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WINAI TUMTHONG : EQUIPMENT TO DETECT BAD ISOLATOR IN
HARD DISK DRIVE TESTING PROCESS. THESIS ADVISOR :

ASST. PROF. JIRAPHON SRISERTPHOL, Ph.D., 110 PP.

HARD DISK DRIVE/ ISOLATOR/ VIBRATION

Presently, there are more demands for hard disk drives (HDDs). Every HDD
produced need to be tested to entrust consumer’s confidence to purchase the product.
Each testing takes about 25-30 hours. If there are any errors during the test, the
technicians must be checked and retested. The errors can be occurred for several
reasons but one of them is the deterioration of isolators in the pocket slots. When the
number of bad isolators reached the warning level, the test chamber machine has stop
and replace the new isolator. Unplanned stop machine is not requirement. Therefore,
this research has designed the equipment to detect bad isolator in HDDs testing
process using the Microelectromechanical System (MEMS) sensor with the Arduino
Due Microcontroller Board that indicates the steady state of the vibration in
differently sizes which the outcomes can identify the bad isolator in the testing
process then easily to monitoring the maintenance plan of the Test Chamber

Machines.
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A

A

Input o Microsensing Transconduction | Output
Signal element Unit Signal

A v o 4
EL]J‘VI n.2 ﬂaﬂﬂ’]ﬁﬂ’l\ﬂuﬂl'E]\i]llliﬂﬂclfulclfﬂi

N2 318aZRYAA1N q Y93 MEMS (ADXL335)

Parameter Conditions Min Type  Max Unit
SENSOR INPUT Each axis
Measurement Range +3 +3.6 g
Nonlinearity % of full scale +0.3 %
Package Alignment Error +1 Degrees
Interaxis Alignment Error +0.1 Degrees
Cross-Axis Sensitivity1 +1 %
SENSITIVITY Each axis
(RATIOMETRIC)’
Sensitivity at Xout,Yout,Zout | Vs=3V 270 300 330 | mV/g
Sensitivity Change Due to Vs =3V +0.01 %/°C
Temperature3
ZERO g BIAS LEVEL
(RATIOMETRIC)
0 g Voltage at Xout,Yout Vs =3V 1.35 1.5 1.65 |V
0 g Voltage at Zout Vs =3V 1.2 1.5 1.8 |V
0 g Offset vs. Temperature +1 mg/°C
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Parameter Conditions Min Type  Max Unit
NOISE PERFORMANCE
Noise Density Xout,Yout 150 Mg/\/Hz rms
Noise Density Zout 300 Mg/\/Hz rms
REQUENCY RESPONSE'
Bandwidth Xout,Yout5 No external 1600
filter
Bandwidth Zout’ No external 550
filter
R, ; Tolerance 32+ k€2
15%
Sensor Resonant Frequency 5.5 kHz
SELF-TEST'
Logic Input Low +0.6
Logic Input High +2.4
ST Actuation Current +60 ULA
Output Change at Xout Self-Test 0 to —15 325 —600 | mV
Self-Test 1 0
Output Change at Yout Self-Test 0 to +150  +325 +600 | mV
Self-Test 1
Output Change at Zout Self-Test 0 to +150 +550 +1000 | mV
Self-Test 1
OUTPUT AMPLIFIER
Output Swing Low No load 0.1
Output Swing High No load 2.8
POWER SUPPLY
Operating Voltage Range 1.8 3.6 \"
Supply Current Vs =3V 350 HA
Turn-On Time’ No external 1 ms
filter




78

Parameter Conditions Min  Type Max Unit
TEMPERATURE
Operating Temperature Range —40 +85 °C
v d
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//Arrays size

const int arrSize = 500;// Sample size

const int avgSize = 10;// Average size

const int ReadSize = 1;// Delay to read average
/I Arrays to save our results in

unsigned long start times[arrSize];

unsigned long stop times[arrSize];

float Z1_Val[arrSize];
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float Y1 _VallarrSize];

float Z2 Val[arrSize];

float zero G = 2048.0;// Set zero
float scale = 409.5; // Convert to g
float k=0.48;// Gain

float filtZ1[arrSize];

float filtY 1[arrSize];

float filtZ2[arrSize];

