o

NsAnYIANIEEMEYBL TR TINENTIATEvidya MezAaRnBlaty

Wedsiny Aadnglnena

¥ <

"31/1mﬁwuﬁﬁmud'swﬁwmmiﬁﬂmmmé’ﬂgmﬂ%mmﬁmmsumamumﬂ’msﬁm
A IFINTINATEING NATTTIMNTTUASINa
ANEIMINTTUANANT THIAINTUUMINETY
Unsfinen 2556
AvdvSvespnainsniuine dy

v

unAngauaswitudoyaatuiuveineinusasuntnisfing 2554 Aliusnsluadstyag (CUIR)
Duuiudeyavesiidndwesineriinug Ndsiuniaiadinivende
The abstract and full text of theses from the academic year 2011 in Chulalongkom University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.



STUDY OF DAMAGE IN SPUR GEAR USING ACOUSTIC EMISSION SIGNAL ANALYSIS

Mr. Weeraded Khunvitayapaisal

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Mechanical Engineering
Department of Mechanical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2013
Copyright of Chulalongkorn University



Wi Ine1anus NSANYIANULENNBYUNDINTINILNITIATIZH
dyaaevaarndlady

ng Wiy Aadnglnena

@113 AmnIsuA3eINg

2RV W I InuSudn  599Mans91ss A ne1 Baasey

ANZIMNTIUAENS PIaINIalunINendy sulRliiuinendnusatuiiludi
nilsveamsfnumunangnsuSaauvnUudin

AMUAANEIFINTTUAERS

(ﬁ?ﬁﬁ]i’]"ﬂ’]’iﬁl‘ A7. 090 Lﬁammiﬁ)

ALENTIUNTADUANGANUS

Use51UNIIUNIT

a

(599F@RMS19158 A9.5¥9U JUNSLISD)

sl ¢ a a s (Y
9719159NUINWNINYIUNUTVAN

N3FIUNTT

NITUNITAILUDNUNINEIAY

(% L3

(509A1@M3139758 gl S1vausead)



F90% AANELNAIR © N1SANYIAINUEENIEVR AT BINTIAILAITIATIEY
doyeruezaafndiiadu. (STUDY OF DAMAGE IN SPUR GEAR USING
ACOUSTIC EMISSION SIGNAL ANALYSIS) o.fiUSnuninerfinuswdn: se. as.
WY 9939y, 68 Wi,

a o

NUATHLUANYINITNTIVADUAIULAYANBUDINUSHTINIBITIATI LM TIADAVD

a

feyeyiaueeaaRn(Acoustic Emission) 30 0un150399d0Ud1015aNUTBEUNNTBANANET

Aevdeidseresinisluiovestagislusedugania(Microscopiouas seduumaia
(Macroscopicfiintuanmuhauseseiosdnsnanyuiifiie flududsenoundnues
sruvdanas nsfnwldyaiiesvessndnseusudniauganiseaulussuudians 6
Soulvmsvhauvesnesdnsie annzund, Resfunnin 25% , Aesunnin 50% |
WNYSWANTIN 50%, LNESWHNIN 100%, LNESHANKN 50% kag100% UULNgSIREINY N1g

neaefaiyIndyaaly 3 unuigiundugntuuasiunumadadudyayaifvan

NTIATevidyyIaesaaRnldIIuIl 40 Yadeyamensdlnes fe A1

T o U
Y

Wy, AnidEeads, AdUsyneusonnay, Auade, Anulas, AR
WUSUTIU wazA1A1ay wagn1sATIERdygaezaannsenIneauduius 2
wfnesideedasu 5 yare maulasiudsnidsaeaade, Armnulasiue
WS, AAnuLUsUsIuAUAIRaY, ArmnuLUsUSIuAUAINASEesads Lavad
wdsufuAsnidaaonads e 2 mefinesinaiiweuraninszaefiteya
wagnagauaugnasdlaglddn 10 Yndoya

€ v

HANTSIATIERE U BEAERNUUIALLLLIAY LAENISILASIEYARY

[ g )

W15 13wes lanunsaseyaudsmeveaisslaeg 19t win1sAAsedyniue

A}
'

