2025 4 45 39 4 45 2 ) mow ® AR F WK Vol.39 No.2 2025

CREE 170 D JOURNAL OF TEST AND MEASUREMENT TECHNOLOGY (Sum No. 170D
XEHS: 1671-7449(2025)02-0190-21 J. Test Measur. Technol., 2025, 39(2): 190-210.

WX & B3 S FE IR B2 BT 5 R 5T 1T

IR, =M
CBH PR ZRE IR AE A I~ /), T4 il 5284000
OB BRI & LA H LAY U FE R R A, SR R B M B AR MRS I 2R AT TR AT . s
AR KL DL AL BhBE W 2R 50, Jo X 147 6 W S8R O 4 0 i LRI 5 A7 T I S 5 AL B o L 0
PRI WA AR K A A PR . B, R A BT RN BEE I SR SRR S AT T VR AY B AT
PR T RBTE AL, 5 R AE TP soh , BT JeZu Wy FETE A2 o 38 1 4 AR AL 24 iAo A
YOUE T RZCE MG . AR S5 R, RSB A R & T T & LA FTSEE FIE 1T R00% , BRI
T YA, SR AT ABEA PR R Y

KA BRI R L AR s ik s TP RS arbrs R

RESES: THI7  XEFRIRAE: A doi: 10. 62756/ csjs. 1671-7449. 2025020

SR 70, IERE . XU K AL R BB AR B2 I 5 08 [T ] A AR =241z, 2025, 39
(2): 190-210.

WANG Zishun, WANG Yunlang. Vibration diagnosis and failure analysis of doubly-fed wind turbine gear faults
[J]. Journal of Test and Measurement Technology, 2025, 39(2): 190-210.

Vibration Diagnosis and Failure Analysis of Doubly-Fed Wind
Turbine Gear Faults

WANG Zishun, WANG Yunlang
(Mingyang Smart Energy Group Co., Ltd., Zhongshan 528400, China)

Abstract: Aiming at the common gear failure problems of doubly-fed wind turbines, this study adopts
vibration analysis and failure analysis detection for in-depth research. By constructing a wind turbine drive
chain monitoring system, the two typical failures of broken and cracked gears were firstly pre-processed
and comparatively analyzed in time domain signals, and the characteristics of the meshing frequency and
its side-band components were extracted. Subsequently, detailed failure analysis of the failure site was car-
ried out using tools such as a scanning electron microscope and energy spectrometer, which revealed the
formation mechanism of the failure, especially in the case of cracking failure. The influence of inclusions
on crack formation was found. The nature and cause of failure were verified by metallographic and chemi-
cal composition analysis. The results show that the comprehensive diagnostic method effectively improves
the reliability and operational efficiency of wind turbines, reduces maintenance costs, and has important
significance for equipment management in the wind power industry.
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Fig.1 Internal layout of a megawatt model gearbox
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Tab.1 List of sensor configurations for large parts of drive chain
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Fig. 4 Process of changing the meshing of gears
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Tab.5 Gearbox fault characteristic frequency calculation table
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Fig.5 Gearbox low-speed shaft broken tooth fault time domain waveform/speetrum
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Fig. 6 Gearbox low-speed shaft cracking fault time domain waveform/frequency spectrum
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Tab. 6 Crack source area EDS test results
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Tab.7 Chemical composition testing results low-speed shaft

large whell
wt/%
C Si Mn P
Bk 0.15~021 <<0.04 0.50~0.90 <0.025
WAL R 0.19 0.24 0.67 0.016
S Cr Mo Ni
FR <0.035 1.50~1.80 0.25~0.35  1.40~1.70
RS 0.001 1.73 0.27 1.44

H T DAL AN £ 2R ] Lok 58 1) 0 2805 SO
J5IT R, RO T IR RN, Sad M R B
WLZE AT WL RSP A — P2y 500 pm (1 5 B RT
FUSEARTRS B 1t , 322 DX ST — Kb LS if 21 B 44
o FSE Y 240t EDS 2 B i S Co i &
AR AR o R T ST IR AR Co YR
RIEER, AL EAFAEN T, By R 55 ¢
Srii X . I Co AR AR B I i, T ATE SO
TR LUy, HAA S C 2 AR 6, 5 Coly
BIRAREBAAIR L RAEWT HFET K B

AL Co ME IR ARIEBAR , VEWTIZAR I 15 1A 5
N, ARIRE SRR S O . T
WA s AT P R W2 BN, 725 Co
JB AT AR AL 7 A2 BEBOF I B A R8T e
SEOZ R MR BT
RISV THRII Y, rTREAEAN K
ARG 183k | DESTAF R A, JRREE IR RS
WS EAEM T AERIR I AE S AR
55 9 R, AT AL AR e R T, TRl
FWAFAE AL B S B A R, T A e TR 2