// sk sk sk sk sk sk ok ok kR kokokok ok ﬂ’]jﬁ’]wu@ﬁ’”éu{?{uslﬁ}ﬁluuagﬂ sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok

void setup() {
Serial.begin(57600); // E‘f@imﬁ!,%ﬂmiﬂﬁl‘lJUfJg@
analogReadResolution(12); //set ADC 12 bit
eAnalogReference(EXTERNAL); //Set reference
Serial.println("\n--- Initial Program ---");

unsigned int i;

// skeoste sk st sk sk sk sk skoskoskoskoskok ﬂ]jﬁ]ﬁuﬂﬁjlénﬁ}uslﬁ}ﬁ’guﬂi sk sk sk sk sk sk sk sk sk skeoske skeoske skeoste skeoste sk sk skeoske sk skeosk sk skoskoskosk sk sk

for(i=0;i<arrSize;i++) {
start times[i] = millis();
delay(2);//Sampling Rate 500 Hz
float Z1 value = analogRead(A0);
float Y1 _value = analogRead(A1);
float Z2_value = analogRead(A2);
71 Val[i] = (Z1_value-zero_G)/scale;
Y1 Val[i]= (Y1 value-zero G)/scale;
72 Valli] = (Z2_value-zero_G)/scale;
stop_times[i] = millis();

}

Serial.println("\n--- OK. ---");
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// sk sk s e sk s s s e s e e e sk sk sk sk skoskoskosk kokok ﬂ’]jﬁ’]q’]uiud’)um@qiﬂiuﬂiu************************

void loop() {
Serial.println(" Z1\t Y1\t Z2");
int u=0;
int v=0;
int w=0;

unsigned int h;

for(h=0;h<10;h++) {
unsigned int j;

int Zlindex = 0;

int Y1lindex = 0;

int Z2index = 0;
float SumZ1=0.0;
float SumY1=0.0;

float SumZ2=0.0;

for(j=0;j<avgSize;j++) {

unsigned int i;

for(i=0;i<arrSize;i++) {
start_times[i] = millis();
delay(2);//Sampling Rate 500 Hz
float Z1_value = analogRead(A0);

float Y1 _value = analogRead(A1);
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float Z2 value = analogRead(A2);

71 Val[i]=(Z1 value-zero G)/scale;

Y1 Valli] = (Y1 value-zero G)/scale;

72 Valli] = (Z2_value-zero G)/scale;

stop_times[i] = millis();

// sk sk sk sk sk sk sk sk sk sk sk sk sk ko ok ok ok ok k ok ko Bandpass Fllter 110 - 130 Hz st ste st st st st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sko sk sk kook

for(i=6;i<arrSize;i++) {

filtZ1[i]

filtY'1[i] =

filtZ2[i]

k*((-1*Z1_Val[i-6]) + (0*Z1 Val[i-5]) + (3*Z1 Val[i-4]) + (0*Z1 Val[i-3])
+(-3*Z1 Val[i-2]) + (0*Z1 Val[i-1]) + (1*Z1_Val[i-0])

+ (-0.6041096995*filtZ 1[i-6]) + (0.2485750800*filtZ 1[i-5])

+ (-2.149467490 1 *£iltZ1[i-4]) + (0.5855951295*filtZ1[i-3])

+ (-2.5391145597*filtZ1[i-2]) + (0.3480045948*filtZ1[i-1]));
k*((-1*Y1_Val[i-6]) + (0*Y1_Val[i-5]) + (3*Y1_Val[i-4]) + (0*Y1_Val[i-3])
+(-3*Y1_Val[i-2]) + (0*Y1 Val[i-1]) + (1*Y1_Val[i-0])

+ (-0.6041096995*filtY 1[i-6]) + (0.2485750800*filtY 1[i-5])

+ (-2.149467490 1 *filEY 1[i-4]) + (0.5855951295*filtY 1[i-3])

+ (-2.5391145597*filtY 1[i-2]) + (0.3480045948*filtY 1[i-11));
k*((-1*¥Z2_Val[i-6]) + (0*Z2_Val[i-5]) + (3*Z2_Val[i-4]) + (0*Z2_Val[i-3])
+(-3*Z2_Val[i-2]) + (0*Z2_Val[i-1]) + (1*Z2_Val[i-0])

