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CHAIYAPAK SAJJAWATTANA : STUDY OF MECHANICAL AND
THERMAL BENDING OF THIN STAINLESS STEEL BY FINITE
ELEMENT METHOD. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG. Ph.D., 74 PP.

THIN STAINLESS STEEL/FINITE ELEMENT METHOD/GRAM LOAD

In suspension manufacturing, one of the most important factors is the
suspension preload or called “gram load”. Such factor controls the flying height
during the operation of the hard drive. The suspensions made of SUS 304 stainless
steel are formed in manufacturing process and further adjusted by mechanical bending
until the gram load is in a certain range. Finally, fine gram load adjustment is carried
out by heat treatment. This research aimed to determine the relationship between both
the bending displacement, and the amount of heat from laser and the changes of the
suspension of the gram load. The study was divided into two parts. The first part was
the recording of gram load during adjustment in the industrial process and the second
part is the simulation of the gram load adjustment process using finite element
method. The material properties were obtained from the tensile testing. The tensile
test pieces had a thickness of 0.025 mm, which was similar to that of suspensions.
Then the suspension CAD model was generated and the simulation of gram load
adjustment process was carried out using ANSYS Workbench 12.0. The bending
displacements were set in the range of 2-3 mm with respect to the reference height.
The amounts of heat supplied to the suspension were from laser shining 5-6 watts for

time 0.5 seconds. The simulation results suggested that mechanical bending led to the



0.15-1.80 grams decrease in gram load and the laser treatment could decrease gram
load for 0.17-0.23 grams. Such results were due to the change in suspension shape

which became less bent.
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HGA Head Gimbal Assembly
HSA Head Stack Assembly
RPM Revolution per Minute
MC Mechanical Adjustment
LS Laser Adjustment

SA Static Attitude Adjustment
PSA Pitch Static Attitude

RSA Roll Static Attitude

E; Young’s Modulus

U; Poisson’s Ratio

aq Average Heat Flux by Laser
A Heat Absorption by Laser
P Laser Power

r Laser Beam Radius
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Unit in mm. R25.61
12.5
58 —
58 ! ! 60 ‘J
205

(3 1

1 Y
1 3.1 G]’J’E]EJN%‘L!\?WHWﬂﬁ’E]TJLﬁQﬁW]HJiJWG]iﬁTLl ASTM ES8

Qan

~ 2 < Y 9y a ' =)
m‘iEJSJ‘HUN‘L!LWﬁﬂﬂﬁWlliﬁUM!,NuUNLﬂiﬂ SUS 304 U4ANUKUI 25 hliJIﬂiLiJG]‘i

Y
gﬂﬁugﬂiu 2 AN A0 NANINATUUUITA (Rolling Direction) AL AANIIVIIILUIITA

s s
v Aa %

(Transverse Direction) 31N U UAAAY LNVTAAITIUIAT A (Strain gauge) ¥UA KFG-5-120C1-
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Tensile Stress (MPa)
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Tensile Test SUS 304 Transverse Direction
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Tensile Test SUS 304 Transverse Direction
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317 3.10 Drawing 111131299984 Load Beam
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gﬂﬁ 3.11 Drawing 111191299984 Mount Plate

517 3.12 Drawing 1111131099904 Hinge
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Mount Plate

Load Beam
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Fixed
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Ta51n33 ANSYS Workbench 12.0 taaalua135199 3.1

M13199 3.1 AaNIiArINaves SUS 304

Properties Isotropic Unit
Density 8.07(10°% kg/mm3
Young’s Modulus 2.07(105) MPa
(Poisson’s ratio) 0.32 -
Thermal expansion 1.36(10") o’
Yield Strength 1200 MPa
Tangent Modulus 3000 MPa
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Abstract

In suspension manufacturing, one of the most important factors is the suspension preload or so
called “gramload”. Such factor controls the flying height during the operation of the hard drive. The
suspensions made of SUS304 stainless steel are formed in a metal die and further adjusted by
mechanical bending until the gramload is in a certain range. Finally, fine gramload adjustment is carried
out by laser treatment. Although such processing has been commercially applied to suspension
production for many years, there is no clear explanation on the principle responsible for the change of the

gramload due to bending and laser heat treatment. Therefore, the objective of this work was to study the

effect of bending and further heat treatment on the mechanical behavior of thin SUS304 stainless steel

sheet using the finite element method.

