Fig. 17 Deformation of a soft flat surface by a hard spherical asperity

On the other hand, the normal load AW, applied on the spherical
asperity is given by
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Hence, the coefficient of friction is expressed as follows
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When the value of ¢, is very small, the equation (13) can be
written as
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DISCUSSION
A W. ). de Gee®

It would be interesting to hear if the authors have considerg(
the practical implications of their work. Personally, I belieye
that the u, versus H data for 825C on 825C (Fig. 13) are rele.
vant to the technology of prestressed joints, which derive theiy
strength from static friction between the contacting surfaces,
As there is no statistical evidence for a decrease in u, with in-
creasing P,, it can be concluded that, for this combination of
materials, the shear strength is proportional to the normal loagd
on the joint. Also, the rather astonishing information ig op.
tained that an increase in swface roughness does not appreci-
ably influence the strength of the joint from 4-8 u peak-to-vallgy
height (this roughly corresponds to 20-40 u in. rms, which is not
much for a sandblasted surface).

It may be interesting to note that both observations com-
pletely concur with the results of experiments with prestressed
joints, performed at our institute at Delft.

Upon discussing Fig. 10, the authors state that it is evident that,
in spite of the fairly large fluctuations of experimental values,
the general trend of these values agrees with equation (14).
However, especially as each point is the average of five individual
readings, it occurs to me that the systematic character of the
“scatter” cannot be ignored. Actually, the data of Fig. 10(b)
clearly suggest that the results, obtained with indenters of dif-
ferent curvature, fall on parallel curves with a slightly larger
average slope than that of the single curve, shown by the authors.

This would mean that the value of u, is not exclusively de-
termined by ¢o. Also, the value of (u,), by the authors found
to be 0.12, splits up into four separate values, i.e., 0.05 (R =
0.20 mm), 0.09 (R = 0.32 mm), 0.11 (R = 0.78 mm) and 0.13
(B = 2.22 mm). See Fig. 18.

Do the authors agree that the experimental data point in this
direction and can they suggest an explanation?

T. R. Thomas’

The authors are to be congratulated on an interesting paper.
There are one or two points, however, which might repay clari-
fication.

They define surface roughness in terms of a parameter H which
they call the maximum asperity height. On referring to previous
papers of theirs [9, 10]8 it appears that H is in fact the separation
of the highest peak and the lowest valley in a profile of a certain

8 Delft University, Delft, Holland.

7 Burndy Corporation, Norwalk, Conn.

8 Numbers in brackets designate Additional References at end
of discussion,
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the track o for the spherical diamond slides on metals
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length. It would be helpful if the authors could indicate the
relationship between this and definitions of roughness with more
immediate physical significance.

The reference cited for the expressions connecting H with the
base angle 8 of the conical asperities in fact guotes slightly dif-
ferent expressions and does not in any case explain their deriva-
tion. This is a pity as it would be interesting to learn the mean-
ing which the authors have attached to 0 as applied to a ground
gurface. Other workers have considered that a better asperity
model for such a surface would be a pyramid with a diamond-
shaped base [11, 12]. On this view, a ground surface would
consist of an array of such pyramids aligned with their long
dingonals parallel. Certainly photographic evidence [13, 14]
seems to favor a ground surface model of long parallel asperities.
However, it should be borne in mind that both models are only
crude approximations; real surfaces do not look like an assembly
of cones of equal base angle any more than they look like an
array of pyramids.

The authors’ micrographs of contact areas between a ground
tool steel surface and a sandblasted copper surface are puzaling
in that they seem to show that the distribution of contact spots
iz determined by the finish of the smoother surface. Assuming
the standard deviations of the swrfaces to be in the ratio of their
maximum heights, the roughness of the ground surface is 0.01-
0.02 times the standard deviation o of the rougher surface,
while the quoted values of nominal pressure and surface hardness
correspond to a separation of 2¢ [10]. Calculation shows that
regions raised by 0.02¢ on an ideally flat surface at a separation
of 2¢ would not increase the contact density under them by more
than 5 per cent. Is it possible that what we are seeing is in fact
the effect of undetected gross waviness in the ground speci-
mens?
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It can be concluded in Fig. 13 that the shear strength is propor-
tional to the normal load as pointed out by Mr. de Gee. But we
can also consider that the contact surfaces were highly work-
hardened by grinding before those sandblasted, so that the normal
load and the surface roughness would hardly have an effect on
the shear strength of the joint.

It seems to be reasonable from our theory that if the normal
load on the spherical diamonds becomes infinitesimal, the co-
efficient of friction owing to adhesion at interface for all of in-
denters of different curvature, » mus* be ideally constant for the
combination of materials. Thus we have doubt whether the ex-
perimental results fall on parallel curves with a slightly larger aver-
age slope than the broken line asshown in Fig. 18 Then it will need
further experiments to confirm whether our experimental results
in Fig. 10 clearly suggest the systematic character of the scatter
as shown by Mr. de Gee.

We can consider that definition of roughness with more im-
mediate physical significance than peak-to-valley height H pro-
vided in JIS (Japanese Industrial Standard) will be the root-mean
square value o, which is a standard deviation of the profile curve
and for example, necessary to estimate the number and the
average radius of contact points between two surfaces in contact
[9, 10]. But the measurement of the root-mean square value is
more difficult than the peak-to-valley height, so we can determive
easily the values of ¢ from ones of H by using the experimental
relationship H = 4o for sandpaper-finished or sandblasted sur-
faces.

The slopes of facets over a profile curve obtained from a sand-
blasted and a ground surface were measured on specially recorded
profile of larger magnification in horizontal direction than that in
the previous paper [10], the magnification ratio of vertical to
horizontal being 1~10. The values of slopes of the facets were
obtained from the results of 300~500 times measurements in the
direction of the median line. The relation between H and tan
in the previous paper [10] was obtained from the profile curves of
the surfaces prepared by many kinds of finishes such as hand-
lapping, sandpaper-finishing, and grinding.

Tt seems to be reasonable in the case of contact between ground
surfaces without tangential microslip to consider that the asperity
model would be a pyramid as pointed out by Mr. Thomas. But
we could consider from photographic evidence that the asperity
model would rather look like a cone than a pyramid as a result of
change in shapes of contact asperities in process of tangential
microship.

It will be possible that the undetected gross waviness in the
ground specimens has an effect on the real contact area as
suggested by Mr. Thomas. However, it will be impossible to
conclude that the considerable part of the increase in real area of
contact by the time gross sliding occurred, is owing to the wavi-
ness in the ground specimens.
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