
Discussion 
Effects of Surface Finish on Journal 

Bearing Performance1 

C. R. LEWIS.2 Work on the subject matter of this paper is 
being done in the laboratories of the Chrysler Corporation which 
confirms in general the results of the research at the Massachu-
setts Institute of Technology. However, this work has brought 
out several points which the authors do not mention and which 
indicate some new reasons for his results. 

The Chrysler work has indicated that, when surfaces of dis-
similar roughness are run together, the results tend to be charac-
teristic of the rough surface. This result throws some light on 
the observation in the paper that comparatively little increase in 
load-carrying ability is found below 15 microinches, as the bab-
bitt bearings were reported to measure from 6 to 10 microinches. 

It has also been found that the minimum of the friction curve 
tends to be much more sharply defined for smoother surfaces. 
Some indication of this condition is found in Fig. 6 of the paper. 
It is more evident when harder materials are used, as the soft 
babbitt tends to flow either plastically or due to melting when 
the oil film fails. This flow may change either the surface 
smoothness or the clearance ratio, and may, as the authors found, 
produce a succession of minima in the friction curve. In less 
definite cases, it produces a broadness in the minimum of this 
curve. The broadening of the minimum, because of surface 
roughness, is believed due to the introduction of turbulence in the 
oil film before actual rupture takes place. The hydrodynamic 
analyses, predicting the dependence of the friction coefficient on 
the quantity S = ZN/P, are based on the assumption that the 
oil in the lubricant film is in a condition of streamline flow at all 
times. It seems reasonable that skin friction of the oil against a 
rough surface would disturb this streamline flow, so as to give a 
more gradual departure from full hydrodynamic lubrication than 
in the case of a smooth surface. This effect is found in curves 
A, B, and M of Fig. 6 of the paper. 

A preliminary investigation of the effect of surface finish on oil-
film thickness has been made in the Chrysler Laboratories. In 
this work, the bearing surfaces were a stationary-plane pivoted 
slider and a revolving-plane disk. The film thickness was calcu-
lated from a measurement of the electrical capacity between the 
slider and the disk. The results are shown in Fig. 1 of this dis-
cussion. Both the rough (30-microinch) and the smooth (2-
microinch) surfaces gave film thickness agreeing well with those 
predicted from a formula given by Professor Karelitz.3 

Confirming results of the second part of the authors' paper, 
we found momentary metallic contacts even at quite light loads 
of about 50 psi. The frequency of these contacts increased with 
load until, with the highest load used on the smooth surface, 
the surfaces were touching about 30 per cent of the time. The 
fact that these contacts are related to surface imperfections is 
indicated by the observation that most of them were confined to 
a 90-deg segment of the disk. 

At the maximum load shown for the rough surface (150 psi), 

1 By J. T. Burwell, J. Kaye, D. W. van Nymegen, and D. A. 
Morgan, published in the June, 1 9 4 1 , issue of the J O U R N A L OF 
A P P L I E D M E C H A N I C S , Trans. A . S . M . E . , vol. 63, p. A - 4 9 . 

2 Engineering Division, Chrysler Corporation, Detroit, Mich. 
3 "Current Practice in Pressures, Speeds, Clearances, and Lubrica-

tion of Oil-Film Bearings," by H. A. S. Howarth; discussion by G. B. 
Karelitz, Trans. A.S.M.E., vol. 57, 1935, p. 357. 
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the surfaces were in contact about 40 per cent of the time. An 
attempt to increase the load caused the surfaces to seize. At this 
point, the measured thickness of the oil film was about 7 times 
the height of the surface irregularities expected on each surface 
from a profilometer reading of 30 microinches. However, this 
measured thickness was an average value for the entire surface 
and does not indicate the minimum thickness. At the highest 
load available for the smooth surface, the measured film thick-

