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ABSTRACT

In hard disk drive manufacturing common uses ball swaging. It is a process that used
toassemble a boss tower and an arm aperture. The swage ball has a larger diameter than an
innerdiameter of the boss tower. Application a compression force to the inner surface of the boss
tower tohold both components together with adequate holding force and without damaging the
boss towércomponents result in HGA torque retention. Although current process either passing
two or three balls with flipping or not flipping to meet requirement of retention torque, some HSA
characteristics requirement changed. This project aims at improving part, componentor process
design to allow similar swaging quality with single swage ball. Measurements of HSA KPIV after
swaging obtainedfrom deformation of base plate and arm pad together.The 3-D FE method was
used for analysis. The result analysis and experiment show boss tower deformation very similar.
Although the variation of CTQ has been decreased, cleanliness has been improved by single ball.

Moreover, non-circular arm aperture is able to reduce swage effect for single ball swaging.
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2.6 NafanIveINsANNaUUULANEY (Mechanics of Elastic Contacts)
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2.6.2 Complete Contact
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2.7 MITUAAUUY 2 AA (Plane Contacts)
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2.8 MINITUNAUILMINTZDIBVDINAN (Impact and Wave Propagation)
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2.8.1 Body Wave
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2.9 ANNMUMUTMNUA (Torque Out)
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-Base Plate Variations unit|  HKin Normal Max |unit IAin Mormal ldax
—Boss ID mil 837 54.0 54.3 |[mm| 13640 13720 1.3800
—Boss OD mil 72.6 73.0 73.4 mm}  1.8440 18540 1.8640
—-Base Plate Thickness mil 5.4 5.9 6.4 mm|  0.1370 01500 0.1630
—Backhore Dia. mil 62.5 64.0 655 mm| 1.5880 1 82130 1.6640
-Boss Height mil 5.39 543 547 |mm| 0.1370 01250 | 0.1390
—Relief Ring Depth mil 1.89 1.93 1.97  |mm| 0.0480 0.0480 | ¢ Q500
—-Relief Ring Width mil 6.61 6.81 7.01 [mm]| 0.1680 0.1730 | 017890
—Top Transition Angle Deg| -3.0 0.0 3.0 Deg -3.0 40 3.0
~Top Transition Chamfer Deg| 55.0 60.0 65.0  |Deg 56.0 600 65.0
~Top Transition Chamfer Width mil 091 [ 110 130 ymm| 0.023 0023 0.033
—Bottom Transition Angle Deg| 60.0 70.0 80.0 [Deg 60.0 00 80.0
—Back Angle Deg| 40.0 45.0 50.0 |Deg 40.0 45 G 50.0
—-Back Angle Width mil 2.95 3,16 335 |mm| 0.0750 ¢ 0530 | 0.0850
—Ball Contact Angle Deg| -2.0 0.0 2.0 Deg -2.0 30 2.0
~Backbore chamfer width at 44 mil 320 [ 0.0 476 [mm| 0.081 GO 0.121

«Arm Variations unit|  Min Normal flax |unif in Mormal Wax
—Am Hole Dia. mil 734 738 74.2  imm} 1.8644 18745 1.8847
~-Arm Pad Thickness mil | 18.9995 | 19.0000 | 19.0005 jmm| 0.48259 | 348260 | 0.48261

-Ball Variations unit|  Kin MNormal fdax  |unit fdin Mormal fax
- Swage Ball Dia. mil 57.0 58.0 53.0 |mm| 144780 | 147220 1.49860
- Swage Ball COF MA L 0.10 0.15 0.20  |[N/A 0.10 Q15 0.20

«Environment Variations unit| Min Normal Max |unit Min Normal Max
—Fin Speed mm/s|  12.7 17.8 229 Jinfs 5.0 0.7 9.0
—Clamp Force mN | 667,233 | 1,112,055 | 1,556,878 | Ihf 180.0 250.0 3560.0
—-Spacer Key Land ? ? ?
~Spacer Key Hole Dia. ? ? ?
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Ball Dia vs Tip_Ht
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COF vs Tip_Ht
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Abstract— This paper is aimed at demonstrating the use of finite
element analysis for simulating a swaging process of hard disk
drive (HDD) a head stack assembly (HSA) to reduce the defect
from swage push out by focusing on the spacer key. A swaging
process is a material processing technique used to connect a head
gimbal assembly (HGA) to an E-block becoming the so-called
head stack assembly by using swage balls with insert the spacer
key and remove it after process done. The finite element model is
3-dimensional where solid Lagrangian elements and the explicit
dynamics simulation are being used. The simulation results are
compared to those obtained from experimentation; it was found
that the result from finite element analysis agree with the
experiment results. It was found that the defect swage push out
can be reduced by a proper spacer key hole diameter as for HSA
able to improve by spacer key land as well. However, there is
some part of the base plate that required further investigation.
The effects of base plate not considered in the present analysis,
those items like the actual swage boss profile.

Keywords— Ball Swaging ,Finite Element, Head Stack
Assembly, Spacer Key

I.  INTRODUCTION

In the hard disk drive (HDD) manufacturing process, Ball
swaging is the common most important manufacturing
processes, which joints the Head Gimbal Assembly (HGA)
base plates with actuator arm called the head stack assembly
(HSA). The HGA base plate is a thin sheet component and
includes boss tower as illustrated in Fig. 1. The boss tower is
sized to fit within an opening in actuator arm to which the
HGA base plates to be mounted. During the swaging process,
the ball is driven past through the boss tower into frictional
engagement with the inner surface of the opening in the
actuator arm and clamped by swage keys. The base plate and
attached suspension are thereby securely fastened to the
actuator arm. But the base plate deformation will have effect
to many Critical To Quality parameters (CTQ). One of the
parameters is the Swage Push out. It will degrade of securely
fastened to the actuator arm and HSA quality. And one of
swage push out came from the spacer key was being
supported each suspensions. The swage push out has a large
deformation of the boss tower or collapse of the boss tower
whilst the ball was passing through as illustrated in Fig, 2.

The swaging process results in plastic deformation of HGA
base plate and actuator arm. This deformation can cause
disturbance in desired spring characteristic of the suspension
on the actuator arm, known as gramload changes from its
optimum value, and change to desired retention torque. Since
gram load and retention torque are the critical parameters
affecting the slider flight height and op-shock performance of
hard disk drives, investigating the swaging process induced
base plate and arm deformation, gramload and retention
torque change are of general interest. This, however, reduces
boss tower deformation. It is necessary to clarify the
dimension of the spacer key to reduce swage push out

(a)

(b)

Figure 1. (a) Components of a baseplate and (b) the assembly for swaging
process



Wadhwa analysed the ball swaging process numerical using
an axially symmetric model as the early analysis of the ball
swaging process, and Kamnerdtong numerically verified the
deformation of the entire arm and HGA but the accuracy of
the simulation has yet to be verified through experimentation.
Aoki and Aruga analysed using a three-dimension finite
element analysis based on a symmetrical model for an
actuator inner arm and two attached base plates. These studies
improved the understanding of the base plate deformation.
Jian Yang analysed a three-dimension finite element analysis
to study gram load changes, greatly improved the
understanding of the deformation related with gram load
changes.

The aim of this work is to study the effects of the spacer
key in swaging process by three dimensional finite element
analysis model (FEA) and extends to increase spacer key life.
In the present work, the swaging process is studied by
performing explicit dynamic finite element analysis (FEA)
using a commercial program ANSYS/LS-Dyna. Four base
plates and three arms in the assembly are opted as a prototype
to be studied. 2-Balls swaging process is considered, and its
velocity maintains constant in the top-to-bottom direction.

II. SWAGING PROCESS MODELING

The finite element simulation of the ball swaging process
was performed with the commercial software package. A
three-dimensional (3-D) and a cross-sectional view of the
finite element (FE) model used for swaging process of
actuator arms are shown in Figure 2 and 3.

Figure 2. Four base plate and three arm in the assembly for swaging
simulation

In this simulation, a nonlinear explicit dynamics analysis is
performed. If the stress is in the elastic deformation region,
the relationship between stress and strain is linear. After the
stress reaches the yield point, the relationship becomes
nonlinear. The swaged part of the base plate undergoes plastic
deformation. Nonlinear material properties should be
considered. Geometric nonlinearity is also considered in this
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Figure 3. Four base plate and three arm in the assembly for swaging
simulation

analysis because the base plate undergoes large deformation at
the swaged part, as shown in Figure 3. The model includes
three actuator arm tip, four base plates with part of hinges,
four swage keys, and two swage balls. The inner spacer key
was separated to two part of assembly for analyze.

111. BOUNDARY CONDITIONS AND CONTACT SURFACES

During the swaging process, the constant clamping force at
the outer key parts during swaging is constant and the arms
are separated from each other by the use of spacer keys. In the
FE model, the clamping pressure is applied as forces via force
load curve. For simplicity, the swage keys, which are
employed to simulate the clamping boundary at the arm
contact condition, are modelled as rigid bodies while the other
components including actuator arm tip, base plates and hinges
are deformable parts. The simulation use the same load curve
for ball speed for each heads and swage ball is forced to move
in Z direction only according to its load curve. The boss tower
of the base plate is plastically deformed and joined to the arm.
The contact surface between the ball and swaging boss,
between the base plate and the arm, and the one between
swaging boss and the clamp are taken into account in
analyzing the boss arm force. The friction coefficients for
each contact surface are separated as 2 groups. contact surface
of assembly and part-to-part contact. The base plate, hinge
and the suspension are made of stainless steel while the arm is
made of aluminum. The swaging ball is made of stainless steel
with hardened coating. Thus, the ball is simulated as a rigid
body. The material models defined in the analysis are bilinear
isotropic material and bi-linear kinematics hardening. The
properties of the materials used in the simulation are listed in
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Table 1. All the elements used in the analysis are eight-nodes
brick elements. To reduce the computing time, the model
consists of both rigid bodies and deformable bodies. The
actuator arm hole and the base plate boss tower are prepared
such that finer meshes are only required in the vicinity of the
contact areas and the elements are coarser in the areas farther
away.

