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Abstract ~ In highly stressed machine elements such as angular contact ball bearings and toroidal type traction
drives, the elastohydrodynamic lubrication of elliptical contacts with both rolling and spinning motion are occur.
In this paper, a finite difference method with non-uniform grid systems and the Newton-Raphson method are
applied to solve the problems. Pressure distributions, film contours and variations of the minimum and central
film thicknesses are compared with various ellipticity parameter, dimensionless speed and load parameter. The
results showed that the spinning motion has significant influence especially on the film shapes. Reduction of the
minimum film thickness under spinning is remarkable whereas the central film thickness is relatively less. Espe-
cially variations of the minimum film thicknesses with rolling velocity, load and ellipticity ratio are a great dif-
ferent from those of pure rolling. Therefore present numerical scheme can be used in the analysis of general
elliptical contact EHL problems and further studies are required.

Key words — elliptical contacts, EHL, rolling/spinning, numerical analysis, newton-raphson method, minimum

film thickness

LM B

Dowson & Higginson[1]°] @4 (Inverse method)2}
7149 A RbES AMEElY] Fod AESEAIE
AR og F£X183 1959 o)|Fe] A wAl7] 5
QF EHL #Aol] thae] - A7 AT o
EXOZ Hamrock & Dowson[2]0] EFIHEEA A
FHafee] 27E G9A F4E F UdE olEdE A

AlSF13, Chittenden F[31 FTEHARY 814
g AAE AREE] S8-57) Hertz HEERIY ¢
PHRelA §EE AL ® Agst 2 o nrk o

P
el

HislEl SEREAA S WSl 2 o] Roko] AlaAol]
Lol 2A 719t oleh k2 EHLs{4 o] A3

"2 - BAAA  park@gnuacke

355

& Z2% olfw 2F FEWAH, 7l B A 7+
S5 2ol 2535 s AR AT A
THo® sk HEA Zas Hafwe] 2E
39 4 A sk AolrH4l

odge] AHE Euo]PY(Angular contact ball bear-

o

ingjeltt AEAE B
transmissiom® AHEH T 3= EE o] =3 (Toroidal
type) EA ZElo]H(Traction drive)ellAs HEa4:
2ol FEMIE 253 sAY 292 F(Spinning)©]
st 53], EdA mgjolHojAs Apg-e]
Aodilo] wiabr WM Al (Traction coefficienty’} 2
A HapE wok ohe} FEEME & FIE viAE
2 Agst BHLsIAM o] ot os] AT A5k ¢
AHE EHLsA = 76kl 2868
“A s Favgpl] Eael AAolri{e-12).

R R L

CVT{Continuously variable

TWT;‘

He <



356

Mostofi & Gohar[6]= T53&3 7 ~HLFS
3= BFIAES| Al S X202 A=3H.o1, Dowson
S71& oldl dist 2o} AR i AAE A4 B
o} 53], Zou S[81> HE-ZT=Multi- grid) HHY
< AMgeld 29 eF A $887) Hertz &€
Aol ozt oo g FUHEE F97A Tgs)
= Al ERIREAN S TSN T S dTe)
AA G FEFAN 0] M2 AAFA e F AAE
AFg 4 ATk FEE9,105 SN 7
s e ARREle 23eEe] FkE 499
EHLEAE AE3A s14853ct. o] A, 21 Lee
Hafute] A7) PXE 35 eldnle] Je =
A WaA7) =R duEel EHLRAY H88 4 9=
FHARHTAN S 7] S Ui "eAs
AF A8} 39, FuER(11,12]2 EIA =2
ojHd HE-g 8t HujHoz uFFe Ao o
g A4S s

¥ sRodMe FELEO 2¥eFo) UM A¢
o} Ef-E EHLEA] tigh Fgat fuAd e A)
Alel7] 918 d7e] dso g ey, A &5 o
3lg Wl wE EHLEAS Ho AAlsl 2ARIL
2} g

2. X|HHEE A

2-1. Hlo|E= LA

Fig. 13 o] #5353 23850 BA 2
ke BMIEE EHLEAAN f2hyje) 2AeEe o
9] Heolsz WEALS TEAZIT79).

HE2)5E)

=12[§{(u—my)6h}+a%{mxah}} m
A7, v BFAAS TENE BAEET, o

FAEEEN WAAYFOR HHsk B9
SBLT L

2
T oo

22. TERFO| AEfUEA
EHLE oA ] §85-9) A= dee 712} ok
7ol vepd 4= lth1-2].

n =n.exp[{In(n,)+9.67} «{~1+(1+5.1x10°p*}]1(2)

Joumnal of the KSTLE

&
L
By

Hertzian a
contact
ellipse

U == X

Fig. 1. Contact ellipse and coordinate system.

- 0.58x107
p=p,,[1+———2—x } 3)
1+1.68x107p

o71M, pot n 2= 42 [Pa), [Pa-sjelth.

23, RUTAA

ENIAE EHL ZEoIM ] R8s thealst 7o)
A 4 UoH13]

P S .

h ha+2Rx+2Ry+§;di,j,k,I[7k,l (4)
7N, bz Zdrelal, e 283 332 eRlA|Y
FAol o5t fatojn, mix|alale Qo) o5l H8
Hol g HEskoITH13-15].

