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Effect of Machine Tool Errors on the Tooth Form of Spiral Bevel Gears

Wang Zhiyong Yu Shuigin Zeng Tao
(College of Mechanical and Electrical Engineering, Central South University, Changsha 410075, China)

Abstract

Based on the mathematical model for the tooth form analysis of spiral bevel gears, the tooth form
errors between the theoretical tooth flank and the inaccurate one, in the normal direction of the
theoretical tooth flank, were calculated by applying optimization algorithm and a new computing
method. By introducing the machine setting errors and cutter parameters errors, the effect of various
errors on the tooth form of spiral bevel gears was analyzed. The deviating direction from the theoretical
tooth flank and the values of tooth form errors were expressed by graphics. The results provide a
reference for precision design of machine tools, correction of tooth form errors and practical processing.

The algorithm and analysis results are validated via experiment.

Key words  Spiral bevel gears, Machine tool errors, Tooth form, Theoretical tooth flank,
Inaccurate tooth flank
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Fig.1 Discrete points on the axis cross section
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Tab.1 Basic parameters of gearset
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Tab.2 Machine settings and cutter parameters for

processing pinion concave
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Tab.3 Machine settings and cutter parameters for

processing pinion convex
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Fig.2 Effect of errors on the tooth form
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6 HERIB

iz FHTEHE HE 14 5 147 1 9 R AT Sy T — i
TR ZE A 115 B 1A 1 (8] 5 JE 2R 22 I BT T i, o
B T ALK IR S HOR T RS H R 22 e B Y
SR, LR BORG BE it I8 T IR ZE O AME L I

R SEPR AR I THR A T B AR

z X #t

U ZERA R, 2025 XHTIR . BILPARTR R DR 22 T 9ICIAG B DA e R e D T RS e LA R E 52 [0 1. HLARA% 37,2006, 30(4) : 13~

. SRR RO S TIM]. MIREE W

A /RIE Tl K2 R, 1989.

Wang J, Wang X C, Jiang H, et al. Coordinate measurement of tooth surface of spiral bevel gear[]J]. Chinese Journal of

Mechanical Engineering,2003,39(6):151~154.

(%5 207 W)



24l FEIp G5 AU 2 DR T R AN AR T AR A S S 207

2 % x #t

flfER% RETTAR LM AT AU ol s iRt 1985.

[H IT R b R R AR BEA IS [ M. dEst R Tl i, 1976.

JECGETL, XFHE, 2590, 55 . AutoCAD 2000 P5E T MG S IR FE A A FRITHR (1] AR RS 24k BARBEN,
2001,19(4),355~357.

Zang Kejiang, Liu Yuhui, Dong Guangqgiang, et al. Calculation of the volume of gear on gear pump based on AutoCAD 2000
[J]. Journal of Jiamusi University : Natural Science Edition ,2001, 19(4):355~357. (in Chinese)

4 ZFEEJp. FETRHER A R L EAT AL ], AU ,2006,37(11) : 106 ~109.

Li Yulong. Calculation of closed area and unloaded area through solid feature for outer engagement gear pump []].
Transactions of the Chinese Society for Agricultural Machinery, 2006, 37(11):106~109. (in Chinese)

5 XX N SR TR R S i SRR B AR ] A AR, 2006(9) : 70~ 72.

Li Yulong, Liu Kun, Bao Zhongfu. Accurate parameterized modeling of spur involutes cylindrical gear machined by
generating method[ ] ]. Modern Manufacturing Engineering, 2006(9): 70~72. (in Chinese)

6 ZET e, XN . A E IR I A ek T B ES AT ] AR AE ], 2008,39(12) : 178 —192.

Li Yulong, Liu Kun. Theoretical analysis of lubricating state on all tooth profile of external spur-gear high pressure oil pump
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2008,39(12):178~192. (in Chinese)
(L4255 202 W)

4 AGMA. ANSI/AGMA 2009 — B01 Bevel gear classification, tolerances, and measuring method[ S]. USA:AGMA,2001.

5 Litvin F L. Gear geometry and applied theory[ M]. England: Cambridge University Press,2004.

6 MUV, ERT OB, 55 BT RO ) A R B 1 B 1A T R 22 B R LT ] AR AL E A, 2008,39(5): 174~
177,185.

Li Jingcai, Wang Taiyong, Fan Shengbo, et al. Error corrections of spiral bevel gear tooth surface based on digitized
manufacturing ] ]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39 (5): 174 ~ 177, 185.
(in Chinese)

7 BRUKFH ATAREE, D5 oR 18, 4 ARGHUR S Free-Form BUHLAGE S SE8 e e [J]. HUBRL S S HOR,2004,23(4) : 425~
428.

Wei Bingyang, Ren Dongfeng, Fang Zongde, et al. Study on kinematic equivalent transformation from traditional tools to
Free-Form ones[J]. Mechanical Science and Technology,2004,23(4) :425~428. (in Chinese)

8 A NEURE, e, ik 2. Sl TR ARG OCBEEOR [T ). TR ,2000,34(11) : 31~ 34.

Shi Zhaoyao, Xie Huakun, Fei Yetai. Modes and key technologies of complex surface measurements|J]. Tool Engineering,
2000,34(11):31~34. (in Chinese)
(L5 216 )

2 Nemec B, Lenarcic J. A robot simulation system based on kinematic analyses[]]. Robotica, 1985,3(22):79~84.

3 Duelen G, Bemhardt R, Schreck G. Use of CAD-data for the off-line programming of industrial robots[ ] ]. Robotics, 1987,
3(1):389~397.

4 Tsai L W, Morgan A P. Solving the kinematics of the most general six- and five-degree-of-freedom manipulators by
continuation methods[J]. Journal of Mechanisms, Transmissions, and Automation in Design, 1985,107(2):189~200.

50 MUKAE, RIER, XIRAE. B THER TAEFEIEACH 6R Hlas s g2 =i g iigi[]]. Hles A, 2008,30(2):457~461.
Cheng Yonglun, Zhu Shigiang, Liu Songguo. Inverse kinematics of 6R robots based on the orthogonal character of rotation
sub-matrix[J]. Robot, 2008,30(2):457~461. (in Chinese)

6 XUAAIE, AR, FE 2. — M OR Hlas AR RS EE I s Uik [T ], A ALREA412, 2007, 38(11) : 118~ 122.
Liu Songguo, Zhu Shigiang, Wang Xuanyin, et al. Optimized inverse kinematics algorithm with high accuracy for general 6R
robots[J]. Transactions of the Chinese Society for Agricultural Machinery, 2007,38(11):118 ~122. (in Chinese)

7 REAAE, T XURGE . HLAS AEIMD L JERt AUl e R, 1993.



