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Abstract: T heoretical study of the time varying mesh stiffness is critical to geared sys
tem dynamics. For spiral bevel gears at high speed and heavy load in aercengines, a numer
ical solution was applied to investigate the compliance and stiffness for each instantaneous
contact, based on the static deflections and directional forces obtained by T CA (tooth corr
tact analysis) and LTCA (loaded tooth contact analysis). Analytical form for state transi-
tion matrix of parametrical excited system including periodically varying stiffness was derived
from the assumption that the time varying mesh stiffness is piece wise linearity. By adjus
ting the pinion machine tool settings, different contact patterns, transmission error, cormr
tact ratio and mesh stiffness under the same load condition for a pair of spiral bevel gears

were treated. The Floquet theorem was applied, therefore, aprogram to calculate the mag
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nitudes of the characteristic multipliers was used to investigate the instability among the
working rotation speed interval, based on a two-degree of-freedom dynamic system. T he ir
fluence of time varying mesh stiffness on parametric vibration stability of the spiral bevel

geared system was investigated.

Key words: spiral bevel gears; parametric vibrations; loaded tooth contact analysis;

time varying mesh stiffness; Floquet theorem; stability
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Fig. 1 Coordinate transformation of the contact points
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Fig. 2 T hree dimensional\representation_ of

mesh \stiffness
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1
Table 1 Pinion and gear design data

35 47
/() 90
/() 35 35
/ mm 7.32 7.32
/mm 3.875
/ mm 21 21
36’ 40 5320

2

Table 2 Machine tool settings for pinion concave

A B C

/ mm 102.74 101.98 101.60

/(%) 18 18 18

/ mm 101.51 100.57 93.96

/() 60. 46 60. 70 61.01
/ mm 2.00 -0.16 - 3.21
/ mm 11.35 9. 76 4. 94
/ mm - 6.63 = 5.70 - 2.89
1.83 1% 80 1. 68
400N~ m
[7]
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Fig.3 Loaded contact path for different pinion settings
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Fig.4 Transmission error for different pinion settings
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Fig. 5 Load sharing for different pinion settings Lap
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Fig. 6 Mesh stiffiess for-different pinion settings
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Fig-7 Instability, versus'gear speed for
different pinion settings
1)
2) ,
[12]
3)
, A
. , 1997, 16(4) : - 73.

WANG Jianjun, HONG T ao, WU Renzhi, et al. Researches
on parametric vibration of gear transmission systems— a
review[ J]. Journal of Vibration and Shock, 1997, 16( 4) :
69 73. (in Chinese)



1669

[2]

[ 4]

[5]

Wang J, Lim T C. Effect of tooth mesh stiffness asymm et-
ric nonlinearity for drive and coast sides on hypoid gear dy-
nam ics[ J] . Journal of Sound and Vibration, 2009, 319: 885
903.
Mennem R C. Parametrically excited vibrations in spiral
bevel geared systems[ D]. West Lafayette: Purdue Univer
sity, 2004.
Vaishaya M, Singh R. Analysis of periodically varying gear
mesh systems with coulomb friction using floquet theory
[J]. Journal of Sound and Vibration, 2001, 243 ( 3):
525 545.
Lin J, Parker R G. Planetary gear parametric instability
caused by mesh stiffness variation[ J]. Journal of Sound
and Vibration, 2002, 249( 1) : 129 145.

[J]. , 2002, 21(2):
224227.
WANG Yanzhong,ZHOU Yunfei, ZHOU Ji, et al. Loaded
contact analysis of bevel gear tooth based on tooth manuw
facture error [ J]. M echanical Science and T echnology,
2002, 21(2) : 24-227. (in Chinese)
Cai Y, Hayashi T. The linear ap proximated equation of vi
bration of a pair of spur gears ( theory and experiment)
[J]. Transactions of ASME, Journal of Mechanical De
sign, 1994, 116( 6) : 558 564.

[ 8]

[9]

[10]

[11]

[12]

[M].
, 1989.
ZENG Tao. Design and manufacture of spiral bevel gears
[M]. Harbin: Harbin Institute of T echnology Press, 1989.
(in Chinese)
. : [M].
, 1997.
LI Runfang, WANG Jianjun. Dynamics of gear transmis
sion systems [ M |. Beijing: Science Press, 1997. (in Chr
nese)
Nayfeh H, Mook D T. Nonlinear oscillations| M ]. New
York: John Wiley & Sons, Inc., 1979.
[J].
, 1995, 8(4):331-341.

HU Haiyan. Advances in dynamics of piecewise smooth
mechanical systems[ J]. Journal of Vibration Engineering,
1995, 8(4) : 33k 341. (in Chinese)

[J]. , 2003, 18 (6):
744 748.
DENG Xiaozhong, FANG'\Zongde, WEI Bingyang, et al. A-
nalysis of meshing behavior'and experiments of spiral bevel
gears with high contact ratio[ J]. Journal of Aerospace

Power, 2003;-18(-6) : 744 748. (in Chinese)



