many factors such as swage-ball dimeter, HGA
Boss-hole dimeter, HGA Boss forming dimension, the
friction coefficient between swage-ball and HGA-boss,
etc. In the current ball-swaging process, the swage-




force is still uncontrollable and has the potential to
damages HGA boss hole. Therefore, maintaining the
swage-forre magnitude as small as possible is a
challenge to fix the issue.
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Figure 2: Individual value plot of swage-force.

Figure 3: Damaged (A) and good HGA boss hole (B).

The integration of ultrasonic wvibration into the
traditional process is one of the promising methods that
were introduced and has been widely studied in metal
forming p . Results sh d that the infl of
ultrasonic vibration was remarkable and able to reduce
the forming force. Some of the relevant research
aspects include;

1) Applying uliresonic-vibration on  the
traditional Single Point Incremental Forming. The
Influence of ultrasonic-vibration induced to lower
forming force [1] [2] [3] [4], better surface qualify [1],
higher material formability and lower spring-back [2].

2} Applying ultrasonic-vibration on  the
traditional Metal Extrusion. The Influence of
ultrasonic-vibration induced to lower material stress
and forming force, lower friction coefficient between
forming part and die, higher material formability and
better surface quality [5]

3} Applying ultrasonic-vibration  on  the
traditional Metal Upsetting. The Influence of
ultrasonic-vibration induced to lower material stress [6]
[7], lower forming force and friction coefficient [8] [9]
[10]

4) Applying ultrasonic-vibration on the Tension
and Compression Tests were studied, the result showed
that the stress superposition and acoustic softening
phenomenon were generated by ultrasonic-vibration,
Both phenomena induced the forming force and stress
to lower [11] [12][13].

However, the integration of ultrasonic vibration on the
ball-swaging process has not been done or mentioned,
This paper will determine the influence of ultrasonic
vibration on swag-force in the ball-swaging process by
numerical analysis. Simulations were carried out by the
Finite Element Method (FEM) using ANSYS

commercial software.
II. FINITE ELEMENT MODEL PREPARATION.

Smplified 3D CAD assembly model of an Actuator
Arm and top/bottom HGA base plates were imported
for the finite element model. Only a quarter of the
model was nsed in the simulation as illustrated in figure
4

Figure 4: Finite Element Model

Material properties used in the simulation are illustrated
in table 1, and Hexagonal mesh type were assigned to
the model. The maximum mesh size was limited at 0,02
mm.

Table 2: Material properties

ety B b EHGA S; e D;.:"
Material( ASTI) B2zl AGML  A403 M2
Dren sty (Fgim"3) 2,700 8,030 7.805 8,140
Teoung's Modulus (Pa) 6.EE10  15E11  2.0E11 20E11
Yield Srength (Pa) 21E8 2.7TEB 31E8 ZA4ES
Paoisson's Ratios 033 0.24 0.30 0.24




III. ANALYSIS SETTING

Ultrasonic vibration is integrated into the current
driverpin movement setting, and it transforms the
driverpin velocity from constant to wvariable and
dependent of time. The difference between these two
velocity types iz illustrated in figure 5, and the driver-
pin moving sequence is illustrated in figure 6.
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Figure 5: Compare driver -pin velocity type.
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Figure 6: Driver-pin moving sequence

In this simulation study. the average velocity (V. ) of
driver-pin was fixed at 0.114 m/s, amplitude (A, ) of
ultrasonic vibration was varied from 2 — 6 pm. The
variable velocity (V,) is determined by the equations
(1)~ (8)

Vo= (Vp V) +sin(t«c)? -V, (1)
Vaver = Wp +13)/2 2)
Vp = -2V, (3)
f s Yﬂwer/l"m,w (4)
Wp = (1/f) + (Vo /(Vp — V) (&3]
We =1/}« (=Va/(Vp ~ V3) (6)
Ap = (Vv Wp)/2 n
Ap = (Vi = WR)/2 (8)
When Vp and Vg are the maximum of driver-pin

velocity in driving and returning state. Wy, and Wy are
the driver-pin traveling time in driving and returning
state. A, aad Ap are the maximum of driver-pin
amplitude ir driving and refurning state. t is variable
time. [ is vibration frequency and ¢ is a constant
number.

In this study, the contact force between driver-pin and
swage-ball (figure 4) was assumed as a reaction force
that represents actual driven force (swage-force) from
the motor through driver-pin.

