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3199 1.1 A1 Reaction Force (RF) 1HuuMAU Y

- Sum+ 1D WA5IY RF NANNLINY

Node | RF(Y) | Node | RF(Y) | Node | RF(Y) | Node | RF(Y) | Node RF (Y)
1 62756.2 21 43661.7 41 -3957.82 61 -21308.3 81 -115636
2 138772 22 39284.6 42 -6133.55 62 -4385.24 82 -115880
3 101322 23 355534 43 -7457.33 63 -19782.8 83 -170458
4 140875 24 31770.2 44 -9872.85 64 | -5310.19 84 -161799
5 163897 25 28653.6 45 -11232.7 65 -20580.3 85 -380838
6 146396 26 25393.5 46 -13875.6 66 | -8149.91 86 -521788
7 147571 27 22772.9 47 -15308.1 67 | -22608.3
8 134193 28 19955.5 48 -17995.1 68 -10020.5 | Sum+ | 2378188.3
9 130479 29 17728.1 49 -19570.6 69 -24629.5 | Sum- | -2378190.4
10 118203 30 15268 50 -21782.3 70 | -10416.2
11 109830 31 13346.1 S -23667.5 71 -26269
12 100436 32 11156.3 52 -24331.6 72 -11209.9
13 922325 33 9465.25 53 -26919.7 73 -26667.1
14 84560.9 34 7458.42 54 -24326.3 74 | -12854.3
15 771943 35 5934.68 55 -28407.7 75 -19772.4
16 70621.6 36 4022.39 56 -20735.1 76 | -23014.7
17 64273.5 37 2611.45 57 -27470.9 71 -52796
18 58527.5 38 702.715 58 -14181.7 78 -66781.8
19 53169.8 39 -641.955 59 -24517.2 79 | -84151.6
20 48139.2 40 -2640.12 60 -7627.27 80 | -88430.4

- Sum- B WATIY RE NifN19aY Y
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Contact normal force (N)

Applied Bolt Load
Screw Before Test After Test )
No./Model 6 kgf.cm 7 kgf.cm 6 kgf.cm 7 kgf.cm

Circular | Across | Circular | Across | Circular | Across | Circular | Across | 6 kgf.em | 7 kgf.cm
1 1946.73 | 194524 | 1946.73 | 194585 | 194227 | 1938.76 | 1941.79 | 1936.00 | 1946.00 1946.73
2 991.32 990.48 1155.89 [ 1155.59 [ 983.88 982.67 1147.44 | 1146.57 | 990.57 1155.67
3 989.95 990.52 1154.10 | 1155.64 | 978.63 978.28 1143.02 | 1143.17 | 990.57 1155.67
4 1192.48 | 1194.31 | 1391.32 | 1392.37 | 1090.04 | 1092.09 | 127435 | 1277.07 | 1192.60 1391.37
5 117020 | 1192.28 | 1367.81 | 1391.62 | 997.49 1006.00 | 1183.34 | 1188.40 | 1192.60 1391.37
6 1589.87 | 1590.13 | 1589.94 | 1590.13 | 1520.15 | 1519.46 | 1521.51 | 1519.29 | 1590.13 1590.13
7 118224 | 1191.49 | 1377.00 | 1390.14 | 1048.98 | 1054.69 | 1232.42 | 1238.83 | 1192.60 1391.37
8 1183.18 | 1192.24 | 1378.64 | 1390.77 | 1003.57 | 1004.86 | 1175.46 | 1176.50 | 1192.60 1391.37
9 1192.12 | 1186.45 | 1391.26 | 138542 | 1044.80 | 1044.12 | 1233.51 | 1233.32 | 1192.60 1391.37
10 1459.62 | 1459.80 | 1703.16 | 1703.18 | 1454.94 | 1455.04 | 1696.87 | 1696.98 | 1460.05 1703.39
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of the Top Cover in the Hard Disk Drive Assembly
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Abstract

In hard disk drive (HDD) assembly process, the top cover is attached to the base
assembly via screws. Screw tightening sequence could result in looseness of previously
fastened screws and thus rework of the process. The current work focuses on the study of
behavior and effects of screw tightening sequences to the screw looseness by using nonlinear
finite element method. The three-dimensional 3.5-inch HDD assembly including top cover, base,
rubber seal and screws are modeled and analyzed. It can be concluded that the later
sequences of screw tightening affect the looseness of the previously fastened screws to some
extent. Higher lose of tightening torque is observed at the screws located near the currently
tightened screw. Alteration of the screw fastening sequence as well as the applied torques can
reduce the looseness and therefore prevent the top cover slip.

