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Abstract

This project aims at the MW-size wind turbine drivetrain fault
diagnosis. Last year’s result shown the feasibility of the method in
various failure mode of the gearboxes. In this year, the research team
further implement the method in a MW-size wind turbine’s drivetrain,
especially for the bearing to verify the effectiveness of the high
frequency resonance technique. From the result of the wind turbine’s
analysis, the proposed method can detect a fault at the high speed shaft
bearing from different measuring points. Thus shown the effectiveness
of the proposed method. Beside the wind turbine’s verification, we also
verify the method in two different operating equipment, one is the dyno
testbench from INER and the other 1s a 1kHp gearbox. Both result show
the encouraged performance. As a result, the proposed HFRT shown the

possibility to be utilize in the future wind turbine drivetrain diagnosis.

Keywords: Wind Turbines, Fault Diagnosis, High Frequency Resonance

Technique, Wavelet transform
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Analyzed Modes of Vibration

Location Frequency
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1.757
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Energy Analysis for Raw Vibration

003 = T T T il
s o0
E—
= 1 |
0z 5 1
Time (sec)
MM: HHULN.JL‘HJMJHMW “...JJ.‘W.A bl Li il J
2000 3000 4000 5000
Frequency (Hz)
[ T |

Amplitude
T
1

E
Frequency (Hz)

B 19, St ¢ d s £ A4

4. B ik Ph

®
T E AR TR SR R EAEFHT HERY

S

3
328Hz ¥ 1155 % 5 &P A HER % (B 20)° 2 EW et o 3

AT $E9R 6 1325265 Hz s B ¥rA 4755 % 5 P BEAF SR (40 B 21 %7

aT) e

31



—

Peak frquency of Vibration Mode: 8525 Hz

Hz
(g 0.5 T
k=
= 0
=
< .05 .
0 0.5 1 1.5 2 25 3
Time (sec)
5 Envelope signal
=05 . ‘
£
=
E
< 0
0 0.5 1 1.5 2 25 3
Time (sec)
o, x10% ;" . Envelope spectrum
= 4 T T T :' T T T T T
=2 i
: 1
=< 0 | T L l i L L ] L L I i
0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Bl 20. AT 0 B i AL

Amplitude

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time (sec)
%1072 Envelope signal
sk T T T T T T ]

2| ‘\ |
\ | | | 1| mi | )
M WN\AWW\‘JL"»'wuw"‘fu’“"\"\JLMJ‘MMWM i ‘m‘"“'l_w..,«\' it} WMVv‘m"JL»‘M\u'\n’w

Amplitude

B I
, | | ,
0 w\ﬂf‘w‘..‘\w. st Juflat m‘\v‘m’w& A

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time (sec)
« 10710 Envelope spectrum
3 ' T T T T T T T =
o .
o
£2 1
g
<'r 1
0 1 4 1 Il 1

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

B 21, B B phiss

K4 5 ¢ TRBEDE BRIEAITRORE L ELIRE

¢oosedpthy P AR BHE

32



Padgh o 3RS R ERF RS 0 D AR BRALETT
W 0.5 ARFIT R @ PhARP B> Flp B ARBIL e F E o ¥ 265

Hz i 5 48 B i 2 &2 B 2848 o

25 MEBELBEE 2 ¥R

e EBE

h &% 0.02 0.07
HEph  0.05 0.38
viEd 004 0.39
®i#Eph 008 0.51
FrIE TR L A% 167 RPM(0.278Hz)4t 5 » % i s 4F 5 4

33.627 Hz > 23 el £ 45 5 5 77342 Hz o £ if fhF S Afed & 41
%) 665 Hz (4o 22 %777 ) o Aok & chd R4 » 202 23 $4a 8
665/2/23=14.46 Hz> #:¢ 5 5 867 RPM > # # i# ¥ L #-$8] £h 900rpm

Bt Rt d B RBIEERLAELERA -

33



665 Hz

12— 21 21
644Hz

42

602 Hz

686 Hz

|

\

I vt 4 &7
I b kol

’I\ JI‘ “l H 'I ,’.'.-s“ \lll,llln""-"‘-":’,’ ‘I '-“:" _t,’.;‘ﬁ,ll‘,lz\ :.I'.:-',wa|.'.'| bl

4y
"

\,i

f| "Ml

, ‘ ] 1
\ ..““hi'll'll ;l, !” ' \“
oM 1)

Bl 22, % & il 5L

F gk 867rpm(14.45Hz) 5 AL M AE % 12 NSK 8 F el &
PEIER4]T @ AeT A 6 dliclE > & F A ABKARIE R B
SUFHOE S od PP FIRE P BRI HOE S 5 136.3Hz v G
DETL TR R ph2 JEAME G 4R 1325 265Hz AR5 T T R &

TP ALY BHED A T AR KGEWRRET o d B ¥

£ ORI BRI R BB BT 0 BRI Y0 BT AR

34



36, PhRT AR

CE moama

BB 16

Phig 867 mint

BIRE IS 41.17 mm

LRyl 205 mm

B LR 21.64 ©

*+ 1= (D) 280 mm

2 (d) 130 mm

% & (B) 63.75 mm

* Tp 4% etE & BPFO 94.879 Hz
M %4 FE S BPFI 136.321 Hz
Ed Ak IeE S BSF 76.038 Hz

A e FTF 355.795 min’!

(z) 1%
A AT R DMW Bl a7 R BAEIER A 172 &

TR A BER B EGEE RRDRE S A B R

35



Fh&gm 7 EphZ FE R Sw e MATEREOZ I s %

gy\%j\

R T AT A SR T AR ICR R B DS o

WEHEEFE TR ARD BT mE AT TR
Pl ERzibe S SUsgdT™ » TR A B4R -

NS

=
E:

a

A1 G RER RN R he R HRT § £ Pl rE
FooT RS TIARARAELZ BB bk R R e
FE AR o 2 BRI EY bh 4 P AB LR i %

B B A IR BT 0 P AR S A S TR E L A1

BV oA HRB TWH T TR ’Fﬂ m#ﬁ’i’& A R B4F iﬁjg 5 g

RIAUELE A T B A AR IR - 2 2 4 e

36



=~ A 150KW B 4 64 Rld AL 4T

(=) FHEp
AIE K A 172 195 L PREE P Arar ik B2 0 150kW B 6
AORRR G R AEL BT TLET K F 0 20 B
R PR BT Pt g 2 R T SRR 7 A 41
P e o PR BN & o R H IR G R B AP R T P
FEHFR > FlPL e L peE 3tk 0 A A2 K WD - B

v

PFREE R BRI AITATRIE DT BRI LR AT TG
AT R EEP o

(=) 719 $#&i& SORPM 2 3 ¥4 45

1. Bhix-

¥ - BRI R BT § 3606Hz 2 4471Hz B B B AFHCAE

R anPGintk T355 017238 25 mLEFE ¥ -

37



Amplitude

] Vibeation Mode Analis -

A of o OB OR BB 5N ROk BB OB OR E 5 4
tar? Time Domain (i) g Frequency Domain for (850
zRead Parameters from File parameter ¢ ]
5
Samping Frequency (Hz) | 51200 1 1.
Samping Peried (sec) | 10 4 3o 3
Number of Channels | 4 ! 2 <,
s
Spectrum Range fof X-Axs 1087 - | 10000 2
Average Number of Spectra | 20 ' a a5 0 is : “mm we w0 wo wn aw 0 0 ww
O IEE—— it For Lawer Mode Vibration o Far Lower Mude Vibration
| e e ) M0 N0 4000 00 6000 7000 B0 5000 10000
EAFie for Analyzing SORPM_for1_4signal mat H
Users Thveshold Valoe |08 i,
¥ Location of DAC Dev. E
2
AT
RN RN Aualyzing Data : 1 as ¥ s 2 “mw s w0 ®w ew aw ww ww ww
- For Higher Mode Vibration wig® For Higher Mode Vibration
DORIFEE RSN '
DAl DR 5
24
Analyzed Modes of Vibration E
Locaion  Frequancy  Energy x10 a
Nat 1673 1536 |
No-Z (peak} 2265 5173 as 1 18 2
o3 3095 1376 | Parameters for Analyzed Modes et Bandpassed Signal
No.d (peak) 3606 2015 Adjeent Passband (Hz) | 3126 || 4877
Mo 428 6618
Lowes Peak Frequency 5
S el ek cwes Prak Frequency (H2) | 3564 g
s TS Higher Peak Frequency (Hz) | 4445 ? .
008 28z Diagnostic Index al
7448 0112 ]
T674 0154 Set1 0.1 Sat 2 0.22
8037 001 Set3 | 049 Setd 019 a as 1 18 : “Em sam w0 w0 @0 Gw M0 00 460
L | L | Time fsec) Freguency (H)