[
v
a
3

1
A
Y
ARNTEMINANUTUNUS 2 WI910L005LT9@DRAV9IA1ANULAINUAISINAISI@D9LRR e
anunsaszyaudensldegisinau

'
=Y

MAIW AFINITUAIING aneilevalan

1N AFINTIULASDING a1939%9 9. MUSNEINeTNUSHAN

Unsfnwn 2556



# # 5370660321 : MAJOR MECHANICAL ENGINEERING
KEYWORDS: ACOUSTIC EMISSION / SIGNAL ANALYSIS / CONDITION MONITORING /
GEAR DEFECT DIAGNQOSIS

WEERADED KHUNVITAYAPAISAL: STUDY OF DAMAGE IN SPUR GEAR USING
ACOUSTIC EMISSION SIGNAL ANALYSIS. ADVISOR: ASSOC. PROF. WITHAYA
YONGCHAREON, Ph.D., 68 pp.

Objective of this research is to study how to use acoustic emission in
condition monitoring of spur gear defect diagnosis which was calculated by using
the statistical parameter analysis technique. Acoustic emission (AE) is defined as
defect propagation rate in the microscopic and macroscopic of rotating machinery
which has spur gear as the main part of power transmission system. This
experiment was set up based on motorcycle spur gear with torque loading in 6
conditions such as defect free, a 25% crack tooth, a 50% crack tooth, a 50%
broken tooth, a 100% broken tooth, one gear has a 50% broken tooth and a
100% broken tooth. AE sensors were placed on 3 position of the bearing casing of

the wheel shaft and the shaft axis was the best signal.

Used 40 sets for AE signal analysis obtained from Energy, Root mean
square, Crest factor, Mean, Kurtosis, Variance and Skewness and AE analysis with
two statistical parameters amount 5 series between Kurtosis and Root mean
square, Kurtosis and Energy, Variance and Mean, Variance and Root mean square,
Energy and Root mean square for plot boundary conditions and Accuracy test of

boundary used 10 sets in other groups.

This experiment proved that defect could not be clearly identified by
using acoustic emission signal analysis with time-frequency domain and one
statistical parameter, whereas, conducting analysis with two statistical parameters
between Kurtosis and Root mean square can be evidently used for defect

identification.

Department: Mechanical Engineering Student's Signature

Field of Study: Mechanical Engineering Advisor's Signature
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nszualnin Wudygrnuulawunarfuieundyafigsmaduifuniuseunisvauves
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ussvesAsInidaoneds  uanwaduunugidldeuunnanavesdnnidaenade
ATaeUANILALEYeA3eddNT Dyer Waz Stewart [21] WuAuusniildaianulag
Insginudenievendugntu dusuaduantuuniinisnsyatevesdganasduluniy
wdnveuN9Ldsu (Gaussian) Arpalasiiarlng 3 ilodranuldsnnni 3 asuinfinig
unmiesindugniu

2.8.2 Wiy nuulawuanud

msfnwdyyaezgadnuulamuaud lunsnsiaaeuaniiznisinmuves
P3esdns melneiuulawumdfudulsznoulrdosdngitu 1Fes, inan uazndugniu
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Ainsevidyaaingms Fast Fourier Transform (FFT) viliAnaunasueuivestoya
LTV A5ildmdnnns Fourier transform lumanetsaud (23] wazalnasuvosdy I
MnnAueinagaifieutuyndnud Tunsinnsienudemefiiatulussuuies
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2.8.3 5 IATIZAYYINAVULAIULIALAZAIND
WAzl vssvulamuauiegslneg1miladivednindudygyrula
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STFT) Fuduidiasziuulauunaaranudildsuanuien Meng waz Qu [25] 14933
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2.8.4 A3AT123UUU Amplitude Demodulation

MsAnudyaaiiiuenndgranasainaiuiigaazauinmvesdyyi annsa
Soweundgausznauseauigsgauazdiseiuianas Mcnemy uwazDai [27] Anw1ds
ATIEREYYIULUU Amplitude  Demodulation @11190RMTIVADUAIIULAINIBVDINAU
anUulddn5a  McFadden [28] Anwn1snsiaaeunsiBuinsessnn 1935nseiuuy
Amplitude Demodulation fudaanansduaziiou funeunsinsite Lusnduaia
een 2. wlasdyaalaenisldis Hibert transform [29] 33wmserdmaauuaysau
Ay antsenu

