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ARTICLE INFO ABSTRACT

Article history: In this study, the qualitative effects of the positional error of carrier pin holes on
Received 22 September 2015 the planet load sharing characteristics of the three-point suspension gearbox of
Revised 29 December 2015 wind turbines were investigated experimentally. A 35-kW gearbox comprising

Accepted 26 January 2016 two planetary gear stages and a parallel gear stage and size one-fourth of that of

a 2-MW three-point suspension gearbox was used as the test gearbox. The strain
gauges attached to the ring gear teeth of the input planetary gear stage were used
for the purpose of this study. The applied loading conditions were 50%, 75%, and
100% of the rated torque, and the mesh load factor was used as the load sharing
index. The experimental results indicated that both the magnitude and direction
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Pin hole position error of the positional error of pin holes had a significant effect on the planet load

Planet gear sharing characteristics of the three-point suspension gearbox. In addition, an
Wind turbine increase in the applied torque results in uniform load sharing.
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Table 1 Parameters of the test gearbox

Tems LSPG HSPG PSG
Sun Planet Ring Sun Planet Ring Wheel Pinion
Module, mm 4 4 4 2.5 2.5 2.5 225 225
Number of teeth 25 31 87 24 42 108 88 30
Face width, mm 92.5 92.5 92.5 50 50 50 55 55
Pressure angle, deg 20 20 20 20 20 20 17.5 17.5
PCD, mm 100.98 12522 -351.42 60.75 106.31 -273.37 204.06 69.56
No. of planets 4 3 N/A
Gearbox B3} 7]ofukze] Adke RARIG e FHER19) A4 3
Hydraulic AEEE A7) flell AR A 7]ofutzet FU7 Fxolu

cylinders

Fig. 4 Test rig used for the experiment

Rear row

Fig. 5 Structure of the main bearing in the test rig
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Table 2 Specifications of the used strain gauges

Items Specifications
Model EA-06-031EC-350
Company/Nation Micro-Measurements/USA
Resistance, ohms 350
Gauge length, mm 0.79
Overall length, mm 1.07
Overall width, mm 3.56

Table 3 Specifications of the data acquisition system

Items Specifications
Model MCGplus AB22A
Plug-in module/connection board MLS801B/APBS815i
Company/Nation HBM/Germany
Accuracy class, % 0.1
Internal completion resistors, ohms 350
Excitation voltage, V 2.5
Measuring ranges, mv/V +16
Linearity deviation, % 0.05
Measurement frequency range, kHz 2.4
Operating temperature range, °C -20 ~ 60
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Fig. 6 Gauge locations on the ring gear teeth
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Fig. 10 Test equipment for the compensation of positional error
of strain gauges
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Fig. 12 Coordinate system and pin hole numbering

Table 4 Specifications of the 3D coordinate measuring machine

Items Specifications
Model MMZ B 2000
Company/Nation Carl Zeiss AG/Germany
Sensor VAST gold
Measuring range (X/Y/Z), mm 2,000/3,000/1,500
Probing tolerance, um 3.8
Ambient temperature condition, °C 18 ~ 22

Table 5 Measured pin hole position error

. Circumferential pin hole
Pin . .\
Side position error, degree
hole . . ..
(design position — actual position)
" Front -0.0036
Rear -0.0069
Front 0.0342
#2
Rear 0.0362
Front -0.0207
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Rear 0.0232
Front -0.0254
#4
Rear -0.0365
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Fig. 13 Front side pin hole position error
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Fig. 14 Rear side pin hole position error
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Table 6 Mesh load factors of planet 4

Torque level, % Mesh load factor Fraction, %

50 2.172 1352
109.3

100

75 1.756

100 1.607
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