Keywords: Screw looseness, Hard disk drive, Tightening sequence, Finite element analysis

1. Introduction rework the screw fastening procedure which

In  hard disk drive (HDD) increases the cost and time in manufacturing

manufacturing process, the screw fastening process. However, screw fastening using too
procedure to attach the top cover to the much tightening torque may lead to deformations
of the top cover or chipping of the material

that

base of the HDD consists of applying some

between the contact surfaces cause

specified pre-torque to all the screws to

preliminarily fasten the top cover to the base contamination. This study aims to use Finite

and final screw fastening with a larger Element Analysis (FEA) to investigate the effects

torque so that the top cover is tightly of changing the screw tightening sequence on

secured the base. However, looseness of
the top cover is occasionally observed as
the loosening torque of some screws is
detected to be as low as half of the applied

torques. The disk must then be returned to

the deformations of the top cover and the screw
loosening torque.

Montgomery [1] studied the influences of
boundary conditions on the shank stress in 3D

solid bolt to decrease run-time in finite element
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Base screw

Fig.1 The parts of HDD model (a) base (b) top cover (c) screw.

method. It was shown that the use of smear
contact at the thread region creating the
same stress distribution as the exercise of
thread modeling. Application of tied contact
provides a slightly higher stress in the
vicinity of the thread. However, results from
both types of contacts are comparable at
some distance from the thread. Wierszycki
[2] analyzed the screw loosening and fatigue
of a three dimensional dental implant model
for problems caused by mechanical reason.
Izumi [3] found that the loosening due to
shear loading is initiated when complete
thread slip is achieved prior to bolt-head slip.

The current research examines the
effects of screw tightening sequence of a
3.5-inch HDD assembly to the top cover
screw looseness by using a commercial
finite element analysis program, ABAQUS
[4]. A nonlinear analysis is performed for two

cases, herein defined as Model | and Model

II. In Model I, all screws are simultaneously

tightened while screw tightening sequence is
specified in Model Il. Displacements of the top
cover and the screw loosening torques are
compared and discussed.
2. Modeling and Analysis

The 3.5-inch HDD model employed in
the present analysis is shown in Fig. 1. The
model consists of the base, the top cover, and
the screws. To simulate the rigid parts of the
assembly, the spindle motor, pivot and voice coil
motor are attached to the base model. Ten
screws are used in the HDD assembly. They are
numbered according to the tightening sequence
as illustrated in Fig. 2.

Six screws, S4 to S9, fasten the top cover and
the base together. The screws S2 and S3
assemble the top cover to the voice coil motor.
The screws S1 and S10 are used to fix the top
cover to the spindle motor and the pivot,
respectively. A rubber seal beneath the top
cover is used to prevent leakage of the air inside

the assembly chamber. In Model Il, screws S1 to

Motor and Pivot screw

VCM screy



S9, are fastened consecutively. After that,
screws S2, S3, S4 and S9 are re-tightened
with the same torque and a higher torque is
applied to screws S1 and S6. Then, screw
S10 is fastened at the final step.
2.1 Boundary Conditions and Contact
Surfaces

During the screw tightening process,
the assembly is put in a slot and clamped on
both the left and the right sides. In the
analysis, the boundary conditions are thus
specified as fixed at the bottom, and on the
left and the right surfaces as shown in Fig.
2. The contact surfaces between the screw
head and the top cover is set as frictional
contacts with the friction coefficient of 0.15.
The contact surface between the base and
the rubber seal on the top cover are set
frictionless. The interactions between the
screw thread regions and the base are
assigned as tied contact.
2.2. Material Properties

The base of HDD is made of
aluminum alloy ADC12. The top cover and
the screws are stainless steel SUS XM7.
The seal is made of rubber. The properties
of the materials used in the simulation are
listed in Table. 1.
2.3 Meshing

Meshing of the FE model is shown
in Fig. 3. Meshing is refined at the contact
areas, especially those between the screws
and other parts. The element type used in

the analysis is a three-dimensional 8-node

stress element. The element shapes are
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mixed between hexahedral and tetrahedral
elements.
2.4 Loading Conditions and Analysis Steps

In the tightening process, the tightening
torque applied to the screws S1 and S6 is 8
kgf.cm and the torque for other screws is 6
kgf.cm. To simplify the analysis, the tightening
torque is changed to a bolt load applied to the
partition between the head and the shank of the
screw. The applied bolt load, P, is calculated
from [5]
L (1)
where T is the tightening torque, d is the screw

P=

diameter, and K is the torque coefficient

obtained as
d t +
K:(Jl_)(ﬂﬁ:_&eﬁaj_{_oﬁzyc (2)
2d )\ 1+ f tand seca

The parameter d_ is the screw

m

average
diameter, A is the screw lead angle, « is the
thread angle, fis friction coefficient of the thread

and f.is friction coefficient of the bearing.