Bl 23 Zhiz— A7 %-1 % o

The Measured Channel 1
Raw Data for Vibration Signal : 20
I

Time (sec)

1000 2000 3000

x10° Peak frquency of Vibration Mode: 3606 Hz
T T T T T

000 000 w000 000 10000
Frequency (Hz)
I

0 05 1 15 2 25 3 as 4 as s
Time (sec)
o Eavelope signal
A . E .
1.
<EL 2
a i, . ... . " - A
o [ " 18 z 28 3 as 4 45 s o os ' 18 2 25 as s a8 [
Time (sec)
g Envelope spectrum
E 1 H 1
E [ ]
< 4 <
e m0 w0 1000 o W 20 %0 %0 smo a0 o 80 w0 oo
Frequency (Hz)

B 24 BLiv— A7 5%-5 B

38



Time Domain for Original Signal T Frequency Domain for Bandpassed Signal
3 T T — ———— T T
= 1
: I
() W0 W00 W0 400 W0 W0 7000 G000 00 100M0
L10% For Ist Mode Spectrum
5 T T T
25
E
= " e " " . . " "
() W00 00 000 4000 5000 8000 7000 B0 900 10000
ot For 2nd Mode Speetrum
Es E
s
]
o 02 [ ) 08 T 12 14 1% 8 2z () W0 o0 0 400 W@ W0 7000 G000 0 100W
0% For 3rd Mode Vibration 0t For 3rd Mode Spectrum
& s 4
2 25
[ E
< | = J
o 02 [ [T [0 1 12 T 3 8 2 0 W00 e0 000 4000 5000 000 7000 G000 %m0 10000
- For 4th Mode Vibration i0® For 4th Mode Spectrum
2 T T T T T T s T T T T v T T . -
El ED
B B
E ]
- L L L L I L I L 1 = I L L L L T T L L
o 0z 04 s 08 1 12 . 16 1 2 00 200 4000 %00 00 700 8000 9000 10000
10t For 5th Made Vibration x Far th Made Spectrum
T
ER e
2 27 1
E° E
<., <
a 02 [ 1) [ [ 12 4 3 8 2 () W00 00 000 4000 5000 8000 7000 G000 00 10000
Reconstructed Bandpassed Sigoal 104 Spectrum for Reconstructed Bandpassed Signal
r T T T T T T T T T a T T T T T T
e ED
E £ ‘l“
=3 . Jn.. . 1_ . P . L
() w0 o0 .0 4o w0 so0 om0 oo 000 1000

)

)

-

E
Ea

&

2

Amplitude
)

04

03

0.2

01

™
Frequency (Hz)

Bl 25 BhLix— A 4755 % - & B ROAE 4R

%107

)
0

Envelope Signal for Lower Mode Vibration
T T T T T

bttt gl i bl sl i bl it s |
1 2 3 4 5 6 7 8 9 10
Time (sec)

=102

Envelope Signal for Higher Mode Vibration
T T T

Ll L thht o sibid

LL;MAL.ILJJL.J“LMMI hud.“.u. sl il
1 2 3 4 5 6 7 8 9 10
Time (sec)
Average of Diagnostic Index: 0.17238
T T T T T T T

Bl 26 ix- 2R %-2

39



=

I NS

2541Hz 2 3879Hz = 1 % 4f

e BB RBER ¥l 5 s S R B ¥ o A B 4s ECRY A
£ N = 9y T 1 S o 2 ,E
2 B ,.-F—vfgil F:IL /I ™ _'_I"_» [ A F p d =7 E H; 4 __' = lj'_ 154 4& |3
Ehhtk s Ti5 0123420 2 RBEFEF o R A 19 L TG
= 1= =9 = D X B 3
® '\:'#Fl,\’ =% U, P~} = £ °o & 3 P
5 13 ,j; 20 D= [ A 5 4% = 27 2!
T L= 9 = 7 S1N '&- B 15 ©°
#FI AR KRB 5 2 (S PP T
& Vibmation Mode Anshysis - X
i of F o oK OB E SN oB BRSO R o4
14 gt Time Domain for Bandpassed Signal 50 _yu*  Frequency Domain for Bandpassed Signal ($815)
[ Read Parameters from File  parameler 12 s -]
2
Samping Frequency (Hz) 51200 1 3 k|
Samging Period (sec) 10 s 2o £
MNumber of Channels 4 08 < <1
Spectrum Range for X-Ads 1852 - 10000 04 " { &
Average Number of Spectra 20 0z o 08 1 18 ) 200 B B 4000
(=} D: 0 «10° For Lower Mode Vibration 10" For Lower Mode Vibration
- E 2000 3000 4000 5000 6000 OO 800 5000 10000 25|
Dfietorshzng  SORPMforl_dsgnaimal g y 1 )
User's Threshold Value 06 | s . 1; é 15|
I 2 E I
1P Lacation of DAQ Dev. | s L
25
EET) 2 N l -
o
O EENES s o os 1 15 2 200 o won zon )
Analyzing Data : 1 . 100 For Higher Mode Vibration 10® For Higher Mode Vibration
O OREEs - B &
oRE  DmnEs R N N . 2
Y T O T T 0 0 O 1.
Analyzed Modes of Vibration Froqeency (Hz) ) B E
Location  Froguency  Energy x10 DEEREEE st - B -
s o o bfies S p
No.2 (peak) 2541 3195 LLig as v m > " me s we e e
No3 3300 0357 Parameters for Analyzed Modes L1 Spectrum for
No.d (peak) 3879 3432 Adjcent Passband (Hz) [ 1881 |- 4375 M g
Mo 437s 0194 Lower Peak Frequency (Hz) | 2528 | g
No.6 (peak) 2685 0680 . 3 i
NoT 5279 0112 Higher Peak Frequency (Hz) | 3771 % a _:Inl
s £
No.8 (peak) 5647 0418 Diagnostic Index - c
No O 5856 0.253 (1]
Mo 10 (peak) 6626 33043 Set1 | 042 Set2 | 0.15 ~ { .
(X a4 0.009 Satd 0.14 Setd | o027 ] os 1 15 2z 2000 2500 2000 s a0
Time (sec) Frequency (Hz)
27 8L - odr 2 & - )
s - =2 —_

The Measured Channel 2
Raw Data for

Signal : 2

1060 =00

3000

Peak frquency of Vibration Mode: 2541 Hz

7000

Peak frquency of Vibration Made: 3§79 Hz

E : ;
.
!
la os 1 15 2 28 3 as “ 4s s 1 5 2 25 3 as 4 45 s
Time (sec) Tume (sec)
100 Envelope signal 10 Envclope signal
g.t 44
E w Iﬂﬂ! v gh pll E
nn os 1 15 2 25 3 as 4 48 s vﬂ 05 1 15 2 25 3 3s 4 45 s
Time (sec) Time (sec)
2109 Envelope spectrum 0® Envelope spectrum
:
i i
i3 1
L £
R e e e P o T e
Frequency (Hz) Frequency ()
2 _ o PSR 2, - 'H;_'_ R P 2o ) _—
¢ =] [
B 28 BLiv - 2472 %-3 B 3 A e AR ¥
i~ — =3 R RS WET 7 =4