+ (-0.6041096995*filtZ2[i-6]) + (0.2485750800*iltZ2[i-5])

+ (-2.149467490 1 *£iltZ2[i-4]) + (0.5855951295*filtZ2[i-3])

+(-2.5391145597*filtZ2[i-2]) + (0.3480045948*filtZ2[i-1]));

/] Z axis of sensor 1

float Z1Max = filtZ1[getMaximumValue(filtZ1,arrSize)];

float Z1Min = filtZ1[getMinimumValue(filtZ1,arrSize)];
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float zeroPk Z1 = getDeltaValue(Z1Max,Z1Min);
/I'Y axis of sensor 1
float Y1Max = filtY 1 [getMaximumValue(filtY 1,arrSize)]
float Y1Min = filtY 1 [getMinimumValue(filtY 1,arrSize)];
float zeroPk Y1 = getDeltaValue(Y 1Max,Y 1 Min);
/I Z axis of sensor 2
float Z2Max = filtZ2[getMaximumValue(filtZ2,arrSize)];
float Z2Min = filtZ2[getMinimumValue(filtZ2,arrSize)];
float zeroPk 72 = getDeltaValue(Z2Max,Z2Min);
//Check Amplitude Z1 axis
if (zeroPk _Z1 <.04){
zeroPk Zl=zeroPk Z1;
Zlindex = Zlindex+1;
H
else{
zeroPk Z1=0;
Zlindex = Zlindex;
H
//Check Amplitude Y1 axis
if (zeroPk Y1 <0.045){
zeroPk Y 1=zeroPk Y1;
Ylindex = Ylindex+1;
}
else{
zeroPk Y1=0;
Ylindex = Y lindex;
}
//Check Amplitude Z2 axis
if (zeroPk 72 < .05){

zeroPk Z2=zeroPk Z2;

b
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Z2index = Z2index+1;
H
else{
zeroPk 72=0;
Z2index = Z2index;
}
delay(ReadSize);
SumZ1=SumZl+zeroPk Z1;
SumY 1=SumY 1+zeroPk Y1I;
SumZ2=SumZ2+zeroPk 7Z2;
}
/I Averaging
float Z1 = SumZ1/Z1index;
float Y1 = SumY1/Y lindex;

float Z2 = SumZ2/Z2index;

Serial.print(Z1,4);

Serial.print("\t");

Serial.print(Y1,4);

Serial.print("\t");

Serial.println(Z2,4);

J] sk kst ok sk ks sk ok skt o sk ok ko fgau”lm ok sk sk skokokokokokskokokokokokok sk sk skokokokkok ko kokokok

if(Z1>=0.03 || Y1>=0.03 || Z2>=0.04){
u=u+l1;

}

if((Z1>=0.027 && Z1<0.03) || (Y1>=0.027 && Y1<0.03) || (22>=0.029 && Z22<0.04)){
v=v+1;

}

if(Z1<0.027 || Y1<0.027 || Z2<0.029){
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w=w+1;
}

}

ifl v && w>w ){
Serial.println("%%%%%%%%%%%%");
Serial.println("++Ready++");
Serial.println("%%%%%%%%%%%%");

telse if( v>u && v>w ) {
Serial.printin("#H###H#HH##H#HH"),
Serial.println("++Warning++");
Serial. printin("#H###H#H###H#HH"),

}

else{
Serial.println("& & & & & & & & & & & &&");
Serial.println("++Failure++");

Serial.println("& & & & & & & & & & & & &),

H
H
// Find maximum
int getMaximumValue(float* maxArray, int arrSize)
{
int maxIndex = 0;
float maxVal = maxArray[maxIndex];
for (int i=1; i<arrSize; i++){
if (maxVal<maxArray[i]){
maxVal = maxArray[i];

maxIndex = i;
}
}

return maxIndex;
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}

// Find Minimum
int getMinimumValue(float* minArray, int arrSize)
{

int minIndex = 0;

float minVal = minArray[minIndex];

for (int i=1; i<arrSize; i++){
if (minVal>minArrayl[i]){
minVal = minArrayl[i];
minlndex = i;
}
}

return minIndex; }
// Zero - Peak
float getDeltaValue(float a, float b)
{
float zeropeak = 0.05*(a-b);
return zeropeak;

