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PATARA KUKUMSALI : VIBRATION ANALYSIS OF THE CAMERA
HOLDER FOR BASE EXCITION REDUCTION IN AUTO CORE
ADHESION MOUNTING MACHINE. THESIS ADVISOR : ASSOC. PROF.

JIRAPHON SRISERTPOL, Ph.D., 80 PP.

ISOLATOR/VIBRATION ANALYSIS/AUTOMATION MACHINE/HARD

DISK/BASE EXCITED/VIBRATION

The process of manufacturing a hard disk drive (HDD) is to write, a Head
Gimbal Assembly (HGA) drive with a slider with a retractable arm. The reader reads
the data together, the two pieces are very small, need to use automatic machinery to
assemble and position the head. However, there are problems with the camera to
process the image. For details on installing a portable reader. Therefore, this research
has proposed the vibration analysis of the speed of the machine for the design,
correction, reduction of vibration that affect the image processing, the positioning of
the read head on the arm. Based on the location given, the area will increase the

efficiency of the production process.
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1 v k4 1
MINN 4.1 M31)5euMeuanTsuUUNIATTIUNDULAZHAIAAAIR UIUAUTY (pitch offset)

Standard deviation pitch offset

UPH 815 869 944 1004 1060
Before STDEV 0.003119 | 0.004279 | 0.004744 | 0.005222 | Unfocus
After STDEV 0.001895 | 0.002918 | 0.003269 | 0.003981 | 0.004744
% can reduce STDEV 39% 32% 31% 24% -

1 v k4 '
3NN 4.2 M319)5euneuaAnTsuUUIATIUNOULAZ HAIAAGINUIUNUTU (roll offset)

Standard deviation roll offset
UPH 815 869 944 1004 1060
Before STDEV 0.002306 | 0.002813 | 0.00294 | 0.003444 | Unfocus
After STDEV 0.002141 | 0.002338 | 0.002283 | 0.002866 | 0.004042
% can reduce STDEV 7% 17% 22% 17% -

1 v Y '
MINN 4.3 M3195eumeuaATsuUUINATIIUNOULAZHAIAAAIRUIUAUTY (angle offset)

Standard deviation angle offset
UPH 815 869 944 1004 1060
Before STDEV 0.170629 | 0.198674 | 0.247652 | 0.346941 Unfocus
After STDEV 0.162193 | 0.168316 | 0.174996 | 0.247652 0.325329
% can reduce STDEV 5% 15% 29% 29% -

Y \ U A ‘:’J = (Y} % \ |
wamnnamnammz14mﬂﬂﬂﬂu‘qﬂﬂmuﬂamammm-°l1m

Y
Av A
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4.5

Sumamsaa deudadanuaududulunumm NDEweaslugd 4.6 (M) nuulni (2)
Saeraalugiii 4.6 (v) nazndsdadan i lunuy g (N3) Swaasluzili 4.6 () wa
#1dnnndoauanaluaanei 4.4 uunuRoll offset uaz Had ldnnndosanslunisied 4.5
TunnuPitch  offset Tagdamiaduasuaenaiilannnassluanudinsiauilanaaly
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d‘ v R Y 1 1 a qs/l [} QIJ o =R 9 1
31N 4.13 () YaTvBANAD VLM NOUAAAIRUIUAUTY (N1), (V)YATUTANAD WMDY 11
Y v k4 v

noUAAAIRUIUAUTY (N1), (M)yAdudandowuylnindsaadenuIunuday

(N3)

1 1 4 1
M1 44 msalseudieuandoanumnasgiunoutaziasaadmuauiudulugadaiy

ndoauuuM-113 (Roll offset)

Unit per Hour Roll offset STD hole image % Reduce
(UPH) N1 N2 N3 STD
1060 unfocus unfocus 0.00404
1004 0.005222 0.00344 0.002866 45.11
944 0.004279 0.00294 0.002283 46.64
869 0.003119 0.00281 0.002338 25.04
815 0.002008 0.0023 0.00214 +6.62
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1 [ Y 1
M50 4.5 mslssudeuandeuuuinasgiunoutazasaaninuiunudulugagaiy

AdoLLN-11Y (Pitch offset)

Unit per Hour Pitch offset STD hole image % Reduce
(UPH) N1 N2 N3 STD
1060 unfocus unfocus 0.004744
1004 0.00522 0.005222 0.003981 23.76
944 0.004279 0.004744 0.003269 23.6
869 0.003119 0.004279 0.002918 6.44
815 0.002008 0.00312 0.00189 5.87
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Abstract, This research aims to study the vibration analysis in the camera holder of
Auto Core Adhesion Mounting machine that used in hard disk drive industry for
attaching slider onto suspension (HGA). When speed increased base excited vibration
are oceurring and this affected to position error while image processing. The image
processing finds the referent hole position of suspension before slider attachment
process, the impact of vibration are impact to 3 camera holder at 43 Hz and 100 Hz.
Then analysis of vibration signal and isolators selected from 4 models to use for
reduce base excite camera holder. The 4™ model isolator shown best performance to
reduce vibration and improve the elficiency of image processing.

