View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by PolyU Institutional Repository

(A AHF IR AR R AT N, 310000)
C. Y. Chan
FHBEIKFE HE)

FEAART AR BIEH T F B EERE RF (R TUTED) TH E RS TR FINE S
AR AL IER @ A ER B ER A AHE N, BE e A A AR RENRGO RS BN FRE ST
Bl SRR E .

FEHARF RSN BER

Moving Frame Aand Its Application
In The Error Analysis
Of Point Contact Gearing
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( Dept. of Mechanical Engineering, Zhejiang University of Science and Technology, 310000)

Abstract This paper demonstrates that the basic formulas of surface theory are just the differential forma—
tion of the moving frame,if the vertical curvature webis chosen as the param eter web. And applied the theory

into the analysis of the transmission error of the point contact gearing.
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1 The moving frame and the fundamental theory of
the differential geology

Suppose that the two parameter curves u and v have been chosen as the curvature web,
then we will have the following equation F= 0, M= 0. On the surfaces there are 3 vectors
which are perpendicular with each other,

ei=n/ f,ezz » _G,e3= eX e2

The differentiate e “can be written in the form of linear combination of e

(e )u:Z aije , (Ei)vzz bije
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aij and b formed a dissymmetric matrix respectively, that is &~ ai= 0,h+ bi= 0
ew=ru  E+ (1/ Eup,ew=m /! E+ (1/ E)on
en=ro G+ (1) E)rv,en=rv/ G+ (1/ G
Since that F= rnn= 0, M= nrn= 0
an= - gu= exer= poya | EF= - v EF
as= ewes= ran/ E=L/ E
an= ene= ron! G= 0
by the same reason ,b12= G / ‘GE.bs= O,bn= N/ G
de= (e )udir (e )dv=>, dkie
dkij= aidu+ bidv= - dki
dkn= (- Evdut gudv) 2 eg= kudk# kedk
In the equation , k1 and kg2 are the geodetic distort curvatures of the curve u and v re—
spectively.
Since that .dki=  Edu dk=  Gdy
dkn= N/ G= kedke,dki= L/ E=kik
In the equation , k1 and k2 are the main curvatures of the curve u and v respectively. In
the moving coordinate system that is fixed on the surface, the moving frame has the following
differential form
dei= dk12e2+ dk13e3
de= — dkinew dkases
des= — dkiei— dkxes
dr= dkiew dkee: (1)
What should be stressed is, the curvature web as parameter web exists in theory, but it
probably can t be found in general situation. What s more,it is difficult to express in the form
of apparent function. However, we needn t use such parameters in practical calculation in the

example below.
2 The analysis of the movement of the point
contact meshing by the Moving Frame

(1 (2) . .
Suppose theE andE are two surfaces, establish the moving frames on the two

surfaces respectively, according to equ. (1)
de = dkn" e+ dkis" es!”

dez(”: - dklz(l)e1(1)+ dk23(l)e3m
dej(i): _ dk13(i)el(i)+ dk23(i)ez(i)
dr([): dk] (1) el ([)+ de([)e2(i> i= 1, 2’ (2)

dki = " qu



66 25

d = G gy
dkin" = kg dk "+ kg dlk"”
dkoy'" = k" dk"
dki" = kl“ dlk"
In the equatio H,kgl(i) and k2" are the geodetic distort curvatures of the curve u” and V"'
respectively and ki) and k2 are the main curvatures of the curve u'” and v respectively.
When the two bodies turn about their own axes, the differential form of the two moving
frame in the fixed coordinate systems are respectively ( that is, the relationship between rela—

tive differentiation and absolute differentiation).

dE;"= de/"+ a"X eatl”  dR"= dr'’+ 4"} R"qH’ (3)
The condition for the two surfaces to contact is
dR(1)= dR(Z) e3(1)= 83(2) (4)

Put the equation (3) into the equation (4),both sides is multiplied by e, considering
dr' es= 0, the instantaneous ratio is
dH" gH? = (" R &) /(a'? , R ,e3) (5)
Differentiate once more, considermg equation (4),we have
FHY (gH? )=

(@) dRVY [dH D e+ (a RV des [dHY )= [(a? ,dR? /AHY )+ (a® R, de; /dHD JgHY /gH® )
(a(2) ’R( 2)’ 83)

(6)
Put equation (2) into equation (3), we have
R(i) /dH1)= dk](i) /dH(l)el(i)+ dk2(i) /dH(l)ez(i)+ a(iy R(i) (7)
dE,S /dH(l): _ kl(]>dkl(i> /dl'_l(l)el(i) _ de(i> /dH(I)eZ(i)'F a(i>< e (8)
The equation (4) can be written as
dki" e+ dkMe "+ ¢ RVGHY = gkiP e+ gkaP e+ X R gH? (9
The angle bwtween the main directions of the two surfaces is ¥, then
a?= coslei'"+ sinles"
e?= - sinle'+ cosle'” (10
Put equation ( 10) into equation (9), we have
(2) /dHl)+ (a(l) R(l) el(z))dl_l(z) /dHI)
= dki" [aH" coslt dk" JaH "sin¥ (a".R" @) (11)
(2) /dI_I(l)+ (a(z) R(Z) el(z))dl_l(2) /dHl)
= —dki" dH " sink+ gk gH" sini+ (" R" . &) (12)
Differentiate the second equation of (4)
- dki'el dk(z ez+a5<e3dH

= — dks? @ = dki? e+ a?X esdH?

Kipally put the equation (10) into it



_ kl(2) dkl(2) /dH(l)+ a(2)e2(2) dH(Z) /dHl)

= — k"Vdk'"Y JdHY cosI- k" dk” gHY sinl+ 4V ex? (13)
_ k2(2) dk2(2) /dH(l)+ a(Z)el(Z) dH(Z) /dHl)
= ki dkV [gHY sin) - koM d k™ /gH cos]- o'V e (14)

Solve the equatoins (1), (12),(13) and (14) instantaneously, we can determind
dk ) gHD
dk? g |
Jk? gH" .
dk'? 1gH".

Then take them into equation (7). (8),and (6),we can fine the acceleration of the of driven

gear.
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