}
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Abstract. This paper presents a study and an analysis of a pocket slot in hard disk drive testing process.
The process is in general industries especially in hard disc drive testing process. The vibration occurred in the
process lead to testing error and defection of hard disk drive. Also, a resonant of the product will happen. In
the study, five natural frequencies and mode shapes of a pocket slot are computed using measuring technique.
The measured values of natural frequencies and mode shapes are compared with the results from finite
element method. The SolidWorks program is used in simulation process. The results of the article will have
many benefits for hard disk drive testing process.

Keywords: Vibration analysis, Experimental design and Finite element method

1. Introduction

Automatic systems and testing processes are widely used in hard disk drive industries. The mechanical
vibration analysis of a pocket slot used in hard disk drive packing has important effects during the testing
process such as testing error and defection of hard disk drive. Therefore, the vibration problems have
significant effect in hard disk drive testing process. In the vibration analysis process, an operating data of a
testing machine will be record and analyze in real time. Consequently, the defection of hard disk drive can be
eliminated. The vibration measuring equipment can be used in testing process because it has many
advantages such as increase testing stability, enhance system reliability and reduce operating cost of
maintenance. The hard disk drive testing machine having pocket slot and three isolator support is shown in
Fig.1. The machine is implemented in a new hard disk drive testing process. All of products must be tested
before end of production processes.

In 2006, Zhi-Liang Zhang et al.[1] represented to natural frequencies and mode shapes for axisymmetric
vibrations of shells in turning-point range, in which the most basic nature is the coupling of bending and
membrane solutions for frequencies and modes. Present, Analytical solutions are useful either in the form of

a primary solution or as a means of supplementing results determined using the finite element method (FEM).

X.H. Wang et al.[2] determined natural frequencies and mode shapes of an orthotropic thin shell of
revolution by the differential quadrature method (DQM). And comparison result with the finite element
method (FEM). Clarence W. et al.[3] had analyzed 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. Song Han et al.[4] presented to algorithm for rapid estimating mode shape and checking the
corresponding mode for inter-area oscillation (IAQ) using correlation analysis (CA)technique which used to
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determine the IAO mode shape for tie-line power deviation or equivalent speed deviation. The algorithm is
efficient and effective. Christof Devriendt et al.[5] introduced to a new post-processing method based on
transmissibility measurements is introduced that allows the estimation of the modal parameters and in
particular the unscaled mode shapes. Jiraphon Srisertpol et al. [6], [7] had analyzed the vibration of transfer
module that effects to Head Gimbal Assembly(HGA) base on operating Walter D. Pilkey and Sergev
V.Purtsezov [8] to present finding of the appropriate variables to get a shock isolator to control the
mechanical properties.

Hard Disk Drive

Pocket

VA
Lock/Unlock Pocket
5 Z
v X
Fig. 1 Pocket slot in test process Fig. 2 Pocket slot assembly

This paper demonstrates the analysis of pocket slot vibration. The five values of natural frequencies and
mode shapes will be computed using finite element method in solidworks simulation program. The results
are compared with measured values from measuring process. Fig.2

2. RESEARCH PROCEDURE

The study and analysis of pocket slot vibration in hard disk drive testing process is shown in Fig 2. The
five values of natural frequencies and mode shapes will be computed using finite element method in
solidworks simulation program. The results are compared with measured values from measuring process. In
the testing process, a vibration shaker is used to generate single frequency force as y(t) = 0.10 sin  t mm.
The natural frequencies of each part of pocket slot will be calculated. Subsequently, change the force
frequency for searching other natural frequencies and amplitude of them. The measured results will consider
both in time domain and frequency domain. For the mechanical properties derived from the experiment
Shown in table 1

Table 1. Material Property

e Material property e Value e Unit
e Mass Density .
Hard disk drive e Confidential
Pocket s
Lock/Unlock Pocket * 8l * ke
Isolator * 0.0765
e (0.0011
e Stiffness of isolator ® 43000 - 45000 e N/m
o Damped of isolator e 3-5 e Nes/m

