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FILM THICKNESSES IN LUBRICATED HERTZIAN CONTACTS.
PART 2: POINT CONTACTS

1. NOTATION AND UNITS

The International System of units is given in this Iltem. Any other coherent system of units may be used.

C
E
E,. E,

S .

= E

)

[WH]

15)

i)

C

(@]

(]

o F

+=

@©

7 G

g

= b

S min

(&)

e Hy

g

@

S p

+=

&

= p

= 0

o

S =

D

- R

[WH]
RI
R;:alc
I?xl’ Ryl
RXZ’ Ry2
Rq
Ra1r Rgo

geometry parameter for determining radius ratio
modulus of elasticity

moduli of elasticity for materials at surfaces in contact

effective modulus of the contact defined by
1 _101-v) (A-vHo

- =~ 0
E' 20 K E, O

factor for calculation op, (see Secti8B)
material parameter aE’

minimum lubricant film thickness
non-dimensional lubricant film thicknessh, . /[R(UG)?/%]

thermal conductivity of lubricant
pressure of lubricant

maximum Hertzian pressure

pressure parameter ap,
effective radius of curvature (see Sectioi)
radius ratio (see Sectidl)

ratio used in calculation of radius ratio (see Sec3idh
principal radii of curvatureat contact point for body 1
principal radii of curvatureat contact point for body 2
RMS (root mean square) roughness of idiose

RMS (root mean square) roughnesses of two contactifgcsisr

For footnote see end of Notation.
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th composite sface roghness of mating surfaces(Rq12+ quz)l/2 m

Y
S speed parameter GU -
u maghnitude of lubricant entrainment velocity vector ™ms
ug, u, surface velocities relative to contact point ms?t
u lubricant entrainment velocity vector ms?
u;, u, surface velocity vectors relative to contact point ms?
U lubricant entrainment parametern ,u/(E'R) -
w load applied to contact N

X, Y, Z body axes (see Secti@rl)

X4, Y4, Z  principal axes for body 1 (see Section)T

ESDU Copyright material. For current status contact ESDU.

X5, Y5, Z  principal axes for body 2 (see Sectin)T

a pressure exponent of lubricating viscosity m2 N1

n dynamic viscosity N's n2

No lubricant dynamic viscosity at atmospheric pressure and at operating N s nT2
temperature (see Secti8rv)

0 absolute temperature K

Y direction of lubricant entrainment velocity vector relative to X-axis of rad
equivalent principal axes

A specific film thickness (see SectidrR) -

v Poisson’s ratio —

ViV, Poisson’s ratio for materials at sares in ontact -

(0} angle between corresponding axes of principal axes rad

W orientation angle of contact ellipse (see Secsidj rad

T The principal axes of a body for a given point on its surface are the two mutually perpendicular axes, passing through the poin
and being tangential to the surface, such that the local radius of curvature of the surface in the direction of oneatedis is gre
and in the direction of the other axis is less, than for any other tangential axis passing through that point. The maximum and
minimum local radii of curvature so defined are called the principal radii.
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2. INTRODUCTION

This Item provides charts and calculation methods for determining the minimum lubricant film thickness
in concentrated contacts that occur, for example, in rolling element bearings and gears. In such contacts
often called Hertzian contacts, the contact area increases with applied load.

For the purpose of calculating the lubricant film thickness, Hertzian contacts are regarded as either
two-dimensional, with line contact, or three-dimensional, with point contact. Line contact occurs in, for
example, roller bearings, roller followers on cams and spur gears while three-dimensional contacts occur
in, for example, ball bearings, certain roller bearings (at roller-rib contacts), variable speed traction drives
and many types of gears. The charts and calculation methods presented in this Item apply to three-
dimensional contacts. Two-dimensional contacts are dealt witeferéhcel.

2.1 Description of Contact Phenomena

The formation of a lubricated Hertzian contact depends upon a viscous lubricant being drawn:into the
contact zone by the movement of the surfaceb@sisin Sketclt2.1. In a typical contact the fluid pressures
generated within the entrained lubricant can be a thousand times greater than those occurring in
hydrodynamic journal and thrust bearings and, as a consequence of these high pressungss in the
viscosity of the lubricant and elastic deformation of the components in contact may both be highly
significant.

The ioading produces a local
deformation of the components

( shown greatly exaggerated)
which is related to the elasticity

The lubricant is entrained into
the contact zone by the Loadw
movement of the surfaces

of the material

\ hmin = Minimum lubricant
fitm thickness
Inlet i
/ o"”et

In the contact zone the lubricant
viscosity increases due to the very
Lood w high contact pressures

/
\

)
/

ESDU Copyright material. For current status contact ESDU.

