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Transmission error analysis and vibration noise prediction of
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LIU Wen', LIU Jun', LIN Tengjiao', LYU Hesheng”
(1. State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, P.R.China;
2. CN GPower Gearbox Co., Ltd., Chongqing 402263, P.R.China)

Abstract: A bending-torsion-axial coupled lumped parameter dynamic model of planetary gear and two
parallel-axes transmission system with 31 degrees of freedom was established, with considering the factors
of time-varying mesh stiffness, mesh damping, and transmission error. First, Runge-Kutta method with
variable time step was introduced to solve the dynamic differential equations, and all gear transmission
errors were calculated. Then, a wind power gearbox flexible coupling dynamics model with transmission
errors was built by using LMS Virtual.Lab, and gearbox bearing reaction forces used as acoustic coupling
model boundary conditions were obtained by mode superposition method. Finally, wind power gearbox
noise and vibration were predicted by using acoustic finite element method and the results were compared
with the test results. Comparison results show that considering the gear dynamic transmission error
excitation, the gearbox surface vibration response and radiation noise are in good agreement with the test
results.
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Table 1 Parameters of multi-stage gear transmission system

N\ i o e e/

& B/ mm i % FEJ 6/ WE /(D
(r+ min~ ") (r*min ')
H—% 16.756 95.966 14 22/41/104 20
it 95.966 444,943 10 102/22 20 7
=t 444.943 1 800.000 7 89/22 20 16

BEXFER 1 o) — AT BN GO AT ARG R R 2 R A S R g R I T S0 o
1 7R 0925 -0 -l RS B e 2l o IR A A R Ak TG N 2 DB TR 4L X T AT R U A% gl R T Al s AR
F BT B A KBS AT R Az 10 2 .
WHAE S ARG, A BB [ e R IS S A . X AT B AR R g% U e A ST A bR R L R R AT A
20 RHAFE 1~4 1A bR S5 & 3 oAb AR BR T I A B 1 e AR BR T 19 BT R s AT R AR B R A bR R W LIAT B
[0 DAy A B I T AT 2R b B B M SR AR . TR E SCA AL, DL ARG AEVE T & e i sy
[] A A o A% G 5 22 B B RH O L 8% T 1) B A T 52 s T ) DR
1.1 BPHREHNZFER
XF T4 — AT R AL B NI [ E AT R AR R A e i
WK PBHAE 517 A AT B 55 N8 B I W5 RORER DT 1 AR AL RS 00 3l R i v (0= 1,230 U
Lpis =il — 10 7.0 cos a + (2. —x)cos(p, +a) —
(ye —ysinle; +a) +y,cos a —&sina — e, (1), (D
iy =1l — 1.0 cos a — x.cosla + @) + yesinla + ;) — p,c08 a +&,sina — e, (1),



14 TR KXKFFER % 40 A

e, () e, (O B ESERIRE vy 0 AT EZERRE 1 A AL ML M 5o v 0. R IRES
YA 1] NIl A FIFHLEE #8590 G 0, NAT BEG BY YT IA] AR [0 LS FOHLES 51 5 e vrv 20 9 N R B AT R
FEEEAR  ro AT EAER (AT R MR sa HITER RGN IE T Mo BE T MTRRWAEM
(p;=2m(i—1)/3.i=1.2.3),

B1 sHEREDREHNFER
Fig.1 The dynamic model of multi-stage gear transmission system
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Fig.2 The vibration response curve of the No.4 helical gear

MBI P rp ] LA H S 9 3l B AR 3l 03 1 9 B R BT 660 Hz (5 = 2G5 45 50) B3 » [ i £ 3
AL AR H B fE . RHIN 5 4 DS = sl fe  FLAR B S5 4R 3 i3 12 32 5 = ok A IR R I AR
K R i th i e e sh LA AR QLD AP AR 25 i fe B sh Bt shi 22 DTE() .

DTE() =ry,[0,(1) — ?epmj =0, (1) — 11,0, (1) (1D

0,000 510 F 858 WS FEAEAS B AL bR R H SE PR L U JE 5 oy o 20 01 O T BB L 1 8l 8 0 S [ o
(ETEIN I P PSRN o R (i



% 3 X L, F R e HHAIESRE SRR R F TR 17

R 2 B B PG IR TR B 3 A AN §E 3-4 ShAS AL AR 2R s £k
®2 BSHEPREMESTER

Table 2 Time domain results of dynamic transmission error
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Table 3 The bearing reaction time domain results
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Fig.6 The acoustics finite element model of the wind power gearbox
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Table 4 The test instruments of vibration and noise
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Fig.9 The vibration measuring point layout of the wind power gearbox
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Table S Comparison on acceleration RMS of each measuring point
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Fig.10 The comparison between the vibration

acceleration test and the simulation value
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