The results of this work can be used explain the mechanical

response of the suspension after bending and after heat treatment.

Keywords: Thin Stainless Steel, finite element method, gramload.

1. Introduction

To increase the areal densities in
magnetic recording media such as disk in hard
drive, many researches have been conducted to
obtain a technology to reduce the fly height to
only few nanometers or even sub-nanometers.
The developed technologies lead to a more
susceptible to reliability issues. The current
productions of hard drive required 10 nm fly
height to be achieved and one of the most
important issues is the stability of sliders during
operation. Slider is loaded and flying above (or
below) the rotating disc during read/write
operation. The stability of the slider is controlled
by various parameters. The most important one

is the suspension preload referred as to
“Gramload”. Not only the materials properties but
also the shape of the hinge of the suspension
determines the gramload. Previous study [1] have
been focused on 1) the extrinsic materials
properties such as the prestress caused by
bending and surface roughness and, 2) changes
of the shape of the hinge. Both can be adjusted
by laser treatment. It is however the surface of
the materials of such area does not drastically
change in our studied suspensions. Therefore,
this study is aimed to better understand what
causes the changes of the gramload.

The suspensions used in our study were
initially processed by mechanical forming. The
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gramload values were measured after forming.

The suspensions were then subjected to further
mechanical adjustment i.e. bending and were
finally fine tuned with the laser treatment.

From the view point of materials science,
such processing may cause the change of
mechanical properties of materials. The materials
used for suspension is SUS304 which is the
austenitic stainless steel. The microstructure of
this material can be altered by plastic deformation
and thermal treatment. In the annealed condition,
the microstructure of SUS304 mostly consists of
austenite. After subjected to plastic deformation,
the austenite transformed into «'-martensite. This
cause some changes in elastic moduli since the
elastic moduli of austenite and martensite are
different [2]. One may estimate the elastic
modulus of SUS304 consisting of both martensite
and austenite by using rule of mixture as given by
equation

E .= E(:“Xf” +E X, . GPa (1)

E, =2157-0.0692-T GPa (2)
E, =237.3-0.0692-T GPa (3]

where X s volume fraction of y
Xm',l is volume fraction of o
E, s young's modulus of y
E,.., is young's modulus of o
T is temperature (°C)

Although the difference between these
values is not significant for most mechanical
parts, but in the case of the hard drive
suspensions which are fairly thin, such small
difference may enough to alter the gramload of
the suspension.

Therefore, this study was aimed to
understand the role of both mechanical bending
and the laser treatment on the changes of
suspension shape and elastic modulus which in
turn cause the change in gramload.

2. Experimental Procedures

This study was conducted by the
measurements of gramload at each step of the
processing and the comparison between the
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measurement gramload values and the simulation
gramload values.
2.1 The measurements of gramload

The gramload measurements were
carried out after each step which is mechanical
forming, mechanical bending adjustment, and
laser treatment. For the laser treatment, the
average power laser used was 4.355 W. The
laser beam profile was TEMy, and the beam size
was 1 mm. in diameter. Only the hinge area was
laser shined. The final measurement of gramload
was carried out at various displacements in Z-
axis.
2.2 Finite Element Method
Mechanical Simulation

The numerical
performed using finite element simulation
software ANSYS V120 [3]. Table 1 is the
thermophysical and mechanical properties of
SUS304.
isotropic  and incompressible during plastic
deformation. Strain rate effects are neglected.

simulations were

The material was assumed to be

Table. 1 the thermophysical and mechanical
properties of SUS304

Materials Unit
Properties
Young's Modulus 200 GPa
Poisson's ratio 0.29 MPa
Yeild Strength 250 MPa
Density 7.85 kg/m’
Thermal expansion | 1.20E-05 1rC
Specific heat 434 J/kg°C

The gramload values of the suspensions
were simulated at various conditions in order to
study the effect of the difference in the
parameters such as shape, and modulus of
elasticity on the suspension gramload. Such
conditions were listed below.

a) The shapes of two suspensions were
different i.e. the bended angles.

b) Two suspensions had identical shapes
but the moduli of elasticity of the hinges were




slightly different. The assumption of the difference
in modulus of elasticity is based on the existence
of O'-martensite after mechanical forming.