Sketch 2.1 A typical lubricated Hertzian contact

In point contacts, the lubricant film is often of a uniform thickness over much of the contact but is, typically,
constricted towards the rear and the sides of the contact. The minimum thickness may be located either a
the centre of this exit constriction or in the side lobes. A knowledge of this film thickness, which can be
two orders of magnitude smaller than those occurring in hydrodynamic journal and thrust bearings, is
required in order to assess the likelihood of wear and surface distress.

T The strength and integrity of the surfaces of the contacting bodies should, of course, be carefully considered (see Rafei®nces
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2.2 Guide to The Use of This Item

In order to use this Data Item to determine the lubricant film thickness in a Hertzian contact you should
have available the following information.

® The radii of curvature of the contacting surfaces.

(i) The surface velocities at the point of contact.

(iii) The material properties of the contacting surfaces and the load.
(iv) The properties of the lubricant.

In order to then determine the adequacy of this film thickness you should also have given consideration to
the surface firsh of the contacting bodies. Sket2l2 provides a flowchart of the design process.

Refer to Section 3 and specify basic
information regarding the Tubricated
Hertzian contact application.

Refer to Section 4 and determine the
minimum lubricant film thickness for
the contact. Assess, using the data
provided, the adequacy of this film.

ESDU Copyright material. For current status contact ESDU.

Where the film thickness is inadequate,
explore the effects of modifying the
basic parameters of the contact.

Sketch 2.2 Flowchart of design process

Three worked examples illustrating the use of this Item are presented in Section

Documents
4 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 89045 1989


http://www.avadocuments.com/doc/esdu-89045-1989
http://www.avadocuments.com/doc/esdu-89045-1989

89045

3. SPECIFICATION OF APPLICATION

In this section basic information regarding the intended application is specified, which includes the
geometry and entrainment conditions at the contact, the loading and the elastic properties of the contacting
bodies and the lubricant properties. The procedure is summarised in SKetch

ESDU Copyright material. For current status contact ESDU.
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3.1 Geometry of Contact

Determine the effective radius, R, the radius ratio, R’
and the orientation of the contact ellipse.

3.2 Lubricant Entrainment

Determine the lubricant entrainment velocity, u, and
its direction relative to the contact ellipse.

3.3 Effective Modulus and Loading

Determine the effective modulus for the contact, E’,
and the maximum Hertzian pressure, Py

3.4 Lubricant Properties

Specify the viscosity of the lubricant at the entry to the
contact, n,, and the pressure exponent of viscosity, a.

Sketch 3.1 Specification
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3.1 Geometry of Contact

Non-conforming machine parts, when loaded together, contact at an approximately elliptical contact area.
In many practical contacts the major and minor axes of this contact ellipse are aligned with the principal
radii of curvature of the contacting bodies (see Skat2hand determination of the equivalent radiRs,

and the radiusR’ , which are required in subsequent calculations, is relatively straightforward as shown
by the procedure of Sketéh4.

Body 2

Ryt = Ry, R = Ry Ry1* Ryg =@
Rya *Ryp =@ Rx2 = @, Ry, is negative Contact shope is elliptical with
Contact shapeis circular Contact shape is elliptical unequal cylinders, circular with

equal cylinders

(i) Sphere on piate (ii) Sphere in groove (iii) Cylinders crossingat 90°

Sketch 3.2 Some combinations of bodies with aligned principal axes

Where there is no such alignment of principal axes (see SRe;tdetermination of the radius ratio is
more complicated and involves first determining the orientation angle of the contact ellipse, a procedure
for which is given in SketcB.5.

ESDU Copyright material. For current status contact ESDU.

Ry = Ryp= @, 0° < ¢ <90°

Contact shape is elliptical

Crossed cylinders

Sketch 3.3 A combination of bodies with skewed principal axes
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Contact normal~—_]

Contacting bodies

ALIGNED PRINCIPAL AXES \

ENTER with dimensions of
contacting bodies.

STEP 1 | PRINCIPAL RADII OF CURVATURE

Specify the principal radii of curvature, R, R b R, and R , for the
contacting bodies according to the notation defined alongside. Note that
the radii of curvature of concave surfaces should be specified as
negative.

STEP 2 | EFFECTIVE RADIUS OF CURVATURE l

Calculate the effective radius of the contact, R, according to

NOTE

0 O 10 SRS U S
R, R,

1
R 2 IR, Ryl

Use this procedure if?
(i) Principal axes are aligned.

or (ii) Either or both bodies are spherical.

ESDU Copyright material. For current status contact ESDU.

Sketch 3.4 Geometry for aligned principal axes

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 89045 1989

STEP 3 | RADIUS RATIO AND ORIENTATION OF CONTACT

The application of this procedure is
illustrated in Examples 1 and 2 (Section 5).