40



Time Domain for Original Signal ia? Frequency Domain for Bandpassed Signal

g o2 T T 3 .
= 2.
B 0 =
] Eos| ]
<.om - o - —
3 %z o4 °e o8 ' 12 14 s 0 2 o W00 00 3000 4000 000 00 000 s 0000 loow
e For Ist Mode Vibration 107 For 15t Mode Spectrum
| Eosl
= . L . . . . . L . ] = . L L . . . . L
f oz o4 v o ' iz 14 s m 2 o W Mm% w00 e wm 000 w00 0w 1m0
L0t For 2nd Mode Vibration 107 For 2ud Mode Speetrum
: 1. ]
2 £
4 Eos
4 \ \ \ L \ \ , , . A N . . L
o oz os TR ' 12 s [ m 2 W M %o 400 W e Tom  ®m  woe 1
L10? For 3rd Mode Vibration wia? For 3rd Mode Spectrum
EN i
2, 2
£ ol ]
3 oz os 0 os ' Tz 14 [ " 2 o W0 e 00 400 00 w0 000 @m0 w00 om0
L10? For dth Mode Vibration ot For dth Mode Spectrum
i E
2, E]
3 0z o4 oe o8 ' 12 14 m e 2 o W0 000 3000 4000 000 00 700 s o000 100
For Sth Mode Vibration e For 5th Mode Spectrum
£ Eos
= L I L n L L L L = L " L L L L L "
o oz 04 oe o8 1 12 14 18 18 2 nﬂ 1000 2000 3000 4000 5000 8000 000 8000 8000 10000
Reconstructed Bandpassed Signal a0? Speetrum for Reconstructed Bandpassed Signal
4
2
"
& A A . .
[3 0z os 08 ' T s e 0 2 o 0o w0 %m0 wm  wm  we  1om
Time (sec) Frequency (Hz)
2 - e
Bl 29 Bbix - A 45 % -4 (B HOR AT
B i 5k B CRAE
107 Envelope Signal for Lower Mode Vibration
s T T T T
o4
E
%_3
£l
1 L.LA
el et Loy ) bl it bl bl oo st d i)t U bl ol L i mllu.l.uluu.mui.u..u...
0 1 2 3 4 5 6 7 8 2 10
Time (sec)
107 Envelope Signal for Higher Mode Vibration
T T T T
5
u 4
E
=3
=5
el
<2
1
° FRICARISPINS (N WP TR Y PR | FARAPRTT PR R RWIY [1F9 VO mumuli.u.J.mum..uﬂ;L.l.L\muaL.uu. e dtaitbll U bkl
0 1 2 3 4 5 6 7 8 ] 10
Time (sec)
o Average of Diagnostic Index: (.12342
- T T T T T
0.25
0.2
0.15
0.1
0.05 - -
o | | | | | | | | |

Bl 30 Bz A7l %L e ik

41



aLix
A s s VAR

B T $a

BT EE

IR A

RMAET

& (7£_0.01>0.8)

2,
4

MR D)

W

— =
T

k7 3 4902Hz &7

g

B 5 0.09248 0 e A E

o2

) TRk 3D L% Sig 5N

5714Hz & B 3 R -

s

19 & data 3 RA¥~

e

WG UEL R VS {E G TR e R

@ Vibasice_Mode_anshysa

" EABEF R R

- x
= OB WO BE S M OB OBLE R R ® SN
Ll
w0 Time Domain for Bandpassed Signal (V5551 10 Frequency Domain for Bandpasscd Shgnal (S1)
[*Read Parameters from Fils  parameter | 15
Sampiing Frequency (Hz) 51200 |
Sampiing Period (sec) 10 ' ?
Numibes of Ghannels 4 L
Average Number of Spectra | 20 us s 2w sm oswm o mw won  eso0
3 w? Far Lawer Made Vibrution 1w0* Far Lower Made Vibration
[C1Saving (Raw)Data |iname created automatica) @ o e e o mm e wwo [ o
5 File for Aratyzing SORFM_forl_dsgnal mat 0w |
Jsers ThiesnoiaVaive | 08 " i
12 -
1of DA 4]
' € 0s
EETT o8 l
R - — —J
IS RERMES T A e 0 s 1 2w a0 00 =00 o500
B as For Higher Mode Vil 1? For Higher Musbe Vibrati
MR DREES - — . ! !
FAE  DmEEE Y D S 2 5
wm mw ww ww Ko Mo mm mw 1o i
Analyzed Modes of Vibration Fregquency (H) H
Location  Frequancy Energy x10 OEREEEE Sa2 B e
Ho1 5 1102 ERu B
5 " - I v 0
i (pa 2432 12816 [1] 15 2 ) 4500 5000 =00 L 8500
Ho3 1422 1361 Parameters for Analyzed Modes 1= Speciram R B Bandpassed Sigast
Ho d (peak) 4902 2034 Adjcent Passband (Hz) | 3077 |- 6605
He 53
05 a1z 1004 .
Yo 6 (peak) 5714 1398 o i
Yoz at1 1420 818 i
Mo.B (peak) 7040 0.607 Diagnostic Index <os
Hoo 783 0304
Ho 10 fpeak) 7347 0369 sat1 | 005 saz 01
Kol 5743 0095 se3 | 013 Setd | 018 o s [ @ wm oem owm  m prTE—)
Time (sec) Frequency (Hz)
31 Bhix = g %-1 F
2L i L8335
The Measured Channe 3
Raw Data for Vi 2
T
g
5
= az—
1 |
Time (<)
T T
el HL.U*- FUNTTY R
= P )
Frequency (i)
Peak frquency of Vibration Mode: 4902 Hz
‘ I
W iz e 3 s s
Eavelope signal
T 2 s o2 a8 4 453
Tinse (sec)
Envelape spectrum
bl J Loa
% 100 0 £ oo w00 o son o 1om

B 32 Bix=

Frequency (He)

AR - R R

42




Time Domain for Original Signal Signal
4 00s T T T T T T T T T
=
£
ans L L . " i .
02 04 06 06 1 12 14 1% 18 800 7000 800 %00 10000
For Ist Mode Vibration 10?7 For Ist Mode Spectrum
£ o0t T T T T : : T T ] 5 T T T T T T T T
- =iy
£ £
a 02 04 o6 08 1 12 4 15 15 2 o 1000 000 4000 o0 eao0 7m0 saoo  ood  foow
L10% For 2nd Mode Vibration 107 For Znd Mode Spectrum
. T T T T T T T T T T
é 2 i
2
= - L L L L 1 1 L L L = L L L . L L L L
o 02 [ 06 08 1 12 14 1% 18 2 o 1000 200 4000 000 600 7900 630 00 10000
L 10% For 3rd Mode Vibration 107 For 3rd Mode Spectrum
g4 T T T T T T T T 5 v v T T T T T T
Bl =
<2 <
‘ 02 04 08 08 1 12 14 18 18 2 L] 1000 3000 #000 8000 8000 7000 8000 2000 10000
e For 4th Mode Vibration 107 For 4th Mode Spectrum
y T T T T T T T T T " T T T T T T T
£ . ]
E; £
<[ ] <
4n 02 04 08 08 1 12 14 18 18 2 o 1000 3000 4000 5000 8000 7000 8000 10000
10 For 5th Mode Vibration <107 For 5th Mode Spectrum
e
i
=, 1
£
-2 L L L L L L L L L < L L L L L 1 1 1
a 02 04 06 08 1 12 T4 15 18 2 o 1000 200 %00 S0 0 o0 B0 sood 100
Reconstructed Bandpassed Signal 107 Spectrum for Reconstructed Bandpassed Signal
3 008 T T T T T T T T T 3 T T T T T T T
E E
= =4} 1
L L
-aus
02 04 06 08 1 12 4 15 18 2 () 1000 00 000 so00 6 70 8000 oo 10000
Time (sec) Frequency (Hz)
33 Bhiv = A7 % -4 (B ROAL T
iz SR &R %
Envelope Signal for Lower Mode Vibration
T T T T T
0.015
4
2
=
E
=
o
=1
2
="
E
<

08

06

04

0.2

0.2

Time (sec)

Average of Diagnostic Index: 0.09248
T T T

34 g

At

43

84 1



4, 8L

B IR R BB S AT SRR 19

25

(& Vibrotion_Mode_natyss

#8045 6_0.0550.2 » F]p 2

* oW OK BB S

2L

7
(hadl

B FR AR et ch

T R

OB BB RO R ® M

Assil of P 107
w1 for (] _ip®  Frequency Domain for Bandpassed Signal (5150
5
ZRead Parameters from File  parameter | ' f d
Samping Freency (Hz) | 51200 ] i
Sampling Period (sec) | 10 1 -E,o -E.‘
Number of Channels | 4 < <,
Spectrum Range for X-Adts | 1824 |~ | 10000 o5 L
el B
Average Number of Spectra | 20 o as T s P e e e R —
i e For Lower Mode Vibration i For Lawer Mode Y ibration
[ Savng (Raw) Data (name created automabeally)| 0,0 " 30 a0 s0n 00D 7000 5000 8000 10000 - L
CIFil for Anatyzing [SORPM_fort_dsgnalmat | 108 4
User's Thveshoki Value [ 08| . z z,
EN E
P Location of DAQ Dev. e £ H
2
A . A
IR ST o as 1 5 : " ae om0 owmo mm e e mw
£ J10? For Higher Mode Vibratian 2100 For Higher Mode Vibrat
OISR DEss 4
1
QA OREEE . e S . s
m0 W 0w 000 6w 0w G0 w00 100003 i,
Analyzed Modes of Vibration Frequency (Hz) EO F
P CELLEL = 5
Location  Freguancy Energy x10 o Setd i 2|
M o [ae me—— —
Wo2(peak) | 2284 18491 | o as ¥ s : W0 m0 e oo oo meo  mo
o3 3869 1448 Parameters for Analyzed Modes | ~10® Spectrum for Bandpassed Signal
Hod (peak) 4035 1523 Adjcent Passband (Hz) | 4661 |- 8076 5[
NoS an7 0846 r s
LAy L 0o | Lower Pesk Fi (Hz) [ 5710
Ho i (peak) 5734 2130 bl 3 4
o e igher Peak Frequency (Hz) 20 B
No 8 (peak) (2] e Diagnostic Index =3 =
o 7890 0609
NotO(peak) | 8453 098 Set1 | 006 sz | 04 o J
Ha.11 8617 o6t set3 | 043 seta | 043 o as . 5 ] e R B S
L — | ime {sec| Frequency

