d Q'J Y] 4
ﬂ1i”?mmz‘ﬁmsammz:ﬂ1ﬁmmaaummﬁmmwmmngnﬂuuum?m

nageuasnaanlasn

D

WENAAANA INBUAS

a2 U A

a a dt: I U d! = [y Ia
Inentnusiiuauniaveamsanmmuranga sl Imnssumansumum
nuIT AN TN
unMIngnagnalulaggsus

msdnm 2556



VIBRATION ANALYSISAND DAMAGE DETECTION OF

THE BEARING ON HARD DISK DRIVE TESTER

Kittisak Photiseang

A Thesis Submitted in Partial Fulfillment of the Requirementsfor the
Degree of Master of Engineering in Mechatronics
Suranar ee University of Technology

Academic Year 2013



= d Q'J os ¥
ﬂ1§‘31ﬂ‘§1$1’3ﬂ?iﬂ’ullﬁzﬂ'l‘a'ﬂi3i]’sTEl‘]Jﬂ’JHJ.!%E]‘H'IEI“U@Qﬂﬂﬂgfﬁjuﬂuiﬂ%E)\'i

nagevdIsanas lnsH

¥ '
=y @ A =) LYt ¥ =3

Wi Ineaemna TuTadgsuss oyl liiuinefinusavuilidudunilsvesnsdng

a4

aunangasIggumivagia

o [ 4
AUSATIUNTOUINETHHUE

iy

(0. A5.5%9 aa3%e)

s 5Iunssums

(M. A7.355WD SIS THE)

St = = <
NITUNIT (‘e’nmiﬂ’ﬂﬂéﬂyﬂﬂmuwuﬁ)

A

(37, @5.01M0d f3ud)

N3TUNTI

Db M i ia

S o & o o & <
(A As.yny Auilsined) (57. 5.8. A9.NUATS Tillszena)

= | = ar T ) = o
5@‘3E}ﬁﬂ'lﬁU?iP\i"lEJ'J‘H'lﬂﬁilﬂ&iu?ﬂﬂi53.1 AUUATTUNITIIFINTTHAITNT



Aaddnd InBuas : msdimszdnsdulasnsasnasuaNuFemavssadugnily
VAT oINAFoNaaaan lasw (VIBRATION ANALYSIS AND DAMAGE
DETECTION OF THE BEARING ON HARD DISK DRIVE TESTER)

Fa o o S A A of
@’m’lﬁﬁi‘ﬂlﬁﬂyq : E\lflfjf}ﬁ'iﬁﬁjﬁ]'ﬁﬂ ATVTTND ﬂjlﬁiiﬂfi, 97 ¥

d Iy o & o o A
ﬂ‘i%'lj'iuﬂ']‘i‘ﬂﬂ’ﬁﬂﬂﬁ?iﬂﬂﬁﬂllﬂiﬂ (IIDD) Lﬂuﬂszmumswuﬂumiwammwnmm
& 1 P D o A o o ) Y o o ¥
Mucl"i}’é'lﬁﬁﬁlﬂﬁﬂqﬂiﬂﬂﬂﬂ%ﬂﬁﬂﬁﬁﬂiﬁﬂ‘]J’Qﬂﬂ']ﬂzﬁﬂﬂhﬂmﬂ’IW‘VIW’!MEJ']@}SQ']H‘HH’QQ mm‘lu

=) 9 j as =) o o ar 3’, & oo fg e
ﬂTiWﬂﬁ@ﬂ%%ﬂ'tﬂ’ﬁﬁﬂu@ﬂﬁ!u@gﬂﬂﬂlu']ﬂﬂ]'m?‘i}'ﬂ&ﬁ’!'iﬂﬂﬁﬂyl)ﬂiw AIHHVN NI HNIIUAIY

o o = A o o & = d o 4
sufluiezdeaiudiuanisnisnialaniuanudwaziivg Tuen1siiauasaniog

» X o ¥ oa . o ' A A T o g 1 2
nagoulimniuduiueh ldesswmaen luaunsnfivsngaiensseuthyelatos « &

[

E Ao qua = p 2 - X A4 & 2 o
uﬁ@@ﬂﬂ‘liﬁiﬂﬂﬂ’iﬁﬁﬂﬂ'j@“Uaﬂﬂﬂ‘}_l@jﬂﬂu HRZNITENRIDISINUN TNV ULTDE “Hﬁﬂ_luﬁ'!ﬁ’fﬁwn

