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An Investigation on the Characteristics of Gear Trains of Wind turbines
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Abstract: Gear trains are combined with the planetary gear units and helical gear units.
It is known that the combination type is decisive to the system performances of the
transmissions. In this paper, within the commonly used range of the design
requirements for medium and large scaled (1~8 MW) wind turbines, the transmission
characteristics of the typical layouts of the gear train are investigated. According to
the international standard by ANSI/AGMA/AWEA 6006-A03, the gear boxes are
basically designed and compared with respect to the system lifes of 99% reliability,
total weight, the power densities, overall diameter/length and the maximum stresses of
the gear teeth. With these comparison works, the characteristics of the layouts of gear
trains are discussed.

Key words: Wind turbines, Gear train, Layout, Power density, Reliability, Weight
optimization
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Table 2: Simulation for design (Prediction weight)

= Total weight of gear train (ton)
&3

wan 1 2 3 4 5 6 7 8
A 71 - - - - - - -
B 83 214 40.7 657 954 1315 172.6 218.8
C | 187 226 345 489 67.7 88.0 1104 1343
D - 1111 991 959 996 114.4 131.1 149.3
D) 89 245 49.3 81.0 119.0 163.5 214.5 292.8
F 74 188 329 50.8 733 100.4 130.3 162.8
G | 176 457 853 1321 - - - -
H 9.4 17.0 30.1 466 665 91.4 1232 1544
I 7.0 166 30.8 49.1 71.0 100.9 131.9 166.2

Table 3: Simulation for design (Power density)

3 Power density (kW/ton)

_‘?_Eﬂ_j%'—' 1 2 3 4 5 6 7 8
A | 584 - - - - - - -
B |121.0 935 736 60.8 524 456 40.6 36.6
C | 535 886 870 81.8 739 681 634 596
D - 180 303 41.7 502 525 534 53.6
E 1129 817 60.9 494 420 367 326 27.3
F 1344 1066 91.2 787 682 59.7 537 491
G | 567 438 352 303 - - - -
H [106.1 1175 99.7 859 752 656 56.8 51.8
I |143.8 1205 975 814 705 595 531 48.1

Table 4: Simulation for design (Life time of 99%
system)

! Life time of 99% system (yr)

of

H

286 243 221 21.1 203 233 229 23.0
436 26.1 26.1 242 373 299 205 19.8
37.0 44.1 439 438 289 20.7 265
259 207 240 232 221 214 21.0 204
326 243 221 196 19.0 209 206 20.1
229 18.2 159 15.1 - - - -

126.2 389 257 23.1 221 226 216 21.0
278 245 215 21.3 208 21.1 20.3 20.3

— T Q=30 EUOQmE »|E

Table 5: Simulation for design (outer diameter)

N outer diameter (m)

E@o‘%‘ 1 2 3 4 5 6 7 8
A 21 - - - - - - -
B 1.5 2.0 2.4 2.7 3.0 3.3 3.6 4.2
C 1.5 2.0 2.2 2.5 2.7 3.0 3.2 3.4
D - 2.5 2.4 2.6 2.9 3.0 3.2 3.4
E 1.4 1.9 2.5 3.1 3.5 3.8 4.3 5.0
F 1.2 1.7 1.9 2.1 2.3 2.6 2.8 2.9
G 1.9 2.7 3.2 3.7 - - - -
H 1.5 1.8 2.2 2.5 2.8 3.0 3.3 3.5
1 1.4 1.8 2.1 2.5 2.7 3.0 3.2 3.5

3.3.1 71oAte] Jigel mE EYET
Figure 391 2~ 5% HaP=
(24 A B,C.D)el " =582

b
0 |m
i)

&3 'Y = (KW/ton)

A B moye c [

Figure 3: Power density of model A~D
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Table 6: Requirements of optimum design for B
model

Rated input Rated input

Rated . . Total
velocity of velocity of .
power . ind turbi velocity
(MW) gear train wind turbine ratio
(rpm]) (rpm(
1 22.9 1,400 61.1
2 17.5 1,000 57.4
3 14.8 1,000 67.4
4 13.2 1,000 75.6
5 12.1 1,000 82.6
6 11.3 1,000 88.8
7 10.6 1,000 94 .4
8 10.1 1,000 99.5

Table 7oA. 2d BE A&s & EdolA
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Table 7: Requirements of optimum design for c~I
model

Rated input Rated input

Rated . . Total
velocity of velocity of .
power . . . velocity
(Mw)  gear train  wind turbine ratio
(rpm] (rpm]
1 22.9 1,800 78.5
2 17.5 1,800 103.4
3 14.8 1,800 121.4
4 13.2 1,800 136.1
5 12.1 1,800 148.6
6 11.3 1,800 159.8
7 10.6 1,800 169.8
8 10.1 1,800 179.1
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