TABLE 1
MATERIAL PROPERTIES FOR FINITE ELEMENT ANALYSIS

Type of Material

Material Properties | Stainless l
‘ | Aluminum ‘
steel ‘ 1
Elastic modulus, E ‘ [
| 190,000 | 71,016 |
(MPa) ‘ ] >
Yield stress, Y (MPa) | 206 ' 275 .
Poisson ratio 0.32 ]F 0.33
Mass density (kg/m’) \ 7889 | 2700

IV. VALIDATION OF THE FINITE ELEMENT MODEL

The base plate and arm tip deformation results from FEA (c)
simulations for inner and outer arms are evaluated from the
displacements value that measured from specific nodes Figure 4 (a) Head #3 (b) Head #1 and 2 (¢) Head #0 comparison boss tower
compared to the reference plane. For all simulated cases, the X- section deformation
simulation results are tendency to value from experimentation.
However, it is focusing on the effect of the spacer key to
reduce the swage push out and extends the spacer key life
which accompany with cost spending for swage key shuttle
key, there is some offset that required further investigation.
These differences could be from some other effects not
considered in the present analysis. The illustration of boss
tower deformation from swaging process are shown in Fig.4

Figure 5. Large deformation due to spacer key hole diameter

(a)



TABLE 2

SIMULATION AND EXPERIMENTAL RESULTS
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preliminary study, the FEA simulation results are said to agree
well with the actual experiment. However, the coefficient of
friction must be considered and the configuration of the boss
tower profile must be considered also. The effects of spacer
key land on swaging process will be evaluated in future
simulation.
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Tip Height {inch) Tip Pitch (degres)

Parameters FEA Actual FEA Actual
result data result data

Head 0 | Outer arm | -0.00123 | -0.00102 | -0.5§72 -0.672
Head 1 | fnnerarm | 0.00031 | 0.00027 | 0.473 0.537

Head 2 | Innerarm | -0.0006 | -0.0009 | -0.520 -0.617
Head 3 | Outer arm | 0.00122 | D.00118 0.437 0.543
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nvnpan
0275000 +
14
7
620630
§ 015030
H
£ 010000
i
095000
000600
U HUY
Fal b 4 1B} 4 f L 1] " bl bLS
™ Betedse Spader KeyHole Bismaetes (mm)

Figure 6. Back Bore deformation vs. spacer key hole diameter

V. RESULTS AND DISCUSSIONS

The work studies the behaviors and characteristics of the
base plate after a swaging process that become swage push out
problem. The effects of changing the spacer key hole diameter
from nominal value are also investigated. Based on the result
of this work, an offset could be diminished by improving the
precision of swage key shape and swage boss profile. The
result from this simulation will be used for evaluation of
proper spacer key diameter to reduce swage push out and
extends the spacer key life. Obviously, maximum spacer key
hole diameter can be reduced 10-20 percent to maintain the
back bore deformation. To extend the spacer key life the hole
must be proposed to has a inner chamfer equal to maximum
diameter that acceptable. The proper spacer key hole diameter
come along with inner chamfer able to reduce the swage push
out and extend the spacer key life. Nevertheless, improvement
of the swage ball coefficient of friciton able to extend the
spacer key life and improve some HSA CTQ. For this
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1bstract— The capacity of the hard disk drive (HDD) has been
reing increased so the E-Block arm was being changed in arm
sad thickness. The suspension that is a base plate and arm pad
was deformed after swaging process had finished. The read-write
1ead was deviated as was moving on the media. A swaging
yrocess is a material processing technique that is used to
nterface a head gimbal assembly (HGA) to an E-block becoming
fwo-called head stack assembly using swage balls with insert the
wspacer key and remove it after process had done. Because of the
fmrm pad was reduced in thickness so the outer key was being
«tudied to reduce the swage effect. The finite element model is 3-
Mimensional where solid Lagrangian elements and the explicit
Mynamics simulation are being used for study the outer key. The
imulation results were compared with those obtained from the
«xperiment. It was found that the result from finite element
jmnalysis agree with the experiment results. In addition, a proper
wuter key width is able to reduce the swage effect of the outer
jmrm. However, if there is a difference in the design of the base
‘wlate and arm profile, the outer key is possible different. The
ffects of base plate were not considered in this study, those items
Mike the actual base plate thickness.

‘eywords— Ball Swaging ,Finite Element, Head Stack
Assembly, Outer Key, Arm Pad

I. INTRODUCTION

In the hard disk drive (HDD) manufacturing process, Ball
‘waging is the common most important manufacturing
srocesses, which joints the Head Gimbal Assembly (HGA)
+ase plates with actuator arm called the head stack assembly

MHSA). At present, the capacity of the hard disk drive (HDD)
fmas been being increased dynamically so the E-Block arm was
hanged in arm pad thickness. Deformation of the outer arm
fwad can be improved by the outer key so it was motivated to
weduce the swage effect by study its dimension and
wonfigurations. The arm pad is shown in Fig. 1. During the
wwaging process, the ball is driven past through the boss tower
ato frictional engagement with the inner surface of the
pening in the arm pad and clamped by swage keys. The base
late and attached suspension are thereby securely fastened to
e actuator arm. The outer arm, the base plate and arm pad

deformation will have effect to many Critical to Quality
parameters (CTQ). The outer key is shown in Fig. 2.

The swaging process affects the plastic deformation of
HGA base plate and actuator arm. This deformation can cause
disturbance in desired spring characteristic of the suspension
on the actuator arm, known as gramload changes from its
optimum value, and change to desired retention torque. Since
gramload and retention torque are the critical parameters
affecting the slider flight height and op-shock performance of
hard disk drives, investigating the swaging process induced
base plate and arm pad deformation are of general interest.

‘ Arm Pad Trickness

(a)
(b)

Figure 1. (a) Arm Pad Thickness (b) ISO view of the arm pad




Wadhwa analysed the ball swaging process numerical using
jan axially symmetric model as the early analysis of the ball
iswaging process, and Kamnerdtong numerically verified the
sdeformation of the entire arm and HGA but the accuracy of
khe simulation has yet to be verified through experimentation
N1]. Aoki and Aruga analysed using a three-dimension finite
kclement analysis based on a symmetrical model for an
jactuator inner arm and two attached base plates [2]. These
studies improved the understanding of the base plate
deformation. Jian Yang analysed a three-dimension finite
zlement analysis to study gram load changes, greatly
Mmproved the understanding of the deformation related with
jgram load changes [4].

- =
wer OL}QM“
s [ Jf i

igure 2. Outer key clamping on the outer arm

The aim of this work is to study the effects of the outer key

n swaging process by three dimensional finite element
nalysis model (FEA). At present, the swaging process is
mudied by performing explicit dynamic finite element analysis
WFEA) using a commercial program ANSYS/LS-Dyna. Four
ase plates and three arms in the assembly are opted as a
fwrototype in this study. 2-Balls swaging process is considered
fnd their velocity keep constant in the top-to-bottom direction.

II. SWAGING PROCESS MODELLING

The finite element simulation of the ball swaging process
as performed with the commercial software package. A
mree-dimensional (3-D) and a cross-sectional view of the
nite element (FE) model used for swaging process of
ctuator arms are shown in Figure 3.

In this simulation, a nonlinear explicit dynamics analysis is
werformed. If the stress is in the elastic deformation region,
jme relationship between stress and strain is linear. After the
wress had reached the yield point, the relationship became

onlinear. The swaged part of the base plate undergoes plastic
weformation. Nonlinear material properties should be

nsidered. Geometric nonlinearity is also considered in this

nalysis because the base plate undergoes large deformation at
e swaged part, as shown in Figure 3.
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Figure 3. Four base plate and three arm in the assembly for swaging
simulation

The model includes three actuator arm tip, four base plates
with part of hinges, four swage keys, and two swage balls.
The inner spacer key was separated to two part of assembly
for analyze.

1. BOUNDARY CONDITIONS AND CONTACT SURFACES

During the swaging process, the clamping force at the outer
key parts during swaging is constant and the arms are
separated from each other using the spacer keys. In the FE
model, the clamping pressure is applied as forces via force
load curve. For simplicity, the swage keys, which are
employed to simulate the clamping boundary at the arm
contact condition, are modelled as rigid bodies while the other
components including actuator arm tip, base plates and hinges
are deformable parts. The simulation uses the same load curve
for ball speed in each head and swage ball is forced to move
in Z direction only according to its load curve. The boss tower
of the base plate is plastically deformed and joined to the arm.
The contact surface between the ball and swaging boss,
between the base plate and the arm, and the one between
swaging boss and the clamp are taken into account in
analyzing the boss arm force. The friction coefficients for
each contact surface are separated as 2 groups, contact surface
of assembly and part-to-part contact. The base plate, hinge
and the suspension are made of stainless steel while the arm is
made of aluminum, The swaging ball is made of stainless steel
with hardened coating. Thus, the ball is simulated as a rigid
body. The material models defined in the analysis are bilinear
isotropic material and bi-linear kinematics hardening. The
properties of the materials used in the simulation are listed in
Table 1. All the elements used in the analysis are eight-nodes
brick elements. To reduce the computing time, the model
consists of both rigid bodies and deformable bodies. The
actuator arm hole and the base plate boss tower are prepared
such that finer meshes are only required in the vicinity of the
contact areas and the elements are coarser in the areas farther
away.



