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ARTIFICIAL RUNIING--IN OF PISTON RINGS

By A. R. Bobrowsky and E. S. Hachlin

SULHARY

The performance of gliding surfaces, such as plston rings, cyl-~
indors. Jjournals, and bearings, in aircraft engines is considered with
roforonco to the surface characteristics that thoy possess bofore and
aftor rurning~in, prior to servico operation. The phcnoncna accompanyi
tho running-in procoss arc snalyzed. Means of elininating tl1o running-
in process and of incrcasing lifo and performemce of piston rings and
toarings by srtificial running~in are suggosted. Tho aspects of
ruaning—in that arc considered may, in genoral, be appliod to sliding
surfaces oShor than vieten rings. Inforuation on the warious phases
of running-in havo boen obtained chiofly from literaturec,

ITTRODUSTIICH

The piston ring 1s amcag the foremost of engzine parts that 1limit
ovorhazil poriods of aircraft enginos (reference 1). The shori life of
thc prosent-day piston ring, together with tho waste inheront in the
running—in of piston rings, tonds to mske the piston ring o coztly
onglins component., For theso roasons, it is fitting that sufficziont in-
vostigantion of tho pcrformcnce of the piston ring be condmctod until 1
ongino part ylelds trouble-frece operation over long periods of time,

Aftor its manufacturo, o piston ring must be brokon in, in order
that 1ts performanco cheractcristics may be improved prior to service
oporation. Highly loadod boaring surfaces of all types, such as
vlain journal toarings end cylindor barrols, aro also broken in.

liodorn mothods of breaking—in aro empirical. Iittlo attompt
is s10do to dotormino how far running-in should be carriod bofore
sorvice operation., Bresking—in of sliding surfacos usually includes
oneration at lcw spoccde and loads and nreo of special lubricants for a
poriod of tine cellod the "run—in period.! The breaking—in of piston
rings for nircraft ongines socetimos involves proliminary hond lapping
Exporincntal aircraft-onginc cylindors may be sandpeporcd wrior to
ongino oporstion. Despitc thesc preliminerics, tho plston ring ro-
mains the chiof malntonence prodlom for mllitary alrcraft cngincs.
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The advantages accruing from rurning-in are plentiful, albeit
vaguely appreciated, but the waste associated with the running-in
process is great. This waste represents loss of time, labor, and
material expended on the running-in period.

It is obviously desirable to minimize or to eliminate the
running-in process. Toward this end it is heloful to envision a
process of artificial running-in., Artificial running-in, namely,
the premanufacture of surfaces that would fit a piston ring or oiher
slider for immediate service use, is the logical substitute for
rurning-in,

It is thz pwrpose of tLis paper, alter tie conceot of artificial
running-in is raised, to examine in detail (mainly from literature)
the phenomera that constitute running-in and to suggest how these
Fnencmens may be caused to occur on a piston ring without rescrt to
the procedure of running-in. Such an artificially run~in piston ring
or cther sliding surface might be canable of being satisfactorily
employed in an engine under service conlitions immediately after
installation in the engine. This study was conducted at the Langley
Memorial Aeroncutical Laberatcry, Langley Field, Va,, during the
winter =f 1942.

DEFIITIONS OF TCRMS

The following torms used in this paper and in other pape's have
been cecllected for convznience of reference:

sliding of surfaces — Relative translation of bodies in contact under
nressure.

breaking=ir — The process of intentionally sgliding new zurfaces pricr
to operation under service conditions.

vearing-in — The phanomencn of wearing one surface again=t another
such tnat rore favcrable performance characteristics exist after
the corplation of the wearing.

rurrirg-in - The wearing-in pricr to gsarvice cperation cf the
cliding surface nf a rachine part by operation of the machine in
whichk the part is used,

w2aring-out - TlL2 phencmenon of wearirg cne surface against another
such that less [lavirable perfcrimance characteristics exist arfter
the conrnletion of the wearing.
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load-carrying capacity - The maximum load or pressure that sliding
surfaces can support without seizure or wzaring-out.

performance characteristic; ~ A general term used to designate,

collactively, load—-carrying capacity, friction force, wear, and

tenperature rise of sliding surfaces.

supersurface - That part of a so0lid body immediatel& adjacent to a
surrounding fluid, a purely two-dimensional geometric concept.

surface profile — The micrcscopic topography of a supsrsurface.
(See fig. 1, from reference 2, for photomicrographic examples,)

surface roughness - A rating assigned to a surface profile to
represent some quallty or characteristic of the profile.

percentage bearing area -~ The percentace of area of a plane, par-
allel to and at a given distancs from the neminal surface, inter-
sected by the surface profile; figurc 2 illustirates the construe-
ticn ot' a tzaring-area curve from a recoril of the prefile,

rcughness number - The distance between planms of different parcent-
age bearing area exprcssed in rmicroinches.

