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Abstract

The inner and outer cycloid tooth profiles are applied to the field of NN type planetary gear trans-
mission with small tooth difference, and the transmission ratio and meshing force of the reducer
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are obtained through kinematics and dynamics simulation analysis, taking the new type pinwheel
transmission reducer as the research object, which shows the feasibility of the new type pinwheel
transmission; The influence of different design parameters on the transmission characteristics of
the reducer is obtained through the research and analysis of dynamic load characteristics; The
modal shape and natural frequency of the reducer are obtained through finite element modal
analysis, which shows that the reducer has good structural dynamic characteristics.
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Figure 1. Schematic diagram of pin gear transmission structure
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Table 1. Reducer material attribute setting table

=1 RERBMRBIRESR

R g M MEL/NE" BB
[G2 e ] e 242 HT20-40 1.45 x 10" 0.277 7.35 % 10°
LnPN TNt 45 2.09 x 10" 0.269 7.89 x 103
W AMELRE B A GCrl5 2.19 x 10" 0.300 7.83 x 10°

¥
—Z
[

&

Figure 2. Simplified virtual prototype model of new type pinwheel reducer
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B, —RORUICH R, IR R4 0.08, SNEEEREL 0.05, BHIEHEE, WFHEERECN 0.15, 3)
JEEPE KN 0.1 [7]

Table 2. Relevant kinematic pairs and constraint settings

F 2. BXREHEISHRKE

Ey i BRI Tk 2 TERMAIE
FeafEl 1 i Ao K Lo il i £
a2 S RLAE K HMBLHE 2L
[l s Al 1 WIRLHRE K W R R 24

P 1 EES A2 i [ 4 Py

Hefih 2 SN I A 4 Hefuli i

Hefih 3 BHHEfE by N\ A - ik i Lo 8 53
SFIZIH 1 BHHEfE SEESS P R 2 e i

TEREBEN AT IZ BN A0 A, % © 2 29 SR 0 4 N Lo b it i — A1 8 (R A T 0K, v T 83T
RUEHE U e U3 25 R R MLRE S A2 10 A, 7T AR adams ") &% STEP SR BN H (8], A
B AT R AU ATLTE 77 B — FF R oh T 2 el DI 5 850 k= A= oo 5o 47 0K B2 7= 2B 52, AL 0~01.1 s (RIS [E] 1Y
LR R 3, A 2] 2400 (FH 24 T HEALEZIE 400 r/min), {8 STEP BIFER R 5T -

WEE LIS HE, FIF adams K@ 7 HHT ALV HEVT R HOE BT IZ 3 0 B, B E TS
KA1 s, MWL ECH 0.005, FHATEEN KM, T i R9]. Hrb, BB A IE 25 8
FUREALAMEB LR 4 Hh Al 1 A T P Rl 2 an 1] 3 B

Slope: Min: Max: Avg: RMS: # of Points:
-86.8674 1.9932E-13 195.4698 192.0956 192.6018 202 | I
zhenpaichilun32
200.0 P
—_ /r e N
Q
Q
& [ —.WBXchlIunshuchuJ.CMiAngu]aLVclcmty.Mag1
& 150.0
o
N
z
‘3 100.0
[=]
G}
>
8 500
=
a0
<
< 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Time (sec)

Figure 3. Epicycloid output shaft angular velocity curve
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Figure 4. Meshing force of inner and outer cycloid gears of reducer under several typical conditions
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Table 3. Calculation and simulation values of maximum meshing force of inner and outer cycloid gears
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Figure 5. Variation of meshing force between cylindrical pin and inner and outer cycloid gears with eccentricity
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Figure 6. Change of meshing force between cylindrical pin and inner and outer cycloid gears with radius of cylindrical pin
distribution circle
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Figure 7. Change of meshing force between cylindrical pin and inner and outer cycloid gears with radius of cylindrical pin
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Table 4. Speed and excitation frequency of main components of transmission system
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Table 5. First-order natural frequency values corresponding to grid density