TABLEI
MATERIAL PROPERTIES FOR FINITE ELEMENT ANALYSIS
Type of Material
Material Properties Stainless
Aluminum
steel
ME|astic modulus, E
190,000 71,016
MMPa)
Yield stress, Y (MPa) | 206 275
MPoisson ratio 0.32 0.33
M\lass density (kg/m’) | 7889 2700

IV.VALIDATION OF THE FINITE ELEMENT MODEL

The base plate and arm tip deformation results from FEA
imulations for inner and outer arms were evaluated from the
Mlisplacements value that measured from specific nodes
:ompared with the reference plane. In all simulated cases, the
imulation results have a tendency to the experiment.
Towever, the effect of the outer key is focused to reduce the
wage effect for the outer arm which accompany with cost
pending for swage key and shuttle key, there is some offset
Mhat required further investigation. These differences could be
tom some other effects not considered in the present analysis.
Mhe boss tower deformation caused by swaging process are
whown in Fig.4

(b)
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Figure 4. (a) Head #3 (b) Head #1 and 2 (c) Head #0 comparison boss tower

X- section deformation (Exaggcraled 10x)
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Figure S. a) Improve outer key b) current outer key

V. RESULTS AND DISCUSSIONS

The study of the behaviors and characteristics of the base
plate and thiner arm pad after a swaging process that become
swage effect problem. The effects of variation in the outer key
width from nominal value are investigated to improve the
outer arm swage effect. As the result, an offset could be
diminished by improving the precision of swage key shape
and swage boss profile. The result from this simulation will be
used for evaluation of proper outer key for thinner arm pad to
reduce swage effect of the outer arm. Obviously, outer key
designed can reduce PSA HD3 from 2.19 deg to 2.05 deg, a
new outer key designed (Cut off 1.4 mm ) will be reduce the
swage effect 6 percent. Nevertheless, if the base plate and arm
pad are changed the outer key designed not improve HSA
CTQ, improvement of the swage ball coefficient of friciton is
able to extend the spacer key life and improve some HSA
CTQ. For this preliminary study, the FEA simulation results
correspond to the experiment and can apply to other studies.
However, the coefficient of friction, damping and the
configuration of the boss tower profile must be considered.
The effects of spacer key land on swaging process will be
evaluated for simulation in the future.
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Abstract— This paper describes two software implementation of
a Computer Aids Design (CAD) and a Computer Aids
Engineering (CAE) optimization tool for HGA resonance
analysis. The approach is based on mechanical vibration and
expanding for resonance analysis using Solidworks and Ansys
commercial software. Linkage between Solidworks and Ansys
software is useful to create shaping an innovative in organization
and to reduce cost per unit. The first section is description of the
suspension development by SolidWorks which has a purpose for
bi-directional parametric study. An analysis for solution using
Ansys by insertion snipped command to perform mechanical
vibration is discussed in latter. The result of simulation was
compared with actual test via frequency respond function (FRF)
overlaid graph and characteristics that can be comparable. This
paper can be used as reference for predictive modelling of
innovation in organization and speed up analysis and solution.

Keywords— CAD, CAE, Resonance, Head Stack Assembly,
Suspension

I. INTRODUCTION

The electronics prices always take exponential, first launch
pget more benefit. Development of product, process including
ranalysis and solution is quite rush to reduce the Time To
Market (TTM). At present, the CAD 3D and CAE have been

seing developed continuously for implementation of the tools.
Solidworks becomes the commonly used software in our
ompany after experienced IDEAS for over 10 years. In this
»aper proposes the development of the suspension model
msing Solidworks and the study of the parametric using Ansys
workbench which are commercial software. Although many
sublished papers attempt to solve the problem, did not
woncentrate to create the Know How for further use. Jiaping
“ang and Shixin Chen [1] have studied Effects of Slider-
riven Piezo-microactuator Placements and Profiles on HGA
way Mode but the step of how to do cannot be provided.
‘ossanope Kamnerdthong and Surachet Chutima [2] have
mudied HGA deformations post clamping using finite element
jwnalysis to reduce design the proper clamping fixture to
2duce the deformation. Lim, B.B.; Yang, J.P [3] have studied
Mhock analysis of MEMS actuator integrated with HGA for
perational and non-operational HDD. The preloaded state of
1e suspension is considered for the simulation. The content of
nplementation of a Computer Aids Design (CAD) and a
‘omputer Aids Engineering (CAE) optimization tool for their
wurpose was not discussed in above mentioned paper. This
waper provides technique of CAD and simulation technique of
'AE and shaping an innovative in organization and further
—se. The HSA consists of HGA and arm actuator engaged by
«perienced swaging process. The characteristics of both

HGA and HSA are very important while the slider is flying
over the media. Moreover, HGA can be considered as black
box. The prediction of HGA or HSA resonance before making
part is able to help manufacturing process to know the impact
of KPIV on HGA or HSA resonance and excellent HGA or
HSA is possibly achieved and delivered to the customer.
However, the model and FE model developed can be taken for
studying all static attitudes. The implicit of the prediction
characteristics related to cost saving in an organization also.

Il. MATERIAL AND METHOD

At present, the CAD3D is being used for development the
different products in manufacturer. All features of software is
being supported to the complex geometry. A studying the both
static and dynamic of the HGA and HSA based on creating
3D model linked with software CAE. As for the finite element
analysis software owner improves the feature of linking with
the CAD3D native file to reduce creating time. The 3D model
also improves a lot of meshing techniques. The contents of
this paper include of two parts as CAD3D development and
finite element technique to study the resonance.

A. Nomenclature and specific word

A suspension assembly consists of the main components i.e.
a base plate, load beam and gimbal as shown in the fig. 1.

Fig. 1 Components of the suspension

(courtesy by http://www.global.tdk.com/ir/ir_library/annual/2011/
html/segment/seg02 htm)

This paper is to study only suspension style as load-unload
tab as shown in Fig. 1. The base plate is a component of
suspension which is used for attaching the suspension
assembly to the actuator E-block, typically through a swaging
process. The load beam contains a spring region (the radius)
and a rigid region (the rails). The spring region is adjusted by
forming, rolling, or other means to provide the gram load for
the assembly. The load beam’s rails limit unwanted deflection
between the radius and the gimbal. The gimbal is typically
welded to the load beam or integrated into the load beam



structure. The load beam geometry is the primary factor that
influences on the resonance characteristics of the suspension
assembly. The gimbal is a suspension feature to which the
slider is attached. The gimbal’s pitch and roll stiffnesses have
a strong influence on the flying characteristics of the HGA.
There are primarily two types of gimbals: integrated gimbals
and flexures. The gimbals are integrated into a gimbal that is
typically etched directly into the load beam. Suspensions used
for integrating gimbals are called two-piece suspensions (base
plate and load beam). The flexure is a gimbal that is initially a
separate component. The flexure is laser welded to the load
beam and pivots about the dimple. Suspension assemblies that
use a flexure are called three-piece suspensions (base plate,
load beam, flexure). Three-piece suspensions account for the
majority of the suspension market. As mentioned earlier, the
radius is region of the load beam which serves as a spring.
The suspension’s gram load and resonance are controlled
through processing in this region and the rail is formed
features in the load beam that provide rigidity between the
radius and the gimbal. The rails serve to limit deflection in the
load beam and maximize disk-to-rail clearance. A variety of
rail configurations used depend on resonance requirements,
disk-to-disk spacing, wire routing, gram load and part cost.

BasePlate\

Rail \
\

>

SpringRegion

(a)

(b)

Fig. 2 Nomenclature of (a) the suspension (b) the gimbal

To design by CAD for CAE and study resonance need to
rimarily understand the specific words that are defined as the
dllowing. Firstly, the gram load is a reaction force at the load
-oint when the suspension assembly is elevated to offset
-eight. This force balances with the slider air bearing force

-=nd thus has a significant impact on fly height. It is common
<ractice to use units of gram for this force. Second, the spring
ate is a changing rate in gram load against displacement at
1e load point. Generally, low spring rates are desirable since
«ey reduce the gram load variation due to mounting
slerances, etc. Third, the free state angle is angle of the
mxyspension after it has been rolled to produce the desired gram
vad, This angle is primarily a function of the suspension
moring rate and the length of the load beam. Fourth, the load
oint is a location of the dimple on a suspension assembly
/here the suspension spring force is transferred to the slider.
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Next, the static attitude can be described as pitch and roll
angle of the gimbal’s bond pad related to the mounting surface.
The roll angle is about the longitudinal axis of the load beam.,
The pitch angle has relative to an axis that is orthogonal to the
roll axis and parallel to the disk surface. Finally, the
suspension offset height is a distance between the plane of the
bond pad and the plane of the mounting surface.

B. 3D Model Development

The CAD3D has been being developed continuously. The
suspension is a thin sheet. Because SolidWorks CAD3D has a
feature of sheet metal so creation of the suspension 3D model
will perform on sheet metal feature. In case of the base plate,
damper and slider can be modelled by solid feature as shown
in the Fig. 3.

<~>\ Front

+ & Top -y FRONT
%) Right L& ToP
% origin 2. &y RIGHT
;- & Right Mate Plane L ds Origin

E}@ Base

[ﬂ@ Hub Material

H8] sheet-Metal1
@ @ Base-Flangel
(a) (b)

Fig. 3 SolidWorks Feature (a) Sheet metal Feature (b) Solid Model Feature

The sheet metal feature allows making a bending at spring
region as for the lift tab or limiter can use the Jog feature to
achieve the part as needed as shown in Fig. 4.

Limiter

oA

Bend Pregram at spring region

Fig. 4 Sheet metal feature allows making a bending at spring region

Because around spring region and out rigger has three part
overlay this area so geometry analysis is necessarily to make
the radius and angle use the equation option in the SolidWorks
for this configuration management. The acquired model at
free state angle must optimize the bent location and angle by
linking with Ansys Workbench.