peak roughness numbsr — The distance hetween the planus of 2-pzrcznt
anl 25-pureant bearing area, expressed in micreinchees; figure 3
illustrates a profilc trace of low p2ak roughn:ss number ac dater—
mined by bearing—-ar«-a curvc,

ras - The roct-mean-square value of a surface proflile expresscd in
microinches; the profils may he the actual profile or the profile
that is Jdeternined by a measuring instrument.
CHARACTERISTICS OF RUN-IN SURFACES
DETECTION AND MEASURELINT
The running-in process mnakzs itse<lf evident in two ways:

l. It modifies the sliding surfaces of piston rings, plain
Journal vearings, and other sliding parts,

2, Because of this change in surface, it modifies the per-
formance characteristics of thesa piston rings, plain journal
bearings, ard othar sliding parts.
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The changes made to a surface during running-in must first be detected
and their extent must then be measured if they are to be reproduced
by manufacturing methods.

Thie phenomena that indicate the difference between a virgin and
a run-in piston ring may be any combination of the following:

1, Fcrmaticn of Reilby layer on piston-ring face
2. Change in surface orofile on piston-ring face
. Change in shape oif piston-ring lace »r cylinder barrel

. rormation of new material on piston-ring face

3
L
5. Mcdification of radial-pressure pattern
6. Change in metallurgical structure

7

. Removal of locscly leld surface material

For surfaces other than thoss of niston rings, all of the foregoing
phenoriena may bz present except 53 for example, a journal bearing
right show all of the listed pienomena except % and G.

Beilby layer. - In 1901, G. T. Beilby stated that surfaces which
had been metallograthically polished showed a thin layer of structure
different from that of the basis metal when viewed under the micro-
scope (referzance 3). He inferred that this superstratum was similar
to the Rayleigh layer which had been prcduced earlier on transparent
solids such as guartsz. The Rayleign layer could be dstected by its
changed refractive index, but nc means of detection of the Beilby
layer was found until thz 19%0!'s when electren diffraction came into
aclivo use. Beilby had assum=d that the layer which now bears his
namc consisted of amorphous metal although he could not be sure that
it did not consist of crystals tco small to be rssolved under the
optical microscop=2,

The use of X-ray diffraction had failed to reveal the presence
of the layer because, as it was later found, the layer was so thin
that Z-rays passed through and wers diffracted chiefly by the basis
metal, Elecirons, bacause of their roor penztrative power, did not
pass through the laysr and henco were diffracted only by the layer.
Thus, electron-diffraction methods constituted a direct means of
detacticn of the Bsilby layer.

Elzctren~diffraction natterns may be obtained as transmission
patterns with only very thin foll, Reflection patterns are the
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only suitable msans to be usad with spacimens of any considerable
thiclkness; hence, speclmens, such as piston rings or bearings, are
examined only by reflection methods.

EEETE R [

The Beilby layer is thought to be formed by the extremely quick
solidification of surface metal that is melted during sliding. Iocal
pressures during rubbing are extremely high and local temperatures
reach the melting point of the sliding material (reference l). The
heat capacity of the metal surrounding these molten spots is so high,
compared with the small amount of heat generated there, that solidi-
fication is instant. This short time interval during which solidi-
fication occurs is thought insufficient to allow the crystals to
orient themselves as usual, resulting in an amorphous layer. Another
view held by other authorities is that the Beilby layer consists of
crystals so small as to yield no discernible pattern. The avidence
presented by such investigators as L. H. Germer, F. Kirchner,

J. T. Burwell, J. Wulff, W. Cochrane, G, I. Finch, and others on the
constitution of the Beilby layer are well summarized in references 5
and 5.

The electron-difiraction patterns yielded by the Beilby layer
are simllar to thosaz caused by liquids, such as mercury, et rcom
temperature (reference 7, p., 171). The disordered array of mole-
cules that constitutns the laysr has been likensed to the swrface of
a liguid. Even as at the surface of a lliquid, surface forces are
high. Great energy is availablec for adsorption of rolecules of
other materials (refereance 3(a}). Then too, chemical reacticns may
be hastened by this cnergy. The surface =nergy of the Beilby layer
is 3o great that materials deposited on the surface by physical means
assume the randcm orientation of the layer until a considerable thick-
ness ol deposit has bcen built up (raference 3(a)). On crystalline
materials, however, 2ven very thin dsposits will shovi their normal
structure. These surface forces undoubtedly act to hold fluid mono-
layers very tenaciously. It is thought that the fluld films formed
on the Bellby laysr are more resistant to removal than those on
crystalline surfaces (reference 9).

