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ABSTRACT The present work on oil film thickness in rolling deformation zone was introduced briefly, and

the calculation model of oil film thickness considering surface roughness effects was established by using average

flow model. In addition, the effects of surface roughness and the directionality on oil film thickness were quan-

titatively analysed.
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1 INTRODUCTION

Oil film thickness in the deformation zone
has a crucial influence on the rolling lubrication
condition and product surface quality''". Because
early theories about lubrication mechanisms were
mostly based on the hydrodynamic lubrication
theory! "?!, the calculating equations of oil film
thickness developed from them could fairly satis-
fy the fulkfilm lubricating rolling processes.
Wilson and Walowit''! deduced the calculation e
quation of film thickness at inlet side of the de

31 analysed the

formation zone. Tsao and Sargent
influence on friction of the surface asperity con-
tacts in the deformation zone in mixed lubrica
tion. Based on Wilson s equation, they presented
the calculating equation of oil film thickness at
inlet of the deformation zone considering the e
lastic deformation of the roll. But in fact, the
hydrodynamic lubrication condition appears very
seldom in rolling processes > °', and the actual
frictional surfaces are always rough instead of
ideally smooth. Reid and Schey' *! observed that
the directionality of surface roughness has a large
effect on forward slip, and transverse roughness
is helpful in carrying more lubricant into the de-
formation zone. Lu and Cheng'®' systematically

measured the correlation among the value and di-
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rectionality of surface roughness, and reduction
ratio, forward slip, rolling force and moment.
They pointed out that the directionality of sur
face roughness under mixed lubricating condition
has a powerful influence on the lubrication pro-
cess in cold rolling. Some other scholars also
made lots of research on the roughness effects in
rolling process.

But up to now, the study of surface rough-
ness effects in rolling process still remains on the
stage of experimental and qualitative research.
The classical Reynolds equation analysing
method is difficult to describe accurately the ac
tual engineering surface. If the information of
roughness was taken into account, the meshes
should be divided much more denser, thus the
calculating work would become enormous. Even
with today s highly developed computers, this

kind of calculation is hard to complete.
2 AVERAGE FLOW MODEL

In 1978, Patir and Cheng''! presented the
theory of " average flow model”. They achieved
great success either on theory or on experiment,
and made the theory of three dimensional rough
surface lubrication take a big step forward. The
lubrication equation appears as
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where h 1s the nominal film thickness, hr is

the actual average film thickness, Tlis the viscos
ity, U; and U, are velocities of two rough sur-
faces. % and @ are pressure flow factors in x, y
direction, %, is the shear flow factor, a( and q_,
are the average flow rates, p is the average pres
sure, [ is time.

A direct result of the average flow model is
that it reveals the influence of the directionality
features of three-dimensional rough surface on
the average flow rate. The direction parameter
which Patir and Cheng used is

Y= N5/ N5y (3)
where X s, and N s, separately represent the
correlative lengthes while the values of selt-cor-
relation function in x and y section drop to 0. 5.
[t indicates the direction of surface roughness
lay, and vividly express the length-width ratio of
asperity contacts. As shown in Fig. 1, Y > 1

Fig. I Surface direction parameter
(a) —Y>1; (b) —vy=1; (¢) —¥< 1

indicates longitudinal roughness lay, v< 1 indr
cates transverse roughness lay, Y= 1 indicates
isotropical roughness lay. The dotted lines in the
diagram express the flowing directions of lubri-
cant.

Obviously the classical Reynolds equation is
the special case of the average flow model while
%= % =1and € = 0 (ideally smooth sur-
face). Therefore the average flow model has
widespread significance in analysing the lubricat-
ing property of rough surface.