In the 4 components of pocket slot such hard disk drive, pocket, lock/unlock pocket and isolatorshown in
Fig. 1.Basicly the configuration shown in table 2. Material of each part interest only mass and setting part to
rigid body exclude isolator.The isolator replace spring/damper (from experiment).
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Table 2. Configuration of the Solidworks Simulation program

e Simulation e Step | e Step 2 e Step 3
Settings
e Option e Number of e Incompatible bonding e Solver
frequencies option e - Direct sparse
e -5 mode e - Automatic
e Connection e Spring . .
e Fixture e Fixed ° .
geometry
e Mesh e Standard . .
mesh
. - Node
70933
. - Element
42672

Fig. 3 Element of Hard Disk Drive testing

2.1TESTING EQUIPMENT AND MEASURING ELEMENT

In the experimental procedure; there are three main instruments. Firstly, the Dynamic Signal Analyzer
used as measuring equipment is shown Fig 4. The equipment is the product of Agilent Technologies (model
35670A). Secondly, a triaxial accelerometer (Kistler’s model 8792A) is acceleration sensor. Finally, shaker
model M1200w used for input generation. The Fig. 5 and Fig. 6 is accelerometer and vibration shaker
respectively.

3. SIMULATION AND EXPERIMENTAL RESULTS

The results of vibration study and analysis in five modes of equipment are shown in Table.3 and 4. The
measures natural frequencies are compared with simulation results both amplitude and frequency mode by
mode. During testing process, the shaker will generate the vibration displacement along z axis. It has the
frequency range from 30 to 110 Hz. The result show that the amplitude of vibration will increase. The
resonances occur when the forced frequency and system natural frequency is equal. Therefore, the effect of
this behavior leads to defection of hard disk drive productions.

40




102

Fig.4Dynamic Signal Analyzer

i

—O—

Fig. 6Vibration Shaker

Table 3. Natural frequencies

e Mode e Measurement e Solidworks Description e Figure
e (Hz) Simulation
s (Hz)

o ° 40 e 433 Bending about e 8
Y axis

o2 e 54 e 53.0 Bending about e 9
X axis

3 e 62 e 60.1 Torsional about e 10
Z axis

e 4 e 78 e 728 Translation in Z e |1
axis

e 5 e 99 e 921 Bending about e 12

Y axis
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v A
'§ \/ —X Axis
z 1 =Y Axis
5 05 - ~———Z Axis
0
20 40 60 80 100 120
Frequency (Hz)
Fig. 7 Amplitude of natural frequencies
Table 4. Amplitude of five mode shape
e Frequency e Amplitude ( mm )
s (Hz) o X Axis o Y Axis o 7 Axis
e 40 e (.73 e (.21 e (.73
e 54 * 0.90 e 147 e 0.95
* 62 e (.24 e (.37 o 1.15
e 78 e (.21 e (.26 e 234
e 99 e 0.12 e (.25 e 1.86
S B MR S0P Model name: procket HDD Assem
1 Study name: Study 1
pasized = Wode Snape 2 Vekss & 83,002 Hz 1

Deformation scale: 0.005

Fig. 8 The 1 mode Fig. 9 The 2"'mode

Model name: procket HDD Assem
Study name: Study 1

Plot type Frequency Displacement3 : Model name: procket HDD Assem
Mode = 60139Hz = Study name: Study 1
= Plot type: Frequency Displacementd -
Mode Shape : 4 Value = 72784 Hz 1=

Deformation scale: 0.005

- rd
Fig. 10The 3 mode Fig. 11The 4" mode

Model name: procket HDD Assem
Study name: Study 1

Plot type: Frequency Displacement5
Mode S 5 Value = 92.158 Hz

Fig. 12The 5" mode
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Table 5. Natural frequencies and corresponding mode shapes.