E
o e A

g o dr {1 v o o as T a o ?:JJ
Tdfamidundwaidaasaianan las uazdudonalumstomnhsede astuanuied

a = o & s oa ar [ & 4 o
Ul&u’]&ﬁu@ﬂfﬁ UNTIEN m‘i’c’fu‘ﬁsﬂﬂmﬂﬁaugﬂ?}uw%’@‘Nﬂumﬁuﬂﬂiummiﬁmﬁ@ﬂ‘m e

ywazBoalunssenthye ealszdninm

i v C 2P0

19131 RN T DINA aeliofdorinfnun

Umsday 2556 meioyeo1913snLE e ﬁ\l}/‘*-\‘



KITTISAK PHOTISEANG : VIBRATION ANALYSIS AND DAMAGE
DETECTION OF THE BEARING ON HARD DISK DRIVE TESTER.
THESIS ADVISOR : ASST. PROF. JIRAPHON SRISERTPOL, Ph.D.,

97 PP.
VIBRATION ANALYSIS/ BEARING/ PARAMETER ESTIMATION

Computer is considered a useful tool nowadays, and Hard Disk Dl.'i\'ie' (HDD)as
more important of computer component. Therefore, the HDD industrv- has been
developed for its better efficiency and reliability in order to satisfy the customers.
Furthermore, the HDD test process is an important step to claim for the i‘eliéﬁilit}# of
product. This article is to study, conduct an experiment, and analyze the v1brat10n
detection of the bearing, which is an apparatus widely used in various indUsﬁ_‘ies_E._'Tﬁg
vibrations normally cause errors and damages on parts. In case of HDD iﬁdus't'ry,f the
vibration at the bearing also presents the poor performance. This study had analyzed
the property detection of bearing in the Tester by using Modal Analysis. The néi'tl'ii"'zil:'
frequency of the bearing was examined by the Measurement Technique, and mode
shape obtained by simulation. The experiment results demonstrated a useful technique

for the vibration control of the bearing in the manufacturing process.
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Frequency

Acceleration in (g)

in (Hz) cBuU1 (| CBU2 | CBU3 | CBUA4
0-200 0.006 0.010 0.015 0.018
201-400 0.011 0.024 0.027 0.029
401-600 0.010 0.015 0.022 0.024
601-800 0.010 0.013 0.016 0.018
201-1000 0.011 0.017 0.020 0.021
1001-1200 0.016 0.016 0.018 0.022
1201-1400 0.009 0.012 0.013 0.014
1401-1600 0.007 0.007 0.009 0.007
1601-1800 0.005 0.004 0.006 0.005
1801-2000 0.001 0.001 0.003 0.001
2001-2200 0.001 0.000 0.000 0.000
2201-2400 0.001 0.000 0.000 0.000
Frequency Acceleration in (g)

in (Hz) CBU1 | CBU2 ([ CBU3 | CBUA4
0-200 0.010 0.010 0.013 0.014
201-400 0.030 0.041 0.045 0.046
401-600 0.014 0.017 0.022 0.025
601-800 0.013 0.021 0.026 0.025
201-1000 0.019 0.026 0.028 0.027
1001-1200 0.050 0.064 0.065 0.065
1201-1400 0.017 0.028 0.027 0.028
1401-1600 0.010 0.016 0.019 0.020
1601-1800 0.008 0.014 0.015 0.014
1801-2000 0.005 0.009 0.009 0.009
2001-2200 0.003 0.005 0.005 0.005
2201-2400 0.000 0.002 0.002 0.002




Frequency
in (Hz)

Acceleration in (g)

cCBU 1

CBU 2

CBU 3

CBU 4

0-200

0.017

0.023

0.027

0.027

201-400

0.046

0.072

0.08

0.08

401-600

0.021

0.024

0.027

0.027

601-s00

0.021

0.027

0.04

0.04

501-1000

0.032

0.045

0.051

0.02

1001-1200

0.071

0.103

0.111

0.106

1201-1400

0.021

0.044

0.045

0.042

1401-1600

0.016

0.023

0.028

0.027

1601-1300

0.011

0.016

0.021

0.021

1801-2000

0.007

0.01

0.015

0.015

2001-2200

0.003

0.007

0.009

0.0038

2201-2400

0.002

0.004

0.0038

0.0038

Acceleration in (g)

