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Abstract 3D finite element model of gearbox housing of wind turbine speed-increase gearbox is built to calculate stress-

strain of gearbox housing under unit static load. S-N curves of gearbox housing materials are calculated based on Germanischer

Lloyd specifications ( GL2010) ; The fatigue load spectrum is calculated by the rain flow circulation count method. The fatigue

damage of gearbox housing is calculated based on the rain flow circulation count method and Miner linear cumulative damage law.

The structure is optimized based on the fatigue analysis. This thesis can provide a method for determining the life of gearbox

housing and gearbox designing.
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Fig. 1 Fatigue life analysis process of nominal stress method
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Tab.1 Parameters for S-N curve fitting

755 FR HfH Hf
Symbol Name Value Unit

kR N R B
R, Minimum tensile strength * MPa

of housing material

A A R
Rio.2 Yield strength * MPa

of housing material

I HLBEE

Surface roughness

R J\j.jj it -1.0 —
R-ratio of test

IR Uk ¢
oy 1.0 -

Stress concentration factor

i R R £
n L. 1.0 —
Notch sensitivity factor

, ERFH s B
M Safety factor '

F SR ST 5 S L0
" The average stress parameters '

s H T Vs B

Reduction factor

AR R R RE )R
! . . * mm
Maximum wall thickness

T AUFZEIE AR A R AR RS 44 1

Note: * Represents the value depends on materials and structures
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o, = 1.06R, (1)
o, =0.270, + 100 (2)
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F, =1-0.2(lgR,)**g(o,) +0.451g(R,)"™

3)
B, =o/n =1 (4)
_ fpo1.L
Fa= [B-10 g (5)
o= (6)
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M = 0.000 350, +0.08

F, =1 (7)

S, =2/3
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S8, MR CL B, FRTESEA T 55 0 AT s, P
PRI AR T 97. 7% , 440 1 S, B 2/3 I A7
W p IEAFRT 97.7%

Sd =0. 85(/*/'0) (8)
_ ¢ -0.15

5= (52) (9)

S = SpuStSd (10)
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Fig. 3 Equivalent stress nephogram under unit load
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Tab.2 The key parameters after S-N curve fitting

(i) EL N HfH s
Symbol Name Value Unit
Bl phx
b, First fatigue strength -0.103 —
exponent
S B Zekl =
b, Second fatigue strength -0.054 3 —
exponent
Ao} bt 434.782 6 WP
Stress range intercept
o SR 57 1
Ny High cycle fatigue 2.686 6 x10° —
transition point
BRI 55 453 A
N, Low cycle fatigue 1.0 —
transition point
gl o i
7, PR 400 MPa
Ultimate tensile strength
AR IR FR
Y. .
S Yield strength 250 MPa
E FPRPSREERC AL 1.65 x 10° MPa

Elastic modulus
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Fig.4 S-N curve of housing material
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Tab.3 Part of load case DLCL. 1aa

/s M/Nm M /Nm M,/Nm F /N F /N F,/N
0 176 704 28 537.1 =279 247 108 113 -580.436 403 447
0.05 176134 124652 -255968 107 544 18226.2 405 730
0.1 171093 211426 -230911 107 053 36489.5 407 290
0.15 165499 276914 -194279 106644 53398.5 406 480
0.2 165188 320252 -166278 107347 69709 403 105
0.25 172555 333974 -172625 109521 86747.1 398214
0.3 183551 312655 -203492 112058 104925 392722
0.35 190247 268495 -221416 113098 123 066 386 557
R4 Y TABHERRE
Tab.4 Part of the conditions of load cycles

T BEAR S HE B 20 4R R A IHL

DLC Frequency per year Frequency of 20 year

1. laa 3 815.988 76 319.76

1. lab 3 815.988 76 319.76

1. lac 3 815.988 76 319.76

1. 1ba 3 964. 698 79 293.96

1. 1bb 3 964. 698 79 293.96

1. 1be 3 964. 698 79 293.96

1. lca 3161.25 63 225

1. lch 3161.25 63 225

1. lce 3161.25 63 225

HETC &I & 7R 2 & M 2ot 48 1 3 4k
{F, b LMS TesWare .nCode Glyph Works %, X SR
PR TR RO R A SO nCode Y FT IR
TR AR 1A 4 2 iy 18] DD AR R AT T e 1, ]
5 7R Ry =R AU TS0 T I R] PP 4 K R T S i B
DB I 1 RIS 2 B IE R B AT T, T 3
il B T0
2.4 G FaN

AR LA BRITHI RS MR S-NV 2k L) kg
FFEATIE 55 A nCode A, BRIRT SR A 11 A R 20
FF9% 55 F5 w5 A < & (AN 6 JirzR ) o AR AR 2 A 53
SR S AT IR PR BN 5 PR o B A i
HBRTE 5 A R R AL A 1, SR 0 ) SR R B
AR AR AT 0. 201 7 F5 R 4. 034 4, $5i4 fe K(E
h 4. 958 AR H B A TR A e i R, R 5
R, FA T S A an /N Tt A (HE N4
PR SR 1, I 20 R R L S8 T A 2 = A8



5 37 B 2

WATE AT . KA AL S A 1A 55 A7 i 7 BT 341

HE

R
O T Tt B

T

R

- ] .
)

(b) THIMN RS E T E

(a) LI 18R A3
(a)Load spectrum of LC 1

i e H
P s

(ORRVE 70y
(c)Load spectrum of LC 2

W, ‘

(d) TH2W A4 B o7 B
(d) Rain-flow histogram of LC2

(H TH3F RS E 5 Bl
(f) Rain-flow histogram of LC3

(e) LHL3ERFT i
(e)Load spectrum of LC 3

5 A TR ST

Fig.5 Rain-flow counting result for typical load case
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Fig.6 Fatigue life nephogram of housing
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Tab.5 Damage and load spectrum repetitions

of some nodes in housing components

REET A it EERCILEITEINY S
Sampler Info Damage Load spectrum repetitions
1 4.958 0.201 7
2 1.716 0.582 6
3 1.31 0.763 2
4 1.237 0.808 7
5 1. 106 0.904 2
6 0.737 1.357
7 0.463 7 2.157
8 0.368 5 2.714
9 0.287 9 3.474
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Fig.7 Local structure and size optimization

of housing components
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Fig. 8 Fatigue life nephogram of housing after optimizing
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