Bl 35 ZLixw A 375

The Measured Channel 4
Raw Data for Vibration Signal : 20

EET

T T

e

L |
4000

000
Frequency (Hz)
Diagnostic

Peak frquency of Vibration Mode: 5734 Hz

Mean Index:
0.05

05

Enyelope signal

25 3
Time (sec)

as 4

0s

2

25 45 5
Time (sec)

%
£ H
E: .LIL Iln FEP M L LI
o 100 200 00 400 500 €00 200 900
Frequency (Hz)
] 36 BELixw & 7%

% -3 0% AF

44

/2
g

400 500 00
Frequency (Hz)

P
4

2




4 005
=
o
L '
o 0z a4 06 a8 O 12 14 15 8 2 (] 100 00 M0 4000 %00 6003 00 B0 W0 10000
For Ist Mode Vibration n? For Ist Modk Spectram
£ oo 1 4
ERN ERl ]
o 0z 04 o6 [ 1 12 14 15 i z (] 000 w0 M0 400 W0 G000 0 moo 00 10000
ot For 2nd Mode Vibration 10t For 2nd Mode Spectrum
. : T : T g . T T . T T . T
! i |
< 5 I n I = L L L L L L L L
o 0z 04 06 [ 0 12 14 15 N 2 () 00 o0 M0 4p0 00 8000 om0 M0 w00 10000
10 For 3rd Mode Vibration For 3rd Mode Spectrum
T v . T : T : T T v T T T : T T v . T
£
<s N \ . , , \ \ . . A . A .
o 0z 04 06 [ 1 12 14 16 i 2 1000 3000 oo w00 w0 oo
ot For 4th Mode Vibration
3 e e
2 ]
E )
L
o oz 04 06 o8 1 12 14 ) N 2 () 000 00 000 4000 00 6000 700 B0 %000 10000
Lia? For 5th Mode Vibration 107 For 5th Mode Spectrum
i i
E 3l ]
< < L L L " L L L -~
(0 000 w0 M0 400 We0 0 00 B0 W00 10000
Reconstructed Bandpassed Signal <107 Spectrum for Reconstructed Bandpassed Signal
3 oos 3
< a0 . . . . . . =5 . . ol R
o 0z 04 06 1 14 15 18 2 () 000 00 M0 4000 o0 6000 700 oo w00 10000
Time (sec) Frequency (Hz)
B 37 gixw A5 % -4 B R
i — i 4 v RS F‘ ¥
109 Envelope Signal for Lower Mode Vibration
T T T T T
8
L6
E
E
E: 4 1‘
2
0 it ittt bt ok b bbby bt e sobioant Uil oo bt iadie e oot Lo ol st e sbiingn b bl
0 1 2 3 4 5 (] 7 8 9 10
Time (sec)

%102 Envelope Signal for Higher Mode Vibration
T T T

Amplitude
MW B O
|

1
0 it cnadot by et s kil e s b s s L i s bl s el e Bl Lttt ol bl i s,
0 1 2 3 4 5 (] 7 8 9 10
Time (sec)

0 Average of Diagnostic Index: 0.054079

- T T T T T
0.2 =
o1 W/\

ol a
01— =
w5 | ! | ! ! ! ! ! !

Bl 38 Bhimm A58 - 80

45



5. BT

A7 1KHz 17 F 2548 52 0 B feiF & fihed

AT - A 2KHz 2 P €
g DA B (R S RARHRIEEF )

AR R NI X T i e

&0 Vitration, Mosde_ Aralys

%%m%‘fw ’ ‘L&r

.

T EEES

o

Forth & 47 % 7

o 11 2KHz 1 F $8s & 45 0

- %
B oWOE B E A OB OBOE RO R B 5
of F 10t
2 s Time P R — for R
[4Read Parameters from File  parameler ‘T
15 15
Serrping Frequency () 61200 HE 1§
Samgling Period (sec) 10 , 2o =
Mumber of Channels 4 < q <
s
Specium Rangefor Xobis | 1363 |~ 10000 oo AL
Average Numier of Specka 20 B cs T m 2 e w00 wo e ate.
o [ 10 i For Lower Mods Vibration e For Luwer Mode Vibration
| 0 00 400 W0 @00 00 M W0 000 g
2 File for Anshyzing [SORPM_tor6 Bsgalmal |yt [ 5
2 .
User's Thveston Velue 00 3 i
2, 2
P Locstan of DAy Des. | ] i g’
p 2 s
SR 4[
o
CEEEREE s n m T ) : b mm zm mm em
[Analyzing Dafa 1 o ot For Higher Made Vibration Lo Far Higher ¥ode Vibration
DY ORENE
DR (EWES 5 g? '8
@1 w1003 i
Analyzed Modes of Vibration B B
Locaton  Frequency  Enengy 10 & P <, 2.
s ] |[ra e
i < e
Ho:2 (peak} 2326 7.486 a o8 1 18 2 4500 500 8o w00 800
Na3 2692 5879 Parameters for Analyzed Modes il 10" Spectram
HoA [peak) 2925 8201 Adjcent Passband (Hz) | 4496 |-| 6932 ‘[ ’
Nab 3¢ 5
Lower Peak Frequency (Hz) | 5176 | 2 o 18
Ho 6 (peak) 321 2 3
o uaw o Hiher Peak Freuency (1z) | 6199 z i,
Mo (peak) 5189 13719 Diagnostic Index <, 2
Mo g 8058 1079 h o
o 10 {pesk) CREC 100 sell | 0.6 Selz | 007 M . N o
Ho 11 161 o | set3 [ 006 setd | 013 [ 0 | s 2 dwe  wmo omm wm o
—_ == [ 0% ] [em ] Time (sec) Frequency (Hz)
‘ -

Bl 39 ghi7

The Measured Channel 1
Raw Data for 2

-4
2
=
i
=

L 1
0

b a A =7 = e s =
~107 Peak frquency of Vibration Mode: S189 Hz 107 Peak frquency of Vibeation Mode: 6176 Hz
.
i
A
£
A
Time (sec) Time (sec)
10° Envelope signal 107 Envelope signal
3‘
E: ‘
£
q
Time (sec)
w10t Envelope spectrum 107 Envelope spectrum.
.
%2
i i
E Es 1
£ ) z |
. e [{FTL P 0 T et i
S Calei s AR ol Ml

B 40 BLiv 7 A 478 5% -3 B B3R HCA che R AMTAE

46



Frequency Domain for

000 s G0 7o00 00 000 10000
0 For Ist Mode Spectrum
3 v T T T T T T v T
£ -
o 0z [ 06 [ 1 12 14 16 18 2 o W00 We0 300 4000 W00 00 7000 6000 %00 1000
L0t For 2nd Made Vibration L0t For 2nd Mode Spectrum
g4 37
22 2
El E' ]
<3 <
o 0z 04 o8 08 0 iz 4 3 8 2 () W00 00 300 4000 8000 8000 7000 GOD 00D 10000
Li0? For 3rd Mode Vibration L10% For 3rd Mode Spectrum
T T T T a T T T T T T T T T
E
=3 . . o iiad . . L . .
o o o0 00 4000 W0 6900 fooo  Boj  so0  fooed
02 For 4th Made Vibration 0% For 4th Made Spectrum
i i
a2 -
o =y 1
e B
<a L n L L L < n L L L L
o 0z 04 o8 [ 1 12 14 16 8 2 0 W00 We0 300 4000 00 600 7000 6000 %00 10000
el For 5th Mode Vibration L10* For 5th Made Spectrum
sl = ]
E E
= 2 " L L L " L L L " e L L L L L " L L
o 0z 04 o8 o8 1 iz 14 3 8 2 (0 W00 00 300 4000 5000 6000 7000 G0N 000 1000
Reconstructed Bandpassed Signal «10% Speetrum for Reconstrueted Bandpassed Signal
zom T T T T T T T T T 3 T T T T T T T T
z - = S =1 4
z z
P s N . " s . . . " a L L . "
o 0z 04 06 1 z i 16 18 2 o w0 @ %00 %0 e 0 60w W 1000
Time (sec) Frequency (Hz)