C. FE MODEL DEVELOPMENT

The ANSYS Workbench can make a template for general
use in the other models that have the same analysis. Template
based analysis using Workbench has many benefits i.e. all
analysis cases are bundled into one file, files can be easily
understood by the others; has modular approaches and more
efficient analysis. The solution set can be separated by insert
snipped command for each analysis. The first is static analysis
for optimization of the pregram location and pregram angle
and evaluation the different parameters as gram load, average



the transfer function for further use. This is gap for create the
transfer function for other purpose.

Fig. 2. The full HGA model for analysis

The aim of this work is to predict HSA static attitude by
creation the transfer function with three dimensional finite
element analysis model (FEA). At present, the swaging
process is studied by performing the explicit dynamic finite
element analysis (FEA) using ANSYS/LS-Dyna commercial
software. Four base plates and three arms in the assembly are
ropted as a prototype in this study. Two balls swaging process
with a constant velocity in the top-to-bottom direction was
iconsidered. The HGA was simulated by the implicit finite
ielement analysis to find out sensitivity.

II. MATERIAL AND METHOD

The finite element simulation of the ball swaging process
mwvas performed using the commercial software package. A
khree-dimensional (3-D) and a cross-sectional view of the
Kinite element (FE) model of actuator arms used in swaging
wrocess are shown in Fig. 1 and HGA in Fig. 2.

1. HSA Model Development
In this simulation, a nonlinear explicit dynamics analysis
~vas performed. If the stress is in the elastic deformation
egion, the relationship between the stress and the strain is
Minear. After the stress had reached the yield point, the
elationship became nonlinear. The swaged part of the base
late undergoes plastic deformation. Nonlinear material
wroperties should be considered. In addition, geometric
monlinearity was also considered in this analysis because the
wase plate undergoes large deformation at the swaged part. In
Mhe figure 1, the model includes three actuator arm tips, four
mase plates with part of hinges, four swage keys, and two
wage balls. The inner spacer key was separated into two parts
wf assembly for analysing. During the swaging process, the
lamping force at the outer key parts was constant and the
rrms were separated from each other using the spacer keys. In
Mhe FE model, the clamping pressure was applied as forces via
worce load curve. For simplicity, the swage keys that were
mployed to simulate the clamping boundary at the arm
ontact condition were identified as rigid bodies. The other
omponents including actuator arm tips, base plates and
inges were deformable parts. The simulation used the same
dad curve for ball speed in each head and forced the swage
«all to move in Z direction only according to its load curve.
‘he boss tower of the base plate was plastically deformed and
sined to the arm. The contact surface between the ball and
waging boss, the base plate and the arm, and swaging boss
tnd the clamp were taken into account in the boss arm force
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analyzing. The friction coefficients for each contact surface
were separated into two groups, i.e. contact surface of
assembly and part-to-part contact. The base plates, hinges and
the suspensions were made of stainless steel and the arms
were made of aluminium. The swaging balls were made of
stainless steel with hardened coating. Thus, the balls were
simulated as rigid body. The material properties of models
defined in the analysis were bilinear isotropic material and bi-
linear kinematics hardening as listed in Table 1. All the
elements used in this analysis were eight-nodes brick
elements. To reduce the computational time, the model
consisted of both rigid bodies and deformable bodies. The
actuator arm hole and the base plate boss tower were prepared
such that were finer meshes in the vicinity of the contact areas
and coarser in the areas farther away.

B. HGA Model Development

In this part discusses the development approach of the
suspension, a thin sheet. Because SolidWorks CAD3D has a
feature of sheet metal, creation of the suspension 3D model
will perform on sheet metal feature. In case of the base plate,
damper and slider can be modelled by solid feature as shown
in Fig. 3.

Q Front

S Top &2 FRONT

&2 Right . ToP

1. origin &> RIGHT

&> Right Mate Plane L. origin

H3 sheet-Metall + ([ Base

+ R Base-Flange! + (@ Hub Material
(a) (b)

Fig. 3 Feature model (a) Sheet metal feature (b) Solid model feature

The sheet metal feature allows making a bending at spring
region as shown in Fig. 4. As for the lift tab or limiter can use
the Jog feature to achieve the part as needed.

Ll\miler

\
N

/!

Bend Pregram at spring region

Fig. 4 Sheet metal feature allows making a bending at spring region

Because around spring region and out rigger have three
parts that overlay this area, geometry analysis is necessarily to
make the radius and angle using the equation option in
CAD3D for this configuration management. The acquired
model at free state angle must optimized in the bent location
and angle by linking with Ansys Workbench and then loads
the model at Z height. To find out the transfer function needs
to primarily understand the definition of words. For example,



Flexture Length (FL) implies the distance from the swage hole
center to the slider center (L). Tip height (d) is defined as the
distance from the swage hole center to the specific section,

TABLEI
MATERIAL PROPERTIES FOR FINITE ELEMENT ANALYSIS

. . Type of Material
Material Propertics Stainless Steel Aluminum
Elastic modulus, E
(MPa) 190,000 71,016
Yield stress, Y (MPa) 206 275
Poisson ratio 0.32 0.33
Mass density (kg/m®) 7889 2700

ITI. RESULTS

From FEA simulation, the base plate deformation extended
«of inner and outer arms were evaluated from the
displacements value that measured from specific nodes
«compared with the reference plane as shown in table Il. In all
simulation cases, the simulation results have a tendency to the

experiment. The boss tower deformation caused by swaging "

porocess is same as the cross-sectional actual model. However,

khe swage effect will be practically used as the offset value
which is required by investigation and not considered in the
surrent analysis.

TABLE I
RESULT OF BASE PLATE DEFORMATION

Tip Height (inch) Tip Pitch (degree)

Parameters FEA Actual FEA Actual
result data result " data

Head 0 | Outer arm | -0.00123 | -0.00102 | -0.572 -0.672
Head 1 | Innerarm | 0.00031 | 0.00027 0.473 0.637
Head 2 | Innerarm | -0.0006 | -0.0008 -0.620 -0.617
Head 3 [ Outerarm | 0.00122 | 0.00118 0.437 0.643

he result of base plate deformation will be put in the transfer
<unction to accomplish HSA static attitude and gram load. The
«ensitivity obtained from HGA model is the actual flexure

:ngth at load state. The bend pregram location leads to
«ensitivity calculation of pitch static attitude that sensitivity of
<ram load changed with base plate pitch and roll changed.

‘he geometry analysis necessarily understands physics of the
—ead stack assembly as shown in fig. 5. All those value will be
—sed for creation the transfer function which is not shown
—=ere.
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Fig. 5 HGA model at load state and preliminary parameter

The sensitivity equation obtained from HGA model and
geometry analysis is a transfer function for prediction of head
stack assembly performance as shown in table III.

TABLEIII
PERFORMANCE OF THE HEAD STACK ASSEMBLY
Target 2.1 0.5 2.5
. . HSA CTQ N
Tip “Ht {inch}| Tin:P (Deg) | Tip R (Deg):{. . .PSA - | <RSA" .| Gramioad .
-0.00030 0.01 -0.03 2.18 0.47 249
0.00022 0.39 -0.01 2.29 0.51 239
0.00014 -0.49 0.01 2.22 0.49 2.38
0.00020 -0.05 0.00 2.14 0.50 2.50
0.00007 -0.04 -0.01 2.21 0.49 2.44
0.00024 0.36 0.01 0.07 0.02 0.07

The HGA model was simulated via harmonic analysis to
understand its characteristics and then design the experiment
using one variable at a time technique. The top three
sensitivities of the first torsion achieved from model are
shown in fig. 6.

Freq. (Hz/unit} Gain {dB/unit)

1 Delta RG (9664 Hz} 1 Tip Height (0 27 dB)
1T e T
2 Loadbeamth\:\)nst (6930 2 Delta RG (0,16 48)
3 Pregram Bend Location 3 Pregram Bend Location
(5672 Hr) Y 0 114dB)

Fig. 6 Top three of KPIV impact to frequency and gain

1V.CONCLUSIONS AND DISCUSSIONS

The behaviors and characteristics of the head gimbal
assembly and head stack assembly can be predicted by using
CAD and CAE to generate the transfer function. In actually,
measured static attitude can be compared to the model
prediction by putting the KPIV of HSA into the transfer
function. From both model and experiment were able to filter
out the root cause of the degrading of HSA as KPIV of HSA.
KPIV of the HSA will be identified for deliverable HSA
improvement. The HGA model is useful for studying the
characteristics of the HSA and resonance budgeting. Because
the deformation on the load beam and bend pregram location
is prior parameter, so it should be controlled in swaging
process. The design changed of HGA leads to the different

-transfer function. The transfer function accomplished is able

to be used for spacer key design and other purposes.
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wbstract- Ball swaging is a material process used to assemble a boss tower and an arm aperture. A swage ball is inserted into the boss
wwer to swage and couple two components. The swage ball has a larger diameter than an inner diameter of the boss tower, applies a
ympression force to the inner surface of the boss tower to hold both components together with adequate holding force and without
imaging the boss tower. This study proposes a new design of the boss tower by relief ring width optimization. It reduces the arm tip
=formation while avoiding HSA resonance and allows similar swaging quality by using single ball. The 3-D FE method was used for

malysis. The result analysis and experiment show boss tower deformation very similar. Although the variation of CTQ has been
creased, cleanliness has been improved. Moreover, non-circular arm aperture is able to reduce swage effect.

Index Terms- Ball Swaging, Finite Element, Head Stack Assembly, Spacer Key, Boss Tower

I.  INTRODUCTION

n the hard disk drive (HDD) manufacturing process, ball swaging has long been a common process. The process assembles the
Head Gimbal Assembly (HGA) base plates with actuator arm called the head stack assembly (HSA). A base plate includes a flange
wing a top surface and an opposing second surface; and a boss tower having a swage hole and extending from an area where the
ss tower meets the top surface of the flange to an end surface of the boss tower. The base plate is a component of a swage coupling
sembly that is coupled to a component having an arm aperture as shown in Figure 1. The Figure 2 shows the configuration of the
wss tower and the figure 3 shows several types of the boss tower profile which consist of basic components. During the swaging
rcess, the ball is inserted through the boss tower to swage couple the boss tower to the arm aperture that clamped by swage keys.
we swage ball applies a compression force to the inner surface of the boss tower, therefore the boss tower expands to hold the second
fsmponent to the first component with adequate holding force and without damaging the boss tower. The base plate and arm tip

formation cause an effect to many Critical To Quality parameters (CTQ).