2.4. BEZ2A
BUAle] A8ake SEL TheAT o) fehiel
N sk SAEe 4t Sl

w={[pdxdy ®)

TSNS s sl NERE §8FHe=
BEet7] A3t ot 22 PSS =Yg

X=x/b, Y=yla, H=h/R,, P=p/E, G=aF

p=p’p., N=0M,, k=alb, U=nuw/ER, (6

Q=n,0/E, W=w/ER%, B=20Q/U

714, FERFAST EY D9E [GPalelZ, Hertz
AEERIOIM ElAle] SE8Y R, RS RN &)



TEAY 255 She 9] BIEE EHL FEA 357

#AE O 4 ASSETH3). s ot ()
k= (I_QX 3 Zk‘.;(a_Pk_) (Per —Pk,l)+(5;;
B R) ™
’(Hno+l—HZ)+fzj:0 (16)
mEbA, A (1) (5 FAsE eAgR
o o 7!5‘(\:; (% TR Sz e 3HH, A (122 TR 23 2ol vk <+ Yok
2(pHOP), 1.0 pr o) =R S b A A, HAY)  (17)
OX\ n 8X/ pOY\ n 8y 4R

webA, A (1634 21 (17914 miAget 29 57t
Forz o] 7hesitt.

=12Uﬁ[(1 _kbB 6<PH)+@1(6(PH)} ®

R, 2R./ 80X 2kR, 0Y

G P g o1am =
N =exp[{In(n,)+9.67} {—1+(1 +5.1EP)"}] C)] ﬂ;xl;}ﬁo;j; g;;%—i?-lgié%féj}gﬁgf]
=1+ 0.58EP (10) e}, B =RoMe e drret 279 F
1+1.68EP PAANANS X=-5.09 X=2.001, 072 H3A
5 R AA= Y=£5.000 72} T80, AR8g AR =
H=H0+2R§{X2+E;k2Y2}+§;Du)k’,&, an AE 67x457)°]t}
W=%)22”PdXdY (12) 5 @3t g

Fig. 2~Fig. 69l | X | <17, [Y|<3.03] %4
olXe} 3. ¢HEES 2D FHIFE A2 vls}
o YepAITh R delA +9F #715= Hertz 33

R, #AHAF (9] Yeo] WAlshe Fol i
£ 0ed dolsz AAEANS ALan.

p=2P_0P_, a3 RS SUAAK=Y=0ph ASFARA Mol L
ox or e ARIE A7 BAg
4 AN Fig. 2~Fig. 5ol vERd 2] 534 a28AMe

Atz WE ARE ME Hwdb] fste Ad
whge] fekEs)s H=15x10"2 ZAA A

Fig. 291%& Hertz F&eld9) BRIH)7) k=1.25¢] 74
S Fxpd 2975 £54)7F B=09F B=120%] 7
o st EREel FerEdS Hlwsted JERiR
th 7N, BFIEE EHLEA] g hEEQ] a7
¢l Hamrock & Dowson[2]¢] A3} viwslr] $ist

FAFZ[13-151011 9 FAHA F3batyg s 73
=HT WS A8t s stas) s Bad
& ARAE AT AT, A ®) FRAERYE of
Y 4 (142 qdEY. 7|1, ME Y=YolA
A 13y WEATIE XB A4 ol N Y
z|ALe] FrolTi13].

BE A yriA] 271 FAsA 5300 B=0

A (4Pl AR Pt HE P sl e e :i"Q Ifiq .

o= gk WS Hestd thew 2 ?l A, eREE EHLS] tiRAQl 58] 451
TR eEs e e e & Z7gdoMe] o+ Spikest $7 HEFYToA

ernH o = : Y - o iy 3
fi':B 12 IZI(PH_P;'J)“'pFVZ’HF] (P, Py, )+ AX T AX, [P,‘,HzHM 1Z(Pi,j+l_‘Pixj)_p’,171/2Hl _m(Pw__Pivj_])}

y AXMiviny AXMioiny kZ(AYj,1+Y;)1 AY M1 AY, Mijo1n
b kbBY; AX,_\+AX, bBX,
~12U1€:|:(1 __ml)(pi+]/2,jI{i+l/2,/'_pi~l/2,jHi—IQ,_/‘)+m T&(pgﬁl/ZHi,j+l/2_piJ—lO}Ii,j~lf2):| =0 14

(i=2,M, j=2,-N-1) (15)

Vol. 24, No. 6, 2008



358

(a) B=0

(b) B=120

Fig. 2. Pressure distribution and film contours: k=

1.25, G=4522, U=1.683 x107", W=1.106 x107".

(a) B=0

(b) B=120

Fig. 3. Pressure distribution and film contours:
k=2.0, G=4522, U=1.683x10"2, W=1.106 x10"".
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(b) W=1.82x10"

(c) w=2.80x107

Fig. 4. Pressure distribution and film contours: k=
2.0, G=4522, U=2.262x10", B=0.
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Fig. 5. Pressure distribution and film contours: k=
2.0, G=4522, U=2.262x10", B=120.
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(a) B=0

(b) B=120

Fig. 6. Pressure distribution and film contours: k=
2.0, G=4522, U=9.353x10"", W=1.81x10"".
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