%107 Envelope Signal for Lower Mode Vibration
T T T

Amplitude
Noow

mmunmm.mmmmm.h MJHJMMHJ]MJMMULLJJNM Mmumﬂh

Time (sec)
107 Envelope Signal for Higher Mode Vibration
T T T

o )

Amplitude

0.5

o TR I T U PR TIPSR O POV PPV U1 | O O LIRS RPN DU 17 VPO TR N TOPEROUPP MO FYE RO PR TORPY BOPY WPTPOTRN

0 1 2 3 4 5 [} 7 8 2 10
Time (sec)

.~ Average of Diagnostic Index: 0.059828

- I T T
02 —
0.4 \W

ol .
01 —
02 | 1 1 1 | | 1 1 |

B 42 BT 24758 %-L ¥

47



B B RhiGLUEL 0 5]

3836Hz £ 4320Hz & #3775 P

+ HELEL 0 e

2=

£

SR

B AR A R

2L S 1]
¥ 82Hz 3F4RHAE 0 7 i

%4 AT -

% Vibraton Mode Anaiyin -
of . iR & WOk OBLE o E RN N
F s
2 Time Domain for Bandpassed Signal 0550 1% Frequency Domain for Bandpassed Signal (50
2
“/Read Parameters from File parameter
002
Samgling Frequency (Hz) | 51200 g2 4 -g"
‘Sampling Period (sec) | 10 f;. 0 E 1
Humber of Ciannels | 4 ! < Ll
02 o3|
Spectrum Range for X-Auis | 1440 |~ | 10000 e
Averoge Humber of Spectra | 20| f a8 ] ) 2 "m0 wo w0 w00 G 4o 4o
I Saving (Rew) Dot ,m B e For Lower Mode Vibration 2,“\- For Lower Mode Vibration
il for Analyzing SORP_fors_Bsignal mat 210 002
Users Threshid Vaive [ 08 . * k|
Z 0
P Location of DAQ Dev \ E
s | w0z
EELC |
C e " o s v s 2 " mm w0 w0 »eo a0 £m w0 w0
I / For Higher Made Vibration L10% For Higher Mode Vibration
CINTRE O Ews <0 a/ \ -
. +
GRS OmuEs L 418
00 300 400 5000 6000 7000 8000 8000 %
Analyzed Modes of Vibration Frequency (Hz) B
Location  Frequency  Energy x10 OFEEEEE sez = <“
Hot 1627 0489 A -EE
Ho.2 (peak 210 1845 200 T oo w0 Mo Mo &0 40 oo o0
No3 2750 1559 Parameters for Analyzed Modes 304 Spectram for
o fpeak) 3836 14714 Adjcent Passband (Hz) | 3115 || 4947 4
Nos 3956 14451
Lower Peak Frequency (Hz)
e = Lot o Pm Fw ml[ 2] i;fg
s = = Higher Peak Fraquency (Hz)
o2 leat) B 2309 Diagnostic Index
o9 500 0261
o 10 {peak) 7989 2037 Set1 0.15 Set2 0.29 d
Mo, 11 o747 0.044 Set3 023 Set 4 0.11 W0 MO0 W00 W00 4000 00 MO0 400 4800
Fregquency (He)
43 W} > = A\ ,:r AR 9 -
1 E%-1F7w
The Measured Channel 2
Raw Data for Vibration Skgnal : 20
Ham Dasa for ¥ ibration Signal
1 I sial
o 3 000 000 3 w0 3 o won 10000
Peak frquency of Vibration Mode: 3836 Hz Peak frquency of Vibration Made: 4320 Hz
g0
E a 0
<mu
o [ 1 s 2 25 s 35 ] [ s
Time (sec)
Eavelope signal
oo
i
Zom
0
o [ ' 5 2 25 3 as ] 45 s
Time (sec) Time (sec)
10® Envelope specirum i Envelope specirum
a A
LK i
E £ l
= 2
HI I Wik
o v w0 w W w0 weo o w o w0 o me  wo  om

BLie 2 A7 %A

w w0 e
Frequency (Hz)

i B A

48



‘Time Domain for Original Signal L10¢ Frequency Domain for Signal

w

2 0os ™
= = 4
E B
<o . ) < e
o 0z 04 06 08 1 12 . 16 18 2 0“ 1000 2000 3000 4000 5000 6000 7000 8000 2000 10000
For 1st Mode Vibration ci® For 1st Mode Spectrum
E E
I S L £ 1
E E
<3 002 L L 1 L n L n L I == I L I 1 L 1 L L I
s W W w1 W w w2 T R R T
For 2nd Mode Vibration ot For 2nd Mode Speetrum
e s
1 57
E - . i | 2
E ul A4 &b Ll ' E—‘ I h
Fwm ® o m 1w w m @ 0 B T e
For 3rd Mode Vibration 108 For 3rd Mode Spectrum
3 o emebobionh N . N 2
: i : . S
< 005 B <
= = ®@ © =© ¢ = ®w © o ¢ im0 o o oo
For 4th Mode Vibration o For 4th Mode Spectrum
= L TEETIT LAy N oy =
: ‘ st amtdmmim el sl ot B ]
= " " i n " n n n < I " n i " " n
s © © = ¢ ® ®m w @ @ = = oo o oo
For Sth Mode Vibration L For Sth Mode Spectrum
E E
Z it 1
5 g
= < I L I 1 L 1 L Bp——— I
o 1000 2000 3000 4000 5000 000 7000 8000 5000 10000
L0t Spectrum for Signal
& 004 82
2 ooz E:
= o B -
ot E
008 L L n n 1L L I L I < I L I i 1 i B I
s s = o o = D o oo

B 45 Bhix = A 4745 -4 B RORL A

Envelope Signal for Lower Mode Vibration
T T T T T

0.03
0.025

0.02
0.015 ’ |ﬂ
0.01 ! !

Amplitude

0.005
0 aJul.Jh..\L..um..u_\IJMJMIIMILMLMIMLLIMM||.\|.|n n..L JJumlmlﬂm‘MmeAJuJquL[LﬂLMMHJLhmImmLm b Lol ool bbb bl
0 1 2 3 4 5 (] 7 8 9 10
Time (sec)
Envelope Signal for Higher Mode Vibration
0.08 T T T T T T
0.04
E 0.03
il
Eom 1[
0.01
n JLJJ.“..MI.LLmuLMUmLmMuLnJ]Jl.ILL.LH.LJ.m.uLlJ.L coliitly winithisdadl, “Umlnm_ﬂu.mhmlhﬂL;mem.h.i.HLJ.iJ.\luulLdsLumMJﬁm Ll
0 1 2 3 4 5 6 7 8 9 10
Time (sec)
Average of Diagnostic Index: 0.21712
e T T T T T T
0.3 -
02 —\’/N/\—\—’J\/\—
01 —
0 | | | | | | | | |

49



7. Bi--

. 2689Hz 5]

5
]
S

4 8 % 82Hz

o

kil
5
L
%

.

