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　　Abstract　The Effect Coefficient of Gear Tooth( ECGT ) is an impor tant par ame-

ter w hile the flex spline's fatigue str engt h is studied. In this paper , the model for r e-

sear ching ECGT is established fir stly under several assumptions, then effect s of m esh

and geometr ical paramet ers on ECGT are analyzed after it is deduced mo re co rr ectly.
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1　Introduction

　　Compared to the convent ional g ear , harmonic dr iv e has the advantag es o f no t only high

dr iv e ratio in single stag e, high t ransmission accuracy , compact st ructure, high torque to

w eight ratio and low no ise, but also the economy , so it has been w idely applied in many

fields such as the precision eng ineer ing , robo tic indust ry , aerospace, etc.

Because the f lexspline is the elastic thin shell component w hich stands fo r cy clic lo ading ,

the life span of harmonic drive is mainly limited by flex spline's fatigue str ength. On account

of the st ructure's nonlinear . , w e have no w ay to get the precise solut ions of the st ress and

the st rain in f lexspline. T he general process to study the flex spline's fat igue st reng th is just

nar rated as the following : Firstly , giv en the teeth have no effect on the shell, deduce the so-

lut ions of str ess and str ain by applying the bending moments theory of cylindr ical shell. Sec-

ondly , considering the ef fect of the teeth on f lexspline in solut ions, fo r ex ample, the ef fect

co ef ficient of tooth and ef fect ive st ress concentr at ion coef ficient , et . , g enerally there are sev-

er al other parameters that must be included. In this paper, the ef fect coeff icient of too th is

studied.
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2　Formula of ECGT

　　T he gear teeth inf luence the str ess state of flex spline through the follow ing three r oute:

Tooth roo t leads to the st ress concentrat ion, incont inuous st if fness r esults in the g row th o f

st ress in f lex spline, and the addit ion bending moments w il l ex ist on too thed rim if the har-

monic drive dev ice suffer s a load. T he str ucture of flex spline can be described as an elast ic

thin shell co vered by hundreds of small teeth. , as is show n in f igure 1( a ) , h is the too th

height , � is the rim thickness, �is the pressure angle on pitch circle, and p is the picth, this

is a pur e nonlinear problem in elast ic mechanics, since the diff iculty in theory , the precise

so lut ion of str ess and st rain in this type of st ructure can no t be obtained. If the pract ical for-

mula in eng ineering may be derived, w e must adopt a simplified method w ith adequate accu-

racy . in this paper, besides the three Kir chiho ff- Love basic hypotheses
[ 1] , the fo llow ing as-

sumptions are also harnessed: The to oth prof ile is simplif ied as a t rapezium which has the

same tooth thickness at pitch circle, as is also show n in f igure 1, the bending st if fness of one

tooth is uniform dist ribut ion w ithin the length of it s to oth r oot thickness S f , and the thin

shell w ith incont inuous stif fness show n in f igure 1( b) is in the pure bending state w hile a

loading is applied.

( a) flex spline w ith to oth pr ofile simplified ( b) scheme of incont inuous stiffness

F ig . 1　Illustrat ion o f the flex spline model

Because the bending st iffness o f f lexspl ine is incont inuous, the most dangerous points

on it exist on the sect ion a-a or sect ion b-b. Applying the condit ions ment ioned above in lin-

ear elast ic mechanics theor y, the ef fect coef f icient of tooth on the f lex spline can be deduced

and w rit ten as

K t = [ 1 - k s( 1 - 1
∑I

+ ∑Ⅱ

] - 1 ( 1)

w here

∑Ⅰ = �- 3
+ �( 1 + �+ �- 2

- 3�- 3
)
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∑Ⅱ = 3( 1 - 4�) ( 1 - �) 2�- 3
+ ( 3�+ 6�) ( 1 - �) 3�- 3

( 2)

�= htan�
2ksp

; 　�= �tan�
2ksp

　; �= �
h + �; 　ks =

S f

p

　　 As we know , the inert ia moment of simplified f lex spline too th must be converted to the

neutral circle of flex spline, how ever, it is converted to f lexspline reference circle in litera-

ture
[ 2, 3] , this method led to only ∑Ⅰ is contained in formula ( 1) and tw enty percent error in

value approx imately .

3　Effects of mesh and geometrical parameters on ECGT

　　 In above equations, ks is the tooth root thickness to pitch rat io ,∑I and ∑Ⅱ are the func-

tions of the ratio of tooth height and r im thickness( RT HRT ) , teeth numbers ( T N) , and

modificat ion coeff icient of f lexspline ( M CF ) , thus, the ef fect coeff icient of gear too th

( ECGT) relies on the three parameters ment ioned above. By numer ical method, the depen-

dence of K t on too th height to r im thickness rat io and on modif ication coef ficient is show n in

figur e 2 and figure 3 r espect ively.

Fig . 2　 K t -RT HRT curves F ig . 3　 K t -modifica tion coefficient cur v es

　　 As can be seen in f igure 2 and f igure 3, the increase o f RT HRT and T N will result in

the incr ease of str ess in flex spline, but the increase of MCF w ill decrease the st ress in flex s-

pline, the numerical results show that the RT HRT is the most ef fect ive parameter leading to

the grow th of st ress, RT HRT doubled w ill lead to a g row th o f 25% in st ress at least , but

the g reatest g row th of st ress, to w hich is led by the variance of T N from 100 to 500 w ill less

than 5%, and MCF's increase f rom 1 to 4 has the result of decrease in st ress, w hich is not

mor e than 10%.
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4　Conclusion

　　In this paper, the mor e cor rect equat ion o f ef fect coef ficient of gear to oth( ECGT ) is ob-

tained under several assumpt ions, the research results show that the most important factor

w hich leads to the st ress growth is the rat io o f to oth height and rim thickness. T he variance

of to oth numbers has a lit t le cont ribut ion to ECGT, and this kind of st ress growth can easily

be compensated by adopt ing an suitable modif icat ion coeff icient of flex spline betw een one and

four . If w e assume that tw o set of harmonic dr iv e dev ices have same drive ratio , same rim

thickness, same w ave number s of w ave generato r, and same reference circle diameter, ow ing

to the dif ference of gear tooth size, that is, the RTHRT in one device is appr ox imately tw ice

t imes of it in the other one, the impact o f g ear tooth on the flex spline in fo rmer dev ice is r e-

duced and acco rdingly , the fat igue st reng th of this f lexspline is improved and the life span o f

the tr ansm ission device is lengthened.
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柔轮齿圈对其应力影响的研究

辛洪兵　　何惠阳　　谢金瑞

(中国科学院长春光学精密机械研究所　　长春　130022)

摘要　轮齿影响系数 ( ECGT )是研究柔轮疲劳寿命时一个非常重要的参

数。本文首先在几个假设的基础上建立了研究轮齿影响系数的数学模型, 较

为准确地推导出计算轮齿影响系数的数学公式, 详细分析了啮合参数和几

何参数对该系数的影响。
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