Fixed support

N\

Fixed support

(& x

Fixed support at the bottom

Fig. 2 Three-dimensional 3.5-inch HDD model
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Table. 1 Mechanical properties of materials

SUS
Properties ADC12 | Rubber
XM7
Density
n 8.00 2.70 1.50
(g/cm’)
Modulus of
Elasticity 193.00 69.16 2.14
(GPa)
Poisson’s
0.30 0.33 0.44
ratio

Fig.3 Meshing of the FE model (a) base

(b) top cover (c) screws

For example, for a screw with
diameter 2.5 mm and d,, of 2.2565 mm, A is
3.632°, o is 60° and f and f are 0.15.
Therefore, the value of the torque coefficient
K, from Eq. (2), is equal to 0.1973. When
the screw is subjected to a tightening torque
of 6 kgf.cm, the bolt load P computed from
Eq. (1) is 1193 N. Parameters for all screws
in the HDD assembly as well as the applied
tightening torque are listed in Table. 2. In

the analysis of Model I, all bolt loads are

applied to the screws at the same analysis
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step to simulate the concurrent fastening of all
screws. For Model I, the corresponding bolt
loads are applied in a consecutive order from S1
to S10.
3. Results and Discussions

The deformed shapes and the
displacement magnitude of the top cover for
both models are shown in Fig. 4. It can be seen
that the deformed shapes of the top cover from
the two models are similar. Displacement in the
negative z-direction is observed in the
neighborhood of all tightened screws.

Table.2 Bolt loads applied to the screw model

Applied

Screw Diameter Bolt load
torque

number (mm) (N)
(kgf.cm)

S1 2 8 1947
S2, S3 3 6 991
S4, S5,

25 6 1193
S7-S9

S6 2.5 8 1590

S10 2 6 1460

U, Magnitude

+8.093e-0
e
+6.070e-0
e
4.048e-0
7o%e 0
2.025¢-0
1.351e-0
Rt




#

i

01

-01

01

-01
373e-01
o1

01

01

02

04

b3

an

(b)

Fig. 4 The deformed shapes and
displacements of the top cover (magnified
10 times) for (a) Model | (b) Model Il

A smaller displacement occurs in
the middle area of the top cover where there
are rigid supports of spindle motor, voice coil
motor and pivot. A larger displacement takes
place around the top cover edges due to the
rubber seal deformation from a compression
transferred from bolt loads applied at the
SCrews. The maximum  displacement
occurring near the screw S6 (at the top right
corner of the top cover) is noticeably larger
than those of the other parts.

The contact normal force
distributions of all screw heads from both
models are also examined. For the screws
located in the middle of the HDD, S1, S2,
S3 and S10, the highest contact normal
force is near the shank and decreases as
the distance from the shank increases. An
the normal force

example of contact

distribution at the screw head S1 is

ilustrated in Fig. 5 (a). For screw S4 to S9
the HDD

located along the edges of
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assembly, the contact normal force distributions
are not as uniform. High contact normal forces
are noticed only at the rims of the screws and a
higher contact force is detected on the side near
the rubber seal support as shown in Fig. 5 (b).

The screw looseness of Model | and Il
are examined by the change of the summation
of all the contact normal force at the contact
areas between the top cover and the screw
head. For Model |, the total contact forces at all
screw heads are the same as the applied bolt
loads as expected. Lower contact forces at the
screw heads which indicate the screw looseness
can be noticed in Model Il. In Model I, the
contact force at the screw head arises as the
bolt load is applied to the screw. Contact forces
of the screws previously fastened are also
affected by the screw that is tightened in the
current step. In general, the contact forces of the
screws close to the current one decrease as the
top cover is pressed toward the base. The
contact forces of the screws farther away from
the current screw are mostly increased due to
bouncing of the top cover.