?

Base Plate Hinge

Load Beam

Fig. 1 Mechanical bending adjustment

Thermal Analysis
Thermal analysis was also carried out in

order to obtain the temperature distribution and
the distortion of the hinge part after laser
treatment. The laser beam exhibited Gaussian
distribution and thus the simulation assumed
average power transmitted into the exposed area
according to the equation [4];

0.8654P @

ar

§=

where g is the mean heat flux density
within the area of the laser beam, A is the
absorption of the cold rolled stainless steel to
laser was assumed to be 0.374. This value was
measured by Bergstrém et al. [5]., P is the laser
power, ¥ is laser beam radius. Other
assumptions are listed below [6];

a) Heat conduction in the specimen is
considered whereas convection between contact
boundary is neglected.

b) The latent heat due to phase changes
is neglected.

/ I
Fig. 2 Heat treatment by laser process

3. Results and Discussion

3.1 Suspension gramload
The suspensions were mechanical
formed into the preshape having a much higher
bend angle than the final shape. The gramload

values at different displacement in Z- axis were
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measured and plotted in Figure 3. The
suspensions were then subjected to further
mechanical bending adjustment to obtain the
closer values of both final shape and gramload.
The bended angles become less after adjustment.
The difference in gramload values of suspensions
after mechanical forming and those after
mechanical adjusted is usually in the range of 1

gram.

1.60

1.40 o

1.20 o

1.00 o

0.80 -+

0.60 =

040 <

Gramload-Difference (gram)

0.20 4

0.00 T T T T

0 0.2 0.4 0.6 0.8 1
Displacement in zaxis {mm)

Fig. 3 The plot of the gramload difference versus
different displacement in Z-axis. They exhibited
linear relationship since the material was in the

elastic deformation regime.

Fine gramload adjustment was carried
out by laser treatment. This caused small
changes in suspension shape and gramload. The
changes in bended angles are usually less than
1° whereas the changes of the gramload are in
the range of 0.01-0.02 gram.

3.2 Finite Element Method
Mechanical Simulation

a) By using the two suspension models
having the difference in the bended angles of the
hinges, the simulation results indicated that the
gramloads were altered as shown in the plot of
the difference in gramload versus the different
bended angles in Fig. 4.
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Fig. 4 Simulation results showing the difference in
gramload versus the different bended angles.

b) In the case of the two suspensions
having identical shapes but their moduli of
elasticity were slightly different. The gramload

changes significantly as shown in Fig 5.
0.07

0.06

0.05 +

0.04 4

0.03 +

0.02 +

0.01 +

Gramload-Difference (gram)

0

200 205 210 215 220 225
Modulus of Elasticity (GPa)

Fig. 5 The difference in gramload versus modulus
of elasticity.

According to these results, the changes
in gramload due to mechanical bending can be
caused by both reasons. The mechanical
bending adjustment in the manufacturing process
produced a big difference in bended angles i.e.
less bended angles and thus smaller in gramload.
The plastic accompanied with
bending should be high enough to also cause

deformation

some strain-induced martensite. In this case the
gramload should have been increase. However,
the gramload actually decrease so that the
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decrease of gramload is rather caused by the
changes of bended angle. The confirmation of
strain-induced phase transformation by further
microstructure investigation is underway.

Thermal Analysis Results

Figure 6 — 1, 6 - 2 shows the transient
temperature distribution on hinge, base plate, and
load beam, as a result of the laser treatment for
500 ms. The highest temperature was
approximately 366.85°C. According to the result
the retransformation from martensite back into
austenite should not take place since previous
studies reported that the required temperature for
such retransformation is approximately above 550
"C. Although the highest simulation temperature
seems to be high enough to cause discoloration
as suggested by Ref. [7], but it is only few
is at the high
Therefore, oxidation might occur

seconds that the material
temperatures.

slightly and cannot be detect by naked-eyes.