ELLIPSE
Calculate the parameter R’ . according to,

(7+7)

-y —

R’ _ Rxl RxZ
cale ( 1 1 )

— + —

Ry1 Ryz

WhenR, >1, v
R'= Ry,
X

and the major axis of the contact ellipse is aligned with the Y axis.

WhenR',, <1,

<

—
R'= VR,

x
and the major axis of the contact ellipse is aligned with the X axis.

WhenR , =1,
R'=1

and the contact is circular.

RECORD R, R'and the orientation of
the contact ellipse in the calculations
record (Appendix A).
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Sketch 3.5 Geometry for skewed principal axes
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towards the Y, axis.

STEP4 | RADIUS RATIO AND ORIENTATION OF CONTACT
ELLIPSE

Calculate the parameter C according to,

/ SKEWED PRINCIPAL AXES \
Contact normal ENTER with dimensions of
contacting bodies.
Body | -
X1
STEP 1 | PRINCIPAL RADII OF CURVATURE I
Specify the principal radii of curvature, R 0 B ¥D R, and R , for the
contacting bodies according to the notation defined alongside. Note
that the radii of curvature of concave surfaces should be specified as
negative. Specify also the angle ¢ between the principal axes of the
bodies it being understood that 0° < ¢ < 90°.
E— _
Y2
X2, 4;
X,
¢ Ry2 Al
X STEP 2 | EFFECTIVE RADIUS OF CURVATURE I
: 2 Body 2
2
% Calculate the effective radius of the contact, R, according to
L . .
2 Contacting bodies 11 [ 1 . 1 ) 1 . 1 ]
& R 2 IR, Ryl R R,
c
8
%)
S NOTE i ‘
® STEP3 |ORIENTATION ANGLE
17 Use this procedure if:
'E Calculate the orientation angle of the contact ellipse, p, according to
) (i) Principal axes are skewed such that
g tan2 sin2¢
-l |0 =3
o 0°< ¢ <90 nzy 1 1 1 1
o c0s2¢ + ——--——/———R—
u? or (ii) Neither of the contacting bodies is R, R, R, ¥2
spherical.
‘.—‘; where -90° < 2p < 90°. p is the angle between the Y axis of body 1
= The application of this procedure is and one of the axes of the contact ellipse. 'The axis is determined in
8 illustrated in Example 3 (Section 5). Step 4. p is measured positive in the direction from the Y, axis
©
€
)
<
.0
—
>
Q.
o
O
2
[m)]
)
L

C_R(l l>sin2¢

2 \R R

x2 y2 sin 2y
WhenC <0,

R'=(1-0)/1+C0C)

U
and the minor axis of the contact ellipse is aligned at the angle y to
the Y axis of body 1.

WhenC >0,

R'= 1+0/1-C) X

X,
and the major axis of the contact ellipse is aligned at the angle y to
the Y axis of body 1.

RECORD R, R'and the orientation of
the contact ellipse in the calculations
record (Appendix A).
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3.2 Lubricant Entrainment

The lubricant is entrained into the elliptical contact area, the orientation of which has been established in
Section3.1, by the motion of the surfaces of the contacting bodies. In many practical contacts the relative
surface velocities of both bodies are directed along a single axis (either the major or the minor) of the contact
ellipse and the resulting lubricant entrainment velocity is, consequently, directed along the same axis. In
such contacts, determination of this entrainment velocity is relatively straightforward as shown by
Sketch3.6, entitled “Entrainment along a contact ellipse axis”. However, in some contacts, such as those
in crossed axis gears and in parallel axis helical gears with special profiles, the lubricant is entrained at
some angle to the contact ellipse axis and it is then advisable to consider a vector diagram of the surface
velocities of the contacting bodies as in Ske&ich entitled “Entrainment at an angle”.

ESDU Copyright material. For current status contact ESDU.
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ENTRAINMENT ALONG A
CONTACT ELLIPSE AXIS

ENTER with motion of contacting
bodies.

STEP1 | RELATIVE SURFACE VELOCITIES

Contacting bodies

Specify the surface velocities for the two bodies relative to the
contact point, u and u,, which are both directed along either the
major or the minor axis of the contact ellipse, see adjacent
sketches. Care is required where the contact point itself is moving
(see Reference 1 and the examples in Section 5).

STEP2 | LUBRICANT ENTRAINMENT VELOCITY

Calculate the lubricant entrainment velocity, u, according to
Contact point

u= -}Iul+u2I .

Major or minor axis

of contact ellips: *u,
Body 2 \

ESDU Copyright material. For current status contact ESDU.

View on A
RECORD ¢ and the direction of
entrainment in the calculations record
(Appendix A.)
Sketch 3.6 Entrainmentalong a contact ellipse avis Documents
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