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Optimal design of load sharing performance of megawatt level offshore

wind turbine gearbox under multi-operating conditions
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Abstract: The megawatt level offshore wind turbine gearbox is easily affected by the time-varying non-
torque load. Aiming at this problem, this paper proposed a multi-wind speed condition optimization method
for the planetary load sharing performance of the gearbox. By establishing the dynamic model of a 5 MW
wind turbine gearbox system, the influence of wind speed conditions on the internal excitation and load
sharing performance of the planetary was analyzed. Then, the support vector regression method was used
to reconstruct the mapping relationship among wind speed conditions, gear modification parameters and
load sharing coefficient. The optimization model of load sharing coefficient of the planetary considering the
influence of different wind speed conditions was built to realize the optimization design of gear modification

parameters. The results show that the time-varying non-torque load caused by wind speed conditions will
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produce the partial load on the tooth surface and bearing of the planetary stage, and it will significantly
reduce the load sharing performance of the planetary stage at low wind speed conditions. Under different
wind speeds, the internal excitation of the optimized wind turbine gearbox at the planetary stage is
significantly reduced, and the tooth surface and bearing load distribution are more uniform, and the load
sharing performance is significantly improved.

Keywords: wind turbine gearbox; load sharing characteristics; gear teeth modification; multi-

operating optimization
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Table 1 Structure parameters of wind turbine gearbox
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Fig. 4 Schematic diagram of gear modification
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Fig. 5 Flow chart of multi-operating condition optimization of wind turbine
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Fig. 8 Influence of non—torque load on transmission error

K9 ) s IIRALRT G AT K BHAe e shiR 2= %t L . N R aT LA L Ak 5 45 XKGE T 00 R 14 15 %6 &l
e Bl 22 W 2 W/  TEBUE WG T 00 R AT B R R A 3R 22 4 40 pm FRES]T 18 pm, J8/N T 55%,
9 () it 7 R AL TG A7 AL e — PN O Bl A 2 i3 2 10 56 L, JEL Bt XU T 000 A A8 fh il 3 5 47 2 30— K BH AR #H W) L 77
W WG T 00 AT B e-N IS L SR Z B 42 pm TR T 22 pm, B/ T 48% .

10 7 SR 400 AU T 000 A7 B 0k e I e 228 45 O B Ak i J5 % b . A IET R el DL Ak S B 5
e ) G G DR SR U ) 2N . B 1L T g R A TR XU T R AT A Rt e ) A R SR AR A T X
oo MR LA L 15 58 R WG A RS 8000 32 XU T30 A B S L SRR AR (b e N E 28 . B AL AT R 4
B DI 98K il b 2 ALK



10

TR KFFR

% 45 %

100 - 100
e —=— ARG
—a— PRALHY
80 —— {iLR 80 - o i
E 6o E 60f
R 40 I e R 40r 4
20 S — — 20 [
0 1 1 1 1 1 J 0 1 1 1 1 1 1 ]
8 11 14 17 20 23 5 8 11 14 17 20 23
R/ (s R/ (m )
(a)fTER- KM% (b) T ER-HNIGE
B9 FARERNETRUAMETEREHNRE
Fig. 9 Planetary gear transmission error before and after optimization under different wind speeds
x 101 x 101
Lor L6r
S — — TG — =
Tg 0.9 ~.g
g S 12}
=B B
# 08 =
& &
= =
4 4
- Ed
0.8 -
0.6 1 1 1 1 1 J 1 1 1 1 1 J
0 30 60 90 120 150 180 0 30 60 90 120 150 180
W) W)
(a)fTER- KM% (b)FTER-NKE
10 TEZRUAEERBIN TSR ERTLL
Fig. 10 Comparison of time-varying meshing stiffness of planetary gears before and after optimization
x 10° x 10°
3 =
—=— fRAG . —=— DAL
—— HRALE —— s
TE = — - - - - - -
= 2k
g Bl
b -
= + 1 1 4 1 =
B 2
g 1+ 1 g 1 B A e
“\‘ 0—%}
+ 1 i 1 1 1 0F = 4 * =S =+ E S x
0 ] o 0 ]- - - o I 1 L L 1 L |
8 11 14 17 20 23 5 8 11 14 17 20 23
K/ (m-s7") PR/ (m-s ")
(a) T RR- KM% (b)FrER-HNRE

B 11 ARRETTE SR GRS M SR EME

Fig. 11 Meshing stiffness of planetary gears under different wind speeds



% 94 MBS % TOUT R R AE LR 544 3 300 sk ek it 11

3.3 HEEESH

Bl 12 Ca) 7 Ry e AU T T AT LS~ BH A0 AN AT 2 48— 4 Bl sh 25 45 o 7 A0 Ak i v 05 59 O 1) 19 43
Mg B . AEH AT LA L DR TT 0947 BLE— K BH A8 14 48 R 2 A k5 ) E B AE B R m i, i AT B - 4
P D) A R 22 B AT 2 0 1A T 28 e A7 AE B R 4 . &1 12 (b) s Ry e KU T 00 ™ A7 B - K I fn AT &
Fo— Vi B S A A AR R AR JS W 15 98 05 1) i A A E O . NIRRT DL L DA S AT AL U T 3 e 43 A 1
5T 2 R S A5 B A RGE .

By 2 185
%@(\)1 180 «@l®

TER-XH# TER-HiEE
(a) Ak

TRR-KM fTRR-WkRE
(b) tiAb)s

B 12 SERETRLBEERSRTSH

Fig. 12 Load distribution of tooth surface before and after optimization under rated wind speed
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Fig. 15 Upwind and downwind bearing force of planet gear 1 before and after optimization
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