N

-

- ~ - ’ 2 2, - = A= A= T 2
AGEF G L e A PP EEAE Sk o B 3790Hz Hois 5 P B K 16.7Hz
B+ ety B AT P AR - 5 PR 6.
SIEAE A 5 (e 2% oL O 3 L 9 iE 45 5 16.7Hz x60
£ JA ¥ = 7 M ) — A =
Fé Fl‘__' [__/_.'1, = 4;{?__’> s = 3 — . Z X
1000RPM -
3 Vioraion. Made Anslss - x
e PR L R i@ BB R KR F
a8 Time Domain for Bandpassed Signal (5518 _eo"  Frequency Domain for Bandpassed Signal (5150
©1Read Parameters from File  paramster 3 am ]
Samping Frequency (Hz) | 51200 e3 Fhand 3
‘Sampling Period (sec) 10 2 E d ,E:
Number of Chamels | 4 15 ¥ ams =
Spectrum Range for X-Ads | 1997 |~ | 10000 1 am 4
Average Number of Spectra 0 o8 o as 1 18 2800, 3000, £ o0,
N Ineme cresied tormaticad) | For L Made Vibration =107 For Lawer Mode Vibratior
DISavig (Raw) Do fneme evesed subomatieal) * oo oy oo men s om men w0 wowa s . - :
1 Fie or Anshyzing SORPM_forS_Bsignal mat R q
User's Threshoid Value 06 4 ﬁ ] . i_,
[ E o E
IP Location of DAQ Dew.
— . N i ¥
e | \ am
2 [ o
mE2 L Analyzing Data | ° o ! - = e = e
1 ‘l ‘I For Higher Mode ¥ ibration 2107 For Higher Made Vibration
OMIFEE RIS / an
3
aFE  DEEER N NP | " A
;e W@ sm o e om o w00 1080 i
Analyzed Modes of Vibration Froquency (Hr) T o0 i
Location  Frequency  Eneray xi0 OFBESEN setr ~ < oo =
i o o maa ] a
No2 (peak) 2688 3108 i B ] : r s ry i o
Ho3 3100 1914 Parameters for Analyzed Modes 1o Spect
Mod (peak) 3790 37952 Adjcent Passband (Hz] 2263 |- 4426 o 3
me [ o Lo Pask ey ) [ 2628 s
o -l o Higher Pask Frequency (Hz) | 3788 E %z
E £
Lol o o Diagnostic Index < ams =
Hag 561 0171
Ha.10 (peak) 8184 0195 Set1 0.17 Set2 0.1 T o
Nt %16 0129 Set3 045 Setd | 015 o a8 v i 00 w00 o
Time (sec) Frequency (Hz)

it %

B 47

B

The Measured Channel

3
Raw Data for 120

lkh 1
20

L10? Peak frquency of Vibration Mode: 2689 Hz Peak fryquency of Vibration Mode: 3790 Wz
Time (sec)
Enselope signal
3
z
oo
Time (sec)
104 Eavelope spectrum 10" Enelope spectrum
1. 1.
E E
o 1 Lk
s T b = T

w w0
Frequency (Hz)

B 48 Bhix—~ A 47t % -3

50



Time Domain for Original Signal
£ o
E. 0|
Eam
o 02 04 ) o8 1 12 14 18 18 z
For 1st Mode Vibration
o 0z 04 s [ 1 2 T4 18 [0 ]
For 2nd Mode Vibration
4 o0z ]
= b
= " " beoaebbiels F
ot $ + -
< -om q
o 0z 04 o8 [ i 12 4 18 [ 2
10 For 3rd Mode Vibration
22 "
¥ " Ll
g0 e e
Ea
o 0z [ (1) () T iz 4 18 3 2
109 For 4th Mode Vibration
R 1
= J " Ll
E o ‘) - il
<3 1
o 0z 04 () 08 [ [} 4 18 [ z
L0d For 5th Mode Vibration
g‘é*
-

-

B 49 Zi--

AR

=
5

n? Frequency Domain for Signal
=, 1
g
5 i L L : L L . L
° 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000
0? For Ist Mode Spectrum
L]
=, ]
£
< L L L " " L L " "
D 1000 2000 3000 4000 5000 8000 1000 8000 8000 10000
107 For 2nd Mode Spectrum
4
£, 1
E
= " " L " " " " "
”n 1000 2000 2000 4000 5000 8000 1000 8000 8000 10000
2107 For 3rd Mode Spectrum
) 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000
cio? Far dth Mode Spectrum
E
22 1
E
- i L i i
o o0 00 M00 4000 SO0 6000 700 G000 moo 10060
cin? Far 5th Mode Spectrum
s T T T T T T T T
El
82 1
E
=
" . " s L " s "
o 1000 00 W00 4000 500 00 7000 6000 w00 10000
0? Spectrum for Signal
22 1
E
< L L L L L L I L
o 1000 000 W00 4000 5000 6000 7000 8000 w00 10000
Frequency (Hz)

2, H=
*-% B

i

10

%107 Envelope Signal for Lower Mode Vibration
T T T T T T
4
o
EE
g
22
1
o PR FORT T FA R DY et o s ke skl gl s ain Ui sttads Ukt b Lo se s bbb il sl sl L
1 2 £l 4 5 6 7 8 9
Time (sec)
Envelope Signal for Higher Mode Vibration
0.03 T T T T T T
0.025
o
g 002
=)
45: 0.015 I I
0.01 l |.l
0.005 & T
0 JLLIJ.“L.L.“I Al Labitide il J.J.JJM.;LJ ol g ables il d i s Aumhlm] JTI0 AT o .J.LLJJ_ L id Lo il i h‘u.llnl‘u..ulj.:l.lw.mﬂJ.uLl h..,\,n.i.m
0 1 2 3 4 5 6 7 8 2]
Time (sec)
- Average of Diagnostic Index: 0.053667
- T T T T T T T
02— —
0.1 w
ok -
0.1 —
02 L \ L L \ L \ L L

51



B>

G s 57 @ pt A b 4 R Y R &R

FEY g ey 9L FTRBREDEY LV K LFFEG

F07 PR e Rl A 452 W 1

Bk Hik

% F]’J
(Z 1) <@ .

0.1723 0.2 g il

e

0.1234 02  APH&RE %19LFHRLE

0.0925° 08 % 19 & data TAPEEEF o 7 e 5 e
00541 019 E-ERBEXF ESFEN

0.0598 0.12 &P &

0.2171 0.3 7 PR X 82HZ 3R 4RIE 5 0 T oAt & $h IR F
IR N S

0.0537 0.18 82Hz :¢#&¥ it 2 #hi/EF dA5L » e A5 P A
- 16.7THz 39 4r & = #3247 5 16.7Hz x60 =
1000RPM

52



= ~ 1kHp # # & o £ 47
(=) FH#RP
RS EREATL Y EOV A ABARESBRFRE N
- & IKHP &b 4 & findh 5 39 2 TR A 470 B R

4o Bl AT e

(=) #~+HE%

1. 2018/8/21 & pIBL 1-2 (% 1 $h1s 3 sk Ay

53



4] Gear_meshing_Analysis

Assignment of Parameters

ik @88 AT

Vibration: Ch.1_No. 1

(BF55)

- X

GEEE S P
A

Sampling Frequency (Hz) | 100000

Sampling Period (sec) 5.12

Amplitude

File for Analyzing  P1_2(8_21).mat

15 2 25 0 01 0.2 03 0.4 0.5
aBE S EmES . 0® Time (sec) (585) Time (sec) (SR
56.054F (11.3281
5000
I ) 4000
Z g
= = 3000
£ H
<05 < 2000
1000
ol I 0
0 200 400 600 800 1000 0 100 2000 300 400 500 600
Ul REsEE)  Treavney () (5IR) Frequeney (H2) ({5 1KHZE50)
0015
[ |
i y 0 | e U v
4 /I \ Ly w\ﬁ H \H \Ifw \w\ ., 001 ‘M WﬁwM{MI\M\W\"W'M"MMWNNW MWM"
< 001 V‘ | ,. | ‘ fif " -1
w Wy (AN L I
£ / ‘ i ! £
0005 ‘ 3
-0.01
o
o o1 0z . 03 04 0.5 o o1 02 . 03 04 0.5
(BRI Time (sec) R Time (sec) (7R
11.3281 4000 15 4297
3
3000
Z E
£, £
E EZODO
< <
L 1000
o i o

0 50

100 150 200 o 200 400 600 800 1000 1200
. - Fre: (Hz) Frequen Hz,
mETT caveney (1) g 4ot [ 664 8828 TR
4 | FELLEAs 5548828

B 52 1kHP # + & $&49-F plgk 1-2

|,\1’(

5 1 fh(r 4 fh) > ez 18 & >

(2). ¥ FUHF (o d T )R vk £ 47 5 556Hz 0 7 O

@25 Kz d 0.15sec 31 0.5sec = 7 44 [(0.5-0.15)/4=0.0875sec »

1/0.875=11.4Hz] » %t 9% 9 ] s (Fl& ot 9 2.7 » T ok &

‘R/'