4 HhEZUNERIREI ST
4.1 WiESFERDHH

B X VA7 6 A T ) 5/ N R R 1A R SR
RILT LAR ] LA 2 Wi o3 B 3R AR E . LA
LT B0 )G N R S T 1 A SR R
BIHEAT RN UL 14 s 15D,

K 14 ) A 15Ca) R T Wik fF 24 19
WG EE S . i s, K 14 M)
B 15(h) Jrom, LA A% v o] g mh & 000 5 R oty
L 300 Hz Ay 38 I 5 5 Ab BT 15 AN 24 (4 J 4 0
T, BT IETE o n] DL 3 52 0 55 a) B b i £
5o HowhdiEBE 4> B0 M 6. 25 Hz A6 Hz, HRE R
FERR RT3 B v e 21 ) s Y B 1R 32 1K
30, X 5LPRIEM—E BAh, 0] LLE
A B AT, BV KA 20,167 s,
HUERFERTR] R 5,12 s, BEAS IR 8 T LAt /R 32 5%
(5.12's/0. 160 ) MR ANE 58, xitAE TS
THE S whk B — 3%

WE 14Ce) FE 15Ce) FiR , Witk FIT 2
() IR AR5 S I RS AAR L, =30 LA ] 9
PREMG AR T, B T IR BB

WE 14Cd) FE 15Cd) Fias, Xk fr 2L
BRURATTE S TR AT, 2 BRI 3% 114 s e
B FREEREZA BT 2 I, Xy
(AT ATRE NI ST o T4 e A R e W) S A vh 7
ki A3 A R S L UG L, A AR e, B
MARIEAR . AL, SWrte SRR L, 145 18 2k
B (AT A — A5 28 A% v B RO 503 1) 100 43 A
FEAEIRIBTIRGE , 76 =% 22 DA% v [B) 5 w5 41 % 0
PUREZEING: . I, AR g NG 5 0% 4 K i Y
B Ab 3 VR AR TR, S S R B () 12 W
P33 2 100 0 2H RS A T T



RS 170 D XU AT A F ML 58 Bk Sli2 -5 2 38003 A CE P IRAS ) 199

PR AR 1 I BRI _AN9_25 600 Hz_1 826.150 RPM—JE% filf

1.5
RMS: 0.294 ¢
0

g
o5k o L
1 0 ‘

i

-0.5

|
0.5 1.0 1.5 2.0 2:5 3.0 3.5 4.0 4.5 5.0
Fif [1)/s

() RIS 5

AT A AR T I E T _AN9_25 600 Hz_1 750.706 RPM—JE % i

0.3[RMS: 0.0701g Y;Ea)?d 5
o ILKIHEAENIF ()
0.2 o UNERGERIES)
0.1
o0
@ 0
®-0.1
-0.21
-0.31
_04 | | 1 | | | | 1 ® | |
0 0.5 1.0 1.5 2.0 2,5 3.0 3.5 4.0 4.5 5.0
s 1) /s
(b) W& Ja MBSk 5
0.6 KA Al A EEATRE _AN9_25 600 Hz_1 750.706 RPM
0.5
0.4
20
=03
MIE_BI
02k | |
X 143.752
0 l _.Y().()% 368 5
wadl J L " e | 1
0 2 000 4000 6 000 8 000 10 000 12 000 14 000
AR Hz
(o) IR AR5 Mg
TR Al FE AT _AN9_25 600 Hz_1 750.706 RPM
0.20F
X 431.257
0.15+ Y0.142 194
o0 2. 4
@ X 143752 )\(38170313;9
= 0.10- ¥0.096 368 5 *
= 1 R A R A A AR, A IR A A e
0,05 A
A ~ |x29.102 P
}'0.0215 3464
Lu“m““ll“ sl sl Rty LALLM AN, AU MO N A Mt Pt M i bt s
0 100 200 300 400 500 600 700 800 900

(GONE Ei19 ONVEY SR T
14 AGEETE rh 18] R 1 e T oA 30 I P 4R TS 3

Fig. 14 Gearbox intermediate pinion failure time domain waveform/frequency spectrum
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Fig. 15 Gearbox intermediate pinion cracking fault time domain waveform/frequency spectrum
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Fig. 17 Macroscopic shape of broken tooth
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Fig. 18 Inclusions at the crack source
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Fig. 19 Extended zone fatigue morphology
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Tab.8 EDS test results of intermediate small gear

JLHR Jit L/ % JET- L6/ %
0 35.68 52.26
Mg 3.28 3.16
Al 40.95 35.57
Mo 0.64 0.16
S 0.37 0.27
Ca 3.39 1.98
Cr 0.46 0.21
Mn 0.31 0.13
Fe 14.92 6.26
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Tab.9 EDS test results of region 2