IV. RESULT AND DISCUSSION

The simulation model consists of top and bottom HGA
boss, both of them were expanded by swage-ball within
two different time frames (0.000 - 0.003 and 0.003 -
0.006 see.) as illustrated in figure 7. Therefore, the
analysis will be separated into 2 portions, top and
bottom HGA base plate.

Swige-Bull

™
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0.006 sec.
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Figure 7: Swage-ball traveling time.

The swage-force data whs retrieved from the simulation
in every 0.01ms, and its peak forces from the different
vibration amplitudes (0 — 6 pm) of both top and bottom
HGA base plate were plotted and showed in figure 8.

The swage-force result of the simulation shows periodic
back and forth over the time following vibration
frequency, and the vibration amplitede induces its
magnitude. The higher vibration amplitude resulted in a
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The swage-force data whs retrieved from the simulation
in every 0.01ms, and its peak forces from the different
vibration amplitudes (0 — 6 pm) of both top and bottom
HGA base plate were plotted and showed in figure 8.

The swage-force result of the simulation shows periodic
back and forth over the time following vibration
frequency, and the vibration amplitede induces its
magnitude. The higher vibration amplitude resulted in a




higher peak force and a larger peak-to-peak size. To
compare the different swage-forces to each other, the
backward moving average method was used to average
50 points of the existing force data. The moving
average forces were plotted as illustrated in figure 9.
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Figure §: Peak force from different amplitudes.

The peak force fom the different vibration amplitudes
is significantly different and able to classify to be two
groups that lower and higher than 300N, The vibration
amplitude from 0 to 1.5 pm gives the lower peak force,
and the vibration amplitode from 2pm onwards gives
the higher peak force.
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Figure 9: Moving average swage-forces.

The result shows that overall swage-forees from the top
HGA base plate (0.000-0.003 sec) is lower than the
bottom (0.003-0.006 sec). Also, the swage-force has a
lower trend when given vibration amplitude between 0
to 1 pm. However, when given more vibration
amplitude = 1pm the swage-force and the amplitude are
not proportional together. The swage forces from the

different vibration amplitudes were summarized and
illustrated m table 3.

Table 3: Swage-force from the different amplitudes.

5 Top HGA Bottomn HOA
Amplitide Freq.
fum) (kEz) Force Y ] Force &) )
) Eeduction (B Beduction

00 [ 8.5 = 5.0 =
05 Z2E 60 B04 1838 505 4621
10 11430 723 26 60 786 5349
15 76.20 79.5 1929 az4 5124
20 §7.15 614 3766 882 4781
30 3810 .0 4518 814 5183
40 2858 58.9 400,200 T8 3356
60 15.05 40 4426 794 53.02

Further analysis is needed to determine why the swage-
force outcome between the top and bottom HGA base
plate is different. One observation was found that top
HGA boss had more deformed and bending compared
to the bottom HGA boss which compressed by the
swage-ball as illustrated in figure 10. This different
hehavior might determine the difference in induced
swage-force.

Figure 10: HGA boss deformation behavior.

To verity whether the simulation represents the actual
ball-swaging process or not, the swage-force was
simulated under =zero wvibration amplitude and
frequency, which represents the actual condition, and
compared with actual ball-swaging process result as
illustrated i table 4.

Table 4 Compare swage-force between actual and
simulation process.
Average swage-foree (N)
Farts Kot Siwislion N2
Top HGA 95.5 985 +3.14%
BHottom HGA 1771 169.0 -4.57%




The average of simulation force has deviated from the
actual about +3,14% and -4.57% for top and bottom
HGA base plate respectively, and its deviation 13 quite
small when compared with the standard deviation of the
actual process which running about +8.7% and £11.1%
for top and bottom HGA as illustrated in table 5.

Table 5

Statistical swage-force of the actual ball-
swaging process.

(51

[6]

Standard .
Parts Average Deviation. Deviate

Top HGA
Bottom HGA

955 83
177.1 19.6

+8.7%
+11.1%

CONCLUSION

1.

The influence of ultrasonic vibration mduced to
higher of the periodic peak force and comresponded
to the vibration frequency.

The maximum moving average force of the
amplitude between O to lpm has a downtrend
while the higher amplitude (>2pm) has no trend
and no proportional between foree and vibration
amplitude.

Base on the simulation, the reduction of maximum
moving average force on the top and bottom HGA
base plate was achieved up to 45.18% and 53.96%
respectively.
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