5. MRS E X N — N E AR RE

HIGHEA R S (mm) =Ty —B[E A 3 (Hz)
LN 23,952 17,657
4 27,457 18,857
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Continued

3 40,255 18,854
2 74,819 18,286
1.5 122,880 18,273
1 226,310 18,639

HI7E 5 R, A% B 2RSS 70 H 45 R E

SN, WG PO FERIE R, At SO R A A
TS, BEIMEBIR G — W AR K108 18,273 Hz.
WA HE A R AL 3 R G RIS A AR, 2RS0T SR BB AT 2 6 s

Table 6. Natural frequency value of needle gear transmission system

6. SHHRAR SN R B EBIMERHE

RS 4L Hi#(Hz) BB 4K B (Hz)
1 18,273 4 26,241
2 25,010 5 27,671
3 25,166 6 27,880

B AL HR A R U A ) A Bl R GE 2 — B N D B A xR S IR A 4] 8 BTk

H: 44 MA&1.5mm $Efii2mm
Total Deformation

Type: Total Deformationn
Frequency: 18273 Hz
Unit: mm

53.859 Max
47.875
41.89
35.906
29.922
23.937
17.953
11.969
5.9843
1.7951e-11 Min0-00

Y

Y
70.00 (mm)

35.00
(a) 5 1 PSR
H: 4A4LRI#&1.5mm $Zfh2mm

Total Deformation 3
Type: Total Deformationn
Frequency: 25166 Hz
Unit: mm

97.446 Max
86.618
75.791
64.964
54.137
43.309
32.482
21.655
10.827
1.9103e-11 Min 0.00

Y

70.00 (mm) iid

35.00

(c) % 3 PR

H: 4R4LRI#&1.5mm #Efl2mm
Total Deformation 2
Type: Total Deformation
Frequency: 25010 Hz
Unit: mm

2022/3/10 16:42

80.081 Max
71.183
62.285
53.387
44.489
35.591
26.694
17.796
8.8979 0.00
1.9811e-12 Min

35.00
(b) 2 PrEARA

H: 4B4ERI#81.5mm #Efi2mm
Total Deformation 4
Type: Total Deformation
Frequency: 26241 Hz
Unit: mm

2022/3/10 16:46

82.895 Max
73.684
64.474
55.263
46.053
36.842
27.632
18.421
9.2105 0.00
5.8227e-12 Min 35.00

(d) %5 4 Brii R

70.00 (mm)

Y

ﬁ
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H: 44LRI#&1.5mm 3Efli2mm H: AR 1.5mm #ZEfh2mm
Total Deformation 5 Total Deformation 6

Type: Total Deformation Type: Total Deformation
Frequency: 27671 Hz Frequency: 27880 Hz

Unit: mm Unit: mm
2022/3/10 16:50
84.154 Max
74.803 86.586 Max
65.453 76.965
56.102 67.345
46.752 57.724
37.402 48.103
28.051 38.483
18.701 Y 28.862 -
9.3504 iﬁd 19.241 Y
1.3992e-11 Min 0.00 70.00 (mm) 9.6207 0.00 70.00 (mm) Z.'i
—35'00:1 2 33226-12 Min —35.00:|
(e) 2 5 RS IRE () 2 6 R E

Figure 8. The 1st to 6th modal shapes of the new pin-row gear reducer
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VHE IR 25 1% 30 3R G0 P] RE R A AR B AL T A FRERAE B ER A AR 20 . AT HRIR R DU AMEZR R 1Y
Tk, HRRR RN IR S 9 R E S I, BRI T B R AR, SRR
W A A BT R e o (B A AR K T B B R A AG el 23 4% 30 R 48 B B P LR A R U
FUS A BEGE I INE] 3000 r/min, S HEA R A& SN R G0 A K A BRI AR AT AR /N T R GEI 8 A R,
Pk, teEHHE AL sh R R RIFRIZHRAE, A2 RAEIRIR .
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