2.8.5 A5AT12IUUU Spectral Kurtosis
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duaziiion M3ruan SK MndyanauulamunNditesaIMasaInnIsman Kurtosis 4
F19a0d [30] 33DATzinuU SK Waunselag Dwyer [31] Juisfiaunsansieaeu
Fyaauilinszaremumndnveundieu (non-Gaussian) lumatedaemud Dwyer agUin
MIBATIZRUUY SK anunsadnseitvannesiiadosudldaunsoinseituedosnsily
wenosla
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2.8.6 WIATILNFYYIUAWNITINTIFULUY
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Winldeduruanwarvesdyyruniadeniianudygirule Wedninladusinnanis

D

o
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> LA

AN 3-1 ANUULVD foyayauezAaRAn (a) Burst emission (b) Continuous emission

(c) Mixed emission

dyaaezgainuulamua) esugurasTLlauarAMAN v YBId Y 1R EAARN
L

Y
Nnun NTILAT IRy IURAIAAEUAY (Threshold) vosdgeauianendoyyian
sunIu (Noise) Tsanandudaygadvinisiiasiendaauadu dnyusdyaiuuulauuiia

=

UAPIRININT 3-2 & 5 WS dlmasasuIsdnuazeddy g IaLlonumD

Rise
time
| -«—— Decay time ———

_ Counts
Maximum p \ g
amplitude L= —
relative scale = ne iy Threshold
( )y an AW\

A v
ubbbb

Duration
(relative scale)

h
Y

AN 3-2 AnuaizvesdyIMezAaRnuLlauLIaT [5]
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1. Count AednudygIeAaRNTIgININNIIANIAALETUAY

T o U

2. Amplitude ﬁamqaqmaqé’ BT ARRAN

<

3. Rise Time feszavnatiidyaindiiminnitddidiaEuduaud QIGTGLINGRGR

e
4. Duration AeszaznanfidyaadiiunniaddaEudusuiedyaadaiosin
AaniniEasy
5. Decay Time Aeszuzanfidynnuiimgiiignauisdygradirositddin
Suu

o

dyaruergainuulawunud Wunisdiuiuandygiauulauuaaitiu
NTEUIUNTNNAMAAERS Fast Fourier Transform (FFT) LﬂﬁamﬁuazyzymuuimLmumma
AAuNITN (3.1)

Y (@) = j; y(t)e (3.1)

ledl Y(0)FawaunaatuwnuAud y(DAsLaunaAluLALIaT tROATUYDIFYYIN OAB
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A7 3-3 dnwalzIedaINeTAaRNULLAWUAINA
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a
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3.3.1 NMSAIUIUNIILLADS

mMsfuam T inesdunisuladyaiauulauunatiiaunsafiesuiednune
N ”mﬁgﬂmazqaaﬂﬁl,ﬁm%u Insfimes 8 wiinke

Asnidsaeaadenie Root Mean Square (RMS) Aen1sinanuduvesdaaio
Jumsfiwesfidenlunisesuisnisdsuwlamesdyguaslitnszinmuinunfiin

YaaA3093n5 Arhedullad (V) muialaainaunis (3.2)

(3.2)

ANSsuYesdyy1d (Signal Energy) Aatiuiildnsmvasdygyinesgainuulaiuy

nan mMsiananulumsfiwesndrAglunisseudnuasvesdygyin Wellueundyac
oA a ¢ o W a a 2 ° Y
wazmoliies duhuduladiaeediuii (V's) muwaldainaunis (3.3)

t
Energy = j x? (t)dt (3.3)
0

ALRRY (Mean) ABN1SATLIMARREYBITEAUANILIIRY Y INeEaaRNULlAWWLa
fwheodulad (v) mwaldainaunis (3.4)

S
Mean =X = ?J;|x(t)|dt (3.4)

frUsenaueenmau (Crest factor :CF) ABANLOUNAINAIEANITAIY AISINANSIAD

Y Y 9
%

La?alm“f]uﬁaﬁa%é’mmdwﬁzyﬁmm Hudstaanusudeuresdygn lifivdefuialaain
aunns (3.5)
_ Max(|x(t)))

RMS

CF (3.5)

AAUuUIUTIU (Variance) Aonisdunanisnssanadivesdyanesaadn tuen
f&sdosenanssenindyauiuanaie 51%@340615@@104%5@1'1Laﬁaum%ﬁ@hﬁaa o1
ﬁi’fa;ﬂaél’muzgmiﬂafhLa?{mzﬁmmﬂ u,azLﬁaﬁﬁau”aé’@aunmﬁﬁhwhﬁ’wm%ﬁﬁhwiflﬁ’u@ué i
wihaidubadideans (V) dmnsdldanaunis (3.6)