Fig. 6 - 1 The temperature distribution on hinge.
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Fig. 6 - 2 Numerical solution of the temperature at
the center of the laser heated surface on hinge.

The distortion of the suspension after
exposed to the laser is however quite significant
(Fig. 7) and thus this can attribute to the change
in gramload of the suspension.

Fig. 7 The distortion of hinge after laser

treatment 500 ms.

5. Conclusion

The simulated results showed that some
small changes in elastic modulus leaded to
significant changes in gramload. The differences
in bended angle of the hinge also leaded to
changes in gramload difference i.e. gramload
decreased as the bending angle decreased. By
using a laser treated on the hinge, the contraction
during cooling resulted in slightly change of the
bended angle and thus gramload could be slightly
altered.
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ABSTRACT

In suspension manufacturing, one of the
most important factors is the suspension preload,
also known as ‘gram load”. Such factor controls
the flying height during the operation of the hard
drive. The suspensions made of SUS304 stainless
steel are mechanical formed into preform and then
further adjusted by mechanical bending until the
gram load is in a certain range. Finally, fine gram
load adjustment is carried out by applying heat
treatment to the bended area. Although such
processing has been commercially applied to
suspension production for many vyears, there is
unclear explanation on the principle responsible for
the change of the gram load due to bending and
laser heat treatment. The aobjective of this work
was to study the effect of bending and further heat
treatment on the mechanical behavior of thin
SUS304 stainless steel sheet using the finite
element method. Therefore, the results of this work
could be used to explain and predict the mechanical
response and heat treatment effects on the
suspension manufacturing.

1. INTRODUCTION

The current productions of hard drive required 10
nm fly height to be achieved and one of the most
important issues is the stability of sliders during
operation. Slider are loaded and flying above (or
below) the rotating disc during read/write operation.
The stability of the slider is controlled by various
parameters. The most important one is the
suspension preload referred to as “Gramload”. The
suspensions are usually composed of 3 pieces of
SUS304, which are base plate, hinge, and load
beam as shown in Figure 1. The gramload values
depend upon the materials properties and the shape
of the hinge of the suspension. Previous study [1]
have been focused on 1) the extrinsic materials

properties such as the prestress caused by bending
and surface roughness and, 2) changes of the shape
of the hinge. Both can be adjusted by laser heat
treatment. It is however the surface of the materials
of such area does not drastically change in our
studied suspensions. Therefore, this study is
aimed to better understand what causes the
changes of the gramload.

The suspensions used in our study were
preformed by mechanical forming. The gramload
values were measured after forming. The
suspensions were then subjected to further
mechanical adjustment ie. bending. Finally, the
suspension gramloads were adjusted to the final
value by the laser treatment at the hinge.

From the view point of metallurgy and
materials science, such processing may cause the
change in mechanical properties of materials. The
materials used for suspension is SUS304 which is
the austenitic stainless steel. The microstructure of
this material can be altered by plastic deformation
and thermal treatment. In the annealed condition,
the micrastructure of SUS304 mostly consists of
austenite.  After subjected to plastic deformation,
the austenite transformed into o'-martensite. This
cause some changes in elastic moduli since the
elastic moduli of austenite and martensite are
different [2]. The elastic modulus of SUS304
consisting of both martensite and austenite may be
estimate simply by using rule of mixture as given by
equation

Emu' = E(V)X(V) + E(Q)X(a') GPa (l)
E(F) = 2157 - 0.0692-T GPa (2)
E(a'] = 2373 -0.0692-T GPa (3)
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where X, is volume fraction of y
Xan is volume fraction of o’
Eq is young's modulus of y
Een is young's modulus of o'
T is temperature (°C)

Although the difference between these
values is not significant for most mechanical parts,
but in the case of hinge in suspension which are
fairly thin (about 20 wm), such small difference may
alter the gramload of the suspension, significantly.

Therefore, this study was aimed to
understand the role of both mechanical bending and
the laser treatment on the changes of suspension
shape and elastic modulus which in turn cause the
change in gramload.

