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The Stress Distribution of an Ellipsoidal Gear
Keiichi WATANUKI, Hideyuki OHTAKI and Shaochang Li

The higher accuracy and better quality are required on the gear drives; It's necessary to study
the strength and profile of ellipsoidal gear which is predicted to be used widely in the future.
However the stress distribution and deformation of the gear’s teeth when a load is applied to the
boundary have not been extensively analyzed. In this study, the stress distribution and deformation
of an ellipsoidal gear's teeth is analyzed using a complex stress function. This method makes it
possible to obtain any ellipsoidal gear’'s profile using a mapping function and to analyze the stress
distribution and deformation correctly and easily using above mentioned stress function.
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Fig.1 Transform from z-plane to w-plane
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Fig.2 The form in z-plane

KON Tounid, thoERTOR»L -
HL T < T, St. Venant FEIZHERL T L)
TR Wb D EELI NS,

2.2 HEIE  FEROBEGEKTHEL L B
D—2, BHWEPBIERTIHS LR T 2,
ZOHT, EFTHEOKTEE 2R/ Lz L 3 crh
DAEO THH NN B LD E—X 2 NOBTZIT LD,

W, Alw) LT,

filw)= 11;[{ —Pln(e*—e“)+A cothfl—g—;is
+B COthz—E;is F Gt e (7)

L5,

T, MEOEITEPREIC X A ERIELY v DIF
BEMOREOCEBITLLOCHELLEHTH S, 5
2, SHRBGMBOAEEFRL T, MY AnH
Ths,

T, R(5) 2EFIC, oF(w, @) /0w 2K 2 &,

. . . . \2 .
‘[sinh u'{l +&cothw:\‘ +'}.Lbcoth2ﬂ'i*éx‘} —cosh w{m(‘%) sinh’zﬁ—;-t 2.

ow :¥is 2 2 2 2 2
+2n(%)2coth w ; b ¢ sinh-? w; b \”{ — Pln(e®—e*)+ A cothj';—a's +B cothz%is + C_‘zT'}
+4—k];cosh zZ'{l +%~coth~ @ 2+ L +%coth2%+ls}{ - P’éﬁ'iz,wo —A 5 sinh™? l!?..;ztis
— Bs coth ZU; b " sinh'z#s+ C} ol B0) et (8)

ZIT, v, BMARMEBET S X5 flw) FRET 2.
HEBR LT,
{é(ﬁv) ﬂ‘%];w:;: o ettt et e e ettt ettt et et h e st ebe et eaeseeett et eeeesaneeneeneeanens (9)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

PHMEERM OIS N 83

EWMELLELTHES>RIE, flw) it w 0OAOBBTHZ I EERL,
; -\2 ,
folaw) == {smh u{ +—m—b thﬂiﬂ ; lb oth>=—— “ }—cosh w{m(%) sinh‘z%ﬂ‘s

2uot+a—
2

+211<§> coth “‘:b s-sinh~24~ +b HlPln(c '— %)+ P(ito— w) — A coth

-B cothzzﬂ)i;t&s‘—C(Quo— w)} —ﬁcosh(Zuo—w){l+ﬂs~ oth-==>- Zuo+a~w -5
+ 2o thziz”“*z” — s}[ ~ Pz — Aysinh s
— I3 Coth'*lﬁ*;"*b’s'Sinh*z*&;is s (,} ........................................................................... )
&R,
L) BEEBANTHERS2EL Tk s aund, R10) T, EERAND w=2u+a 2ue+b 2 THRESE2H
T5, 227, 57, MO L VEBREAEETIHAWYHLTRET S
w=2uo+a ORLEALT 5 coth{2u0+a—w}/2 iR BHELD
[fli[smh zv{1+ coth-*- +(1 N ”S oth*— u *b } cosh w{m( 2) T ;gﬁs
+ 7)1( ) coth-2 sinh’zﬂ‘—}is}] —-;11?60311(2%— w) { = c“""
A4S Ll ta . w+b .o ,wth
"A?smh 5 s — Bs coth—~,5—-'-b'51nh 77"27—"“+C lmugra=0 =-ereereemererrroneernn. (11
w=2uo+ b DFFREEET 5 coth’{(2ue+b—w)/2} TR BEL Y
— , 2
[—‘fi{th u'JI+ nzs th’“l‘t_;;i\\'”l{ ”2\ hlﬁfbf's}*cosh w {m( ,)> smh““—m +2)2< >
% coth-2 [ inh~2-% +b }—If"’-{"’c()sh(zll()fl(') { I’T_—G——A%sinh’dﬂgl;\‘vlis
% coth Z!,';_b s-sinh~? “ e s+ ('IJ[u gy =) e (12)
(1), (12) O YT % i < *iﬁ«ﬁﬁz/& B,
ent eadARe e ten(BReute) )
(en+en)(en—e12) —enes
B:Y(BREzl+_6z4)[(621‘r“622)(611*612)*62§613]+€)5{(511 e2)(ARen+e1s) + e1s(BRex +&24)} (14)
(€2|+622)[(62x+6z1)(5n cn) Estu]
Z T,
o vent Ea)tlentemdewt &) 05