Frequency Proper Bearing Almost Improper Bearing Improper Bearing

(Hz) CBU1 | cBU2 | CBU3 | CBU4 | CBU1 | CBU2 | CBU3 | (BU4 | CBU1 | CBUZ2 | CBU3 | CBU4
0-200 0,006 | 0.010 | 0.015 | 0.018 | 0010 | 0.010 | 0013 | 0014 | 0.017 | 0023 | 0.027 | 0.027
201-400 0.011 | 0.024 | 0.027 | 0.029 | 0.030 | 0.041 | 0.045 | 0.046 | 0.046 | 0.072 0.08 0.08
401-600 0010 | 0.015 | 0.022 | 0.024 | 0014 | 0.017 | 0.022 | 0025 | 0021 | 0024 | 0027 | 0.027
601-800 0010 | 0.013 | 0.016 | 0.018 | 0.013 | 0.021 | 0.026 | 0025 | 0.021 | 0.037 0.04 0.04
801-1000 0011 | 0.017 | 0.020 | 0.021 | 0019 | 0.026 | 0.028 | 0027 | 0.032 | 0.045 | 0.051 0.05
1001-1200 0.016 | 0.016 | 0.018 | 0.022 | 0050 | 0.064 | 0.065 | 0065 | 0.071 | 0103 | 0111 | 0.106
1201-1400 0009 | 0012 | 0.013 | 0.014 | 0017 | 0.028 | 0.027 | 0028 | 0.031 | 0044 | 0045 | 0.042
1401-1600 0.007 | 0.007 | 0.009 | 0.007 | 0010 | 0.016 | 0.019 | 0020 | 0.016 | 0023 | 0.028 | 0.027
1601-1800 0.005 | 0.004 | 0.006 | 0.005 | 0.008 | 0.014 | 0.015 | 0014 | 0011 | 0016 | 0021 | 0.021
1801-2000 0.0010 | 0.001 | 0.003 | 0.001 | 0.005 | 0.009 | 0.009 | 0.009 | 0.007 0.01 0.015 | 0.015
2001-2200 0.000 | 0000 | 0.000 | 0.000 | 0003 | 0.005 | 0.005 | 0005 | 0.003 | 0.007 | 0.009 | 0.008
2201-2400 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.002 | 0.002 | 0002 | 0.002 | 0.004 | 0.008 | 0.008
Min 0.001 0.000 0.000 0.000 | 0.000 0.002 0002 0002 | 0.002 0004 0008 0.008
Max 0.016 0.024 0.027 0.029 | 0050 0.064 0.065 0065 | 0.071 0103 0111 0.106
Range 0.015 0.024 0.027 0029 | 0050 0.062 0063 0063 | 0.069 0099 0103  0.098
Avg 0007 0010 0.012 0013 | 0015 0.021 0023 0023 | 0.023 0034 0039 0038
Stdev 0.005 0.008 0.009 0010 | 0014 0.017 0018 0018 | 0.020 0029 0030 0.029
Rsqg btw Almost Improper with Improper bearing 0.986 | 0.981 | 0.977 | 0.965
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Measurement
Settings
Display Format

Scale

Y unit

Measurement Data

Trace Coord.

Marker

(3) 10-32 UNF-2B thread

Step 1

Quad

Axes scale marker

Amplitude=Peak

Channel 1 to 4
=PWR Spectrum
1to3

= Linear Magnitude

Marker = ON

Step 2

Overall=ON

X=0to 200

Peak Trk = ON

Step 3

Y=Auto scale
XDCR UNET

=M(DISP)

X-Axis=Linear
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Measurement
Step 1 Step 2 Step 3
Settings
Inst Mode FFT Analysis Envelope = ON
START =0 Hz Resolution (Lines)
Frequency Step size = 2kHz
STOP = 2400 Hz =200
Window Rectangle
Sensitivity
Input
=100 mv/g
Source OFF
Average Average = ON Fast Average Update rate =5
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Feature

Power Spec CH 1/2/3/4
Linear Spec CH 1/2/3/4
Time Channel 1/2/3/4
Window Time CH 1/2/3/4
Frequency Response
Coherence

Cross Spectrum

Orbit

Math Function

Data Register
Waterfall Register

Capture CH 1/2/3/4/

FFT

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Octave

Yes

Yes

Yes

Yes

Yes

Order

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Swept

Sine

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Correction

Yes

Yes

Yes

Yes

Yes

Yes

Histogram

/Time

Yes

Yes
Yes
Yes

Yes
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Feature

FFT

Octave

Order

Swept

Sine

Correction

Histogram

/Time

Composite Power

CH 1/2/3/4

Yes

Order Track CH 1/2/3/4

Yes

RPM Profile

Yes

Normalized Variance

CH 1/2/3/4

Yes

Auto Correlation

CH 1/2/3/4

Yes

Cross Correlation

Yes

Histogram CH 1/2/3/4

Yes

PDF CH 1/2/3/4

Yes

CDF CH 1/2/3/4

Yes
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Technical Data Included Accessories Type