DTS
TN

(o}
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'
I IS

AndeuuuNInggIY (Standard  deviation)  ABNITAIUINNITNTEUATVD
Fryanaezaadn dntiedudeiiuiudyginfielad (V) dlunismuiamiada Al
IINAUNT (3.7)

N
D (x(i)—%)?
o=\Lt—— (3.7)
N
A1ALAY (Kurtosis) ADNISATUIMEY QI UREARRNUULALLULIIAIUDIAINENRUS

Y
a i

Yo lesuunyngege Wellanulsnuudyayruunfcanulasasiiandulszum

a1y A1AUlANENIN T SEULTITIINSENUUULAS RNl lilvtierwinlainaunis (3.8)

4
N-1 T
Kurtosis = iz |X'|—X

3.8
N&El o (3.8)

A L =

A1ALY (Skewness) ABsEAUANNBEIIvRIT Y IMeYAaRN visomulivindu

Y94NINTEBMTDd I Billvhadunulaanaunis (3.9)

3" (x() - X)°
Skewness = =L———— (3.9)
(N-1)(o)

lag?l x(t)  uazx(lAsueuudgaluunuiial NAsdwiudeya TAeAwvaddyy I el
WITNRDTUNILAT IR YY1 OT VAN WA I UDEAGR NLAZ D1 TI0 AT IZILUUDU

Y
[
Va2

Wswiumiiwesvesdyauesuiedyainezaainlnavy

3.3.2 N15ATUIUNITNTEAWHUVUNG

N13N52BLUUUNA NFolUUMATU (Gaussian) @mnsaesuisauuizdues
Mmdyyuezgainuuuseliles Wemdygaesqainiuunliuifideglndfudnade nsl
wamarflaidunumuuivazidusuadesedsaindami 3-4

fx) AN

=0 W u+o x

AN 3-4 HasTuaMUIIBLUANLEI Iz usUUUING [33]
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1R8I AN TUAMUNUILUUVDINITATEBWUUUING Aunadlaanaunis (3.10)

(x=p)?
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f(x):ie 2o (3.10)
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lne? xAordygeraaRn uAsALady way O ABAIAMULUTUTIU NITUINLIIMUUYUINA

a 2 = ] a v Y 1
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3.4 9Un3aIN333Y
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Rouly JUATBYAANLLEEYY suAUEsY
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1w 1y
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1 ly
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J1uau 1
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The Acoustic Emission Company

VS150-RIC and VS150-RI

High sensitiVity AE sensors with integrated preamplifier:

compact - robust « low noise « pulse-through

The VS150-RIC and VS150-RI are combinations of our AE sensor VS150-M and preamplifier AEP4.
The design is very compact and robust and presents the advantages of the two components in a
single housing. The integration of sensor and preamplifier prevents EMI from affecting the signal. It
has a strong BNC connector, allowing the use of rugged cable - well suited for field testing. Both
models have very low noise and a high dynamic range from 23 dB to 100 dB. The VS150-RIC
additionally incorporates a bypass for calibration pulses.

These integratéd sensors are optimized for perforfning field tests on pressure vessels, piping systems
and other structures and are able to drive long cables (up to 150m).

Frequency response: See response curve below

Gain of integr. preamp:  VS150-RIC: 34 dB into 50 Ohm, U__ 10V,
optimized for AMS3/AMSY4 £

VS150-RIl: 40 dB into 50 Ohm, U__ 18V,
comparable with R15l

Frequency range: 80kHz to 500kHz
Power supply: +28V,., 21mA (no signal)

55mA (10V,, into 50 Ohm)
Noise: 23dB, . (once per 5s) referred to input
Temperature range: -40°C to +85°C

Pulse through capability
(VS150-RIC): Suited for AMS3 and AMSY4, up to 400V,

Dimensions: Diameter 28,7mm (1,13"),

- height 31,3mm (1,23"),
/"\ (BNC connector not

30 / e ’\\v_/ considered),
H \ \/ \ weight: 60 grams (2,10z.)
§ 40 ! Aperture: 12,7mm (0,5%)
g Grounding:  Case-isolated, with integral
3 [’/ ceramic wear plate for

50 —¥ electrical isolation

[ Case
60 | | } material: Aluminum
0 100 200 300 400 500

Specifications are subject to change as
Frequency (kHz) product developments are made.