Boss tower

™ Baseplate

(a)

Figure 1: (a) Components of a base plate and (b) the Head Stack Assembly for swaging process

WWwWWw.ijsrp.org
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Figure 2: Configuration of the Boss Tower
A = Boss ID, B = Boss OD, C = Backbore Dia., D = Boss Height, E = Relief Ring, F = Top Transition Angles,
G = Bottom Transition Angles, H = Back Angles and I = Backbore chamfer

Figure 3: Boss Tower profiles

At present, the hard disk drive (HDD) capacity is dynamically increased while its size becomes slimmer and the read-write head
‘as tightened to move on the media. To reduce the swage effect of the new arm pad and head gimbal designed, all the configuration
f the boss tower can be studied to reduce deviation after swaging process. The high deformation has occurred whilst the ball was
1ssing through the boss tower as simply shown in Figure 4. The swaging process results in elastic-plastic deformation of boss tower
kd actuator arm hole. This deformation can cause disturbance in desired spring characteristic of the suspension on the actuator arm,
hown as the gramload changes from its design value, and change to desired torque out. Since gramload and torque out are the critical
wrameters affecting the slider flight height and op-shock performance of hard disk drives, investigating the swaging process that
iduced base plate and arm deformation, HSA property and torque out change are of main focus. However, it is necessary to clarify
ke dimension of the boss tower profile to reduce swage effect and for single ball swaging.

The first study, Wadhwa [1] analysed the ball swaging process using an axially symmetric model, and Kittipong [2] numerically
rified the deformation of the entire arm and HGA but the accuracy of the simulation has yet to be verified through experimentation.
oki and Aruga [3] analysis using a three-dimension finite element was based on a symmetrical model for an actuator inner arm and
o attached base plates. These studies provide a better understanding of the base plate deformation. In Jian Yang [4]’s analysis using

Mhree-dimension finite element to study gram load changes, helps to understand the relationship between deformation and gram load

janges. Some recommendations on having a spacer key to reduce swage effect and resonance analysis by three dimensional finite

*ment analysis model were given [5-8]. Athena Jiao et al. [9] found that the ball size introducing a 15% deformation is preferred for
.onance performance.

Whe aim of this research is to study the effects of the boss tower parameters and to optimize the use of single ball swaging process.
e current boss tower will be developed to be used for-a single ball in swaging process. The swaging process is investigated by
-forming explicit dynamic finite element analysis (FEA) using a commercial program ANSYS/LS-Dyna [10]. Initial study is on an

m coupon and validation then move into experiment with ten base plates and six arms in the assembly as a prototype in actual
scess. The clamping force in a single ball swaging process is considered constant; its velocity remains constant in the top-to-bottom

wection.

II. GOVERNING EQUATION

The Figure 4 shows the diagram of the swaging structure. Inherently, the swaging process is a sophisticated problem of metal
msformation involving three objects which includes base plate, arm and swage ball that are different in shape and material
wperties.

Thus, the complete model for the swaging process would be extremely complicated and will be affected by a number of parameters.
mny factors are involved which all contribute to the shift of the HSA characteristics. In this paper, the focus is on how to use a one-
1to assemble HSA while maintaining the HSA characteristics. Many parameters relatively were varied.

www.ijsrp.org
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(a) (b)
Figure 4: (a) Swaging schematic (b) Arm aperture model as thick cylinders

he governing equation of swaging process can be written in equation

oa,+a,—00=0 M
or r

nd
ate 2d% 1 d% 1 db_ &
s a3 P2 g2 03 dr

vhere 0, and oy are radial and circumferential stresses respectively and ¢ is the Airy's stress function is in the form
¢:§r2+ﬂlogr ©)

o simplify the theoretical model and make it is reasonable, the deformation occurring in the swaging process is considered as thick
wlinder as shown in Figure 4(b). In absence of body. force for this axisymmetric, Lame formula can be used here to calculate the
wess generated at different locations [9].

L pa =Pl (p-Pias 1

4)
6 b2 42 %2/_ 20002
N ¢ pa2 —pb? __(ﬁ:[’)azbz vt 5)
r p AN AN

1e displacement can be derived using the formula below.

% 2 Wki12 292 =P
1 (-v)pa“~Pb )r+(1+v)a be(p P)r

a (6)
r E b2 =g b2 — a2

ith Tresca rules applied [9], then further relationship can be derived, material will begin to yield when 7,4, the maximum shear
sess, is equal to 7, the yield stress. Since oy and o; are principal stresses, yielding will begin when

g,-0
T = —6 r =7 (7)
max 2 y
fww define a radius r, so that region a < r <r, is in the plastic region and r, <r < is in the elastic region then obtain
p
o =-2r log—= TSy 8
r y g pr P L

p

{we ball size will affect the inner pressure applied to the boss tower and then further engage to an arm hole. The relationship between

M size and the inner pressure force is as well as the degree of plastic deformation of base plate and boss tower. In the actual swaging

rcess, the base plate's boss tower is more complicated than in the simulation. Thus, the finite element analysis will be used to study
the single ball swaging to approach this behaviour.

[II. SWAGING NUMERICAL MODEL

The finite element simulation of a single ball swaging process was performed with the commercial software package. The explicit
namics simulation, the equilibrium equations in dynamic analysis can be written in the form

o0 0

ere [M] is mass matrix, F is the vector of externally applied load and / is the vector of inertia forces. The mathematically
~wilibrium relation is a system of linear differential equations of second order. The solution can be obtained by finite difference
oression to approximate the accelerations and velocities in terms of displacement which can be written as
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RONES (u(i+])—2u(i)+u(i_l)) (10)
Ar?
[he error of calculation depends on stable increment of time as the relation is shown below
L

=minl —<
A’stable_ml . (1)

where L. is limited element edge length and c is velocity of longitudinal wave for an element is in the form

- /1+2,U (|2)
\' »p

,and u is Lame' constants can be written in terms of young's modulus and passion ratio as follows

/1:__2[‘;__ (13)
(I+v)1-2v)
E
= 14
3 2(1+v) (14)

The stable time expression mentioned for only one element in practically the LS-DYNA solver automatically calculates the
iinimum time step for each element based on its characteristic length and density. The smallest of these element time steps is called
me critical time step. The actual time step used during solution is the product of the current critical time step and a stability factor
msually 0.90). As elements distort during the analysis, their time steps are recalculated, However, an element’s time step is calculated
msed on its material properties (£, v, p) and characteristic length. The equation can be rearranged to find the required density of each
pement for a desired time step size. By adding the corresponding mass to these elements, the solution time will be reduced. This
‘ocedure is known as mass scaling and not recommended. In this paper, mass was not added to speed up run. A three-dimensional
-D) and a cross-sectional view of the finite element (FE) model used for swaging process of actuator arms are shown in Figure 5 and

Figure 5: Four base plate and three arms in the assembly for swaging simulation

Clamping Force

Figure 6: Cross-sectional view of four base plates and three arms in the assembly for swaging simulation

The swage torque out after the ball is driven through the boss tower the base plate and attached suspension was securely fastened to
actuator arm pad. The equation of swage torque can be derived from

T=rF (15)
[mere
F=uN (16)
«d now substitution eq. (16) into eq. (15) got
2 rlL
T=ru| P—db (17)
0 N
e

plify the eq. (17) obtain
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D
T =uPA N (18)
e
ahere T is HGA torque out, i is coefficient of friction, P is contact pressure, D is a diameter of swage hole, and ¥, is the number of
:ngaged element. Practically, an average pressure and contact area substitution in (18) to obtain HGA torque out. However, current
rocess has standard swage and micro-swage; the swage torque out relation of both can start from (15). For standard swaging,

T =r F (19)
s 5 s
Where ¥ =2mr u then
s ss
_ 2
Ts =4, 2/er (20)
solving for u
Ts
2717‘2
s
s for micro-swage start from eq. (15)
=r (22)
ms ms ms
«lving for u
Tms
H=— (23)
2mr
ms
rom Eq. (21) and (23) obtain
Ts Tms 4
— = 24)
22 2m?
s ms
s
rs2
T s @)
ms

muation (25) is theoretical micro-swage flange effect comparison where 7; is standard HGA torque out, T,, is micro-swage HGA
rque out, r; is radius of standard swage, r,, is radius of micro-swage. In this analysis, a nonlinear explicit dynamics analysis is
scformed. The swaged part of the base plate undergoes plastic deformation. Nonlinear material properties are considered. To save
1e consumption, the model is presented with three actuator arm tip, four base plates with part of hinges, four swage keys, and one
age ball. The inner spacer key was separated to two part of assembly for specific analysis, as shown in Figure 6. As for the
wperiment, six arms with ten headers are used.

IV. BOUNDARY CONDITIONS AND CONTACT SURFACES

During the swaging process, the constant clamping force at the outer key parts during swaging is constant and the arms are
«arated from each other by the spacer keys. In the FE model, the clamping pressure is applied as forces via force load curve. In other
ards, the swage keys, which are employed to simulate the clamping boundary at the arm contact condition, are partial modelled as
id bodies and does not include spacer key’s tail while the other components including actuator arm tip, base plates and hinges are
formable parts. The simulation uses the same load curve for ball speed for each heads and swage ball; and is forced to move in Z
ection only according to its load curve. The boss tower of the base plate is plastically deformed and joined to the arm. The contact
‘face between the ball and swaging boss, between the base plate and the arm, and the one between swaging boss and the clamp are

en into account in analysing the boss arm force. The friction coefficients for each contact surface are divided into two groups,

itact surface of assembly and part-to-part contact. The base plate, hinge and the suspension are made of stainless steel while the arm
<nade of aluminum. The swaging ball is made of stainless steel with hardened coating. Thus, the ball is simulated as a rigid body.
<¢ material models defined in the analysis are bilinear isotropic material and bi-linear kinematics hardening. The properties of the
merials used in the simulation are listed in Table 1. The interesting area will be defined as component name to recall in post

'CESSOT.