o 
rrt<ro-/rxhei 

/nj m/crx> inthel 

• 

O 
\ 

V 

° 

O 0 
~o o O— 

/Iwoi fitr Jftrare /rre/l 

F I G . 1 O I L - F I L M T H I C K N E S S C A L C U L A T E D F R O M M E A S U R E M E N T 
OF E L E C T R I C A L C A P A C I T Y B E T W E E N B E A R I N G S U R F A C E S , C O N S I S T I N G 
OF S T A T I O N A R Y - P L A N E P I V O T E D S L I D E R A N D R E V O L V I N G - P L A N E D I S K 

ness was some 30 times the height of the surface irregularities, 
and no signs of failure were observed. These preliminary tests 
indicate that, when rupture of the oil film occurs due to surface 
imperfections, the thickness of the oil film is roughly of the same 
order of magnitude as the height of the surface irregularities. 
This result suggests the mechanism by which the surface finish 
affects the load-carrying ability of a bearing. 

L. M. TICHVINSKY.4 The fact that the authors determine the 
D/C ratio indirectly by measuring of n, N, and P on the testing 
machine indicates that utmost precision has to be followed during 
such experimentation. 

It is known that a ground surface may be wavy and at the 
same time very smooth. The waviness depends upon several 
factors such as the speed of the ground object and the grinding 
wheel, the feed, type of mounting, the bearing oil-film uniformity 
and carrying capacity, and also the skill of the operator. In this 
connection, it will be of interest to learn whether or not any 
waviness is being obtained when a superfinish method is applied. 

The results of further investigations of this kind will be quite 
useful to bearing designers. Surface-friction relationships in the 
boundary region at loads encountered in industrial machines 
when starting or stopping are still unavailable. 

A U T H O R S ' C L O S U R E 

Mr. Lewis' conclusion that the reason for the comparatively 
small increase in load-carrying capacity below 15 microinches is 
the roughness of the babbitt bearings themselves is interesting 

< U. S. Naval Engineering Experiment Station, Annapolis, Md. 
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but does not seem very probable. When metal-to-metal contact 
first occurs, the shaft wipes the much softer babbitt and imparts 
to it a surface having the same roughness as the shaft. Subse-
quent performance and ultimate seizure will be governed by this 
final roughness rather than the initial one. This effect may pos-
sibly be responsible for the fluctuating character of the minimum 
of the friction coefficient curve I in Fig. 7 of the original paper, 
although we are more inclined to attribute it to the change pro-
duced in the D/C ratio. The suggestion that the broadening of 
the minimum of the curves for rough surfaces is due to turbulence 
is an interesting and novel one. A further investigation of this 
idea should be undertaken. 

Mr. Lewis' measurements of the oil-film thickness for a hydro-
dynamically lubricated plane slider show good agreement with 
the theoretical curve. From these results, he concludes that the 
rupture of the oil film, and hence the limit of stable bearing op-
eration, occurs when the thickness of the oil film is of the same 
order of magnitude as the height of the surface irregularities. 
This conclusion is most important in substantiating the already 
postulated mechanism of what occurs when the limiting value of 
iiN/p is exceeded, namely, that metal-to-metal contact of the high 
spots on the two surfaces takes place with resultant failure of the 
oil film. 

In answer to Mr. Tichvinsky's question, it is quite unusual to 
obtain any sort of waviness from a superfinishing operation, and 
waviness on a previously ground surface is generally removed. 
This is due to the small inertia and relatively large cutting area 
of the superfinishing stones. We agree that it is important to dis-
tinguish waviness from roughness, and this difference may be 
very significant in the region of boundary lubrication. 

An Eddy-Current Method of Flaw 
Detection in Nonmagnetic Metals1 

S. L . B U R G W I N . 2 The writer's limited experience in detecting 
flaws in nonmagnetic materials has indicated some of the pos-
sibilities of the eddy-current method of flaw detection, so it is 
with considerable interest that the present paper has been 
studied. 

When the author claims a type of search unit which is uni-
versal, presumably he means universal in the sense that it can 
be used with almost any conducting material, not in the sense 
that it can be used for all sizes and shapes of metallic objects. 
The writer has in mind a particular problem which came up some 
years ago, wherein it was desired to check small contacts made 
up of two materials to be sure that they would not split apart. 
An eddy-current method of test was devised which has since 
operated very successfully. However, the size and shape of these 
contacts were such that it woidd be impractical to use the type 
of instrument developed by the author. 