¢ Mode ¢ SolidWorks * Description ¢ Figure
Simulation(Hz)
o | e 433 e Bending about Y axis e 8
.o 2 e 53,0 e Bending about X axis e 9
o3 o 60.1 e Torsional about Z axis e 10
. 4 e 728 ® Translation in Z axis e 1]
o5 e 92,1 e Bending about Y axis o 12

4. Summaries

The results of vibration analysis of five mode vibration both natural frequency and mode shapes show
the value of fundamental natural frequencies and mode shapes. The range of natural frequency of pocket slot
is from 40 Hz to 105 Hz. There are five modes of natural frequency and mode shapes that are the value from
40 Hz to 101 Hz. The measured results from measuring technique and the simulation results from simulation
program (using finite element method) have the same trend. Therefore, the study and analysis of vibration of
pocket slot in hard disk drive testing process using finite element method can be used to detect the natural
frequencies and mode shape of pocket slot. Moreover, the results lead to analyze and solve the vibration
problems in the testing process.
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Abstract

The natural frequency and mode shape of the large structural using Finite Element Method or
Modal technique is to analysis, design structure which is necessary to more accelerometer for
measurement at interested position and indicating the movement of structure. This paper presents an
Operational Deflection Shapes (ODS) technique to analysis and demonstrating the mode shape of
large stack cooling in operating speed using finite element analysis with measurement data only 4
accelerometers.
Keywords: Vibration Analysis, Operational Deflection Shape (ODS), Stack Cooling
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wandeinsduies  laevalunisiiesieiiien druduq Wy Waay vawes Wudu Snvaznsdud
gﬂi'wamiﬁ'u 11273 fe WAntusziimsiwdsuwaduanmssenuuuidesdu
mmadsuuuulunea  (Modal testing) 1u wszilussiinsgyiiainaieuen warn1susEney
wadalumsmaudnvuzianzvedanadn ds  lassafadrifuiniesdnsiliiieulvveauin
AIUTSIINYIA (Natural  frequency) wazguin Wasuwlas dafuunanuiildiauemaianism

uan15du (Mode  shape) Fuduamantinig sUsuMsduvuzUjURau (Operational Deflection
sysumdvedlasaieuararlidsundasaunit  Shapes, ODS ) nMsmgusnnisduvazufinnuiu
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msmzUsunsdu Tasmsiasmsduianiuzasi
wiefimnu§iseuldan (Operating speed) ¥l
nswgUsnsdusarUiRnudulgmnisdui
Aeduluvusiuld msUszgndldinaiianismsuing
msdurazUfoRnulumsieszinsduasuans
sUsMsduresldetaussunennuouruialeg
luvazufudnu lagliinelnludieduudsudiu
dayad1nni1sin Udesausrurealuiou fAs
TaseadvesUdesaniieguuvenasrinaauiiu
( Cooling tower ) Fslulssnugnamnssuauinlng
atlivensnvhanudunuueinis fuandluzud 1
FeazAndavdesausrursaiuounatsfavy
Tassadadieaiu Slulssnudilidnlunasssiivdes
auszUemLiauMNn 8 f1 BEanuiasnes A -
H Joymiiinude msdusgisuussuesUdesauszung
mufeudail C wagdail H elinsusuAeusu
ssmvasluia elmdunisusevdandinuuasgld
Mdansuangaiian

lumsTaneitdgmlseldinainnismigusng
msduvazfiRe litiunenuanideiinmuas
Airneiguinisdu TaeTony  DeMatteo [11161
dnauenisuignusleuuudvesduuuinnuds
(Vertical pump case history) saemaiia lunsm
unasruiianisduasifiou (Source of vibration)
wazuntdguiniedsnisiasiziluludiediuug
B. Schwarz[2] lsinaus “Anusisansmsiadmsu
A1SLEAINEA ODS” Tnoldivafinnag g 15u
Transmissibility, Auto spectrum,
spectrum  ileBuduruIAMsduLATIIaTeINTS
uanewaves ODS Juiumsindeuiininaeveglugy
Y9IMINTEIN AUSINIBAMNLIINLA Surendra
N.[3-4] loinausnislyd oDs  Tunisesivadeu
Misalignment uaz Unbalance lugunsaivyu lag
14A1 MAC (Modal Assurance Criterion) 1Ju
faivum A1 MAC  fif1egsenina 0 - 1 61An
1N 0.9 wansihifinswdsuulas wazvdriies
91 0.9 uamyininnisdsuutag

and Cross

mMaszpdnmaeietisimnsauaiamnauitussmelng A 26

2. Bsauiunside
mMsmuTmMsdumematiansmgusansdu
vurUfUR (ODS) fivumaudail

AanAY 2555 Jwinigene

2.1. foymiosduvesUdasauszuisanuiou

~Tassadgustonuavinunanlst

- fhldesauszuisanuseuvinndannay i
Vava 16 wiuszneuiu lnvdameang wazilen
fusgwitanans @urkugudnaniivarsdes 11
w3 uasiinsanaeasaiidusiugudnans 10 wms
34 4.19 wns Gafulassaiegumeang