All the elements used in the analysis are eight-nodes brick elements. To further reduce the computing time, the model consists of

=t rigid bodies and deformable bodies. The actuator arm hole and the base plate’s boss tower are prepared and that the finer meshes
only required in the vicinity of the contact areas and the elements are coarser in the areas farther away.
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Table 1: Material properties for finite element analysis

s e Stainless st’:eylpe . Mate"a/l\sluminum
Elastic modulus, E (MPa) 190,000 71,016
Yield stress, Y (MPa) 206 275
Poisson ratio 0.32 0.33
Mass density (kg/m’) 7,889 2,700

V. FINITE ELEMENT MODEL VALIDATION

The boss tower and arm tip deformation results from FEA simulations for inner and outer arms are evaluated from the
isplacements value that measured from specific nodes compared to the reference plane. For all simulated cases, the results have
mdency to value from experimental data with strictly control the incoming part. However, the focus is on the effect of the boss tower

maintain the HSA characteristics with single ball which accompany with cost saving, there are some offset that must be controlled.
kese differences could be from some other effects that were not considered in the present analysis for sample swage shuttle. The

ustration of boss tower deformation from swaging process is shown in Figure 7 and 8.

Veceo sean

(b)

(a)

(b)

Figure 8: (a) Head #3 (b) Head #1 and 2 (c) Head #0 comparison boss tower X-section deformation
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VI. RESULTS AND DISCUSSIONS

In this study, the behaviors and characteristics of the base plate's boss tower profile after a completed swaging process are studied.
‘able 2 shows comparison between simulation and experimental results. This paper presented the results of screening parameters on
rocess optimization of key parameters for single ball swaging. The optimal parameter setting yield the optimum performance with
ree parameters after sereening from nineteen parameters. In this case, these parameters are main effect of the parameter variation.
‘he main parameters that affected HSA characteristics are the base plate relief ring width both DN and UP Tab as shown in Figure 9.

Table 2: Simulation and experimental results

Tip Height (inch) Tip Pitch (degree)
Parameters FEA result Actual data FEA result Actual data
Head 0 | Outer arm -0.00123 -0.00102 -0.572 -0.672
Head 1 | Inner arm 0.00031 0.00027 0.473 0.537
Head 2 | Inner arm -0.0006 -0.0009 -0.520 -0.517
Head 3 | Outer arm 0.00122 0.00118 0.437 0.543
Main Effects Plot for Tip_Ht Main Effects Plot for Tip_Ht
Data Means Data Means
Bor e RebefWidh o Type Boss Height Refief Ring Width Point Type
0.0003 4 \ : :::: 0.00015 ol * / I %’1‘.’
00002 - 0.0010 T ——————%
’ '\ N\ /

0.0001 4 T T T T T T
§ §.39 5,43 5.47 6.61 X 7.01 § 5.39 5.43 5.47 6.61 6.81 7.01
z ReliefDepth z [ ReiefRingDepth |

0.0003 0.00015 |

g 0.00010 ol

0.0002 .

0.00005
0.6001 4 . v
1.69 1.93 1.97 1.89 1,99 1.87

Figure 9: Main effect plot for (a) DN Tab, Tip_Ht (b) UP Tab, Tip_Ht

After the effects of three parameters i.e boss height, relief width and relief depth were screened from nineteen parameters, the
sult from the simulation will be used for optimal factor setting. The optimum parameter is shown in the Figure 10. The other two
«rameters were fixed at the same condition to find the proper relief ring width. Obviously from experiment, larger relief ring width
avides torque out a bit higher both two tabs for outer arm and comparable with the middle arm. UP tab should be small relief ring

«dth. On the other hand, DN tab should be large.

P T New uonl “Tie oblo. IS0
iq 4 7 L. g . i .
C S.4287 6.6167 1.8906 Cari [54287] [6.6167] [1.8906]
000000 ol s3e0  'Gew  Uileo 0.00000 10w 5,390 6.610 1.890
Composite - Composite :
Desirability ; Desirability :
0.00000 i 0.00000 j
Tip_Ht Tip_Ht T R
Targ: 0.0 Targ: 0.0
y = 0.0001 | _ y = 0.0003
d=0906491 , d = 0.83197
Tip_P Tip_P
Targ: 0.0 Targ: 0.0
y = -0.3292 y = 0.2810 {-_
d = 0.00000 d = 0.00000 {
Tip_R (S Tip_R (S
Targ: 0.0 . . Targ: 0.0
y = -0.0096 i ) i y = 0.0023
d=095205{ . _i.. I~ e d = 0.98832

(a)

(®)

Figure 10: Optimization (a) UP Tab (b) DN Tab
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From this analysis, it leads to new design of the boss tower by relief ring width optimization. A relief ring is not identical width
thich distance A is more than that B as shown in Figure 11. Figure 12 shows cross section of the optimal relief ring width. Moreover,
1is design is able to avoid HSA resonance (Nyquist frequency of using 256 servo sectors) similar to using loctite HGA to arm. The
xperimental results reveal that the frequency shifted from 11kHz to 12kHz. The actual part of HGA torque out, actual cross section,
1e actual HSA for ten headers are studied and tested and those results reveal that arm tip deformation is reduced as shown in Figure
3. The HSA ten header with single ball swaging was tested the resonance of FRF, the result are acceptable and shift the 11.5kHz to
ywer frequency to avoid resonance. Also found that the single ball swaging process for ten headers approach to KPIV chart model.
he effects of swage shuttle, spacer key land on swaging process will be used as STX DFM.

l Distance A

Distance 8
—

I

Distance A>B

Figure 11: Optimal relief ring width

»|

Lew

e W e

B Cross Section A Cross Section

o eed iy eiiceer

Figure 12: Cross section of the optimal relief ring width

(b)
Figure 13: Relief ring width (a) Optimized cause less deformation both TAB UP and DN (b) Non-Optimized
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VII. CONCLUSION

In this paper, the behaviors and characteristics of the base plate's boss tower profile were studied. The analysis reveals that the
elief ring width should be a main focus when using single ball in swaging process. The analysis leads to a new design of the boss
ower by combination of optimal relief ring width together. Figure 11 illustrates a schematic diagram of a perimeter of relief ring. In
articular, Figure 12 and 13 illustrate how the perimeter varies from a minimum compression force to a maximum compression force,
“he experimental result also shows that the arm thickness is not related to HGA torque out. Still, the impact to arm tip deformation
zads to resonance frequency. The new design of boss tower is able to apply with thin arm for reduction of the arm tip deformation.
‘rom analysis, the relief ring depth excessive results in flange effect. A small top transition angle can reduce the boss tower
eformation. The very low bottom transition angle results in swage push out defect. The backbore diameter is used for boss tower
inging. Although relief ring is mainly a potential impact to HSA quality, for a single ball swaging, not only relief ring is improved, in
ctual process some parameters also are slightly adjusted to keep HSA characteristics CTQ and swage push out is decreased; thus a
ontact angle is recommended. Back bore chamfer is required to reduce suspension weight, right angle can be ignored for back bore,
When re-work is considered, there is no impact to the installed head due the same ball size is used and just passed through. However,
KSA lower header has lower impact to HSA characteristics because long distance has more chance to face swage damage if ball speed
. increased. The dimension of spacer key land should be controlled to ensure that other defect will not occurred during swaging
wocess. From eq. 25, with STX boss tower the standard swage has HGA torque out approximately two times of micro-swage.
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Abstract. In hard disk drive manufacturing common uses ball swaging. It is a process that used to
assemble a boss tower and an arm aperture. The swage ball has a larger diameter than an inner
diameter of the boss tower. Application a compression force to the inner surface of the boss tower to
hold both components together with adequate holding force and without damaging the boss tower
components result in HGA torque retention. Measurements of HSA KPIV after swaging obtained
from deformation of base plate and arm pad together. Due to hard disk drive is dynamically developed
by increasing in the areal density and reducing in size, thus the arm pad is thinned. This study focuses
on reducing of the swage effect by control outer arm pad deformation to maintain HSA performance.
HGA torque retention was considered to reduce gap to arm and to avoid HSA resonance while
swaging quality was similar. The 3-D FE method was used for analysis. The analysis and experiment
show that HGA torque retention and the arm aperture modified was almost linear. Furthermore, the
reduction of arm deformation and gap to arm cause increasing in HSA performance. The arm aperture
can be modified for manufacturability.

Introduction

In the hard disk drive (HDD) manufacturing process, ball swaging has long been a common process.
The process assembles the Head Gimbal Assembly (HGA) base plates with actuator arm called the
head stack assembly (HSA). A base plate includes a flange having a top surface and an opposing
second surface; and a boss tower having a swage hole and extending from an area where the boss
tower meets the top surface of the flange to an end surface of the boss tower. The base plate is a
component of a swage coupling assembly that is coupled to a component having an arm aperture as
shown in Figure 1. The Figure 2 shows the configuration of the arm hookup and the figure 3 shows
arm pad which become thinner. During the swaging process, the ball is inserted through the boss
tower to swage couple the boss tower to the arm aperture that clamped by swage keys. The swage
ball applies a compression force to the inner surface of the boss tower, therefore the boss tower
expands to hold the second component to the first component with adequate holding force and
without damaging the boss tower. The base plate and arm tip deformation cause an effect to many
Critical To Quality parameters (CTQ) [1].