ICEFARERERM keI P FE 1200 ) wEF

1 fihz & & 25 o

RN

1/0.0875=11.4Hz (& ]2t 5. & p 5

11.295Hz) > ¢x % 14 (» 4 dh)fgid 3+ 5 ©59 5 11.4Hz*60=684Hz

54



(BE3 + BpIUELER] 5 11.295Hzx60=677.7 RPM) -

(4). ¢ % 556Hz/# i 45 & 11.4Hz=48.8 % (A § R[5 E
Bl 5 556Hz/11.295Hz=49.2 %) » tav= & % 2 $h#h #c 49 % o

(5). d HpH B ¥ 2 ghidiE B 5 684RPM/49x18=251.3 RPM -

(6). = RIP| 5 Cepstrum # 3 &~ 47434+ 2B = # € 2 #4758 % Bl

TO2RP G R AT EE

& Gear_meshing_Analysis _ x
Nk BE S GEE TN £

Assignment of Parameters Vibration: Ch.1 No. 1 W) (B

Sampling Frequency (Hz) | 100000
Sampling Period (sec) | 5.12

Ampliude
o

File for Analyzing P2_2.mat

1 . 15 25 ] 01 02 . 0.3 04 05
MiEE System Busy A2 105 Time t::ﬁ - (BER) S Time (sec) ()
8000
Er_ EQADDO
< 1 <
2000
I Lol il o )
00 100 200 300 400 500 600 700 800 900 OD 100 200 300 400 500 600
(SRR Freauency () ) Frequency (H2) (e 1KHz1Rg)
0.01 | 0.02 “ l ‘ ‘ 1 ‘ A | J
oo A
goo ] fH) ‘ ‘*' |M‘ M\ | MH‘ " ‘ <,
i1 | I
Zoomfl| “‘I'H“M“ “Jll‘l‘h‘ml‘ I‘\“{‘M\.ﬂ‘l‘|\u ‘\I‘P I H\ i ‘IU 2o
0.002 J \ | ‘
-0.02
00 0z 03 04 05 1] 0.1 02 03 04 05
Ut R Tims (ves) £ Time (5e0) )
(10.9375 9.1406
2 15000
:éaz ‘ :émnau
£ £
1 5000
0 L ‘ a IL b J.mll
o 50 100 150 200 0 200 400 600 800 1000 1200
Ommmsmn Y egas g001m LS

»| EEREE 6629141

Bl 53 £PIEE 22 (5 2 Bhil = dhk )

55



[4] Gear_meshing_Analysis

- x

- L AT o] B 3% S SR AR 2R A
Assignment of Parameters ETEEER] [ (555) =

Sampling Frequency (Hz) | 100000
Sampling Period (sec) 5.12

File for Analyzing |P2_2.mat

0 05 1 1.5 2 25 0

01 0.2 03 04 05
e Time (sec) B Time (sec) po
L8 System Ready 410 (50 (570
75.7813, 5.6641
10000
g2 g
2 2
=) s
E 1 E 5000
o ‘ ! ‘ B [t .nl L |
o 100 200 300 400 500 600 700 o 50 100 150 200 250 300 350
(AN ELER R Frequency (Hz) (558) Frequency (H) (i 1KHZII%)

i R

Wl N Iih,
A

e
=
Amplitud
o

00
2
002
o
[ 04 02 03 04 05 0 04 0.2 03 04 05
(B LA Time (sec) () ot Time (sec) )
6641 25 757813
5
2
i H
2 E1s
=3 =
£ £
<, <
1 05
. | L Oml‘ ! L
[} 50 100 200 o 100 200 300 400 500 600 700

” i Fr Hz) Fi 1
PR IE e (12 g g 4199141 requency (F2)
»| EEbEE 653.9141

oA

Bl 54 FRIZE2-2 (5 2 dhis > fhic k)

T Bl(% 20 £ Data)

(). d FEAFF(d wB)FASEIFF 27578Hz (F V¥ #F IR H 2
BHEEG Y- B R BH L) TIREED LT LG
fugd Osec 3 0.35sec = 5 2 4[0.35/2=0.175sec> 1/0.175=5.71Hz] -

SRS RERRAGLE S YRS SRR T LT A

o]

AR R VR 120 ) i R 2 fh2 EH B

(2). ¥ % 2 fhif @ 4 % 9 5 5.71Hz (£ B30 & B

Y

5.66Hz) » #
% 2 dhidiE 5 5 5 5.71Hz*60=342.6 RPM (£ B2L 5L & P
5.66Hzx60=339.6 RPM) -

56



(3). o i & 47 & 275.78Hz/#k ¢ 45 3 5.71Hz=48.3 % (53 + B P2 5E

BR 5 275.78Hz/5.66Hz=48.7 #) » wave & § 2 fhth #c 49 %
(4). @ #FHEE % 1 dhidd P 5 339.6 RPM/18x49=924.47 RPM -
(5). % ®IP] 5 Cepstrum ## A 54538+ 2@ 3 F L 2 S 4555 % W) ;

T2RP G Mz AR

+ Bl(% 1 4 Data)

LN
= K

(6). ' F A H (o d HE)RA B LS 5381Hz L H %

i

AR 2 2 BAR Rt e G % 2 gh BT o o QA Y R F R

A BwE o gid 008sec F| 044sec £ 7 4 &

[(0.44-0.08)/4=0.09sec » 1/0.09=11.1Hz] -

(7). o v & 47 % 538.1Hz/#& & 45 5 11.1Hz=48.5 & (g + £ p2n 5
B R 5 538.1HZ/10.94Hz=49.1 #) » k= & § 2 fhih # 49 & o

(8). Fr 7 1~5 JEenfats » o A E B 5 2 dhigiE B 5 10.94/2 x60=
3282 RPM > @ % 1 #hig i B 5 328.2 RPM/18x49=893.4 RPM -

(9). % @B % Cepstrum 4 A 7455 + 2B 5 Fd 2 A 472 % B 5

T 2RI R M2 AT e

Ly
g
=

H
L

il i A 2 RN > - g

AR RIEE AT 2 g fhenig @A S A £

s o AL PR IEE



2. 2018/7/9 B pIEL1-2 (¥ 1 $hid > fkiy)

4 Gear_meshing_Analysis

- X
) Nk B A GE eSS D
Assignment of Parameters Vibration: Ch.1_No. 1 (1518 <102 CRrisis)
Sampling Frequency (Hz) 100000
Sampling Period (sec) 1
File for Analyzing  #%§51_2signal(7_9).mat
MEE System Busy x1
_ : £
R :
g Ea00
K K I
! 200 i\
@ l ® WN L
o 200 400 600 800 1000 o 100 200 300 400 500
) Frequency (Hz) (50 Frequency (H2) (e AKHZIREER)
002
Vi
o e
3 -y 3
2 2
T4 T 0
£ £
i b
2 001
0 -0.02
o 0.02 004 008 0.08 01 o 01 02 03 04 05
(N BRI Time (sec) (5550 Time (sec) (IEIR)
1 1 80
Fﬂ 2000
g 1 ‘ éwsuo
% ‘ Ewuo
s ‘
500
I !
NINALSN o J.“J &
o 50 100 150 200 o 200 400 600 800 1000
O i Frequency (M) e e g Frequency (Hz)
v| EELLAER | 588
a; 5 15 S A E
E%:] 55 ;E_/P‘,ﬂ—z\!:-].-Z(a’l e ™ ’3«2@)
a7 gE A (o T 15 )F2 3 ol £ AE T NE R 4R 1k s
(1). d FEAF(2dF R)fFAE LA S 560Hz > ¥ EF 32 {5 che

BB o P ARV RIS 1 h § 2 et R i A
A w %) % 560HZ/49 #=11.43Hz &2 11.43/49%18=4.2Hz > i F]B~
WP 14 3T R &5 1Hz &€ P R~ F4L -

(2). e £4F 5 560Hz & ) § F & dEdnerddid RE > § 7 TR
BRIRHET € %~ 5 d BHBTFRERF 1 o RHERER

2 phehpaf & o

(3). d BLATH M T F I 280Hz 025 F 1 leed £ 4F

1
e
A
&=
|k

58



R X AN P S

i E A TR o

L2 BAFRRAAE S o HAFV

(4). o v &4 % S60Hz 7 & % 1 dhdkd B 5 11.43Hzx60=685.8 RPM -

5 2 #hig i Bl L 4.2Hzx60=252RPM o

(). =

T2RRA G M2 A SRR

RIA] 5 Cepstrum 3% &~ 4AE3H > 20 5 F 2 #4755 % B

s ’