An example of the change in contact
forces at the screw heads for step 8 (tightening
of screw S8), step 9 (tightening of screw S9)
and step 10 (re-tightening of screw S2) is shown
in Fig.6. When the contact forces of step 8 and
9 are compared, a decrease in contact forces of
screws in the vicinity of S9, i.e., S2, S3, S4 and
S8 is perceived. A slight increase in contact

forces for the other screws can also be noticed.
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Fig.5 Contact force distribution at the screw
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Fig. 6 Contact forces of screws in the 8m, 9

and 10th step

In addition, when the screws are re-
fastened with the same torque in step 10,
the change in the contact force is noticed to
be limited to only the tightened screws as all
other contact forces in step 9 and 10 are the
Therefore, screw

same. re-tightening

process is suggested to be used after all
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screws are fastened to regain the loosened
torque.
4. Conclusions

The screw tightening process to attach
the top cover of a 3.5-inch HDD to its base is
modeled and analyzed. Large deformations of
the top cover are noticed along the edges,
especially at the corners, where the contact
force between the screw heads and the top
cover take place only at the perimeters of the
screw heads. Moreover, when a screw is
tightened, torque loosening of other screws in a
close proximity to the current screw is observed.
The step of screw re-fastening can restore the
screw tightness without any effect to other
screws. Further study on the optimum tightening
sequence and applied torques to improve the

contact pressure distribution and minimize the

looseness is recommended.
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Abstract— In hard disk drive assembly process, a
number of small screws around the perimeter of the
top cover are used to attach the top cover to the
base. When one of the screws is fastened, screw
loosening at the other screw heads can frequently be
observed. . This research employs a three-
dimensional finite element analysis to compare the
effects of three different screw tightening sequences
to top cover loosening in a 3.5-inch hard disk drive
assembly. The top cover deformation and the contact
forces at the screw heads of the three sequences are
presented and discussed. Among the three
sequences, the across pattern has shown to be the
most appropriate sequence in which a minimum
screw loosening occurs.

Keywords- screw fastening sequence; hard disk
drive assembly;  torque loosening; finite element
analysis

I INTRODUCTION

In the process of hard disk assembly, the hard
disk is mounted into an enclosure to seal it against
dust and other contamination from the outside air.
The drive mechanics are put into the base casting.
A rubber gasket is put between the two parts to
ensure a tight seal and a number of small screws
are used to attach the top cover to the base. Most of
the screws are located around the perimeter of the
cover. Additional screws are also placed to secure
the pivot position, the spindle motor shaft and the
voice coil motor.

In the screw fastening process, a pre-torque is
first applied to locate all screws in their positions.
Subsequently, the required torque for each screw
is consecutively applied to fasten the top cover
and the base together. Screw loosening, in which
the screw tightness is lower than the applied
torque, is frequently observed after the tightening
process. The screw loosening affects the seal
tightness and the misalignment of the top cover
and the base and causes problems in disk reading
and recording. This work focuses on investigating
the effects of different screw tightening sequences
on the torque loosening and the top cover
deformation of a 3.5-inch hard disk drive by
using finite element analysis.

Izumi [1] analyzed the tightening and the
loosening mechanism of threaded fastener. It was
found that the fastener loosening due to shear
loading is initiated when complete thread slip had
occurred prior to head slip. Montgomery [2]

studied the influence of the boundary condition
and the software setting in simulating 3D solid bolt
to decrease run-times in finite element method.
The smear contact at the thread region results in
the same stress distribution as the thread contact
modeling. The appropriate bolt simulation method
is dependent on the time constraint, model size or
local accuracy desired. Suknikhom [3] studied the
effects of the screw tightening process to the stress
distribution in the top cover. When a screw is
tightened, change in contact pressure distributions
at the other screw heads in proximity to the
tightening screw was observed.

In the current study, the screw tightening
sequence of a hard disk drive is examined by using
a commercial finite element analysis program,
ABAQUS [4]. Three different patterns of screw
tightening sequence are investigated. Effects of
changing the screw fastening sequences are
discussed and the appropriate sequence is
recommended.

II.  FINITE ELEMENT MODELING AND
ANALYSIS

The hard disk drive model used in the analysis
is shown in Fig. 1. The model consists of the base
casting, the top cover with a rubber gasket and the
screws. The spindle motor, pivot and voice coil
motor (VCM) are included in the base model.

