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Abstract: The yaw gearbox is a key device in a wind power generator that improves power generation efficiency
by rotating hundreds of tons (400 to 600 tons) of nacelle so that the blade reaches 90 degrees in the wind
direction. Recently, installation sites have been advancing from land to sea as they have become super-large at
(8-12) MW to increase the economic feasibility of wind power generators and utilize excellent wind resources, and
the target life of large wind power generators is 25 to 30 years. The yaw gearbox of 6 to 12 sets is installed in
a very complex place inside the nacelle on the tower with parallels, and it is important to secure the reliability of
the yaw gearbox because if a failure occurs after installation, it costs tens to hundreds of times the price of a new
product to restore. In this study, equivalent loads were calculated by analyzing failure mode and field data,
accelerated life test conditions were established, and a test device was constructed to perform the accelerated life

tests and performance tests to ensure the reliability of the gearbox.

715 M9 K, : Size factor
K, : Load distribution factor
AF : Acceleration factor m¢ : Operating center distance
C  : Operating center distance : Rotation speed
C; : Surface condition factor for pitting resistance n., : Equivalent speed
C, : Elastic coefficient ~ . Revolution in each level (turns)
d . Operating pitch diameter N; @ End of life in terms of cycle
F : Net face width of narrowest member . .
g  : Number of contacts per rotation
I : Geometry factor for pitting resistance R : Reliability
K, + Over load factor R(t) : Reliability at time t
K, Dynamic factor S, : Contact Stress
t, : Reliability target
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. Target test time

: Occupation time on each level (sec)
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u  : Number of applied torque sharing gears

W, : Transmitted tangential load
: Shape parameters

: Scale parameters

: Constant number

: Strength constant

: Oil dynamic viscosity

: Applied torque

: Total Revolution (turns)
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Table 1 Analysis of field data by SCADA system

| T | Ao | | G Jet | Gt
inion

min hr % |kNm| rpm rev rev
1 780 13| 0.1%| 64.0 | 0.95 741.0 741.0| 1.32842E+19
2 488.4 8| 0.0%|61.1| 0.95 464.0 1,205.0| 5.52516E+18
3 768 13| 0.0%| 58.3 | 0.95 729.6 1,934.6| 5.65973E+18
4 1308 22| 0.1%| 55.4| 0.95 1,242.6 3,177.2| 6.14608E+18
5 2190 37| 0.1%]| 52.6 | 0.95 2,080.5 5,257.7| 6.40768E+18
6 3492 58| 0.2%] 49.8 | 0.95 3,317.4 8,575.1| 6.19675E+18
7 5388 90| 0.3%| 46.9 | 0.95 5,118.6 13,693.7| 5.63081E+18
8 8460 141| 0.5%| 44.1| 0.95 8,037.0 21,730.7| 5.03720E+18
9 12420 207| 0.8%|41.2| 0.95 11,799.0 33,529.7| 4.05807E+18
10| 17820 297| 1.1%|38.4| 0.95 16,929.0 50,458.7| 3.06095E+18
11| 25500 425| 1.6%|35.5| 0.95 24,225.0 74,683.7| 2.19152E+18
12| 34680 578| 2.2%|32.7| 0.95 32,946.0 107.629.7| 1.40752E+18
13| 46320 772] 3.0%(29.9| 0.95 44,004.0 151,633.7| 8.29210E+17
14| 60600| 1,010| 3.9%|27.0| 0.95 57,570.0 209,203.7| 4.40854E+17
15| 81600| 1,360| 5.3%|24.2| 0.95 77,520.0 286,723.7| 2.18230E+17
16 | 109200 1.820| 7.0%| 21.3 | 0.95 103,740.0 390,463.7| 9.47134E+16
17 | 146400| 2.440| 9.4%| 18.5| 0.95 139.080.0 529,543.7| 3.50460E+16
18 | 316800| 5.,280(20.4%| 15.6 | 0.95 300,960.0 830,503.7| 1.68754E+16
19 | 189600| 3.16012.2%| 12.8 | 0.95 180,120.0| 1,010,623.7| 1.66122E+15
20 | 142200| 2,370| 9.2%| 10.0 | 0.95 135,090.0| 1,145,713.7| 1.29996E+14
21102600 1,710| 6.6%| 7.1 | 0.95 97,470.0| 1,243,183.7| 4.55364E+12
22| 72600| 1,210| 4.7%| 4.3 | 0.95 68,970.0 1,312,153.7| 3.27055E+10
231172200 2,870|{11.1%| 1.4 | 0.95 163,590.0| 1,475,743.7| 4.08456E+06
Total (hr) | 25,890( 100%| Total (rev) | 1,475,744 6.62424E+19