Think AE - think Vallen ! user friendly, reliable, up to date

Vallen-Systerne GmbH vsri906
Schéftlamer Weg 26 Tel:  +49 8178 9674-400 email: info@vallen.de
D-82057 Icking (Munich), Germany Fax:  +49 8178 9674-444 hitp:/fwww.vallen.de
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PCI- l 7 l 4“ l lycﬁilnsz’iI:)fj-:ll::;uflll.lnnlﬂ::rg‘;?l;’sl'.:l Card

Features

= 4 single-ended analog input channels

= 12-hit A/D converter, with up fo 30 MHz sampling rae
= Programmable gain

= Onboard FIFO memory (PCI-1714L: 32,768 samples; PCI-1714UL: 8,132
samples, each channel}

4 A/D converters simultaneously sampling

Multiple A/D triggering modes

Programmable pacer/countar

BoardID™ swiich

Universal PCI Bus (supporis 3.3 V or 5 V PCI bus signals)

= FCC C€
Introduction

PCI-1714U and PCI-1714UL are advanced high-performance data acquisition cards based on the PCI bus. With a large FIF0 of 32,768 for each channel, the maximum sampling rate
of PCI-1714U can get up fo 30 M5/s, on each channel, with an emphasis on continuous, non-stop, high-speed, streaming data of samples to host memory. The low-cost PC1714UL
ofiers 10 MS/s on each channel at a stable rate, and has also been equipped with a universal PCI interface.

Specifications Ordering Information
= PCI-1714U 30 M5/s, 12-bit, Simultaneous 4-ch Al PCI Card
Analog Input - PCI-714UL 10 MS/s, 12-bil, Simultansous 4-ch Al PCI Card
= Channels 4 single-ended
= Resolution 12 bits Accessories
= Max. Sampling Rate  PCI-1714L: 30 MS/s per channel = ADAM-3909 DBY DIN-rail Wiring Board
PCI-1714UL: 10 MS/s per channel = PCL-1010B-1 BNC to BNC Wiring Cable, 1 m
= FIFO Size PCI-17141): 30 M5/s 32,768 samples each channel « PCL-10001-1 DB to PS/2 Cable, 1 m
PCI-1714UL: 8,192 samples each channel « PCL-10001-3 DB to PS/2 Cable, 3 m

= Overvoltage Protection 30Vp-p
= Input Impedance 50 /1 MQ/Hi Z jumper selectable/100 pF 2 2

= Sampling Modes Software polling, pacer PI n ASSIg nmenls

= Trigger Modes Post-irigger, pre-frigger, delay-irigger, about-irigger

= Input Range (V, software programmable) & Absolute Accuracy G

Bipalar [ 5 [ =25 [ & [ 05 | EXTTRIGY

Absolute Accuracy (% of FSR)* | 01 | 02 | 02 | 04 | ne EXT CLKY o

* +1 LSEB is added as the derivative for absolute accuracy EXTTRIAO GHD

EXT CLKD= EXT CLKi=

General

= Bus Type Universal PCI V2.2 EXT CLKD

= I/0 Connectors 4 X BNC connector (for Al) Onboard P5/2 Connector PS/2 Ta DES Cable Connector

1 % P5/2 connector (for Ext. clock and trigger)
Dimensions (L x H) 175 %100 mm (6.9" x 3.97)
Power Consumption  Typical: 5V @ 850 mA ; 12 V @ 600 mA
Max: 5V @1 A; 12V @ 700m A
Dperating Temperature 0 - 60°C (32 - 140°F)
Storage Temperature  -20 - 85°C (-4 - 185°F)
Storage Humidity 5 - 95% RH, non-condensing (refer to |EC 68-2-3)

AbMNTECH
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Tauuanud fanmil a-2 szuuifesiitasanuineuaussit 50 89 250 kHz wileuszuuiies
25 ilu mnuAnouaussesgUnsaituiindeyadya ueraainiusyuuiiesegluriafoaiu
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Soulvanuidome fanwdl a-3 fs a-12

J,‘ & | WP v | |
Frequency (Hz) x10f (b)
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