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This paper reports a method to modify the gear tooth profile of a wind turbine

Received 7 February 2014 gearbox to reduce the noise caused by the impact of the gear teeth. The major
Revised 22 Mar.‘:h 2014 causes of tooth impact are the elastic deformation of the gear teeth, shafts, and
Accepted 1 April 2014 case of the gearbox under loading, and the fabrication tolerances in gear
manufacturing. In this study, the tooth profile was modified considering the
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Wind turbine elastic deformation of the gear tooth and the tooth lead modification to
e compensate for tooth interference in the lead direction as a result of shaft
Tooth modification . . . .
deformations. The method was applied to the gearbox of a 2.5MW wind turbine,
Contact pressure .. . ip e
. and the transmission error was characterized before and after modifying the gear
Transmission error . [ 0
Gearbox teeth. For the modified gear teeth, the transmission error (67.6%) was lower by
earbo 17.8%. Additionally, the gear contact stress was reduced by 6.3%, to 22.3%.
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(a) Power flow of 2.5MW wind turbine
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S : Sun gear, P : Planet gear, R : Ring gear
(b) Layout of 2.5MW wind turbine gearbox

Fig. 1 Layout of 2.5MW wind turbine gear train
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Fig. 2 Schematic diagram illustrating the mechanisms of gear
tooth impact
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Table 1 Tooth contact patterns

Causes Tooth contact patterns

/\ -~
/W\
P

Pitch errors or deformations of
the gear tooth

Lead errors due to torsional
deformation of both the shaft
and transmission case

Simultaneous occurrence of both
the profile and lead errors in the
gearbox

Modification of the objective
tooth
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Fig. 3 Change of gear tooth contact in load condition

by
5

152

Fig. 5 Deformation of gear teeth by Hertzian contact
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Fig. 4 Deformation of gear teeth by axis vertical load Fig. 6 Load variation and profile diagrams for gear with barreling
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Fig. 9 Distortion of the gear and Interference on face of action

A5E & 71019 A gFAo] A8 AdolA A
U Mg og 7o) 8 4vt HEe7] Wil 442 AH8H Aol A
Fig. 99} Zo] MZ o5 Hth

El

A YA AF5FR) ATe A4 Aol
%Ea ?4 o2 AAY 4 A 710)-1,29] lead relief

3]
=

bA~
az, =70 (19)
bA~.
az,="3" (20)
o714 Ay, = tan”'(tanl; cosa)
Ary, = tan” '(tanl}cosa)
_ -1 _gsinAX¥ )
AlL = tan ( g+cosAX
AL, = AX— AL
b AFE
Table 2 Gear information
Stagel Stage2 Stage3
s| p[r][s]r[r] 1 ]O
module 13 17.5 11
pressure angle 20°
center distance 420 mm 525 mm 550 mm
helix angle - - 20°
face width 220 mm 280 mm 220 mm
number of teeth | 26 | 37 [103| 27 |32 |93 74 19
profile shift ) 1 o5 [0.1] 03 |0.1]02] 003 | 05
coefficient
addendum 1
deddendum 1.25

(S : Sun gear, P : Planet gear, R : Ring gear, I : Driving gear,

O : Driven gear)

Table 3 Tooth deflection in gear profile direction

Stage Gear position Tooth deflection (6) (m)
sun & planet. 96.5
Stagel -
planet. & ring 109.5
sun & planet. 120.5
Stage2 -
planet. & ring 134
Stage3 driving & driven 110
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Table 4 Tooth modification in gear profile direction

Stage | Gear position Tooth modification
tooth modification 47 um
sun gear lower limit 34.73 mm
upper limit 95.80 mm
tooth modification 49.5 um
Stagel | planetary gear lower limit 55.35 mm
upper limit 128.55 mm
tooth modification 60 um
ring gear lower limit 245.45 mm
upper limit 182.55 mm
tooth modification 59.5 um
sun gear lower limit 50.89 mm
upper limit 133.40 mm
tooth modification 61 um
Stage2 | planetary gear lower limit 43.17 mm
upper limit 145.68 mm
tooth modification 73 um
ring gear lower limit 300.97 mm
upper limit 206.44 mm
tooth modification 55 um
driving gear lower limit 120 mm
Stage3 upper lAimit. 173.93 mm
tooth modification 55 um
driven gear lower limit 19 mm
upper limit 66 mm
(L X e

- ST : = R

aEae - . . . . i

§ ol |

I EEEEEE E EE L EE N
maat ey

Fig. 10 Shaft deflection
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Table 5 Tooth Interference in gear lead direction

Stage Gear position Tooth interference (lm)
sun & planet. 91.05
Stagel -
planet. & ring 129.75
sun & planet. 179.95
Stage2 -
planet. & ring 175.65
Stage3 driving & driven 87.95

Table 6 Tooth modification in gear lead direction [pm]

Stage 1 | Stage 2 Stage 3
sun 41.69 42 -
sun & planet.
planet. 49.35 138 -
) planet. 49.35 138 -
planet. & ring -
ring 80.35 37 -
o ) driving - - 373
driving & driven -
driven - - 138.6

et i

(a) Before tooth modification  (b) After tooth modification

Fig. 11 1 Step sun gear and planetary gear
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(a) Before tooth modification  (b) After tooth modification

Fig. 12 1 Step planetary gear and ring gear

e = -

(a) Before tooth modification  (b) After tooth modification

Fig. 13 2 step sun gear and planetary gear

(a) Before tooth modification  (b) After tooth modification

Fig. 14 2 Step planetary gear and ring gear

(b) After tooth modification

(a) Before tooth modification

Fig. 15 3 Step driving gear and driven gear
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Table 7 Transmission error

Transmission error (Um) | Amount

.. of

Stage | Gear position | Before tooth | After tooth :
reduction

modification | modification (%)

sun & planet. 37.57 21.15 43.7
Stagel -

planet. & ring 37.49 22.64 39.6

sun & planet. 54.60 22.27 59.2
Stage2 -

planet. & ring 54.29 44.62 17.8
Stage3 | driving & driven 5.18 1.68 67.6

Table 8 Contact stress

Contact stress (MPa) Amount
.. of
Stage | Gear position | Before tooth | After tooth reduction

modification | modification (%)

sun & planet. 1075.9 995.2 7.5
Stagel -

planet. & ring 951.8 881.2 7.4

sun & planet. 1133.7 1041.2 8.2
Stage2 -

planet. & ring 996.4 933.1 6.3
Stage3 | driving & driven 1335.0 1036.6 223
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