Keyword. isolator. vibration analysis. automation machine, hard disk drive; base
excited vibration

Introduction

Thailand is the second largest manufacturer and exporter of hard disk drives.
The head gimbal assembly (HHGA) process is the process that one of the key
components in mechanical hard disk drive (HDD). The HGA is the one of read/write
components that operates above the media or platter while the media were rotated by
spindle. The HGA consist of 2 main components which are “slider” 1s the magnetic
head and suspension. The function of the HGA process is to join major components
together. The slider attachment to suspension is vital process since the HGA has to fly
over the magnetic media, which is spun with the speed at 7,200 RPM and reading data
from and writing data to the magnetic media.

Therefore, this paper focuses on an improving the suspension hole image
quality on the Auto Core Adhesion Mounting Machine (ACAM). ACAM machine
process is using machine visions to justify the alignment position for attachment slider
to suspension. While the vibration was taking place into machine, it decreased an
efficiency of machine to alignment the HGAs. Thus, the structural dynamics
properties must be considered when we have to design the machine. For example, the
ACAM machine of Western Digital also facing with this problem as shown in figure 1
(a). Which the vibration is effected to the image quality of sampling picture and it is
decreased the reliability of this machine .It is result from the natural frequency of
machine structure drop while it carrying the camera and 1t is close to the frequency
used in machine.
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This paper discusses a changes the natural frequency of machine structure in ACAM
machine.

The image processing, edge detection is used to find the CU hole, B Datum
hole and find the position in suspension for making point attach slider, From figure 1
(b) image blur, which is affected to find the CU hole and B Datum hole. However, the
image processing error occurs due to the wrong position of suspension when attaching
the slider and it will causes the HGA to misalignment.

CU Hole
| B Datum
(b)
Figure 1. (a) Machine speed nmnmg <1000 UPH. (b) Machine speed running >1000 UPH blur image

This process need to have high accuracy for attachment. The camera are used
to the find position of marking point in the suspension for attaching the slider onto the
suspension which is camera along with a camera holder mounted on the table that is
used to install the parts of ACAM as shown in figure 2 The cause of suspension blur
1s due to the lot of moving parts in ACAM when the unit per hour (UPH) is increases.
This is the main reason that cause ACAM to increases vibrate and increases base
excited vibration at the camera holder, which cause the result of blur images.

Figure 2. Camera No. 3 in ACAM machme

When analysis and design isolator the vibration near the resonance region when the disturbance
frequency is below +/2 times of isolator natural frequency, and as small as possible in order to obtain a
better isolation effect when the frequency is over V2 times of isolator natural frequency.[1] The
research about the dynamic relation of asymmetric multi-supported vibration isolation system with
elastic foundation, establishes the passive and active control model for the system by using the
effective matrix analysis method, analyzes and calculates the transmission mechanism and
characteristic of vibrational power flow in the flexible vibration isolation system under passive
control.[2] The research vibration modal analysis using ANSYS software gaining natural vibration
frequency of each order of pipe-die and the corresponding vibration mode.[3] The analysis about a
plate dynamic model along with experimentally identified damping ratios for an annular work piece




under constraints emulating those of a duplex tuming machine. Formulated as a dimensionless
boundary value problem verified with finite element analysis provide a rational basis for identifying
key cutting process parameters and quantifying their effects on thin-wall component vibration
sensing.[4] The control vibration the suppression method of anti-resonance and resonance caused by
use of air springs, which are the actuator of a pneumatic vibration isolator. Although the relative
displacement derivative (RDD) positive feedback control is effective for the suppression of the anti-
resonance and resonance, a control system is not causal under the condition that the time delay of
response of air springs is present.[S] The new design the vibration isolation device. Based on the theory
of vibration isolation and finite elernent analysis. The process of simulation analysis and verification of
its vibration isolation performance, whose result worked well, is made in the last.[6] Studied on the
different models effect in isolation design using Transfer Matrix Method for Multibody Systems
MSTMM and passive control techniques to conserve the power consumption for enlarging the power
batteries life.[8]

This research attempts to improve the changes the natural frequency of machine structure and design to

reduce base excited vibration at the holder camera in ACAM machine at the 1000 UPH and thus
improve the efficiency of image processing,