2. EXPERIMENT
The gramload values after finish each

step of the processing were measured
experimentally and simulated.. The results were
then compared. Details of the suspension

processing and the simulation are as follows.

21 The measurements
suspension processing

The gramload measurements were carried
out after each step which are mechanical forming,
mechanical bending adjustment, and laser
treatment. For the laser treatment, the average
power laser used was 4.3656 W. The laser beam
profile was TEMy, and the beam size was 1 mm. in
diameter. Only the hinge area was laser shined.
The final measurement of gramload was carried out
at various displacements in Z-axis.

of gramlecad in

2.2 Finite Element Method
Mechanical Simulation

The numerical simulations were performed
using finite element simulation software ANSYS
V12.0. The Johnson-Cook plasticity model was used
for prediction of the response of materials. The
eguivalent Von Mises flow stress o is given by the
eguation (4);

c=(A+Be")(1+CE™) 4

where & is the equivalent plastic strain, " = £ /&,
is the dimensionless plastic strain foré; = 1 571 A,
B, C, and exponent n are four material constants
which are initial yield stress, hardening constant,
strain rate constant and hardening exponent,
respectively. Table 1 shows material properties and
Johnson-Cook parameters of SUS304 [3], which
used for FEM simulation. Adaptive mesh was
used.The base plate and load beam were modeled
with 3D solid elements whereas the hinge was
modeled with shell element model.

Table.1 The material properties and Johnson—Cook
parameters of SUS304

Materials Properties Unit
Young's Modulus 200 GPa
Poisson's ratio 0.29 MPa
Yield Strength 250 MPa
Density 7.85 kg,’m3
Thermal expansion  1.20E-05 1/°C
Specific heat 434 Jikg°C
A 310 MPa
B 1000 MPa
c 0.07
n 0.65

The gramload values of the suspensions
were simulated at various conditions in order to
study the effect of the difference in the parameters
such as shape, and modulus of elasticity on the
suspension gramload. Such conditions were listed

below.

a) The shapes of two suspensions were
different i.e. the difference in bending angles of
hinges.

b) Two suspensions had identical shapes
but the moduli of elasticity of the hinges were slightly
different. The assumption of the difference in
modulus of elasticity is based on the existence of
o'-martensite after mechanical forming.

Mechanical
Pushing
— l Amount of
f \ Bending
Base Plate Hinge
Load Beam

Fig. 1 Mechanical bending adjustment

Thermal Analysis

Thermal analysis was also carried out in
order to obtain the temperature distribution and the
distortion of the hinge part after laser treatment. The
laser beam exhibited Gaussian distribution and thus
the simulation assumed average power transmitted
into the exposed area accaording to the equation [5];

_ _ 0.8654P

Tr2

(5)

Where § is the mean heat flux density
within the area of the laser beam, 4 is the
absorption of the cold rolled stainless steel to laser
was assumed to be 0.374. This value was
measured by Bergstrém et al. [5]., P is the laser
power, T is laser beam radius. Other assumptions
are listed below [6];

a) Heat conduction in the specimen is
considered whereas convection between contact
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boundaries is neglected.
b) The latent heat due to phase changes is

neglected.

Fig. 2 Heat treatment by laser process

Z-Height
Position

3. ANALYSIS

3.1 Measured Suspension gramload

The suspensions were mechanical formed
into the preforms having a much higher bend angle
than the final shape. The gramload values at
different displacements in Z- axis were measured
and were reported in the form  of
gramload-difference values (compared with the
initial gramload value at the reference height) as
shown in Figure 3. The gramload versus
displacements in Z- axis exhibited linear relationship
since the materials was in the elastic deformation
regime. The gramload-difference values obtained
from FEM simulation results are also shown in
Figure 3. It can be seen that both experimental
and simulation results show the linear relationship
between gramload-difference values and different
displacement in Z- axis. The gramload-difference
values predicted by simulation is however higher.
than those found experimentally.