(enten)(ea+e2)—enen

_lenten)ent Ea)Fem(Ent Eia) e
BK (en+e)en + &) —enens (16)

en=sinh(2uo+ (z){<1+~”:~§i)coth( ot a)s }f;c thz'gfémjz—d b }

—C()sh(2110+u){m< 5 ) sinh™*( 260+ a)s +2n< ) coth22 +2(1+b sinh™? 21{0—!-2(1-%- b s} """"" 17
T .
era= —cosh a- '52\ coth Z,zmtzgﬂr_b_ hdw ...................................................... (19)
a1 »—51nh(71(n+b){1+ “é\ oth- 2u“+ ath ‘+-ﬂ~s cothz(z(n+b)sl—cosh(ZzuHrb)

S R RS U 1 VO R TN E— )
em=—cosh b+ ”2“") COth(2to+ b)s ~SINNT2( 20—+ B)S ++rrereesrmresessrmmem ettt (21)

83

NI | -El ectronic Library Service



The Japan Soci ety of

Mechani cal Engi neers

84 ZHEERS OIS A

2 .
ns® .. L 2uet+ b+
€23=—cosh b 'T'smh Ll ~°~2~W'afs

2ueta

e
{P;mn ToutC

i

_ ms
€14= —cosh a5

{

A BHE, RERBC BEEHhTw5,
V(w)= V(w+2nri)

- 2uo+bd
_ ns e .
€23=—cosh b-T P———emﬂ, _eu‘;‘(;+ C

COFRBIIEDBECERHI IELELIVRETE S, T4bb,

ZHMELZ S T sy, 5w (3), (8) AL, BHOBBEVIEL > T3 v 1KY 3 —KIEAH

DHIUEHET 5 &,

1+v

4

C= P

&K% 3,
PAE LD, @KREREOKRE D, ISHBEE A(w), folw) BDRESAIZ LR D,

21T, BB, WEAEZSO2EBRIC VT, R()BSHEAERIZILTWEAEI »RIAT 2, L, 1, 1%

X2 OBHEER EOEESISGES EHE,IC,

i

1 éF(w, @) ]” :[_J_ _ J SE() eeereeeeemenrereree e re e e s e ——————————— o
[z'(zu) ow 1wt 47rln( D | w—_;_o 2D
L b,
I, HEHEHE P EPELEBIES L
1 9F(w, E)}”l __P;[ ,g‘ﬂ}“l P H e sin v—sin v
[Z(w) ow Hw=e 47 ]ne“"°~e“’ 1 w=e 4/_[111 1-: e¥ "% cos v —cos o }/{l
—e" "™ sin v —sin vy H "
+ PrET v —— o sy T s (28)
LB, 2T, BEGTCTRYD
1+ .
T o ot T e
Inj—>-=2iarctg x (29)
J P % B ERIAT 5 &,
[ 1 oF( w,_z_?_{l}”
w) ow Hw=¢
P41 gin -] uzuo .
. =2iarctg[ ¢ sin v —sin b ]Z—Zo e
!,--\ < e COS U’ COS o J4z48. 4,
P W S DJE] e (30)
b, XG0 IXER,
‘_14H§E£@LEJT‘ P
[z'(zv) duw Hwoe 27 e (1)
(a) Gearl Table 1 Speciality of ellipsoidal gear
P
v Gear 1 Gear 2
K 30.000 50.000
a -1.170 -1.000
b -1.170 -1.000
M_
n \ < m 0.040 0.070
/ n 0.040 0.070
P s 12 12
u 1.000 1.200
P, N/mm 6.933 6.933
P, N/mm -6.933 -6.933
(b) Gear 2 ug 1.000 1.200
Fig.3 Ellipsoidal gear expressed in z plane b 1520 1520
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Table 2 Comparison of the maximum stress between
this theory and B. E. M [MPa]

This theory B.E.M.
Tension | Compression | Tension | Compression
z Gear 1 0.861 -0.413 0.758 -0.375
Gear 2 0.622 -0.396 0.691 -0.349

Table 3 Comparison of deformation between this

o, MPa theory and B. E. M (X107 mm)
{a) Stress distribution This theory B.E.M.
v P Gear 1 0.316 0.302
Gear 2 0.291 0.283
(-0.26,-0.18) 1.0 '
M ! —— This theory
f/ z . 05F JY - BEM
P & J
= 0 - L -
b :'\/\’/
-0.5} E
Vay Vy x 107 mm L0 . :x| ;
o 0.785 1570  2.355  3.140

(b) Deformation

Fig. 4 Stress and deformation distribution (Gear 1) 6 rad

Fig.6 Comparison of stress distribution between
v P this theory and B. E. M (Gear 1)
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Fig.5 Boundary condition on the boundary
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