D BT b S G ] A I AT 2 R > - AL g

AR RIEAT 2 Ephe@ i A o B o AL P IR o

|4 Gear_meshing_Analysis

Assignment of Parameters

Sampling Frequency (Hz) | 100000
Sampling Period (sec) 1

File for Analyzing  #5§E2-2signal mat

el System Busy

ANk B A
Vibration: Ch.1 No. 1 (B545%)
005
E
- o
£
&
-0.05
0 01 02 03 0.4 05
) ‘Time (sec) ($5ER)
80
3 1
2
g
<05
. | 1
] 100 200 300 400 500
(PyressEE)  Frowvency () R
s WA
A Jv_/nf\/
40 Ny
= M/L
Z 2 /f' V\,\/\M AN
1
o
0 0.02 004 . 0.06 0.08 o1
(I B RTER) TR ()
5
) [
A
1
I
o LA
] 50 100 150 200
Dm0 e | 212
H| =EREEE | 3048

HHR AR AT S
w10 (R RITHR)
5
3
20
£
<
-5
o 01 02 03 04 05
Time (sec) (%55
2500
o 2000
]
E 1500
=
]
< 1000
500 q h
AT
o 50 100 150 200 250 00
Frequency (H2) (13 1KHZHSHR)
0.02 ‘
& 001 MAM ,
£
= o
£
001
-0.02
o 01 02 03 04 05
‘Time (sec) (BE5)
8000 80
oy 6000
]
£
E 4000
<
2000 [
s - i
o 100 20 0 00 500 600
Frequency (Hz)

59

Bl 56 & BIEL2-2 (% 2 #his > fh k)



=

d F A (2 d ®I)fED ek £ A S 280Hz » ¥ KT fED {8 hie

g > d L RFEFEE VRIS 288 % | fhen i R E AR 5
L 5 5 280HZz/49 #=5.71Hz ¥ 5.71/18*%49=15.54Hz > iz F]B~

RERFE 1§ P27 R £ 1Hz g 5 <4 o

2. v EAFF 280Hz & ] € 7 A fheridid RE 0§ Wb T HRR B
RIRPHE ™ € R+ 1 d BB Y B RERS 2 R RFR ¥
1 fhenig]hg < o

3. d w47 5 280Hz % B ¥ 2 ghigi# | 5 5.71Hzx60=342.6 RPM ~
§ 2 phidi# P 5 15.54Hzx60=932.4 RPM o

4, + @A 5 Cepstrum $#4% & $743% > F 2 Bl s F 2 A~ 1785 B
TR G M2 SRR R

Bt o B R G T 67 S A 2 PR 0 - AL g

B RIBEAT 2 b @ OF A R o P ARG PR R

60



S0 AR RN E R TR 3 R EIE e

F_*

BEMEEEAREEERDENEERCE o0 BEF L EY
b4 B d il e ot g 2R R B ddachph R R 0 B
BERANEHEREL s B T ERFT R TR
FH o ARBIFFEFL 5 0P RIS L 470 Bkt - 2
ENR 4 et o

Foobo AT AR 4 PIA e ELY D BEARL G BIRP Bl
ST RFRIBERTHEOLREM > A MR B TR
RFF - LA T RET R FRE AR LR
Prg oo s WREP T A R onk o Bll 0 BiE- 4 A
HUELEL o LR A WAE S s rR SHEF ~ Cepstrum kAP BT 0 4 R

PG IR G o B FREHOT A S E AR -

Bt AERF B R RRE LR Rl%E AR
J‘%’Kﬁé?'@”ﬁ Mot 0 TR A RBB e e £ 8 AL AR 4 e



b ERATEW e R I RET T ERESORET AT
Bihgkfio A R 3 F P EFEE L S FEARREFIRE AT
B D PR e BT 5 FRaNA R R L

U BB 0 1Y Fq Brreipipl o

62



B~ T p

[1] Variational Mode Decomposition Applied to Offshore Wind Turbine Rolling Bearing Fault
Diagnosis.

[2] Survey of failures in wind power systems with focus on Swedish wind power plants during
1997-2005

[31 B. Lu, Y. Li, X. Wu, and Z. Yang, “A review of recent advances in wind turbine condition
monitoring and fault diagnosis,” in Proc. IEEE Symp. Power Electron. Mach. Wind Appl., Jun.
24-26, 2009, pp. 1-7.

[4] Z. Daneshi-Far, G. A. Capolino, and H. Henao, “Review of failures and condition monitoring in
wind turbine generators,” in Proc. XIX Int. Conf. Elect. Mach., Sep. 6-8, 2010, pp. 1-6.

[5] F. Napolitano, M. Paolone, A. Borghetti, C. A. Nucci, A. Cristofolini, C. Mazzetti, F. Fiamingo,
and M. Marzinotto, “Models of wind-turbine main-shaft bearings for the development of specific
lightning protection systems,” IEEE Trans. Electromagn. Compat., vol. 53, no. 1, pp. 99-107, Feb.
2011.

[6] C. A. Walford, “Wind turbine reliability: understanding and minimizing wind turbine operation
and maintenance costs,” Sandia National Laboratries, Rep. SAND2006-1100, Mar. 2006.

[71 C. Hatch, “Improved wind turbine condition monitoring using acceleration enveloping,” Orbit, pp.
58-61, 2004.

[8] Dalili N, Edrisy A, Carriveau R. A review of surface engineering issues critical to wind turbine
performance. Renewable and Sustainable Energy Reviews 2009;13:428-38.

[9] Roshan-Ghias A, Shamsollahi MB, Mobed M, Behzad M. Estimation of modal parameters using
bilinear joint time-frequency distributions. Mechanical Systems and Signal Processing
2007;21:2125-36.

[10] Padovese LR. Hybrid time-frequency methods for non-stationary mechanical signal analysis.
Mechanical Systems and Signal Processing 2004;18:1047-64

[11] Randall R B, Antoni J, Rolling element bearing diagnostics-a tutorial, Mechanical Systems and
Signal Processing, 2011, 25(2): 485-520.

[12] Wind turbine fault diagnosis based on Morlet wavelet transformation and Wigner-Ville
distribution.

[13] Bearing Fault Diagnosis for Direct-Drive Wind Turbines via Current-Demodulated Signals.

[14] W. J. Staszewski, G. R. Tomlinson, Application of the wavelet transform to fault detection in a
spur gear, Mechanical System and Signal Processing 8(3) (1994) 289-307.

[15] D. Boulahbal, M.F. Golnaraghi, F. Ismail, Amplitude and Phase Wavelet Maps for the Detection
of Cracks in Geared Systems, Mechanical Systems and Signal Processing 13(3) (1999) 423-436.

[16] J. Lin, L. Qu, Feature Extraction Based on Morlet Wavelet and its Application for Mechanical
Fault Diagnosis, Journal of Sound and Vibration 234(1) (2000) 135-148.

[17] Y. Ohue, A. Yoshida, M. Seki, 2004, Application of the Wavelet Transform to Health Monitoring

63



and Evaluation of Dynamic Characteristics in Gear Sets, Proceedings of the IMechE Journal of
Engineering Tribology 218(1) (2004) 1-11.

[18] M. E. Badaoui, J. Antoni, F. Guillet, J. Dani¢re, P. Velex, Use of the moving cepstrum integral to
detect and localise tooth spalls in gears, Mechanical System and Signal Processing 15(5) (2001)
873-885.

[19] N. J. Wismer, Gearbox Analysis using Cepstrum Analysis and Comb Liftering, Application Note
Briiel & Kjeer 1994.

[20] W. Wang, Early Detection of Gear Tooth Cracking Using the Resonance Demodulation Technique,
Mechanical Systems and Signal Processing 15(5) (2001) 887-903.

[21] R. (n.d.). A Vibration Signal Analysis based on the System Resonance Frequency on the Bearing
Defeat Diagnosis. Retrieved from https://etds.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=Czmuq./
record?rl=1&h1=0

[22] G. Dalpiaz, A. Rivola, R. Rubini, Effectiveness and Sensitivity of Vibration Processing Technique
for Local Fault Detection in Gears, Mechanical Systems and Signal Processing 14(3) (2000)
387-412.

[23] Alan V. Oppenheim and Ronald W. Schafer, From Frequency to Quefrency: A History of the
Cepstrum, IEEE Signal Processing Magazine 21(5) (2004) 95-106.

[24] NSK Bearing Guide, website: http://www.jp.nsk.com/app02/BearingGuide/html/bearing6843.htm,
accessed on 11/9/2018.

64



