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A study on lightweight design for wind turbine rotor shaft
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aok aMwite] B 28 ARZES] ZRsE 98 AGHAS Fash FeakaNs 2gAy
2 olg3le] AYRE AP WFE EHHQUL, o F JNow AREES] A5 HHsE SRS A
4 ekt @A Adlel B F9e AAS Fa vimste] B AT o H4L B

v% 1=
slo] Fe AMuT oF 23 % AE £ F YA
S

FAlo}: 2E ARLE, FeEN, AHAA, FResds, 2Ay

Abstract: In this study, we discussed the weight reducing of 2 MW class of wind turbine rotor shaft by op-
timizing design method. The optimal design was applied to obtain get an optimized structure and parameters
for the base structure using FEA and DOE. The results were verified by comparing the maximum von Mises
stresses and maximum volume in the case of the existing design with those in the case of the optimized
design. It was shown that the weight of a base structure can be reduced by about 23 %.
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Experiment)
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Figure 1: Calculated extreme moments for the
10-turbine analysis group [8].
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Figure 2: Calculated extreme thrust for the 10-turbine
analysis group [8].
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Y 2E AFZE A3t A AT
32 2E| AFZE MAOIX} 2A Table 1: Levels of design parameters : Unit[mm]
Tretaaslat AAEU S Hgoke] ARRE Design Factorl Factor2 Factor3
o st AAAAE BAeAT fadess)s | Parameters
o= HE 7324 F=20 ANSYS 135 AH-8-31%) D3 720 504 936
o], APAEE A437] 915) MiniTap R14% = I 2 =
o]-g-3sto] AARIAL Atelo] FH I EAS SSITh L3 175 160 2275
TEE RE AFZEQA 2d A5 W) A C1 120 84 156
ANAE B4 flel AADAE A §, A c2 20 10 30
AL (DOE)l whet 284S a5kt A
A oA 791 A&stelon, 4 Table 2: Layout of Orthogonal array : Unit[mm]
S Ya EAZ=ae MiniTap R142 AHEEFS
o Case | D3 D8 L2 L3 C1 c2
' 1 | 504|210 | 77 | 160 | 84 | 10
2 504 | 210 | 77 160 | 120 | 20
3 504 | 210 77 160 156 30
4 504 | 300 110 175 84 10
5 504 | 300 110 175 120 20
6 504 | 300 110 175 156 30
7 504 | 390 143 | 2275 | 84 10
8 504 | 390 143 | 2275 | 120 20
9 504 | 390 143 | 2275 | 156 30
10 720 | 210 110 | 2275 | 84 20
11 720 | 210 110 | 227.5| 120 30
12 720 | 210 110 | 227.5| 156 10
13 720 | 300 143 160 84 20
14 720 | 300 143 160 120 30
15 | 720 | 300 | 143 | 160 | 156 10
16 720 | 390 77 175 84 20
17 720 | 390 77 175 120 30
Figure 3: Section view of rotor shaft and design
pararmeters. 18 | 720 | 390 | 77 175 | 156 10
19 | 936 | 210 | 143 | 175 | 84 30
20 936 | 210 143 175 120 10
3.2.2 A H B 21 | 936 | 210 | 143 | 175 | 156 | 20
AA A} 7ve] Fad BAS 9F A3 AF 22 | 936 | 300 | 77 |2275| 84 30
o wel ke rdAe Sas g A ﬂ]uﬂft 3 23 | 936 | 300 | 77 |2275| 120 | 10
F3 99l AAE $3813 ) Table 1] 23 A2 24 | 936 | 300 | 77 [2275]| 156 | 20
Hell whE 3FE 1 AAIA gk UERIe 25 | 936 | 390 | 110 | 160 | 84 | 30
], AANA e M a5 Table 201 e} 26 | 936 | 390 | 110 | 160 | 120 | 10
WA 2z 9ol wel ke aeiis skl 27 | 936 | 390 | 110 | 160 | 156 | 20
o

Grantd AR o] P eh3] A 4|38 #14%.(2014. 5) 391



3.2.3 Faa a4

AGA s Yol wpel Fiha sy S 33t
Figure 40 7MW 9] “FAFER] 2MWH S35 34}
d a9 ssxds JERSh wojR el =
WANE A RS 1A, 7o F9le ¢
dagew  spdsigit gl slexie
ANSYS®] RBE3 W#-& o]&ato] ARZE o
%*JEM stgo] AL F AEF Gt a5

& 23l A] ALk gs A-gskeleh

2

Figure 4: Shape of rotor shaft model and load applica-

tion diagram.
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Table 3: Results of FEA
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Case [SJEZS] V([)rlrlljsr]ne Case [SJE,ZS] V([)rl1;13r]r1e
1 629.7 | 0.7458 15 440.4 | 0.7747
2 591.6 [ 0.7485( 16 574.2 | 0.5381
3 779.4 |0.7523 17 453.9 | 0.5422
4 628.8 | 0.688 18 562.2 | 0.5473
5 640.8 | 0.6907 || 19 327.3 [ 0.9283
6 699.9 [ 0.6945( 20 392.4 | 0.9329
7 771.9 [0.5911 21 4194 | 0.94
8 789 105938 22 370.5 [ 0.7636
9 7926 [ 05976 23 448.8 | 0.7682
10 392.1 [ 0.8514 24 464.7 | 0.7753
11 307.8 | 0.8556 25 461.4 | 0.6232
12 376.8 | 0.8607 26 532.8 | 0.6279
13 480.9 | 0.7655 27 627.6 | 0.6349
14 350.7 | 0.7696
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(a) Factorial effect graph of stress - torque load
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Figure 5: Average values of design parameters.
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Figure 6: Design parameters of 2MW class rotor
shaft for optimal design
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Table 4: Side constraints for optimal design
Unit[mm]

Design Initial Upper Lower
Parameters value limit limit
D8 334 384 434
C1l 120 140 160
D3 837 837 937
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Figure 7: FE Model for 2MW class rotor shaft
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Figure 9: State variable(Stress) changes according to
analysis time- torque load
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Figure 11: Design parameters changes according to
analysis time - bending load
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Table 5: Results of optimal design
: . Torque Bending
Notations Unit load load
Stress MPa 470.57 613.91
D8 mm 433.92 407.44
C1 mm 138.38 124.2
D3 mm 839.36 837.06
VOL m’ 1.03E+09 | 1.072E+09
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