3 OIL FILM THICKNESS IN ROLLING DE-
FORMATION ZONE CONSIDERING THE
SURFACE ROUGHNESS EFFECTS

Considering the roughness asperity contacts
between two relatively sliding surfaces, the real
film thickness is

I | h+ 6+ & 4

"~ lo ( contacting point) (4
where &), 6, are the heights of roughness as
perities. Apparently in fulkfilm lubrication, the
actual average film thickness hr is equal to h |
but in fact most of the frictional surfaces are in
partial fluid lubricating condition, when hy Z h
. The relation between hr and hy under Gaussian

distribution is' '

hr | 61> 30
105 ., 1 16
I A T T
hr=11, 1 4 (5)
5 Z A VAR
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IOZ - 5)6Z) | 61< 30
where Z = &/(30). For stable rolling pro-
cess, we can make the following assumption:
o _
o0 = 0 (6)
g« = const (7)
¢ =0 (8)

Assuming U, is the roll speed and Uy is the
inlet velocity of workpiece, Eqn. (2) appears as

R Op U+ Ug—
- _ 9
G 120 0x T y
U - U
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Obviously we have U, - Uy < U, + U,
and for most of the rolling processes, especially in
finishing rolling stages, the roll surface and strip
surface are similar in surface parameters' 'l and

® tends to 0. The value of 0 is of the same
quantity range with k7 or much less. So the
third term in the same part of equation (9) is far
less than the second term in the right part and
can be neglected. Thus we have

o L op U+ Ug

== %oyt 2 A (1Y)

where  hy = ho( hois the oil fim thickness at
inlet) .
So we have
— U+ Ug
qx0 = 5 ho (11)
A ccording to the assumption (Eqn. (7))
3 A—
_ ¢ h a‘lL+ U+ Uy i
* * 121 O« 2
U .+ Ug
= ho
2
we have
4 op U+ Ug, -
¢ = -
* 121 0x . (hr=ho) (12)
Considering the pressureviscosity effect! > 2]
M= Ny exp( b (13)
where 0 is the pressureviscosity coefficient.

Substituting Eqn. ( 13) into Eqn. (12) and re-
placing p with p , we obtain
U .+ Ug
exp(= ) dp = 6Th ™3
(hr - ho)dx
(14)
To solve Eqn. (14), using the functions of
the same angle variable ? to express h and x (see

Fig. 2), we have

dh = - tg Pdx (15)
h = Rcosa- Rcos P+ hg (16)
dh = Rsin%l® (17)
From Eqns. (15) and (17) we obtain

dx == Rcos ®d ® (18)

Substituting Eqns. (15) ~ (18) into Eqn.
(14), we have
Ur + U()
X — dp = - 6 .
il QD_) P k PR P
[hr( ®) = ho] Rcos ®d® (19)

The inlet mechanical boundary conditions

Fig. 2 Schematic diagram of
rolling lubrication
are given as
P= a p= po= K- 0,h= ho
o= —: =
2P 0
(20)

where K is the yielding strength, O, is the
back tension.

Integrating Eqn. ( 19) by using the bound-
ary conditions of Eqn. (20), we obtain
0

exp(— G )dp =— 6Th( U, + Uy) *

.[)()
(2 _hr( ®)-h
Jo ® (PR
exp(— o) = 1- 6M4OR( U, + Uy) *
(2 _hr( ®)-h
boecenics
Eqgn. (21) is the mathematical model for

R cos ®d ¢

cos Pd ¢ (21)

calculating oil film thickness at the inlet of the
rolling deformation zone considering roughness
lubricating effects. Using Simpson optional step
integral method to solve the integral in Eqn.
(21), we obtained curves with various surface
direction parameters poho (shown in Fig. 3). It
is seen that corresponding to the same pg, the
increase of Y leads to the decrease of oil film
thickness, 1. e., transverse roughness lay is
helpful in increasing the oil film thickness. But
when oil film thickness is greater than a certain
value, the influence becomes weak, or even can
not be obviously observed.

The turning point of surface roughness ef-
fects can be regarded as the boundary between
hydrodynamic lubrication and mixed lubrication.
From Fig. 3 we can see that this point can be set
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as h/ 0= 3.

Fig. 3 Oil film thickness in deformation zone
( The figures in the diagram are

roughness direction parameters)

4 CONCLUSIONS

In rolling process, the surface roughness of
roll and workpiece has an important influence on
the formation of oil film in the deformation zone.
This influence has a close relation with the direc
tionality of roughness lay. The calculating model
of o1l film thickness in deformation zone, which
is established by using the average flow model,

can quantitatively calculate surface roughness on
the theoretical plane. Thus the cognition of sur-
face roughness effects in rolling lubrication pro-
cess 1s advanced from qualitative analysis to
quantitative analysis.
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