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Abstract

In order to improve the dynamic performance of the mid-mounted electric-assisted bicycle, and
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improve the riding comfort and endurance of the vehicle, in this paper, an involute planetary gear
reducer with small tooth difference is used as the driving part of a mid-mounted electric-assisted
bicycle, and a series of researches on the reducer is carried out. Through finite element modal
analysis, the natural frequency and natural vibration mode of the reducer are obtained, which ef-
fectively eliminates the possibility of resonance during gear transmission. Through the simulation
of the vibration characteristics of the reducer, the vibration acceleration of the reducer is studied,
and the battery and the DC power supply are used as the driving source for experiments. The ex-
perimental results are consistent with the simulation results. The research results of vibration
characteristics show that the input speed has a significant effect on the amplitude and frequency
of the reducer, and compared with the DC power supply, the use of a battery as a driving source
has a certain mitigation effect on vibration.
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Figure 1. Reducer structure diagram
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Table 1. Reducer material property setting table
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FEHFR R FR SR (N/m?) MEV/N = % (kg/m®)
1ﬁ‘D‘$EE\ XXH:%J&:EIK\\ %Jlil:illﬁ\\ 11 3
AT 40Cr 2.11 x 10 0.277 7.87 x 10
K GCr15 2.19 x 10% 0.300 7.83 x 10°

Figure 2. Reducer meshing model diagram

2. FIRBFMAE R R EE

DOI: 10.12677/m0s.2022.113048 518 e RSE TR

m


https://doi.org/10.12677/mos.2022.113048

BERE, IO

BRGS0 SRR RERER T2, AT GBI . AR /D 16 22 JRH 28 %5 AR R C A %
2, BUEHBU AR AW Oh 5 F8CE A N B kR, BIRGIBE 5 ANJ7m EdE, R
BTV FER) B R BB RO A B L R A P L A S PR S R R [ A AR R D e 2R B [ e
P AT B A [ 20 TR s T B DA R i T S PE R TR

PR HTELR, ARG 25 5 RO A RIVIRPA PR 20 46 M HR 30 S 3 ) 2 R P 5 M A
SRR, RIEREUAT 8 B[ A5 4505 SRS IRBUE L % 2 FivR. ZAESIRBIRY, FERNBL KE
TE XU 1A 56 PN 16 8 RNt i b, P RUBE e . 1~4 I RAUNEEAR TR, 5~8 IR AL N BEARE ) K L35 AR
T Xttt : 1~3 NI RARTY, 4~8 M AR AR SN A AR T o W] T [ 15 0 R i O il g 56 42 24
W, BREAERNMREIRIESS, AR AT .

TR AR AELR E Lk Mg, FEHFBH MBI, RS &R we &30 71, s AR
[L213EAT T FF 2R/ V5 ZE 47 B D0 DRI 2% ) PN S s A - B o AR T RSG5, BExT s B B AT R B %
THI I 25 km/h, SRR EEHLAR N E A 2600 r/min, WSS AR 3380 Hz, %G RSLAT 8 M [E A AR
SR mA, KRR IS5 T A2 I 3 A 5imt & i 55 [ G S & 40 R AR AR R
(K 3. Kl 4.

Table 2. The 1st to 8th modes of planetary gear reducer
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Figure 3. The 4th modal
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Figure 4. The 8th modal
B 4. 2 8MES

4. BiRRRRENMF MRS
MERR BNy 1T 2R L TR 8 60 Nem UTITHR R, 4\ 4 514 2000, 2600 rimin,
J3 MR 5 A 19 A1 9235, UK IGHESM U615 4 106,569, RUBC 6 P ik 14 41 11,597 il

WHTT A 71,934, {# ] ANSYS Workbench 3R 2F FEAC R AR » D8 25 7K 42 [r) F 3 B4R 1) 31 B 008 FE A
SO, Bl i B RN RS LA R SRR SRS L, R AR SCIE BRI 3 ) 4 A s

FEW LI 2R 5 o
25 5.00
~ 20 ~ 375 f
£ s £
m o 250
2 oo .
B ax I 125 |
0'000.00 0.05 -/ 0.10 O.JIS 0.20 0’000.00 0.05 0.10 0.15 0.20
I a)t/s I Alts
(a) [ FCIRS) s & (b) XUk %6 HMAFE IR B s B
5.00 25
& o3 . 20F
. t sl
{;j 2.50 % o5
Tk & os
0'000.00 0.05 0.10 0.15 0.20 0'00.00 0.05 0.10 0.15 0.20
I ial s Al t/s
() XUBELFE N AR I B (d) AR IR B 0 g B
Figure 5. 2000 r/min, 60 N-m fixed gear, double gear external gear, double gear internal gear, output gear vibration accelera-
tion
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Figure 6. 2600 r/min, 60 N-m fixed gear, double gear external gear, double gear internal gear, output gear vibration acceleration
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Figure 7. Reducer vibration test bench
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Figure 8. Sensors and test points
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Figure 9. Time-domain response and amplitude spectrum curve of reducer vibration acceleration at 2000 and 2600 r/min

driven by DC power
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Figure 10. Time-domain response and amplitude spectrum curve of reducer vibration acceleration under battery drive at
2000 and 2600 r/min
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