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Article history: The effects of the main bearing stiffness combined with vertical non-torque force
Received 1 April 2015 on the input load and shaft deflection of a gearbox were investigated for the
Revised 24 Aprfl 2015 three-point suspension drive train of a wind turbine. A finite element analysis
Accepted 24 April 2015 model for the drive train was studied experimentally, and its applicability to the
present study was verified. The results show that, as the main bearing stiffness is
Ke?’wor ds increased, the input load of the gearbox decreases, whereas the input shaft
Drive train deflection increases. The stiffness component for the pitch moment has the
Gegfrbox . largest influence on the gearbox input load. Although the gearbox life increases
Main bearing at a higher main bearing stiffness, the economic efficiency and durability of the
Non-torque loads entire drive train system should also be considered in the selection of the main
Stiffness bearing stiffness.
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Table 1 Specifications of the main bearing

Model 32330A.A350.400.N11CA
Company/Nation Schaeffler/Germany

Bore, mm 150

Outer diameter, mm 320
Width, mm 228
Dynamic load rating, kN 2,270
Static load rating, kN 3,900

Shaft part

Hydraulic cylinders
connector

\

behind main bearing

Main bearing \

N

Gearbox

Shaft part
before main bearing

Fig. 7 Feature of the analysis model
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Fig. 8 Measurement locations for shaft deflection

Table 2 Specifications of the LVDT

Items Specification
Nation/Company Japan/Kyowa
Model DTH-A-10
Rated capacity, mm 10
Nonlinearity, % 0.1
Operational temperature range, °C -10 ~ 70

Fig. 9 Measurement of shaft deflections using LVDTs
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Table 3 Stiffness matrix of main bearing (unit: N, mm)

Table 4 Shaft deflections from measurement and analysis

(a) front row Deflection, mm
Spot - Error, %
dx dy dz dpx dpy dpz Measurement Analysis
dF, | 292655 | -1082625 0 0 0 34403210 1 1327 1.250 58
dF, |-1082625 | 4115335 0 0 0 -128883031 ) 1329 11% 10.0
dF, 0 0 1416688 | 0 50161546 0 3 1.206 1.142 53
M| 0 0 o |0 0 0 4 1.072 1.075 03
dMy 0 0 50161546 0 |2245711034 2 5 0.884 0.788 109
dM, |34403210|-128883031| 0 0 2 5809362852 ' : :
6 0.790 0.715 9.5
(b) rear row 7 0.668 0.642 3.9
dx dy dz__ |dpx| dpy dpz 8 0.518 0.594 14.7
dFy | 577086 -767162 0 0 0 -37062665
9 -0.173 -0.154 11.0
dF, | -767162 | 5247131 0 0 0 139698724
aF, | 0 0 5661456 | 0 |-147749645| 0 10 -0.161 -0.192 193
dM, 0 0 0 0 0 0 11 -0.197 -0.229 16.2
dMy 0 0 -147749645| 0 [5920817508 1 12 0227 -0.282 242
dM, |-37062665| 139698724 0 0 1 6132894558
14
- -=-50% stiffness
z = . —75% stiffness
105 o ——100% stiffness
15 e Experiment 125% stiffness
} = ——150% stiffness
— '\k\_‘.kﬁ\ —+—Analysis E 07 %h
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[a) o
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Fig. 11 Measured and analyzed deflections
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Fig. 13 Deflections of shaft part before main bearing

-0.14
—-=-50% stiffness
—T75% stiffness
——100% stiffness
125% stiffness
——150% stiffness

-0.17 -

X

-0.2

-0.23

Deflection [mm]

-0.26

-0.29 -
10

Measurement spot
Fig. 14 Deflections of shaft part behind main bearing

11 12

Table S Shaft deflections according to main bearing stiffness

Deflections, mm
Spot 50% 75% 100% 125% 150%
stiffness | stiffness | stiffness | stiffness | stiffness
1 1.309 1.271 1.250 1.237 1.227
2 1.253 1.217 1.196 1.183 1.173
3 1.198 1.162 1.142 1.129 1.120
4 1.128 1.094 1.075 1.062 1.054
5 0.833 0.804 0.788 0.778 0.771
6 0.757 0.730 0.715 0.705 0.698
7 0.681 0.656 0.642 0.633 0.627
8 0.632 0.607 0.594 0.585 0.579
9 -0.144 -0.151 -0.154 -0.156 -0.157
10 -0.183 -0.189 -0.192 -0.194 -0.194
11 -0.222 -0.227 -0.229 -0.230 -0.231
12 -0.277 -0.281 -0.282 -0.283 -0.283
Ak ol ARFE AHOE AN F Y AR =Lt
=9 A SR o wyo] HH R T & Hs AA
37] g&oltt,
Wl Hlol o) F FR(7Iolaz HF)NAE FHol F7hs

Table 6 Reaction loads acting on the gearbox

Loads, N or Nmm

75% 100% 125%
stiffness | stiffness | stiffness

Component 50%

stiffness

150%
stiffness

Vertical

27219
shear force

26781 26510 26322 26182

Pitch
moment

51738 50442 49702 49216 48869
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Fig. 15 Vertical shear force of the gearbox at each bearing
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Fig. 16 Pitch moment of the gearbox at each bearing stiffness
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