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Vibration noise prediction and tooth modification effect analysis of
a four-stage planetary gearbox
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Abstract: In order to investigate the vibration noise of multi-stage planetary gearbox under complex
excitation before and after tooth modification, with taking the lifting gearbox of an offshore platform as the
research object, a finite element model of the gearbox including coupling four-stage planetary gear train,
bearings and housing is established, and vibration mode of the gearbox is analyzed. Internal dynamic
excitations of gear pairs before and after tooth modification are solved by static and dynamic contact finite
element methods, then a vibration noise prediction method considering tooth modification is developed,
vibration responses of the gearbox before and after tooth modification are solved by mode superposition
method., and accordingly radiation noise of the gearbox is predicted by acoustic boundary element
method. The results show that the vibration noise of the four-stage planetary gearbox after modification are
decreased apparently, and calculated vibration noise is in good agreement with experimental values.
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Table 1 Main parameters of gear transmission system

TTRY  WA/GEDEHE o/ (r s min ) BE m/mm Pl = Wi EHE £/ Ha
1% 980.000(116.667) 3 20/64/148 287.70
%2 % 116.667(14.583) 4 18/54/126 30.60
% 3R 14.583(2.187) 7 18/41/102 3.72
W42 2.187(0.442) 11 20/30/79 0.58
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Fig.1 Solid model of transmission Fig.2 Finite element model of gearbox

system in Romax software for mode analysis
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Table 2 The first 10 natural frequencies and its mode

(44 WA f/Hz P U4 A
1 0.92 2,3 YAT R +2 AT RS
2 1.23 EAYGGERFRAE 2 ZATERS
3 2.51 2 PATERH 2 P AT R H L
4 4.32 2 JATE R
5 9.66 1,2 AT A 5 44 AT B4 il
6 12.85 1.2 FAT BB AL +1 POK PRAR il 45
7 23.39 2,3 PAT BRI +4 GAT R
8 25.44 4 RATREHE A 1.2 AT R R AT H
9 26.64 3 YAt BRI 1A R 4+ 55 1.2 HAT R 6 R e 1 48
10 35.33 1 JAT B+ 2 RAT R R
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Fig.3 The 1" order vibration mode of gearbox
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Table 3 Parameters of tooth profile modification for gearbox

o B/ pm R h/mm
17

K% TR KB %S TR
1% 6 6 2.313 3.153
o2 % 30 30 2.736 4.788
3% 57 57 3.255 5.187
%4 R 146 146 5.478 5.951
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Fig.4 The single tooth meshing stiffness curve before and after modification
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Fig.5 The internal dynamic excitation of gear pair
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Fig.6 Finite element model of Fig.7  Assessment points for
gearbox for vibration response vibration response of gearbox
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Fig.8 Vibration acceleration response in frequency domain of gearbox
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Table 4 The RMS values of vibration acceleration of gearbox

WM a/(m « s

B AR A PEA A

X [ Y [A] Z 1

1 2.399 3.143 2.144

&IE i 2 1.839 2.961 1.527

3 1.178 1.819 1.194

1 1.693 2.584 1.250

B s 2 1.091 2.122 0.947

3 0.852 1.059 0.874
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Fig.9 Acoustic boundary element

model of gearbox
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Fig.10 The surface sound pressure contour of gearbox Fig.11 The top view of gearbox field points
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Table 5 Radiation noise of gearbox field points

A BIBHT po/dBCA) BRIE p/dBCA)
1 80.4 79.4
2 83.3 81.8
3 70.0 68.7
4 70.8 70.5
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Fig.12 The sound pressure in frequency domain of field point 2
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Fig.13 Test bench of lifting gearbox Fig.14 Test curve of vibration acceleration in frequency domain
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Table 6 Test RMS values of vibration acceleration

PRBMEE a/(m+ s %)

AR 25
X 1A Y [f] Z 1A
1 1.985 3.011 1.430
2 1.185 2.566 1.037
3 0.984 1.196 1.055
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Table 7 Total sound pressure level of field points E
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3 71.3 68.7 3.64 15 7 E 5700 ih 2k
4 72.2 70.5 2.35 Fig.15 The sound pressure in frequency domain
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