In other applications his device could be used successfully 
although, for production applications, practical use would prob-
ably require some modification of the design of the test unit 
for each application. Some years ago the writer developed a 
search unit of somewhat different design but having approxi-
mately the same underlying principle which was used to detect 
flaws in sheets. The device was successful enough, but scanning 
large sheets by hand was found to be rather slow and tedious. 
The successful use of such apparatus on large objects for other 
than trouble shooting would probably depend upon whether the 
scanning could be made automatic. 

1 By Ross Gunn, published in the March, 1941, issue of the JOURNAL 
OF APPLIED MECHANICS, Trans. A . S . M . E . , p. A - 2 2 . 

2 Westinghouse Electric & Manufacturing Company, East Pitts-
burgh, Pa. 

As to the practical use of the unit described in the paper, there 
are several points of interest which it is believed were not covered 
in the paper. For instance, if the axis of the search unit is not 
kept normal to the surface of the test material, as may occur 
when the surface of the test material is wavy or dirty or when 
testing objects with rough or uneven surfaces, would a voltage 
not be generated in the pick-up coil? If so, how serious is this 
effect? In the paper some mention was made of the rapidity of 
scanning. Could the author give some concrete idea of how long 
it would take to scan a sheet of stainless steel 3 ft square and 
perhaps Va in. thick? 

H . J . R O A S T . 3 A paper such as this, which assists us in the 
discovery of latent flaws in metal articles, is of considerable value. 
The writer wishes to inquire whether or not this method will 
indicate the following: (a) Internal dross areas occluded in 
metal castings; (6) Gas holes occluded in metal castings. 

The writer is a metallurgist dealing primarily with the manu-
facture of castings, rather than a physicist whose interest lies 
in physical phenomena of all kinds. The question from this 
point of view is whether the lack of continuity of a dross area 
or gas hole would prevent its reacting to the magnetic field in 
a manner similar to that of a continuous crack. 

We have recently had bronze castings, weighing about '/< lb, 
X-raj'ed. At the moment, the requirement is for each easting 
to be X-rayed and the price quoted is S5 each. This is men-
tioned because it will be obvious that any method which would 
definitely show up dross areas or gas holes in a more economical 
way would be highly desirable. 

The metal in question is manganese bronze, essentially 60 per 
cent copper, 40 per cent zinc, with displacement of the zinc 
of 1 per cent of aluminum, iron, and manganese. 

If the method is applicable to the points raised, would it be 
possible to locate roughly the areas in regard to the various con-
figurations of the casting? 

A U T H O R ' S C L O S U R E 

Many practical matters must be considered in applying the 
eddy-current method to the location of flaws in a group of identi-
cal metallic objects. In general, a jig is employed to hold the 
exploring head in a suitable and reproducible manner so that the 
scanning process may proceed regularly and automatically. Full 
attention can then be directed to reading the indicator if auto-
matic recording is not employed, or if the detection of gross flaws 
alone is desired. The use of a jig maintains a proper position of 
the head, and a slightly wavy or dirty surface produces no system-
atic indication. The scanning rate with apparatus, operating 
on commercial frequencies, is low, but not so low as to limit its 
usefulness. The area examined in a given time depends, of 
course, upon the size of the exploring head, the exciting frequency, 
and the degree of overlap. It is easily possible to examine 9 sq 
ft of Vs-in. stainless steel and make a permanent record of the 
test in less than 4 min. 

Our tests of the method show that it may easily be adapted to 
the location of voids or dross areas in a casting if these are within 
l / t in. of the surface, and if the casting is not too complicated. 
By employing properly designed scanning jigs and actual records 
of the electric currents, it is believed that much could be learned 
about moderately complicated castings. 

Although the basic principles outlined in this paper are still 
emplo3'ed, various improvements have been adopted recently 
which add considerably to the usefulness and convenience of the 
method. 

5 Vice-President, Canadian Bronze Company, Ltd., Montreal, 
Canada. 
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