Seal
Motor

VCM screw  Base screw Motor and pivot

screw
(c)
Figure 1. Hard disk drive model (a) base (b) top cover (c)
three types of screws.



Figure 2. Screw positions and boundary conditions for analysis

Ten screws of three different dimensions are
used to attach the top cover to the base. The VCM
screw has the shortest thread region with diameter
of 3 mm. The base screw is 2.5 mm in diameter and
the motor and pivot screw is 2 mm in diameter. The
numbering and locations of the ten screws are
shown in Fig. 2. The screws S1 and S10 are used to
attach the top cover to the spindle motor and pivot,
respectively. The screws S2 and S3, called VCM
screw, are used to assemble the top cover to the
voice coil motor. The other six screws, S4 to S9, are
base screw. They are in the perimeter of the base
and are used to tighten the top cover to the base.

In the screw fastening process, the hard disk
assembly is put in an automatic screw driving
machine where it is clamped on both sides. In the
finite element model, the boundary conditions are
applied as fixed condition at the bottom and on both
sides of the base casting as shown in Fig. 2. The
interaction between the screw head and the top
cover is set as frictional contacts with the friction
coefficient of 0.15. The contact surface between the
base and the rubber gasket at the top cover is set as
frictionless. The interactions in the thread region
between the screw threads and the base are
specified as tied contacts.

The material mechanical properties used in the
analysis are listed in Table I. The hard disk drive
base is made of aluminum alloy ADCI2. The
spindle motor, the pivot and top cover are stainless
steel SUS 304. The screws are made of stainless
steel SUS XM7.

The meshing of the FE model is shown in Fig.
3. The model is meshed by using three dimensional
8-node stress elements. The element shapes are

mixed between hexahedral and tetrahedral
elements.
TABLE 1 MECHANICAL PROPERTIES OF MATERIALS
Material
Properties ADCI | SUS SUS
2 304 XM7
Density (g/cm’) 2.70 8.00 8.00
M‘odulus of Elasticity 69.16 193.00 193.00
(GPa)
Yield strength (MPa) 183.00 205.00 205.00
Poisson’s ratio 0.33 0.30 0.30
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To improve the quality of the mesh, the model
is partitioned into several parts. Small element
sizes are employed near the contact areas,
especially, those between the screws and their
contact partners.

III.  LOADING CONDITIONS AND ANALYSIS
STEPS

Three proposed screw fastening sequences,
namely circular, across, and zigzag, are modeled
and studied. The sequences in the three models are
shown by the numbering in Fig. 4. In all models,
the first, the second and the third steps in the three
sequences are the same, that is the motor and the
two VCM screws are fastened. In the circular
model, step 4 starts at screw S4 at the bottom right
of the hard disk assembly. Then, the steps follow a
circular pattern along the periphery of the base
(Fig. 4a). The screws S5 to S9 are fastened,
respectively. Steps 10 to 13 are the screw re-
fastening with the same torque and a higher torque
is applied to screw S in step 14.

The sequence trend line for the across model is
shown in Fig. 3b. After step 3, the screw S4 is
fastened. Then, the fastening process continues to
the farthest screw, S7. The tightening steps 6 to 9
go on to the screws at the across positions to the
previously tightened screws, i.e., to the screws S9,
S6, S5 and S8, respectively. Again, after all screws
are fastened, steps 10 to 12 are re-tightening of
screws with the same torque and the same
sequence as in the circular model. The screw S10
is tightened in step 13. Finally, the required torque
is applied to the screw S1 in step 14.

The zigzag model follow a crisscross pattern as
illustrated in Fig. 3c. Steps | to 3 are the same as
the other two models. After that, the screw S6 is
fastened in step 4. Next, the screw S7, S5, S8, S4
and S9 are tightened, respectively. Steps 10 to 14
are the same as the across model.

(a) (b)

o h N

Meshing of FE model (a) top cover (b) base (c)
SCIEWS.

Figure 3.
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(a)

Figure 4. The sequence trend lines for the three model (a) circular (b) across (¢) zigzag.