Life Time (hr) 25,890 Equivalent output speed [rpm] 0.95

Usage Rate (%) 8 Equivalent input torque [kNm] 33
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Fig. 2 CUP of cumulative revolution
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Fig. 3 CUP of cumulative torque

A5SY  Skefom)s H®)F 2ol WAL

G (kg /mm? )k ADRAHF
AF K, BAAR K, 27194 K, Hap B9l
b K, 98 A tig sz C}’ HEzsi= B
ol thet & WE F (mm), IR A 7]l
2} AR 19 2Fo R ook HAMEE WjE

il = (@E 7101 ) wet FE HAAA do] ¥
=N

THEAFAF)E RNA e AR FRAY
A7tz e] HIZ YeRf I, o7]el A &5 H3tH
ok 4(10)3 o] 71o] HHol thk A2 Fig. 49
SCM 420H £A412] S-N DataZ %3le] 9.9 24 3t
(18)& AHg3tthy

-4, A,
Nf = ASC (6)
N; = 60ngt; @)
K, C
se = G| ME K Ko — ®)
2T
W= 0 €]



T”’. m
AF:( te.t)

2o o

7HEA S HE

NExA e 8% Daas 9 AIPEE ¥4Y
B9 fd¥&Ex 9 £33 IHTFE st F
Damage¥2 4H=E3tal, 571559 57F BEAE 7
°F A 7lojurze] Tk FHAIRARAN APA
7t 4FEE Table 29 2ol AE 3HF+ 1.0 ipme

kKNm®] 100%FE 50%7H4 10%% 6BAZ A<
At 571 EFE 540 kNmeo|t). Wb 71
AsE A1) 2ok

[ 54.083416 9(30 )0‘67( 1.0 )1(100)
AF*(32.877804) 30 8 (1)

= 1160.48

S-N Curve (SCM420H)

1000

N =5308x10% 5"

@45 -18.5

100

Contact Stress Number {kgf/mm?)

10
1000403

1.000E+04 10008405 1.000E406

CycleN

Fig. 4 S—N Curve for Gear Pitting

10008407 1.000E+08 1.000E409

Table 2 Test mode of the Gear box

Test Ratio | Test | Test Cumulat.\'ve Test

Mode of |Torque|Speed | Revolution | Damage |Time
Torque | (kNm) | (rpm) rev (hr)

1 100% | 64.8 1.0 35 | 6.986E+17 | 129

2 90% 583 1.0 58 | 1.785E+17 84
3 80% 51.8 1.0 91 8.922E+16 | 129
4 70% 453 1.0 135 3.619E+16 | 167

5 60% 38.9 1.0 191 1.136E+16 | 212
6 50% 324 1.0 257 | 2.561E+15 | 250
Exponent 5 Equivalent Torque (kNm) | 54
Peak Torque (kNm)| 64.8 | Equivalent Speed (rpm) | 1.0
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Fig. 6 Accelerated life test device
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Table 3 Performance test results before and
after accelerated life test

Input speed (rpm) 1161
Input torque (Nm) 76.07
Be.fore Output speed (rpm) 1160
ilef; Output torque (Nm) 34.28
Dummy gear & bearing loss 29,812
Efficiency [nB] (%) 88.8
Input speed (rpm) 1160
Input torque (Nm) 77.12
Alii[‘zr Output speed (rpm) 1161
tost Output torque (Nm) 34.13
Dummy gear & bearing loss 29,812
Efficiency [nB] (%) 881
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