- Waaudamnsinarsvesvdes uaziiluie
d1uu 8 lu

- muidaseuipay 2 Hz lnsdszanu

- UBLABIBYAUUBNABNIULNAILATANTOUTDI
uaLmas MudnsmALiS 12.93:1

- musIseuNanes 25 Hz lnsuszuna

- anuduvesluwa (Blade Pass Frequency,
BPF) 15 Hz lasUszunu

2.2. a519uvuitassveldesaszuiganuiou
lunismigusnanisduaziiieudasds oos
Judusiosfiuuudnass iws1e ODS  @wnsouans
sUirnsduiiiatudunmiadoulmls Taeld
swiulusunsu ME’scope VES
dwdvunanuiildaiouvudiandaely
Tiunsu Solidworks uavtuiininaidueiia *STL
indndusesimumgaiitudumisnsindeuudn
Jearaedwmud Tsunsuazaaeduusidugy
auwdey fuandluguil 1-2

FUT 1 Ydesausyuneanuiaunaiumiinsia
* 9aduns uanshumidlumsnsuiges
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d o ' %
JUT 2 wuudaesvesUaetansyuiennuiauly
TUsunsu ME’scope VES

2.3. my¥ansdu

Tumsuanawayes ODS IzuanIvUIANTISALLAE
yuafidumisdneg dauanalugud 3 dalunis
naasiildfuungaiaianun 48 90 Lioseni

o 1Y

Uansauszueanuauivunivguasinaunandan
nauliaruisafndudainadnusaniiafauuy
o2 Wy v v a o ac o o
wiméinld Jesesldumusesiiniunidiend i
Whdgnannnlumsiiudeya lumsiiudeyatsild
e W - .. LI
1 innnusvinun 4 1 lnesainpanansanias
sxinisumishi 2 uazivuasdiumislilugngnads
B Lt M g \ yud
vaansiivdeyarionun fuaziadainnannsalin
° -4 ' o o ' o o
Funisiinasaat dwdaianauss 8n 3 dan
- Bl v o o Y J
witeindeudelumumissingg dsuanslugui 3 lag
myinarinaitay 3 gandeuiu vinisindrluuua
jrfivesUdptausyuienusey

FUN 3 Avungaialiiuwuudnass

2.4. msimuadimsiiudoya
Tun1simszvinisduvesdassanszuisndny
% ' o o ¥ 3
Sousraulalugiemaud 0 - 50 Hz - Aadunsiy
LY .
At 1slalglusunsy eZ-analyze w83 Dynamic
Signal Analyzers 10 tech lngdinisAiiviuafisigg
o &
giadl

msUszgpdnmsiaietigimnssuaiamnawvisuszinalng A3 26

aanAu 2555 Samindeese

- Analysis Frequency : 100 Hz

- Spectral lines : 400

- Nyquist Factor : 2.56

- Averaging : Linear(+) ,30 average

2.4. \n3asfiauazgunsainisnaaas

wedamsmzusmsduluvasyfinuely
Dynamic Signal Analyzers 10 tech 655u 9u1a 10
*ﬁaqﬁtytywmLflqunim"lumiLﬁummsé"uﬁi’ﬂlﬁmn
Friapnuse fuandluguit 4

U7 410 tech 655u
gunsaliinAULEe (Accelerometer Sensor)
YBIUTEN CSI Ju AOT60GP Ty 4 i laeadu
= 2 a o2 w a
Sonuviiawivan duandlugun 5