(a) (b)

Figure 1 (a) Components of a base plate (b) the Head Stack Assembly for swaging process
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Figure 2 Arm Configuration

Arm Pad Thickness

Figure 3 Arm Pad or Swage Pad thickness

At present, the hard disk drive (HDD) capacity is dynamically increased while its size becomes
slimmer and the read-write head was tightened to move on the media. To reduce the swage effect of
the new arm pad and head gimbal designed, all the configuration of the arm pad can be studied to
reduce deviation after swaging process. The swaging process results in elastic-plastic deformation of
boss tower and actuator arm hole. This deformation can cause disturbance in desired spring
characteristic of the suspension on the actuator arm, known as the gramload changes from its design
value, and change to desired torque out. Since gramload and torque retention are the critical
parameters affecting the slider flight height and op-shock performance of hard disk drives,
investigating the swaging process that induced base plate and arm deformation, HSA property and
torque retention change are of main focus. However, the boss tower profile was able to reduce swage
effect for single ball swaging [1].

The first study, Wadhwa [2] analysed the ball swaging process using an axially symmetric model,
and Kittipong [3] numerically verified the deformation of the entire arm and HGA but the accuracy
of the simulation has yet to be verified through experimentation. Aoki and Aruga [4] analysis using
a three-dimension finite element was based on a symmetrical model for an actuator inner arm and
two attached base plates. These studies provide a better understanding of the base plate deformation.
In Jian Yang [5]’s analysis using a three-dimension finite element to study gram load changes, helps
to understand the relationship between deformation and gram load changes. Some recommendations
on having a spacer key to reduce swage effect and resonance analysis by three dimensional finite
element analysis model were given but for very thin arm still need to study [6-9]. Athena Jiao et al.
[10] found that the ball size introducing a 15% deformation is preferred for resonance performance.

The aim of this research is to study the swage effects of the HSA in swaging process. The current
boss tower and arm pad will be developed to be studied in swaging process. The swaging process is
investigated by performing explicit dynamic finite element analysis (FEA) using a commercial
program ANSYS/LS-Dyna[11].

Governing Equation

Inherently, the swaging process is a sophisticated problem of metal transformation involving three
objects which includes base plate, arm and swage ball that are different in shape and material
properties. Thus, the complete model for the swaging process would be extremely complicated and
will be affected by a number of parameters. Many factors are involved which all contribute to the shift
of the HSA characteristics. The important parameter is relief ring. Shape of boss tower was developed
while arm pad is being designed [1]. In this paper, the focus on reduction of swage effect for ball
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swaging to assemble HSA while maintaining the HSA characteristics. Modified arm aperture will be
considered.

The swage torque out after the ball is driven through the boss tower the base plate and attached
suspension was securely fastened to the actuator arm pad. The equation of swage torque can be
derived from

T=rF m
Where
F=uN (2)

And now substitution Eq. 2 into Eq. 1 got

2
i 3)
0 N
4
Simplify the Eq. 3 obtain
D
T= yPAE *)

where T is HGA torque out,  is coefficient of friction, P is contact pressure, D is a diameter of swage
hole, and A, is the number of engaged element. Practically, an average pressure and contact area
substitution in Eq. 4 to obtain HGA torque out. However, current process has standard swage and
micro-swage; the swage torque out relation of both can start from Eq. 1. For standard swaging,

T =rF ' (5)
s s 8
Where F =2» u then
) s s
= 2
Ts e 27rrs (6)
Solving for u
T
p=— (7
2m
)

As for micro-swage start from Eq. 1

=r F (8)
ms ms ms
Solving for u
T
u=—" )]
27tr2
ms
From Eq. 8 and 9 obtain
TS — Tms (10)
27;7'2 2ﬂr2
§ ms
Thus
I‘z .
T =27 an



Equation 11 is theoretical micro-swage flange effect comparison where 7 is standard HGA torque
out, Ty, is micro-swage HGA torque out, r, is radius of standard swage, 7, is radius of micro-swage.
Equation 11 was not mentioned or related to the performance of HSA but just demonstrates the arm
aperture size and HGA torque retention. In this analysis, a nonlinear explicit dynamics analysis was
performed. The swaged part of the base plate undergoes plastic deformation. Nonlinear material
properties were considered [1]. As for the experiment, three arms with four headers were used. The
arm aperture was being modified as shown in Figure 4. The distance x and arm thickness were varied
and HGA torque retention was determined.
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(a) (b)

Figure 4 Condition and configuration of (a) arm aperture and (b) boss tower

Boundary Conditions and Contact Surfaces

During the swaging process, the constant clamping force at the outer key parts during swaging is
constant and the arms are separated from each other by the spacer keys. In the FE model, the ¢clamping
pressure is applied as forces via force load curve. In other words, the swage keys, which are employed
to simulate the clamping boundary at the arm contact condition, are partial modelled as rigid bodies
and does not include spacer key’s tail while the other components including actuator arm tip, base
plates and hinges are deformable parts. The simulation uses the same load curve for ball speed for
each heads and swage ball; and is forced to move in Z direction only according to its load curve. The
boss tower of the base plate is plastically deformed and joined to the arm. The contact surface between
the ball and swaging boss, between the base plate and the arm, and the one between swaging boss and
the clamp are taken into account in analysing the boss arm force. The friction coefficients for each
contact surface are divided into two groups, contact surface of assembly and part-to-part contact. The
base plate, hinge and the suspension are made of stainless steel while the arm is made of aluminum.
The swaging ball is made of stainless steel with hardened coating. Thus, the ball is simulated as a rigid
body. The material models defined in the analysis are bilinear isotropic material and bi-linear
kinematics hardening. The properties of the materials used in the simulation are listed in Table 1. The
interesting area will be defined as component name to recall in post processor.

Table 1 Material properties for finite element analysis

. . Type of Materials
MferialFroporties Stainles);psteel Aluminum
Elastic modulus, E (MPa) 190,000 71,016
Yield stress, Y (MPa) 206 275
Poisson ratio 0.32 0.33
Mass density (kg/m’) 7,889 2,700
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All the elements used in the analysis are eight-nodes brick elements. To further reduce the
computing time, the model consists of both rigid bodies and deformable bodies. The actuator arm hole
and the base plate’s boss tower are prepared and that the finer meshes are only required in the vicinity
of the contact areas and the elements are coarser in the areas farther away [1].

Results and Discussions

In this study, the arm pad aperture and boss tower was being modified and result of HGA torque
retention are studied. Table 2 shows HGA torque retention by modify arm aperture and boss tower.
The arm thickness was not related to HGA torque retention. The relationship of slot width and torque
retention is shown in Figure 5 from selected 10 mil arm thickness. HGA torque retention was rapidly
reduced at 0.813 mm of distance x. Therefore, this distance x of arm aperture was considered.

Table 2 HGA Torque retention (inch-0z)

Arm Thickness (mil)
Condition 8 10 12
Control 7.37 7.41 7.29
Slot 1 side* 6.10 5.93 5.99
Boss 1 slot** 5.90 6.20 6.10
Slot 2 sides* 5.80 5.72 5.90
Boss 2 slots** 5.23 5.42 5.38
Reduce Boss height 6.83 6.90 6.86
*Slot width at 0.813 mm

**Siot width at 0.813 mm

Slot width VS Torque retention

——>5lot 1 side Tarque
Retention (inch-oz)

~5|ot 2 sides Torque
Retention (inch-oz}

1] 0.5 1 1.5
Distance of X mm

Figure 5 Slot width versus torque retention at 10 mil arm thickness
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Figure 6 Experimental results of arm pad deviation at 10 mil arm thickness

Figure 6 reveals that the delta or differences of before and after swaging of arm height for arm
optimized were less than those for control. Hence, modified arm aperture was able to reduce arm
deviation after experience swaging process. Moreover, experimental results show all over minimum
specification of HGA torque retention.

exaggerated 2x

Figure 7 (a) Optimized arm aperture cause less deformation and gap to arm (b) Non-Optimized

Figure 7 shows arm aperture optimized cause less gap to arm and arm pad deformation. Thus, this
design was able to avoid HSA resonance (Nyquist frequency of using 256 servo sectors) which was
similar to using loctite HGA to arm.

Conclusion

In this paper, the arm aperture and boss tower were studied and focused on the outer arm. The
analysis reveals that the torque retention and circumstance reduced was almost linear until 0.813
mm of distance x where it was dramatically decreased. The analysis leads to a new design of the
arm aperture. The experimental result also shows that the arm thickness was not related to HGA
torque out. The gap to arm can lead to resonance frequency. The new design of arm aperture is able
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to apply with thinner arm for reduction of the arm tip deformation and gap to arm. In actual process
has limitation of the mid arm thickness because boss tower can not touch each other but in
machining of arm hook up need to have same arm aperture. When rework was considered, there is
not impact to rework process due to still use the same machine and method of rework process.
However, in this study the 10 mil arm thickness was regarded to modify the arm aperture, arm
thickness was smaller 10 mil that was not recommended because of non-optimum HSA KPIV (Tip
height, Tip pitch and Tip roll). In traditional swaging, arm aperture was larger than micro-swage
which circumstance of arm aperture was nearer arm edge than arm aperture in micro-swage.
Therefore, arm aperture in micro-swage should be positioned appropriately to arm edge. The
dimension of spacer key land should be controlled to ensure that other defect will not occurred
during swaging process. From Eq. 11, with STX boss tower the standard swage has HGA torque
out approximately two times of micro-swage. Modifying the arm aperture is prefered because
machining process is easier and has torque retention higher than the boss tower.
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Abstract— This paper is aimed at demonstrating the use of finite
element analysis for simulating a swaging process of hard disk
drive (HDD) a head stack assembly (HSA) to reduce the defect
from swage push out by focusing on the spacer key. A swaging
process is a material processing technique used fo connect a head
gimbal assembly (HGA) to an E-block becoming the so-called
head stack assembly by using swage balls with insert the spacer
key and remove it after process done. The finite element model is
3-dimensional where solid Lagrangian elements and the explicit
dynamics simulation are being used. The simulation results are
compared to those obtained from experimentation; it was found
that the result from finite element analysis agree with the
experiment results. Previous paper revealed that the defect swage
push out can be reduced by a proper spacer key hole diameter as
for HAS CTQ improvement can be improved by symmetry
ispacer key land. However, there is some part of the base plate
mthat required further investigation. The effects of base plate not
mconsidered in the present analysis, those items like the actual
sswage boss profile.
Index Terms— Ball Swaging ,Finite Element, Head Stack
Assembly, Spacer Key Land