* Experimental
M Simulation

0.6

Gramload -Difference (gram)
g
@

0.4

0.2

0.0
o 0.1 0z 0.3 0.4 05 06 o7

Z-Height Displacement (mm)

Fig.3 The gramload difference versus
different displacement in Z-axis, which obtained
experimentally, and from the FEM simulation.

The preforms were subjected to further
mechanical bending adjustment to obtain the closer
values of gramload. The bending angles of hinges
become less after mechanical adjustment. The
difference in gramload values of suspensions after
mechanical forming and those after mechanical

adjusted is usually in the range of 1 gram. Fine
gramload adjustment was carried out by laser
treatment. This caused small changes in suspension
shape and gramload. The changes in bending
angles are usually less than 1° whereas the changes
of the gramload are in the range of 0.01-0.02gram.

3.2 Finite Element Method
Mechanical Simulation

a) By using the two suspension models
having the difference in the bended angles of the
hinges, the simulation results indicated that the
gramload values at Z-height were differnt as shown
in Fig. 4. The increase of bending angle increases
the gramload values at Z-height.

0.04

0.02

0.02

0.01

0.01

Gramload Difference at Z-Height (gram)

0.00

Angla-Differrence (degree)

Fig.4 Simulation results showing the difference in
gramload versus the different bended angles.

b) In the case of the two suspensions
models having identical shapes but their moduli of
elasticity were slightly different. The gramload at
Z-height changes significantly as shown in Fig 5.

0.06

0.05 4

0.04 q

0.03 4

Gramload-Difference at Z-Height (gram)

1] 5 10 15 20

Modulus of Elasticity-Differrence (GPa)

Fig.5 The difference in gramload versus modulus
of elasticity difference.
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According to these results, the changes in
gramload due to mechanical bending can be caused
by both reasons. The mechanical bending
adjustment in the manufacturing process produced a
big difference in bended angles i.e. less bended
angles and thus the gramload decrease. The plastic
deformation accompanied with bending should be
high enough to also cause some strain-induced
martensite. In the latter case the gramload should
have been increased. However, the gramload
actually decrease so that the decrease of gramload
is rather caused by the changes of bended angle.
The confirmation of strain-induced phase
transformation by further microstructure investigation
is underway.

Thermal Analysis Results

Figure 6 — 1, and 6 - 2 show the transient
temperature distribution on hinge, base plate, and
load beam, as a result of the laser treatment for 500
ms. The highest temperature was approximately
366.85 °C. According to the result the
retransformation from martensite into austenite
should not take place since previous studies
reported that the required temperature for such
retransformation is approximately above 500
Although the highest simulation temperature seems
to be high enough to cause discoloration as
suggested by Ref. [7], but it is only few seconds that
the material is at the high temperatures. Therefore,
oxidation might occur slightly and cannot be detect
by naked-eyes.

Fig. 6 - 1 The temperature distribution on hinge.

450

400

Temperature (C)

00 01 0z 03 04 0.5 06

tima (sec)

Fig. 6 - 2 Numerical solution of the temperature at
the center of the laser heated surface on hinge.

°C [6].

The distortion of the suspension after
exposed to the laser is quite significant (Fig. 7) and
thus this may attribute to the change in gramload of
the suspension. Further analysis will be conducted

Fig.7 The distortion of hinge after laser treatment
500 ms.

CONCLUSION

The simulated results indicated that small
changes in elastic moduli lead to significant changes
in gramload. The differences in bended angle of the
hinge also leaded to changes in gramload difference
i.e. gramload decreased with decreasing bending
angle.. By using a laser treated on the hinge, the
caontraction during cooling resulted in slightly change
of the bended angle and thus gramload could be
slightly altered.

ACKNOWLEDGEMENT

The authors would like to thank financially
supported by the Industry/University Cooperative
Research Center (/U CRC) in HDD component, the
Faculty of Engineering, Suranaree University of
Technology, and National Electronics and computer
Technology Center (NECTEC), Magnecomp
Precision Technology (Thailand) Ltd for supplied

suspension and eguipment for measurement
gramload.
REFERENCES

[1] Gurinder P. Singh, Byron R. Brown, Harald
Werlich, and William KozlovskylLaser Processing to
Adjust the Suspension Preload of Magnetic
Recording Head Stack Assemblies, IEEE
Transaction of magnetics, 36, 5, September 2000.

