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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 is favorable. This study aims to 
determine the influence on the force in the ball-swaging process when applying ultrasonic vibration with amplitudes ranging 
from 1 – 6 µm. Finite Element Method was used in this study and carried out using ANSYS commercial software. The 
analysis showed that by applying ultrasonic vibration could reduce swage-force up to 53.96%. 
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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 is 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. 

 
Figure 1:Overview ofball-swaging process. 

 

After swage-ball went through HGA boss hole, 

driver-pin will be returned to the original position and 

leave the swage-ball drop into a swage-ball silo. 

 

Swage-force or a driven force from a motor through 

driver-pin is a critical parameter for the ball-swaging 

process. The excessive swage-force could cause 

driver-pin bent from its normal 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. 

Month 
Input 

(Count) 

Defect 

(Count) 

Defect 

(%) 

June 315825 3373 1.07 

July 290167 626 0.22 

August 290895 666 0.23 

September 415428 416 0.10 

October 348090 80 0.02 

November 348863 519 0.15 

December 101280 113 0.11 

Total 2110548 5793 0.27 
Table 1: Damaged HGA boss hole defect rate. 

 

More than 200 damaged HGA boss 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 N. Swage-force 

distribution were plotted and illustrated in figure 2, 

and the defect symptom is illustrated in figure 3. 

 

 
Figure 2:Individual value plot of swage-force. 

 

The magnitude of the excessive swage-force is 
yielded upon many factors such as swage-ball 

dimeter, HGA Boss-hole dimeter, HGA Boss forming 

dimension, the friction coefficient between swage-
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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-force magnitude as 

small as possible is a challenge to fix the issue. 

 

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

 

The integration of ultrasonic vibration into the 
traditional process is one of the promising methods 

that were introduced and has been widely studied in 

metal forming processes. Results showed that the 

influence of ultrasonic vibration was remarkable and 

able to reduce the forming force. Some of the relevant 

research aspects include; 

 

1) Applying ultrasonic-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 

inducedto 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 

 

Simplified 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 used 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. 

 

Property Arm HGA 
Swage 

Ball 

Driver 

Pin 

Material(ASTM) B221 A304L A403 M2 

Density(Kg/m^3) 2,700 8,030 7,805 8,140 

Young'sModulus 

(Pa) 
6.8E10 1.9E11 2.0E11 2.0E11 

YieldStrength 

(Pa) 
2.1E8 2.7E8 3.1E8 2.4E9 

Poisson'sRatios 0.33 0.24 0.30 0.24 

Table 2: Material properties 
 

III. ANALYSIS SETTING 

 

Ultrasonic vibration is integrated into the current 

driver-pin movement setting, and it transforms the 

driver-pin velocity from constant to variable and 

dependent of time. The difference between these two 

velocity types is illustrated in figure 5, and the driver-

pin moving sequence is illustrated in figure 6. 

 

 
Figure 5: Compare driver -pin velocity type. 
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Figure 6: Driver-pin moving sequence 

 

In this simulation study, the average velocity 

(Vaver )of driver-pin was fixed at 0.114 m/s, 

amplitude AAver   of ultrasonic vibration was varied 

from 2–6µm.The variable velocity (Vt )isdetermined 
bythe equations (1) – (8) 

 

Vt =   VD − VR ∗ sin t ∗ c 2 − VR

 (1) 

VAver =   VD + VR 2 

 (2) 

VD = −2VR   (3) 

f =  VAver AAver  (4) 

WD =  1 f  ∗ (VD (VD − VR ) 

 (5) 

WR =  1 f  ∗ (−VR (VD − VR ) 

 (6) 

AD =   VD ∗ WD 2 (7) 

AR =   −VR ∗ WR 2 (8) 

 

WhenVD and VR  are the maximum of driver-

pinvelocity in driving and returningstate.WD  and  WR  

are the driver-pin traveling time in driving and 

returning state. ADandARare the maximum of driver-

pin amplitude in driving and returning 

state.tisvariable time. f is vibration frequency and c 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 sec.) as illustrated in figure 7. 

Therefore, the analysis will be separated into 2 

portions, top and bottom HGA base plate. 

 

 
Figure 7:Swage-ball traveling time. 

 

The swage-force data was retrieved from the 

simulation in every 0.01ms, and its peak forces from 

the different vibration amplitudes (0 – 6 µm) 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 amplitude 

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. 

 
Figure 8: Peak force from different amplitudes. 

 

 
Figure 9: Moving average swage-forces. 
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The peak force from 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 µm 

gives the lower peak force, and the vibration 

amplitude from 2µm onwards gives the higher peak 

force. 

 

The result shows that overall swage-forces 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 µm. However, when given more 

vibration amplitude > 1µm the swage-force and the 
amplitude are not proportional together. The swage 

forces from the different vibration amplitudes were 

summarized and illustrated in table 3. 

 

 
Table 3: Swage-force from the different amplitudes. 

 
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 behavior might determine the 

difference in induced swage-force. 

 

 
Figure 10: HGA boss deformation behavior. 

 
To verify whether the simulation represents the actual 

ball-swaging process or not, the swage-force was 

simulated under zero vibration amplitude and 

frequency, which represents the actual condition, and 

compared with actual ball-swaging process result as 

illustrated in table 4. 

 

Parts 
Average swage-force (N) 

Delta 
Actual Simulation 

Top HGA 95.5 98.5 +3.14% 

Bottom HGA 177.1 169.0 -4.57% 
Table 4:  Compare swage-force between actual and 

simulation process. 

 

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 is 

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. 

 

Parts Average 
Standard 

Deviation. 
Deviate 

Top HGA 95.5 8.3 ± 8.7% 

Bottom HGA 177.1 19.6 ± 11.1% 
Table 5:  Statistical swage-force of the actual ball-swaging 

process. 

 

V. CONCLUSION 

 

1. The influence of ultrasonic vibration induced 

to higher of the periodic peak force and corresponded 

to the vibration frequency. 

2. The maximum moving average force of the 

amplitude between 0 to 1µm has a downtrend while 

the higher amplitude (>2µm) has no trend and no 

proportional between force and vibration amplitude.  

3. 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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