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An Elastohydrodynamic Lubrication of Elliptical Contacts
Part I: Direction of Lubricant Entrainment Coincident with
the Major Axis of the Hertzian Contact Ellipse

Tae-Jo Park and Jun-Soo Hyun*

Department of Mechanical Engineering and ReCAPT Gyeongsang National University
*FAG Hanwha Bearings Corporation

Abstract—This paper presents a study of the elastohydrodynamic lubrication of elliptical contacts
where lubricant entrainment coincides with the major axis of the Hertzian contact ellipse. A finite
difference method and the Newton-Raphson method are applied to analyze the problem. Film contours
and pressure distributions are compared with the results for lubricant entrainment coincides with the
minor axis. Variations of the minimum and central film thicknesses with the radius ratio are also
examined. The results showed that the present numerical scheme can be used generally in the
analysis of the EHL of elliptical contacts where the lubricant entraining vector did not coincide with
either of the principal axis of the conjunction.

Key words—EHL, elliptical contacts, major axis entrainment, numerical analysis, FDM, Newton-

Raphson method.

1M 2

Z1AE A "4REQ FE4 o8 (rolling
bearing), 7]¢], 7 (cam) 5-2] A F &L v o]
FAAZ F&el 7| U} wletA, o]2j JA 8 A
7t 3 A7 Fdel AFA R A HiAMe
A F8A4AL A )Tl gt A3 o]
37} d4Aolr}. ®A-HA$-F(elastohydrodynamic
lubrication : EHL)e)2}3 &) Qle A3Eslsg vt
< ZIA 8202 2] & el 3 olale} At E
O] &2 X] HofollA 204|714 o] F3F 7} E WAF
9] 3lite|tt. EHLY] 532 f2fellA] Alsle of
F x2 e 93t f83Re A=rt A F

58

71 FAlol| ar@we] 'Y= Aot o]
3 BgAQl 2hg-9] A2 ] A FElgAde 2 A2
£& ohe 1A 228 F Ho] oFF gk Lo A
2 8 5 sle Aol

Dowson®} Higginson[1]e]] 2]3}e] A1%1&2] EHL &
Aol gt 2] AN AIA} AAE o] F, And
30o4'd F<t o] Hopoll HF HFA A 77t 34+
o). 3], el 2] EHL A= E2wo]g, 73
(spherical) 2-&2{wo]g] Bl d|5-32] 7]o] Fellxfe}
o] AA|H 22 Bl AT A upgAle] A
F7tll B FA AL o Wil 1970
ZHlo] oo} 34 o] 7153814 = lrd. Hamrocks}
Dowson[2]2 HFE-4] (iteration method)g AHE-3le] &



gt o] "FAEE AR-58R2 il Henz AFebd o] 45w 235 59

257} Hertz Z&elde] whZ(minor axis)d}3F o=
35 EHL ¥4 2) X34 & A3H 2 3%
3} ob-g AAZANA AL = e FLFAH
£ AA s} Park®) Kim[3]2 54 +A41& 73
A FrE-HE S AMEE A AR
Ax, FaEAR2]Y] Ao 22 A THA ]
$H 3] AR U Bak o2} sHH 29} frupd)ate]
Ao gs g3 wyo 53], 3 EA[4]9
Ae AEFR e AgEsL iR F
B EAARE AR FuFIAR)Y Ane} A
2pol7} gle-S Wil dubHel 893S EHL £4)
o A4 4 Qe A FHEAN L F37] A4
Ae 7]l Qe A& Avlsach

9, 45 2gefwoia]e] 2gelel 2l B (rb) Alel,
2| ZH(helical) ¥ Av}o]® v (spiral bevel) 7]¢1, A
A7) (asperity)’} Hol 3o 2 vl micro-EHL A
SolAE Hertz HEel)2] AE(major axis)i}sf o2
437t 3=} Chittenden {5} 3 [2]9
W& ALR-sle] £8-5-0] f]lwbake] ekl A
Zuhakel 752} A ikl Aol dsiHz 4
A skt 22, o] 5] AlAlgk EHL -7
Aoz &3 bl Azl gt AgAs
[6]9F2] A3t ol A AT FHA A= 4
233k dale] glE Ao FAFHTZ olo tigt AT
7t 8 7= At

mebs, & = E dubdel 279 g4gE
EHL Aol A-4& 4 ole A&} 5L +
317] 9% A9 dREo 24 §3-h7 HEeplo
AEApeF o 2 f9]5 = A9 EHL A4 & 4142
2 Fx8A3taat gt ol & 93t AF7kA] 33
2 EHL &£A4¢] o] 288 x| a4y Sl A
o] 71 AAIHe]H Ay} EejF o et
sicba 4EA gle fRAEH S - b
[3-4,7-81& A&ty NMEARE 7|Ee] A7}
GIEnA b e =

2. X|uiiEA

Fig. 17} 7+¢] 2887} Hertz A 2l 2] A} &ub3f
o2 $45HE F$o) dFt HolE= wAAL e
Alz} ot

Hertzian i
contact b
ellipse

Y —— o\c;x

Fig. 1. Contact ellipse and coordinate system.
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Fig. 2. Film thickness contours with lubricant entrain-
ment along the major axis. (HX10%: k=1.667, G=4522,
U=0.935X10"", W=0.91X10"",

Fig. 3. Film thickness contours with lubricant entrain-
ment along the minor axis. (HX10%: k=1.667, G=4522,
U=0.935X107", W=0.91X10"".
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Fig. 4. Pressure profiles and film shapes in the rolling
direction centerline. k=1.667, G=4522, U=0.935X10"",
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