[2] Y. Tomita, and T. lwamoto. Constitutive modeling
of trip steel and its application to the improvement of
mechanical properties, [ntemnational Joumal of
Mechanical Science, 37(12), 1995 pp.1295-1305.

[3] S. Y. Ahmadi-Brooghani, H. Hassanzadeh, and
P. Kahhal, “Modeling of Single-Particle Impact in
brasive Water Jet Machining”, World Academy of
Science, Engineering and Technology 36, 2007




68

[4] Z. Hu, M. Labudovic, H. Wang, and R. Kovacevic.
“Computer simulation and experimental investigation
of sheet metal bending using laser beam scanning”,
International  Joumnal of Machine Tools &
Manufacture, 41, 2001, pp. 589-607.

[5] D. Bergstrdm, J. Powell, and A. F. H. Kaplan,
"Absorptance of nonferrous alloys to Nd:YLF and
Nd:YAG laser light at room temperature," Appl. Opt.
46, 1290-1301 (2007)

[6] Seiki Takahashi , Junichi Echigoya, Terushige
Ueda, Xingguo Li, and Hiroshi Hatafuku. “Martensitic
transformation due to plastic deformation and
magnetic properties in SUS 304 stainless
steel” ,Journal of Materials Processing Technology,
108 (2001), pp. 213-216

[71K. C. Lee, J. Lin (2002). “Transeint deformation of
thin metal sheets during pulsed laser forming”,
Optics & Laser Technology, 34, 2002, pp. 639-648.
[8] http:/iwww.bssa.org.uk/topics.php?article=14




69

Advanced Materials Rezsearch Vol 421 (2012) pp 312-313
Omline available since 2011/Dec/06 at www.scisntjfic.net
E (2012) Trans Tech Publications, Switzerland

doi- 10 4028 wvww. soientjfic.mer AMR 421 312

Mechanical bending simulation of thin stainless steel by using isotropic
and orthotropic properties

Somsak Siwadamrongpong'?, Usanee Kitkamthorn™®
and Chaiyapak Sajjawattana™®

'School of Manufacturing Engineering, *School of Metallurgical Engineering,
*School of Mechanical Engineering, Institute of Engineering,
Suranaree University of Technology, Nakhon Ratchasima, Thailand

*email : somsaksi@sut.acth "email : k_usanee@sutacth “email : tuta_tot@hotmail com

Keywords: Mechanical bending, Thin stainless steel, Isofropic, Orthotropic, Finite element method.

Abstract. The most important factors in hard disk diive suspension manufacturing is the suspension
preload, so call “gram load”™. The suspensions were generally made from cold rolled stainless steel
(SUS304). The suspensions were formed by mechanical forming and gram load was adjusted by
mechanical bending until reached a specification. The matenal properties in mechanical bending
simulation of thin stainless steel were usually as isotropic for szmple caleulation. But the properties of
thin stainless steel should be defined as orthotropic materials. Therefore, this work aimed to study
gram load results of using isotropic and crthotropic properties. The thin stainless sheet was cot and
test for mechanical properties in rolling and transverse directions. The properties of the thin sheet
were applied to simulation model. It was found that orthotropic material properties shows a good
agreement with the experimental results more than using isotropic material properties. Therefore, the
results of this work could be used to explain and predict the mechanical response on the suspension
mamfacturing.

Introduction

The current productions of hard drive required nearly 10 nn fly height. One of the most impertant
issues 15 the stability of sliders duning operation. Slider are loaded and flying above (or below) the
rotating disc during read’write cperation. The stability of the slider is comtrolled by variouns
parameters. The most important one is the suspension preload referred to as “gram load”™ The
suspensions are usually composed of 3 pieces, base plate, hinge and load beam made from SUS304 as
shown in Figure 1. The important part is hinge, made from cold roll stainless steel, controlled the fly
height of suspension. Previous study [1] shows that the gram load of suspension was deternuned by
extrinsic materials properties and gecmetry such as the pre-stress from bending, surface ronghness
and the shape of hinge of the suspensions. The manufacturing of thin stainless steel sheet has made by
cold rolling processes which the mechanical properties of thin sheet are depends on the direction of
rolling. Mest of researches [2], [3] were defined the thin stainless steel sheet as an 1sotropic material
because it is easier than defined as orthotropic material for calenlation. Therefore, this study is aimed
to better understand by companing the simulation results of gram load between using material
property as isotropic and orthotropic materials.