The Beilby layzr is kncwn to be hard. It is held to be wear
resistant because its formatlon is accompanied by decreased time rate
of metal removal during rubbing (reference 7, p. 173), as has been
made apparent by experiments on journal bearings. It has been
showvn that metal is removed from the bearing surfaces at a constantly
decreasing rate during the running-in process. During the same
period of time ths Beilby layer was continuously growing. Obser-
vatlons of piston rings anl cylinders of alrcraft engines showed the
existence of relatively thick layers after run-in (reference 8(a)).
The depths to which these layers form on engine parts have necver been
exactly determined, but they are greater than those producad on hand-
polished specimens. Such is the thickncss of the layer on cylinders
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that several rubbings with emery paper are required to remove it
(refersnce 8(a)). Hand polishing yields layers from 30 to 50 &

in thickness as determined by controlled etching (reference 8(b)).
Controlled etching consists in removing known amounts of surface
material from a specimen. From the dimensions of ths specimen and
from the amount of material removed from the specimen, the thickness
of the surface layer removed may be calculated. The process of
alternate etching and photography of electron-diffraction patterns
continues until the characteristic nattern of the Beilby layer is no
longer obtained. The sum of the thicknesses of all layers removed
by etching is the thickness of the Beilby layer.

Surface profile. — It is current practice in America +to express
surface roughness as rms (reference 10). This designation is many
times meaningless, especially when the methcds of production of the
profiles are not specified. For instance, a lapped surface amd a
ground surface of equal rms may have far different operating charac-
teristics and over-all profile heights, A self-explanatory diagram
of common profile differences is given in figure L, from reference 11.
In general, a lapped surface consists ol a supersurface that is essen-
tially smooth although pied with pits. A ground surface consists
of equal neaks and valleys. Practically all maclined surfaces can
be classified as one or the other type. The difference between
the two types of surface manifests itself as a low peak roughness
numbzr for surfaces without protuberances and as a high peak rough-
ness number for hilly surfaces.

Regardless of what the initial profile may be, the peak rough-
ness numbper decreasss during the running-in process, except for
extremely smooth surfaces. The action consists, as determined micro-
scopically, in removing the tips of peaks and thus converting them to
nlateaus. That »zaks are converted to plateaus has been shown by
the taper—-section method of examination. If the oil-film thickness
betwein sliding surfaces is construed to indicate the distance between
definite nercentag: bearing arszas of some value less than 25 percent
on each surfacc profile, it is then seen that a low peak roughness
number will indicate a small :dlistance of projection of profile peaks
into the film.

Pits are needed on smooth surfaces to prevent the oil from
wiping off as a shzet. Two indepindent theories adequately explain
this nhenomznon (refer:nces 12 and 13). It must be rememberad that
the presencs of pits need nol influence the surface topography of
the platcaus of the surface profile. That is, pits may exist in
surfac:s of both high and low peak rowrhn:ss numbcer. The trend
in topography o1 surfacz plat:saus is toward smoothness. This ten-
dency is shown in a numbar of cases.
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More metal is removed from rough surfaces than from smooth
surfaces during the running-in process. The amount of metal removed
is proportional to the surface finish, as shuwn by figure 5 taken
from reference 1lj(a). Hence, rough surfaces contribute much to
ebrasive wear by filling the lubricant with wear metal.

Worms and worm gears develop greater load-carrying capaclty and
greater efficlency after running-in as the initial surface finish is
made finer (reference 14(b)).

It is believed that the formation of a profile of low peak
roughness number would aid in maintaining a monomolecular film under
boundary-lubrication conditions by increasing the number of long-
chain molecules standing on end atop the extremities of the super-
surfaca,

Fatigue resist nce of smcoth surfaces is gre2ter than that of
rough surfaces. It scems logical that the corrcsion resistance of
a smooth surfuca should be greater than that of a rcugh surface
inasmuch as a rough surface presents grzater profile =reas for attack,
Also, corrosion fabigue, as with all fztigue phenonenea, is more dele-
terious to rough suriaces thwn toc smocth surinces,

The dirzetion of sliding of surfacss is indicatzd by scratches
or grooves parallel to the direction of sliding if contact occurs,
Records of a sliding surf.ce made with tracer instrumcnts show desep,
closely spaczxd pits and pzaks, if tzken orthogenal to the direction
of sliding, and less closaly spaced, il tuken in the direction of
sliding (figs. 6(2) zad 6(b), from referznce 15). These marks are
mere or less irrvgular depanding on the method of surface finish and
the amount of ebrasive preseant in the lubricant. Whether these
cravic:s sarve as 2il ways to distributs oil over the surface or
whether they serve as chanucls for escape of the lubricant under
pressur: b.otwsen tin: sliders has never been clzarly determined.
These scratches are sometimes tarmod "run-in merks.!

