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Abstract

The finite element method (FEM) is applied to the analysis and optimization of the fatigue capacity
of spiral bevel gear pairs on the basis of Gleason rating method. The accurate finite element analysis
model of spiral gear is established. The contact pattern, contact stress distribution, bending stress
of tooth root, transmission error and the actual contact ratio are obtained based on FEM. The com-
prehensive performance of spiral bevel gear pair is evaluated. Finally, the radius of cutter tip, the
tool modification and the tooth thickness are optimized based on the finite FEM, and the experi-
mental verification is carried out. The bench test results show that the results of the finite element
method are basically the same as those of the bench test, and the FEM can effectively analyze and
optimize the fatigue capacity of the spiral bevel gear pair.
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Figure 1. FEM contact analysis model of spiral bevel gear pair
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Figure 2. Contact press and pattern of the of spiral bevel gear pair
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Figure 3. Contact pattern of spiral bevel gear pair
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Figure 4. The FEM root bending stress and the failure part of spiral bevel gear
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Figure 5. The comparison of transmission error between FEM and numerical calculation method
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Figure 6. The normal mesh force distribution under the heavy load of spiral bevel gear
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Table 1. The parameters comparison before and after optimization
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Figure 7. Influence of cutter fillet radius on bending stress of tooth root

7. BlA G trR I R IR
5.3. NIRRT

TR EER 1.6 mm G AL, K& TITHFE H 3.6 mm BE 03] 4.1 mm I5F, /N ES 55 38 60 0.5 mm),
AR N 7B 911.4 MPa #8/N21 883.0 MPa, A 3.1%, Wi 8 An. BEHI/NEGE, T2/

R R, AT SEUNE TIRBIA RN, I LR A5 R TR M AR R, /N A AR 25l 3
VAl

S,Max. Principal

S,Max. Principal
(Avg: 75%)

83.058 798.
774115 685
S58 2% i
447984 346
338.341 %3

229.397 2%
120,454 b

11.510 -1%-
sy Fi:
-315.320 444,
424264

(a) /N/E0.5 mm (b) JUIRAS

Figure 8. Influence of tooth thickness on bending stress of dedendum
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Figure 9. Influence of modification parameters of pinion on contact stress
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Figure 10. The Contact pattern comparison before and after optimization
10. IRALBIERE S ENZEXSEL

DOI: 10.12677/met.2020.93021 205 Wbk TR S H A


https://doi.org/10.12677/met.2020.93021

BEEE %

etk Ja & 39855 73 7y N 78 3131 J3140 73, Ferh el —ARMRIA TR 55, 2 — =RV IAIR S il i
55, G A5 drd 18.9 Jisgn® 49.7 73, BAULRETIRR T 2 A E .

6. &t

AT TE T A RIT I AR e A R B B AL R ORI AT, JF 5 1% ik AR BOTHRAZ T 384T 1 3T L,
FFEE R et TSR T iR S T R . BB

1) 5N AEIZINERIRGE, ERKAHEHE. WHRVESHE, Eaariikriit.

2) A RRITIT AT LIS B A T RN AT A BT AT AR 25 il S 7, A BR T A TG £ B 5 B G e A
AWyt A BRICURE il R i KB A B 5 5 5 R 57 IR B — B0 IR IRCTE S B4 R 2T
EEPEIL . A IRICIE W AT LTSS R 22 DL SEPR A, T DO A FE Dl IR e e A4

3) MMABRTTIEE AN TR B AR NN E UL RN I BB EAT TiE, s R E 6
Za 45 R — 2

&E ik
[1] JAYlar, 2. BB AR M . BRI R B[], A Tl 2 & Rl 2441, 2008(3): 4-8.
[2] ke, Rk 2T R o AEE E AL SN A HE K 5 I 9m 2 A [J]. BACHIE TR, 2019(7): 151-156

[3] Mermoz, E., Astoul, J, Sartor, M., et al. (2013) A New Methodology to Optimize Spiral Bevel Gear Topography.
Manufacturing Technology, 62, 119-122. https://doi.org/10.1016/j.cirp.2013.03.067

[4] Argyris, J., Fuentes, A. and Litvin, F.L. (2002) Computerized Integrated Approach for Design and Stress Analysis of
Spiral Bevel Gears. Computer Methods in Applied Mechanics and Engineering, 191, 1057-1095.
https://doi.org/10.1016/S0045-7825(01)00316-4

[5]1 The Gleason Works, New York (1981) Bending and Contact Stresses in Hypoid Gear Teeth.
[6] ZF/N. WRBEHEN R N TSR ZE B IERCRW D] [ 220018 5], Kib: dhig K, 2004.

DOI: 10.12677/met.2020.93021 206 IR N EASE N


https://doi.org/10.12677/met.2020.93021
https://doi.org/10.1016/j.cirp.2013.03.067
https://doi.org/10.1016/S0045-7825(01)00316-4

	Analysis and Optimization on Spiral Bevel Gear Pair Based on Finite Element Method
	Abstract
	Keywords
	螺旋锥齿轮副有限元分析及优化
	摘  要
	关键词
	1. 引言
	2. 螺旋锥齿轮副格里森公式校核方法
	2.1. 齿根弯曲疲劳打齿
	2.2. 齿面接触疲劳打齿

	3. 螺旋锥齿轮有限元分析模型
	螺旋锥齿轮副有限元建模

	4. 螺旋锥齿轮副有限元分析结果
	4.1. 齿面接触应力和啮合印迹
	4.2. 齿根弯曲应力结果
	4.3. 螺旋锥齿轮副传动误差分布
	4.4. 螺旋锥齿轮副法向啮合力分布和实际重合度

	5. 基于有限元方法的锥齿轮副优化
	5.1. 优化方案
	5.2. 刀具圆角半径的优化
	5.3. 小轮齿厚的优化
	5.4. 刀具修形的优化
	5.4. 台架试验结果

	6. 结论
	参考文献

