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A dynamic behavior optimization method of wind
power speed-increase gearbox

LIN Tengjiao, SONG Jianjun, MENG Lingkuan , CHEN Bingkui
(The State Key Laboratory of Mechanical Transmission, Chongqging
University, Chongqing 400044, P.R.China)

Abstract: A finite element vibration analysis model of speed-increase gearbox was established, and modal
analysis of gear system has been performed by adopting Lanczos method. Considering the time-varying
mesh stiffness, tooth error and impact exaction, we used the direct integration method to obtain the
vibration response of surface nodes of gearbox. Taking twelve main structure parameters on the housing as
the design variables, the volume of the gearbox as the state variable, RMS of vibration acceleration on the
surface of the gearbox as the objective function, we used the zero order and the first order optimization
method to acquire the optimal solution of design variables. The results indicate that resonance phenomenon
doesn’t occur and the gearbox satisfies the static condition both before and after optimization. The objective
function has reduced by 37.5% . and significant reduce of vibration response of the computing points of the
gearbox can also be found after optimization, and the maximum reduction is 54 %.
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Fig.1 The transmission system of wind power speed-increase gearbox
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Table 1 The operating conditions and gearparameters of speed-increase gearbox
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Table 2 The first 8-order natural frequency and

modes of gear system

B B R/ Hz FE R

1 29.1 R 1 BE5% i 4l i L%

2 38.0 CRIGIE G R ENE ekl 2 I EE )

3 61.1 B — B AT R 5 W%

4 76.5 WA — B i AT AR 6 HLEE

5 79.2 B — B i AT RS 7

6 89.4 AR v R) U S Y Z il e
B2 HEERBOERT RS ! L0 R TRBAS S 5E X i)

8 108.8 TR SE Y SR sh R 3 HLE

Fig.2 The finite element mesh of speed-increase gearbox
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Fig.3 The internal excitation of the Fig.4 The dynamic response evaluation point of
first grade helical gear pair speed-increase gearbox
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Table 3 The vibration displacement RMS of nodes on gearbox(pm)

PRI i o
WEE B
X il Y 1) 7 1]
54 581 0.85 1.73 3.29 3.81
65 451 1.10 1.33 5.81 6.06
66 177 0.15 0.05 0.08 0.18
68 408 0.16 0.06 0.07 0.18
129 751 3.14 9.79 3.01 10.71

129 859 3.24 9.67 4.50 11.15
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Table 4 The vibration velocity RMS of nodes on gearbox(m/s)

PR Bl o i
RPN L (E
X i Y 1) 7 1]
54 581 2.57 4.35 2.83 5.79
65 451 2.14 3.75 3.09 5.31
66 177 0.22 0.10 0.18 0.30
68 408 0.28 0.08 0.12 0.32
129 751 3.34 5.79 9.78 11.84
129 859 4.61 4.20 4.46 7.66

RS FEMRET IR ANE E T IRE (m/s)

Table 5 The vibration acceleration RMS of nodes on gearbox(m/s)

IR B i3 2 73

a2 R A
X i Y i Z i
54 581 9.56 15.53 9.32 20.48
65 451 6.73 14.05 6.61 16.92
66 177 0.97 0.44 0.82 1.35
68 408 1.09 0.36 0.56 1.29
129 751 7.44 17.17 36.11 40.68
129 859 12.86 7.97 14.55 20.99
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Fig.5 The frequency domain curve of Y direction vibration response of node 129 751
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Fig.6 The process of dynamic response optimization of gearbox
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Table 6 The design variables of dynamic response optimization of gearbox(mm)
A 4 & X W6 1H BEIE
hy i A6 AT A A 5 50 35~65
hy J A8 A o A JE 108 90~120
hs J R A BE L 40 30~50
ri 15 Bl 3 51 B 2 AR 290 275~305
r 2 5k R e A1 e 2 A 240 230~250
rs 3 5 Hl R R A1 B 2 A2 200 190~210
b, Jii A8 151 B AR SE 40 30~50
b I A VAR B A AR T 40 30~50
bs 3 S Hh 7 e A1 VB 53 W B 1 30 20~40
b, 1S Jl 7 e P B A A S 40 30~50
bs J5 A8 s P 453 A TE 50 40~60
bs T AR 14 55 4 58 40 30~50
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Fig.7 The curve of objective function and optimal variables change with iterative steps
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Table 7 Theoptimal value of optimized design variables of gearbox(mm)

g PG 1H QN I #&
h 50 59.6 60
hs 108 100.2 100
Iy 40 36.7 37
r 290 304.3 304
r) 240 237.8 238
rs 200 208.9 209
by 40 49.5 49
by 40 45.1 45
bs 30 31.4 31
b, 40 30.1 30
bs 50 59.7 60
bs 40 34.8 35

8 TG B K A AT A R S BE . e R AT AR IS B bR eR BRI (E 10,6 m/s” L B
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Table 8 The acceleration of dynamic responsebefore and after optimization(m/s*)

RO A A fEfe)a
54 581 20.48 14.93
65 451 16.92 12.59
66 177 1.35 1.21

68 408 1.29 1.24

129 751 40.68 18.75
129 859 20.99 14.85

H 45 b6 4L 16.95 10.60
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Table 9 The first 8-order natural frequency of optimizedgear system (Hz)

TR BT %L 1 2 3 4 5 6 7 8
[& A 4R 29.1 38.0 61.1 76.5 79.3 89.5 94.0 108.9

33 HRREHNSMEMRATH
F10 St T ORI BT 6 VT O 5 B4R S0 03 4 AR(EL 45 DA A0 0 1 00 O Al i 404 T
2 P PEM 129 751 SR BE M N 18,71, HRAL AT 40.68 T FE T 54% AR B BT B . & 9 i
PRARJG 155 129 751 f9 XY\ Z 3 N7 16 4% 3o ek B i ey ekt 4%

F10 RUFBEERESITNARIMEZEHFTR (m/s*)

Table 10 The vibration acceleration RMS of evaluation point after optimization and rounding (m/s)

BRCRE
W I B A
X i Y i Z i
54 581 5.41 7.60 8.05 12.32
65 451 7.14 7.00 7.55 12.53
66 177 0.79 0.27 0.26 0.88
68 408 0.69 0.26 0.22 0.77
129 751 6.37 13.55 11.22 18.71
129 859 4.77 14.55 5.06 16.13
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The time domain curve of vibration acceleration of node 129751
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