Methodology

Measurement vibration

The experiment is concucted by the vibration in the ACAM machine will affected to decrease
the performance bonding accuracy. The measurement vibration test at 1000 UPH for defining
the frequencies that affects holder camera and point measurement vibration as shown in figure
3.The measurement vibration equipment vses lotech analyzer 640u {Analyzer vibration), PCB
356A32 (Triaxial TEPE accelerometers), Ez Analyst software (software for measurement
vibration)

Tabdn

Figure 3. Point measurement vibration on holder camera in ACAM machine

Figure 3 indicated that the vibration measurements at the speed of 1000 UPH each point on
the holder camera showed that the maximum amplitude of the base is 100 Hz. Vibration
measurement result shown as Figure 4 Beam A and Beam B. shown maximum amplitude at
43 Hz because the column is directly vibrated like the base. Most Frequently Forwarded
System when the machine operates at a speed of 1000 UPH is 43 Hz and the most effective
axis is the x axis and the z axis.
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Modal Analysis

Modal analysis for defining natural frequencies of holder camera in the ACAM machine as
shown in Figure. 5. Modal analysis equipment uses Iotech analyzer 640m (Analyzer
vibration), PCB 356A32 (Triaxial IEPE accelerometers), Kistler Type 9726 A20000 (Modal
Hammer}, Ez Analyst software (software for measurement vibration)

|
Y

a
Figure 5, (ag [)winl test modal side view. (b) point test rfnho)dal top view

The result is impacted testing natural frequencies of camera holder have 4 mode natural
frequencies as shown in figure 6 (a) and the most natural frequency with the camera holder is
the mode 1 frequency at 48.75 Hz.

Know the natural frequencies from modal testing to find the modal deflection shapes of the
camera holder and see how the modal deflection shapes are shaped. By simulation, ANSYS
programs that affect the camera. Appearin figure 6 (b} [9-10]
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s | 7 s e

(@ ®)
Figure 6. (a) Result impact test. (b) modal deflection shapes

Designs

According to measurement vibration and impact test results, With desired machine speed the
frequency of 43 Hz is appeared, this frequency is close to the natural frequency in first mode
with high amplitude. The isolator model is selected from above result and criteria with
frequency range 40-530 Hz to imply in ACAM machine to reduce vibration and isolator data
spec shown as figure 7 and figure 8.The isolator selection is based on the weight 32 kef of
camera holder and the force transmissibility (T .R.)= 10%. Based on calculated formula (1)

T‘.R,f::szL
-1

1
The optimal isolator 1 > wﬁ range is most effective. [11]
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Measurement vibration with isolator
Install the isclator selected in the ACAM as shown in figure 9 and measurements vibration at
1000 UPH (Points beam B) for comparing the vibration reduction for each model.

ch
Figure 9. (a) Isolator model 1. (b) Isolator model 2. {c) Isolator model 3. (d) Isolator model 4

Resulis
In addition, figure 10 showed the vibration at a frequency of 43 Hz for all models in the x-
axis and z-axis before and after install isolator,

-.u
L

Figure 10, Compare result measurement after and before install isolator

51 ™

Afier the isolator is applied, the vibration effect all models can be reduced to 1% mode of
natural frequencies se figure 11. However, the vibration at 50 Hz does not affect the camera
holder because before install the isolator near mode 1 of natural frequency is 43 Hz, More
effect than 50 Hz. and there are some isolators to vibrate at mode close to the 2* mode of
natural frequency at 100 Hz,

Coamgans 0 rovan sl st 302 oo itk X ]

—e ¥
= A
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Figure 11. Compare result measurement install isolator each model




In comparative of the results experiment as shown in Table 1, the vibration reduction of each
isolator model can reduce vibration in frequency, a problem with the system at 43 Hz, but
some isolators increase vibration and some axis in the natural frequency mode 100 Hz. It is
necessary for further analyse other natural frequencies in isolator design.

Table 1 .The result of isolators reduce vibration
% Reduce vibration at 43 Hz % Reduce vibration at 100 Hz

Taolatne X axis Y axis 7 axis X axis Y axis 7 axis
Model 1 87.95 42.72 83.83 42.68 16.37 126.36°
Model 2 49.66 39.48 56.98 1.72 13.7 24

Model 3 311 44.37 13.35 61.88 52.09" 46.06"
Model 4 98.42 79.78 93,50 92.67 86.31 87.96

*The isolator increase vibration

Conclusion

The results shown all isolators can reduce base excited vibration at frequency 43 Hz
according to the set target, but there are some isolators that make the vibration increase. Forth
model isolator is the best vibration reduction form base excited with reduced vibration at
frequency 43 Hz compare with other models and rectify the problem of image processing
CITO0r.
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