JLR Bt e/ % JRFH/ %
O 36.84 52.39
Mg 3.83 3.58
Al 44.01 37.11
Ca 4.24 2.4
Fe 11.08 4.51

£ 10 XH3EDSHNLER
Tab. 10 Region 3 EDS test results

ITES it/ 2% L/ %
Cr 2.42 2.6
Fe 97.58 97.4
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BERE IR ORI, A I 5 R & 21~22 Fn
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FE2E o 43T R LRI, RS GB/
T4336—2016 X FF 241G 5 74622 1535347, A
SERRIWRVT R 22 53455 DIN EN 10084 —
2008 H X -5k 18CrNiMo7-6 f9 4% i 7 5ok, 4
F 13 iR,
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Tab. 11 Non-metallic inclusions test results of intermediate small gear
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Fig. 21 Metallographic organization test results of

intermediate small gear
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Fig.22 Grain size and non-metallic inclusions detection
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Tab. 12 Microstructure and grain size inspection results

VA AR/ S FRAY L IGAAR /S etk /% R/ miRL
Rz 3 10% 1 1 8
A 3 10% 1 1 8

R 13 FEGUNMEREZR IR

Tab. 13 Chemical composition testing results of intermediate small gears

. Bt/ %
JLE
C Si Mn Cr Mo
18CrNiMo7-6 0.16~0.20 0.20~0.40 0.55~0.75 1.55~1.75 0.26~0.35
R 235 5 0.16 0.29 0.68 1.63 0.28
JLE Ni Al Cu P S
18CrNiMo7-6 1.50~1.70 0.02~0.04 <0.20 <0.010 <0.008
Rl RS 1.57 0.033 0.049 0.006 0.002
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Fig. 23 Time domain waveform/frequency spectrum of gearbox high—speed stage pinion gear broken teeth
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Fig. 24 Time-domain waveform/frequency spectrum of gearbox high-speed stage pinion breakage faults
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Fig. 25 Macroscopic morphology of broken tooth of high-speed

pinion gears
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Fig. 26 Metallographic examination results of high-speed small
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Tab. 14 Chemical composition testing results of high-speed small teeth

wt/ %

C Si Mn P S Cr Mo Ni
18CrNiMo7-6 0.16~0.20 0.20~0.40 0.55~0.75 <0.010 <20.008 1.55~1.75 0.26~0.35 1.50~1.70
LTSS 0.16 0.22 0.68 0.014 0.004 1.62 0.30 1.5

1.66 0.31 1.5

SEhf v 0.17 0.22 0.69
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Fig. 28 Grain size test results
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Fig. 29 Non-metallic inclusions test results
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Tab. 15 Non-metallic inclusions detection results in high-speed

small gears
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Fig. 30 Macro morphology of fracture surface
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Fig. 31 Fatigue source and microstructure of Zone A
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Fig. 32 Microscopic morphology of Zone B and Zone C
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Fig.33 EDS detection location at fatigue source
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Tab. 16 Results of EDS testing in high-speed small teeth

wt/ %
O Al Ca Cl K Cr Mn Ti Fe Mg S Ni Si Mo
TR 1 51.71 33.58 1.14 012 / 053 049 / 11.28 0.70 0.23 / 0.22 /
& E 2 44.56 30.24 0.84 / /075 058 0.19 21.17 0.44 / 0.34 / 0.71
5 3 6.39 0.73 / 0.20 / 1.90 0.65 / 87.34 / / 1.31 0.48 0.94
T 4 / / / / /174 094 /9534 / / 1.73 0.25 /
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Fig. 34 Time waveform/frequency spectrum of radial acceleration of gearbox ring
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Fig. 38 Extended area morphology
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Tab. 17 Results of non-metallic inclusion detection
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Fig. 35 Gear planetary wheel broken teeth fail
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Fig. 36 Broken tooth morphology of phanetary wheel R
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Fig. 39 Metallographic examination results of planetary gears
P TG = SR FH B G SO vy Al ) 52
Ut K W A AT A S o oo, DNAAKAS SR A
LV AL E 354 DIN EN 10084-20 s i 5

B 37 EXFER(1000X) 7 18CrNIMO7-6 [ 4% Ji 43 #isk i m3= 18 s,
Fig. 37 Source area topography (1 000X)
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Tab. 18 Results of chemical composition testing

wit/ %
C Si Mn P S Cr Mo Ni
18CrNiMo7—6 0.16~0.20 0.20~0.40 0.55~0.75 <0.010 <.0.008 1.55~1.75 0.26~0.35 1.50~1.70
eSS 0.16 0.25 0.63 0.001 0.001 1.63 0.28 1.60
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Tab. 19 Results of the hardness test
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