[. INTRODUCTION

In the hard disk drive (HDD) manufacturing process, Ball
swaging is the common most important manufacturing
orocesses, which joints the Head Gimbal Assembly (HGA)
lase plates with actuator arm called the head stack assembly
HSA). The HGA base plate is a thin sheet component and
ncludes boss tower as illustrated in Fig. 1. The boss tower is
wized to fit within an opening in actuator arm to which the
1GA base plates to be mounted. During the swaging process,
Mhe ball is driven past through the boss tower into frictional
:ngagement with the inner surface of the opening in the
mctuator arm and clamped by swage keys. The base plate and
mttached suspension are thereby securely fastened to the
imctuator arm. But the base plate deformation will have effect
(w0 many Critical To Quality parameters (CTQ). There are the
warameters is the Swage Push out and spacer key land. It will
Megrade of securely fastened to the actuator arm and HSA
jmuality (CTQ). And one of swage push out came from the
Lwpacer key was being supported each suspensions. The swage
ush out has a large deformation of the boss tower or collapse

f the boss tower whilst the ball was passing through as

illustrated in Fig. 2. The spacer key land was being supported
under the base plate it can be degraded HSA CTQ.

The swaging process results in plastic deformation of HGA
base plate and actuator arm. This deformation can cause
disturbance in desired spring characteristic of the suspension
on the actuator arm, known as gramload changes from its
optimum value, and change to desired retention torque. Since
gram load and retention torque are the critical parameters
affecting the slider flight height and op-shock performance of
hard disk drives, investigating the swaging process induced
base plate and arm deformation, gramload and retention
torque change are of general interest. This, however, reduces
boss tower deformation. It is necessary to clarify the
dimension of the spacer key hole diameter to reduce swage
push out and maintain HSA CTQ by consider spacer key land

(a)

(b)
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(c)

Figure 1. (a) Components of a baseplate and (b) the assembly for swaging
process (¢) Spacer key

Wadhwa analysed the ball swaging process numerical using
an axially symmetric model as the early analysis of the ball
swaging process, and Kamnerdtong numerically verified the
deformation of the entire arm and HGA but the accuracy of
ithe simulation has yet to be verified through experimentation.
Aoki and Aruga analysed using a three-dimension finite

{selement analysis based on a symmetrical model for an actuator

Mnner arm and two attached base plates. These studies

mimproved the understanding of the base plate deformation.
Jian Yang analysed a three-dimension finite element analysis
;0 study gram load changes, greatly improved the
anderstanding of the deformation related with gram load
changes.

The aim of this work is to study the effects of the spacer
«ey in swaging process by three dimensional finite element

pmnalysis model (FEA), extends to increase spacer key life and
mprove HSA CTQ by study spacer key land. In the present
vork, the swaging process is studied by performing explicit

fdynamic finite element analysis (FEA) using a commercial
srogram ANSYS/LS-Dyna. Four base plates and three arms in

Mhe assembly are opted as a prototype to be studied. 2-Balls
waging process is considered, and its velocity maintains
onstant in the top-to-bottom direction.

II. SWAGING PROCESS MODELING

The finite element simulation of the ball swaging process

sas performed with the commercial software package. A
lwmree-dimensional (3-D) and a cross-sectional view of the
wite element (FE) model used for swaging process of
stuator arms are shown in Figure 2(a) and 2(b). In this
{wwmulation, a nonlinear explicit dynamics analysis is
rformed. If the stress is in the elastic deformation region,

¢ relationship between stress and strain is linear. After the
ess reaches the yield point, the relationship becomes
wnlinear. The swaged part of the base plate undergoes plastic
formation. Nonlinear material properties should be
nsidered. Geometric nonlinearity is also considered in this
alysis because the base plate undergoes large deformation at
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the swaged part, as shown in Figure 2b. The model includes
three actuator arm tip, four base plates with part of hinges,
four swage keys, and two swage balls. The inner spacer key
was separated to two part of assembly for analyze.

(a)

Clamping force

‘4 Y

RE@S 81 NABNEES

(b)

Figure 2. Four base plate and three arm in the assembly for swaging
simulation (a) all FE modelling (b) FE model cross section

The spacer key was divided as 2 parts for one common key
and able to move only in z- direction it was define as rigid
body. For this study there are 2 common key and 2 outer key,
various common key land was being study to find the best one
that not impact to HSA CTQ.

I1I. BOUNDARY CONDITIONS AND CONTACT
SURFACES
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During the swaging process, the constant clamping force
at the outer key parts during swaging is constant and the
arms are separated from each other by the use of spacer
keys. In the FE model, the clamping pressure is applied as
forces via force load curve. For simplicity, the swage keys,
which are employed to simulate the clamping boundary at
the arm contact condition, are modeled as rigid bodies while
the other components including actuator arm tip, base plates
and hinges are deformable parts. The simulation use the
same load curve for ball speed for each heads and swage
ball is forced to move in Z direction only according to its
load curve. The boss tower of the base plate is plastically
deformed and joined to the arm. The contact surface
between the ball and swaging boss, between the base plate
and the arm, and the one between swaging boss and the
clamp are taken into account in analyzing the boss arm
force. The friction coefficients for each contact surface are
separated as 2 groups, contact surface of assembly and part-
to-part contact. The base plate, hinge and the suspension are
made of stainless steel while the arm is made of aluminum.
The swaging ball is made of stainless steel with hardened
coating. Thus, the ball is simulated as a rigid body. The
material models defined in the analysis are bilinear isotropic
material and bi-linear kinematics hardening. The properties
of the materials used in the simulation are listed in Table 1.
All the elements used in the analysis are eight-nodes brick
elements. To reduce the computing time, the model consists
of both rigid bodies and deformable bodies. The actuator
arm hole and the base plate boss tower are prepared such
that finer meshes are only required in the vicinity of the
contact areas and the elements are coarser in the areas
farther away.

TABLE

MATERIAL PROPERTIES FOR FINITE ELEMENT ANALYSIS

Type of Material

Stainless |

Material Properties
, Aluminum
steel l
W lastic modulus, E
| 190,000 71,016

YMPa) ‘ ;

Yield stress, Y (MPa) 206 275

2oisson ratio 0.32 | 0.33

Jass density (kg/ma) j 7889 2700

V. VALIDATION OF THE FINITE ELEMENT MODEL

he base plate and arm tip deformation results from FEA
mulations for inner and outer arms are evaluated from the
[“Wsplacements value that measured from specific nodes
»mpared to the reference plane. For all simulated cases, the
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simulation results are tendency to value from experimentation.
However, it is focusing on the effect of the spacer key to
reduce the swage push out and extends the spacer key life
which accompany with cost spending for swage key shuttle
key, there is some offset that required further investigation.
These differences could be from some other effects not
considered in the present analysis. The illustration of boss
tower deformation from swaging process are shown in Fig.3

(b)

(c)

Figure 3. (a) Head #3 (b) Head #1 and 2 (c) Head #0 comparison boss tower
X- section deformation
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Figure 4. Large deformation due to spacer key hole diameter

TABLE 2
SIMULATION AND EXPERIMENTAL RESULTS

Tip Height (inch) Tip Pitch (degree)
Parameters FEA Actual FEA Actual

- result data result data
Head 0 | Outer arm | -0.00123 | -0.00102 | -0.672 -0.672
Head 1 | Innerarm | 0.00031 | 0.00027 0.473 0.637
Head 2 | Inner arm | -0.0006 | -0.0009 -0.620 -0.617
Head 3 | Outer arm | 0.00122 | 0.00118 0437 0.543

V. RESULTS AND DISCUSSIONS

The work studies the behaviors and characteristics of the
wase plate after a swaging process that become swage push out
wwroblem. The effects of changing the spacer key hole diameter
from nominal value was investigated. Based on the result of
is work, an offset could be diminished by improving the
[wsrecision of swage key shape and swage boss profile. The
~wesult from this simulation will be used for evaluation of
sroper spacer key diameter to reduce swage push out and
xtends the spacer key life also improve HSA CTQ by
pmpoecific proper spacer key land. Obviously, from previous
aper maximum spacer key hole diameter can be reduced 10-
[0 percent to maintain the back bore deformation and to
»duce spacer key land impact to HSA CTQ need the
i wommon spacer key come along to proper symmetry land with
| e suspension. To extend the spacer key life the hole must be
-oposed to has a inner chamfer equal to maximum diameter
[mat acceptable. The proper spacer key hole diameter come
ong with inner chamfer and symmetry land support able to
»duce the swage push out and extend the spacer key life also

Ot impact HSA
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Figure 5. Spacer key land not impact to HSA CTQ

CTQ too much thereby swage effect. Nevertheless,
improvement of the swage ball coefficient of friction able to
extend the spacer key life and improve some HSA CTQ. For
this preliminary study, the FEA simulation results are said to
agree ~well with the actual experiment. However, the
coefficient of friction must be considered and the
configuration of the boss tower profile must be considered
also.

The effect of the boss tower profile on swaging process
will be evaluated in future work.
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