» 10-32 mounting stud 8402
Specification Unit Type 8795A50M8  » 10-32 to M6 mounting stud, 8411
Acceleration range g =50 shipped only outside N.A.
Acceleration limit gpk +100
Threshold (noise 100 pWms), nom. grms 0.001
Sensitivity, +10 % mV/g 100 Ordering Code
Resonant frequency mounted, nom. kHz 20 Type 8795A []
Frequency response, +5 % Hz 1...4000 Range T
Amplitude non-linearity %FS0O +1 250 g, low temperature |5ﬂM3 |
Time constant, nom. 5 0.5
Transverse sensitivity, nom. (max. 3) % 1.5 We can also recommend our product series
Long term stability Y +1  Type B766A... with extended operating temperatue

range or TEDS option (see Data sheet 8766A_000-
Environmental 607,
Base strain sensitivity @ 250 pe g/ne 0.01
Random vibration, max. grms 2000  Measuring Chain Type
Shock limit (1 ms pulse) gpk 5000 1 Low impedance sensor 8795A50M8
Temperature coefficient of sensitivity | %/°F -0.02 2 Sensor cable, 4-pin neg. to 3x BNC pos. 1756B...
Operating temperature range °F -320...250 3 Power supply/signal conditioner 5%
Storage temperature range °F -320...300 4 Output cable, BNC pos. to BNC pos. 1511
Qutput
Bias, nom. VDC 11 & [ N\ f]
Impedance 0 <100 1 % 3 4 Readout
Voltage full scale \4 £5 (not supplied)
Current mA 2
Source
Voltage VDC 20...30
Constant current mA 2..18
Impedance, min. kO 100
Construction
Sensing element Type quartz-shear
Case/base material Titanium
Degree of protection case/connector | Type hermetic
Connector Type 4-pin pos.
Ground isolated with pad
Mass grams 32
Mounting (10-32 thd.»0.15 dp) Type stud

1 g =9.80665 m/s’
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Vibration Analysis and Damage Detection
of the Bearing on Hard Disk
Drive Tester

Jiraphon Srisertpol, and Kittisak Photiseang

Abstraet-——-This article 1= to gudy, conduct an experiment, and
analyze the wibration of the Gemuni tester, which is an apparatus
widely used in various industries. The vibrations normally cause
emors and darnages on parts In case of Hard Disk Dnve (HDD)
industry, the vibration at the Pocket Slot also presents the poer
performance This study had analyzed the property of a Bearmg by
using Modal Analysie. The natural frequency of the Bearing was
exarmned by the Measurement Technique The expenment results
demenstrated a useful technique for the wibration control of the
Bearmg in the manufactunng process.

Keypwords— Vibration Analysis, Bearing, Parareter Estimaticn

1. INTRODUCTION

OMPUTER is considered a use ful tool nowadays since its

high speed computing with accuracy, precision, and its
sharp display. One of the main key inside - components of this
powerful tool is the Hard Disk Drive (HDD). Therefore, the
HDD industry has been developed for its better efficiency and
reliability in order to satisfy the customers. The test process of
HDD is an important step to claim for the reliability of

tery sioc

products, The test duration of a HDD varies to its capacity.
The vibration generated by a Bearing is a key factor to
¢xamine HDD's error and damage as shown in Figure 1. And
when replace bearing with the new one then Test Slot become
to normal. The degencration of bearing can’t be observed as
normal shown in Figure 2. This study aimed fo analyse the
vibration of a Test Slot affecting the mechanical properties of
HDD and to classify the bearing that were suitable for the test
process to control the vibrating effect o/ HDD. [1].

In 1984, Clarence W. and Sam S. [2] had analysed the
natural frequency of vibration in parts of a shaker by a method
of Experimental Modal Analysis (EMA). The results were
displayed in both time and frequency domains.

Jiraphon Srisertpol and corps [3, 4] had analyzed the
vibration of transfer module that cffects to Head Gimbal
Assembly(HGA) base on operating Walter D. Pilkey and
Sergev V.Purtsezov [5] to present finding of the appropriate
variables fo get a shock isolator to control the mechanical
properties.
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Fig 2 Bearing appearance
II. PROCEDURE

The model of a shaker used to test for the natural frequency
of the HDD vibrations was depicted in Figure 3. The shaker
was tested with the method of Base Excitation which its
amplitude was constant, Y(t)=28.284sin @t, and it was shook
under various frequencies to examine for the natural
frequency.
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Fig. 3 Structure of the Test Slot

To finding of the isolator properties. The response of the
Isolator was analyzed by the methods of Parameter Estimation
for the spring stiffness and the damping coefficient comparing
with measurement technic.