Materials and Methods

The stainless steel sheets, thickness of 0.025 mm_ grade STUS304, nsed as the specimens in this
study. The thin sheet was cut into dumbbell shape in two directions; the rolling (Rolled) and across
the rolling (Transverse) directions. These specimens were use for tensile testing to achieve
mechanical properties of the thin sheet in both directions.

Al ights Feserved. Mo part of comtents of this ey be reproduced or transmitied] In 3y form o by any means without the wittien permission of TTP,
weawittp et {ID; 2021 m—nmnzmm
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Fig. 1 The 3D geometry of suspension

Tensile testing 13 followed the standard tensile testing specimen ASTM EB. Strain Gauges were
installed in the horizontal and vertical direction as shown in Figure 2. The experimental data were
shown in Figure 3 and Fignre 4 used to defined the materials properties of specimen e.g. Young's
modulus (E) and Poisson’s ratio of thin stainless steel sheet by using eq. (1) and (2), respectively

d(strass) .
E =ZwT=a) ¥ *s modul 1
¥ d(strain) T . @
v, = M ; Poisson’'s ratio 2
Y dE_./dL
Wertical

Fig. 2 The direction of strain géuge on specimen as ASTM EZ
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Fig. 3 Shows the relationship between stress and  Fig. 4 Shows the relationship between stress and
strain along the rolling direction strain along the transverse direction.
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The Young's modulus and Poisson’s ratio valves were caleulated in a range of 300-300 MPa
tensile stress by using eq. (1) and eq. (2) and showed in Table_ 1.

Table. 1 The material properties of SUS304 thickness 0023 mm.

Material Property | Young's modulus [MPa)] [ Poisson’s ratio
Tsotropic 207 032
Orthotropic

-Rolling 181 0.24
-Transverse 207 032

Gram load testing. The hinge of suspension was bended from manufacturing process at several
angles which defined by height from reference level [4]. For testing, the suspension was fixed by jig
at the base plate as shown in Figure 5. The load cell were installed above the suspension (see Figure.
1} and measured the gram load while the pin moving from the reference level for 1 mm.

i |

Lozd cell

I Raf height j
.
ﬁ

Fig. 5 Gram load measurement with load cell at reference height

|Ba..ep13te| |H.LI1EE|

Finite Element Analysis. The 3D geometry of suspension was generating by CAD program shown
in Figure 1. The numerical simulations were performed using finite element simulation software
ANSYS V12.0 [5]. The base plate and pin assumed to be the rigid body and were modeled as 3D solid
elements and using the adaptive mesh, whereas the hinge was modeled as shell element. The material
properties of SUUS304 nsed the experimental data from Table 1. The simulation process was shown in
Figure 6.

_Geomerry |
ELEMENTS Solver
B ) ANALYs's (—QNRESURTSIN

MATERIALS
PROPERTIES )

Fig. & The step of summlation process.
Results

The relation between gram load and displacements in Z-axis 15 linear function since the material
behavior 1s in the elastic deformation regime. The gram load values obtained from FEM simmlation
results are shown in Figure 7. The both experimental and simmlation results shown the linear
relaticnship. The simulation results by vsing orthotropic and isotropic properties predicted the gram
load value higher than the experimental value but orthotropic simulation can be represent better than
the 1sotropic simulation.
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Fig. 7 The gram load versus displacements in Z- axis

Conclusion

The results obtained from the gram load simulations by using crthotropic material properties has a
good agreement with the experimental results more than uvsing isotropic material properties.
Therefore the properties of suspension should be defined by crthotropic materials. Because of the
properties of stainless steel sheet depend on the thickness and mamufacturing process.
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