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Dynamic characteristic analysis of a metal-rubber
composite-cycloid gear pair with a small tooth difference
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The metal-rubber composite-cycloid gear pair with a small tooth difference has small volume and

structure. Metal rubber has a strong deformation compensation ability and can help realize high

precision transmission. The structure and principle of the composite-cycloid gear pair were introduced, and

a three-dimensional model of the gear pair was established to explore the influences of structural parameters

of rigid and rigid-flexible gear pairs on their dynamic characteristics. After a rigid flexible mixed model of

the metal-rubber gear pair was established in ADAMS, the dynamic simulation of the metal-rubber gear

pair with a small tooth difference was carried out. The influences of the changes of elastic modulus, the

clearance of the double gear, and the distance between the centers of the two pairs of gears on the angular
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velocity, the angular acceleration, the meshing force, and the transmission error of the metal-rubber gear
pair were analyzed. At the same time, the differences of the angular velocity and the transmission error
between the rigid and rigid-flexible composite gear pairs were analyzed. The results show that the vibration
fluctuation can be reduced by increasing the distance between the centers of the gear pair with a small tooth
difference, and increasing the elastic modulus of metal rubber and the clearance of double gear. The angular
velocity and the transmission error of rigid-flexible composite cycloid gears are smaller than those of rigid
gears, indicating that the metal rubber plays a role in reducing vibration in the new NN gear pair with a
small teeth difference.

Keywords: small tooth difference; metal rubber; composite cycloid; ADAMS; dynamic characteristics
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Fig. 1 Schematic diagram of the planetary gear mechanism with a small tooth difference
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Fig. 2 Schematic diagram of the double gear system of the planetary reducer with a small tooth difference
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Table 1 Metal rubber compound cycloidal gear pair parameters

P e 1 wWH Z S AEREAR R/mm d, d, %5/ mm  &BRKERE/mm 8 EAA/ mm
iy /UG S 45 16.75 0.2 0.04 8 10 5
XUt /N 147 % 46 17.25 0.2 0.04 8 10 5
WUt R 14 %6 92 34,38 0.2 0.04 8 10 5

W 93 34.88 0.2 0.04 8 10 5
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Fig. 3 Curvature of the cycloid tooth profile
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the composite cycloid gear pair
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Fig. 4 Rigid-flexible hybrid model of
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Table 2 Amplitude of the angular velocity of vibration
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Fig. 5 Spectra of the angular velocity of vibration
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E 3 M-PLF/(°-s™1)
Aa=18 MPa 1.433 854 810
Aa =28 MPa 1.139 646 370
Aa =38 MPa 1.054 283 030
Aa =48 MPa 0.849 980 549
Aa =58 MPa 0.780 768 242
Ab=0.04 mm 1.433 854 810
Ab=0.06 mm 1.176 370 190
Ab=0.08 mm 0.881 693 266
Ab=0.10 mm 0.816 939 507
Ab=0.12 mm 0.805 720 503

Ac=0.003 mm
Ac=0.006 mm
Ac=0.009 mm
Ac=0.012 mm
Ac=0.015 mm

1.332 391 330
1.191 338 020
1.122 196 770
0.975 740 863
0.959 581 901
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Fig. 6 Spectra of the angular acceleration of vibration
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Table 3 Amplitude of the angular acceleration of vibration

S M-PLF/(°-s™?)
Aa =18 MPa 16 437.405 80
Aa =28 MPa 11 609.588 20
Aa =38 MPa 11 166.424 60
Aa =48 MPa 10 355.435 90

Aa =58 MPa 7 763.826 01
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EY M-PLF/(°-s™%)
Ab=0.04 mm 16 437.405 80
Ab=0.06 mm 13 335.069 80
Ab=0.08 mm 11 018.800 80
Ab=0.10 mm 8 952.353 81
Ab=0.12 mm 8 625.377 56
Ac=0.003 mm 11 817.388 10
Ac=0.006 mm 7 829.661 73
Ac=0.009 mm 7 460.775 59
Ac=0.012 mm 6 801.300 41
Ac=0.015 mm 5 949,148 78
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Fig. 7 Spectra of the meshing force
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Table 4 Amplitude of the meshing force

SR M-PLE/N
Aa =18 MPa 2.079 370 86
Aa =28 MPa 2.316 972 45
Aa =38 MPa 2.495 897 15
Aa =48 MPa 2.721 788 46
Aa =58 MPa 3.228 244 48
Ab=0.04 mm 2.079 370 86
Ab=0.06 mm 2.060 232 42
Ab=0.08 mm 2.006 592 23
Ab=0.10 mm 1.487 434 46
Ab=0.12 mm 1.218 228 06
Ac=0.003 mm 2.152 531 35
Ac=0.006 mm 2.201 295 08
Ac=0.009 mm 2.120 238 92
Ac=0.012 mm 2.404 552 42
Ac=0.015 mm 3.406 935 98
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Fig. 8 Transmission error analysis
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Table 5 Numerical analysis of the transmission error

2R /O P ol 2
Aa =18 MPa 0.476 6 0.008 411
Aa =28 MPa 0.476 3 0.008 484
Aa =38 MPa 0.475 9 0.008 161
Aa =48 MPa 0.475 8 0.009 181
Aa =58 MPa 0.477 2 0.009 484
AHb=0.04 mm 0.476 6 0.008 411
Ab=0.06 mm 0.524 6 0.008 769
Ab=0.08 mm 0.580 8 0.008 686
Ab=0.10 mm 0.636 1 0.006 446
Ab=0.12 mm 0.694 9 0.008 014
Ac=0.003 mm 0.463 7 0.006 539
Ac=0.006 mm 0.453 1 0.011 380
Ac=0.009 mm 0.437 8 0.005 390
Ac=0.012 mm 0.423 7 0.005 381
Ac=0.015 mm 0.410 7 0.004 199
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Fig. 9 Comparative analysis of the angular velocity of two gear pairs
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