In the Figure 4, the experiment of the Test Slot with Base
Excitation method was given constant amplitude and was
observed by the Accelerometer Sensor.

Fig 4 Experimental Setup

In figure 5, The mathematical model and the Free Body
Diagram of the simulating experiment were depicted as
following,

mx, +ex, +(k +k)x —ex, —kx, =ky )

X, @

m,, +cx, +k,x, -k, —kyx, =0
mo 0| X ¢ e
|
0 m| %] |-c ¢

(1)

my

e b %) ot -4
" o BV
——
1 }’{-'} kl':'tll_y}

Fig. 5 Free Body Diagram of Simulating Experiment
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The experimental of the model has an initial value for the
variable as following.
o Mass value m; = 85 kg
o Mass value my = 50 kg

Fig. 6 Setup Position Bear't_ng

This article has an experimental setup three proper and
improper bearing property by separates in 3 case as following,
« Case1: Setup all positions with proper bearing property.
o Case [I: Setup an almost improper bearing property in
positions A.
« Case 11 Setup improper bearing property in positions A.

11 TOOL AND EQUIPMENT

The Dynamic Signal Analyser series 35670A of Agilent
Technologies shown in Figure 7 was employed to measure the
vibrations.

Fig. 7 Dynamic Signal Analyser

The Accelerometer Sensor series 8395A of Kistler with the
ability of measurement 3 axis along x, y and z axes was
employed for the accelerate measurement depicted in Figure 8,
and the Shaker series MI200W of Spectral Dynamic was
depicted in Figure 9, respectively.

T

}

(3)10-32 UNF-28 thread
Fig. 8 The Accelerometer Sensor series 83954
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Fig. 9 The Vibration and amplifier for measurement

IV. RESULT AND DISCUSSION

From result and vibration analysis of bearing of Test slot
that determine amplitude of base constant y(z)= 28 28sm wt

and various frequency in range 0 - 2400 Hz. The experiment
will be finding stiffness (k1) by base excitation method (single
degree of freedom), value is 7.3x106 N/m. And apply k1 to
estimate stiffness (k2) and damped (c) in 2DOF (Expenimental
setup). The result display in fig 10, Xm is response of
measurement and Xs is response of simulation. Error between
Nm and Xs is small.

Case [: The result show that in fig 11, TL. T2 and T3 is
good bearing, time trial 1-3. Frequency acting in range 201-
400 Hz and 1001-1200 Hz that acceleration in (g) and display
intable 1,

Case [I: The result show that in fig 12, T1, T2 and T3 is
almost improper bearing, time trial 1-3. Frequency acting in
range 201- 400 Hz and 1001-1200 Hz that acceleration in (g)
and display in table 2.

Case III: The result show that in fig 13, T1, T2 and T3 is
improper bearing, time trial 1-3. Frequency acting in range
201- 400 Hz and 1001-1200 Hz that acceleration in (g) and
display in table II1.

Tarlel
PROPER BEARTNG, ACCELERATION IN (3)
Bearing classify  Frequency(Hz) ™ T2 T3

G1 (3 MCs) 201 - 400 0027 D028 0031

1001 - 1200 0016 0ME  0o22

TaplE2
ALMOST IMPROPER BEARING, ACCELERATION I (5)
Bearing classify  Frequency(Hz) T1 T T3

G (3 MCs) 201 - 400 0081 0.045 0046

1001 - 1200 0064 0085 0065

TepLEIT
Inprorzr BEARING, ACCELERATION IN ()
Bearing classify  Frequency(Hz) T T2 T3

G3 (8 MCs) 201 - 400 0072 0080 0.080

1001 - 1200 0103 01 0108
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Fig. 14 Displacement transmissibility and Frequency of 3 bearing
COmparson

The mechanical property of proper bearing had 2 frequency
range are 201-400 and 1001-1200 Hz, the vibration has
classify almost improper bearing on acceleration in (g) at value
45 and 65 that specification useful for replacement bearing as
shown in Table I1.

If we will analyze vibration contribute to HDD in test
process. We need to know force that generate from HDD test
process, for analyzed and design to detect improper bearing to
reduce vibration or increase Tester performance.

V. CONCLUSIONS

This paper was to study the change of mechanical properties
in the vibration bearing of a Test Slot in erder to classify the
appropriate bearing for the Hard Disk Drive test process. The
method of Base Excitation and the measurement were
employed to analyze for the natural frequency. The
investigation could decrease the damage from the vibrations
effeet.
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