To generate the tightening torque in the finite
element analysis, the torque is computed as a bolt
load applied to the internal surface between the
head and the shank of the screw. The bolt load, P,
is calculated from [5]

s,
Kd

(1)
where T is the applied tightening torque, d is the
screw diameter and K is the torque coefficient
obtained as

/ s
K= Zm Y 1a0 A+ e )
2d \ 1+ ftan Aseca

The parameter d, is the average screw
diameter, « is the thread angle, 4 is the screw lead
angle, f'is friction coefficient of thread and f; is the
friction coefficient of bearing

Table IT lists the torque coefficient K and the
bolt loads for each screw computed from Eq. (2)
and Eq. (1), respectively. For example, the screw
S1 is 2 mm in diameter. From JIS standard [6], the
average screw diameter d,, is 1.7835 mm. The
screw parameter a is 30° 4 is 4.08,and f'and /. are
0.15. Therefore, the torque coefficient K is
determined as 0.2015. When the tightening torque
of 6 kgf.cm is applied to the screw, the bolt load P
computed from (1) is 1460 N.

The bolt loads applied to the screws are the
same for all three models. The motor screw Sl is
fastened by the torque 8 kgf.cm whereas the
screws S2 to S10 are tightened with the torque of
6 kgf.cm.

IV. RESULTS AND DISCUSSIONS

The deformed shapes of the top cover after all
screw loads are applied are similar for all the three
models. Small displacement is noticed in the

middle area of the hard disk assembly in which
there exist the spindle motor, pivot and voice coil
motor as the supports to the top cover. A larger
displacement occurs along the edges of the top
cover due to the displacement of the rubber gasket
from the screw loads. Fig. 5 shows the
displacement  magnitude in the deformed
configuration of the top cover. The displacements
in the negative z-direction are much larger than
those in the x- and y- directions. The maximum
displacement is observed at the upper right corner
of the top cover with displacement magnitude of
0.6246 mm.

TABLE 1L BOLT LOADS APLLIED TO THE SCREW MODEL
Screw number Di(al:lnnel;cr core(;lr'l(::leem t([))::::: Il?)(:(;
(K) (kgf.em) | (N)
Sl 2 0.2015 8 1947
$2,83 3 0.1980 6 991
$4-S9 25 0.1974 6 1193
S10 2 0.2015 6 1460




+5.726¢-01
+5.205¢-01
- +4.685¢-01
+4.164¢-01
+3.644¢-01
- +3.124e-01

+1.562¢-01
+1.042¢-01
+5217e-02
+1.328¢-04

Figure 5. The deformed shapes and displacements of top
cover (magnified 15 times) for three models.
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Figure 7. The total contact force at the head of the screw
Ss.

Loosening of screws is detected by the
difference between the applied bolt load and the
total contact normal forces at all nodes in the
contact areas between the screw head and the top
cover. Fig. 6 shows an example of the changes in
the total force at the head of screw S5 for the three
models. The applied bolt loads are the same and
are equal to 1193 N. However, the screw S5 are
not fastened at the same step in the three models.
For the circular, across and zigzag models, the
screw S5 is tightened in step 5, 8 and 6,
respectively. Note that, the connected line for each
model is plotted to emphasize the tendency of the
force value after each tightening step. It does not
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imply a linear change of the total force in-between
the steps. It can be clearly seen from the figure that
the total force at the head of screw S5 is affected
by the fastening of other screws in the followed
steps. Screw loosening is observed in the circular
and the zigzag models while no loosening of screw
S5 is perceived in the across model.

The contact normal forces at the screws S4 to
S9 of the three models after the final steps are
plotted in Fig. 6. The applied bolt load to the
screws equal to 1193 N is depicted as a horizontal
line in the graph. It can be seen from the figure that
although the applied loads are the same for all
three models, the final contact forces at all screws
in the across model are the highest. In the circular
and the zigzag models, loosening occurs at the
screws S5, S8 and S9. The zigzag model results in
the least torque at all screws and therefore is not
recommended in the screw tightening process.

From the plot, the across model appears to be
the best sequence among the proposed sequences
since the total contact forces at all screws are
consistent. In this model, loosening occurs only at
the screw S9. This is because the crosswise screw
tightening decreases bending in the top cover and
each screw tightening step has less effect to the
other screws.

V. CONCLUSIONS

The screw tightening process to assemble the
top cover to the base for a 3.5-inch hard disk drive
is modeled and analyzed. Three different screw
tightening sequences with circular, across and
zigzag patterns are examined. The tightening
torque of the screw fastened in the previous step is
shown to be affected by the screw tightened in the
current step. This causes looseness of the top
cover. Among the three suggested sequences, the
across pattern has shown to be the most effective
sequence in which a minimum screw loosening
occurs.
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