3Vt 5 guUnsaifaianamnse fu A0T60GP

3. HANTSNAADILAZIATISVNE
Tun1smeasdlavinnisinAianussvesUdesay
STUEANUTBUTIIINA 3 67 AR fIN1 C way Wil H
a o o o ' a o Y
(Annsdusuusy) fi B (Liiansdu) Mnuan1sin
nlduuuaninalugyvesilandunisnevausad
AMudl(Frequency Response Function, FRF) Tutas
- " v oA |
AU 0-50 Hz Wu31 ff C wagdan H Jauiems
| o o o o o
FununfinnudnsaiuaudveILamesinauuay
o o o '
pudiruvesluie fawanslugui 6 - 7 Tuduves
ff B wumnudlusumisfeatuuaiivuianisdu
v oA - - v o o o o o
tegninfloiUSsufisunuim C wazmf H Auans
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CST 2028 msUsepAnnsieletigimnssunionawinsumelne afil 26 @)KM
faAY 2555 Jwmiadisese i/ UTr
Tuzun 8 lnsidudiiRuuansvuiamsduresyaiadl M3 1 nemsdureaeimeiianudldnu
YauUuTeIUaRIaNIEUIEANTON [Wudduans Stack | Direction | Frequency (Hz) | Amplitude (g RMS)
1 Sait i H 25 0.0862
Yunnsduregainfinsinanvesldetauszuny e :
AUTOU UATIAUALAILARNIVUIANTAUTDIRNTAN - = fow
. " B H 25 0.1389
gruveIvdesanszuIgANTou 1NNTIMILUI -
= v 25 0.0965

MsduAiveuUuYeIlanRLiinmsduNINNINigIU : :
= *newmn H=Horizontal, V=Vertical

4 o w < - o

dethveyananudnuvesluia (BPF) uuan
srulusunsu ME’scope VES inagligusnanisdu
¥93Ud01aNTEUIEA1NTBUMIN C Uaz H NiAud

Y < A

15 TngUszuim dwuanlugui 9 -10 uazille
= da o cal
fsananuddedivuenesin 25 Hz Tagusyanm
fauandlugui 11 - 12

< ' v oo d
3UN 6 FRFY@IUdRIANSEUI8ANTOUMN H

ME1 DS FRE 1R2R

BREREY

o ' @ ' v o o
UM 9 gUsnsduTesUaBiaNssUIEAILTIURIT
H# f= 15.5 Hz

Magnitude dfs
]

U 7 FRF v@3Udesauszuienuiousan C

WE1 0DS FRF 1R2R

U 10 jUs1ansduvesdetanszuienuieudim
<
Cwf=1525Hz

Magnitude dbs

a4 ' ¥y v oa
U7 8 FRF 983Ua8sauszu1eAIusausIv B
nan1sianisduveuainesWaanlumsy
a ua = 1Y -
UJURNUN 25 Hz dawansdlumsei 1
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JUT 11 jUsunsduresUdesanssuienuiousii
H 1 f=25 Hz

UM 12 gUsnmsduvesdesausyuieanuiauian
C#f=24.75Hz

4. asuna

wan1snaadinuariiaseilagds oS lhuans
3115'1amsz’"iu‘umﬂa'aaaus:maanu%’auﬁﬁ’: C uay
H ffindu Jusmuinasdudidvunalngfues
Watufinnudimluie 8PF). 7 15 Hz waverdly
findvesnudriuluiedl 30.Hz . uaz 45 Hz
TneUszanar  wasiinuiiiefuanuidisauves
uamai’ﬁ 25 Hz TngUszaune Tmﬂiﬂi’nmié"uﬁwsm
T mmsnm‘lﬂLﬂwaua'lun'ﬁuﬁlﬂﬂsaain A
a wieanmsduanunasiiiinvasuseiinssyives
Tuwa wazuawes aoluly walinds oDsWudEwils
fiarursauszgnaldlunisitasizinisduues
Tassainvuialngvauzujudnula lnglddain
s aiE & fawinty

5. daiduauus
lumsiensinisduvedlassadisiidounlug
1y mstmusgain UAZMSARRISEZYTY NN
Topousdenariogusnensdudild waznisuitigm
msdutfy msazdumuazanmsduvesundsiuin
nsduiinsyvinvislassaiiedne

MsUszAnMseiegimnsnnaiamnauislsuvalng a3 26

e
6. inAnssuUsZNA

vevevuAM AudITosINlanIENIIAIY
dwusznevsninfaniasn (VU CRC) Taduayu
Runuidey

faAx 2555 Saviadosse
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