The most cormon means of meisuring surfrce roughness is rrs 1s
by use of cither the Brush surfzce analyz:r or the Profilomater. At
prosent, the only commorn noni:structive attempt a2t recording the
actuzl shape of the profile is by ruans of tnc Brush surface analywer.
For surfaccs less rnugh than 250 microinches rms, thz rms determined
by the instrment is diff.rent frow the trus rms as dztermlned micro-
sconicalily by taper szetinniag. For grouwmd surfaccs in the order
of 1 microinech rms =s measured by the instrument, the true rms is
about 10 microinchzs rma (refer.ace Ui(e)). Such instruments sarve
usafully in production insp.ctlion and in somc resaarch but they f£all
short of yicliling pr.:cise r:scurch data.
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Taper sectioning is a very exact method of viewing surface
profiles but it requires the destruction of the specimen. Evidently,
destructive testing must be avoided if a series of tests is to be
run on a specimen, such as a piston ring, where surface profile is
under study.

It must be noted that the surface roughness of the face of a
pilston ring varies around the circumference of the ring after run-in.
The NACA has made investigation cf this relation between radial-
pressure pattern and circumferential variation of surface roughness,
Aircraft—angine niston rings had been lapned in cylinders before
test in ordar to eliminate the variable of initial surface finish in
acceleratzd high-output test runs. The surface finish of. these
rings was evaluated by means of a Brush surface analyzer equipped
with both rms meter and oscillograph, Roughness measurements were
taken at three points on the ring face, namaly, adjacent to the gap,
opposite the gap, and at a point hialfway between the two, which was
called the 992 ncint. Both circumf'erentizl and axial roughnesses
wera determined.

It was found that, after lapplng, the finish was roughsst at
the 90° point, with roughnesses at the other two stations approxi-
mately equal to sach other although slightly lower at the gap. This
roughnsss pattern was sirilar in both directions of travel.

When the rings were examined after accelerated high—cutput tests
that had not scverely marred thie surfaces by scuffing or scoring, the
original shape of roughness pattern was found. It was shown that
at all points on the ring the following exprassion held:

log. rms after running
log, rms after lapping

= constant

The rirgs in question possessad high plus circularity. The
radinl-prassure pattern of such rings taksn around the circumferencs
is similar to th: finish pattern, that is, smcoth at gap and
130° point, and rougher tatween. Becauss the rings grew smoother
with ruabbing it followsd trat points of the highest radial pressure
gave the most wear during lapping 2nd gavas tihe smoothest surfaces.
Indeed, it would swen that, il' A n~iston ring were lapped in a cyl-
indasr and the resulting surface-finish pattern ware detoerminezd, the
ridial-pressure pattern woull follow.

Shape chunge. — Tha hydrodynzmic theory of lubrication states
that, if slidiry surfucas converge to form a cerrectly proportloned
wodge—-shapad space, ihe optimum conditiens for wearless operation
are established. Journcls in eetrirgs amutomrtically follow this
criterion by displacing thers:lves eccantrically. Approxime .ely
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one fourth of the total bearing is available for supporting the load,
The Michell-Kingsbury-ijomy types of bearings make use of pivoted
slippers to establish the wedge—shaped oil film and increase the
length of circumference that can carry load (reference 16). Applied
to journal bearings, pivoted shoces have enabled unit bearing pressures
to be tripled without excessive bearing wear.

Piston rings are assembled in piston grooves with appreciable
clearance in order to minimize ring sticking. This clearance, &as
well as the clearance of the piston in the cylinder, permits the
piston ring to rock with respect to the cylinder. Rocking brings
the cylinder wall into contact with the edges of the piston-ring face
where wear takes place, The continuous wearing of the ring edge
against the wall causes the ring face to become convex, Inspection
by the authors has shown that high-output aircraft-engine piston
rings presented a continuously curved convex face shape after oper-
ation. This shape agrees with hydrodynamic theory that postulates
a biconical face shape as optimum (referznce 17). The percentage
of the stroke over which full fluid lubrication occurs increases as
the optimum face shape is approached,

The effact of pgas pressure oan ring wear during operation is in
dispute. One authority states that gas pressurs has little effect
on ring wear (reference 1°), The smallness of the effect is thought
to be due to the nizh rotuantial ssgparating force ol the fluid film
that is built up by the tims maximum gas pressure can develon behind
the piston rings throwsh t:n» small piston and cylinder clearances,
Other sources show that gas prossires do ianfluence piston-rirg wear,
especially when unit wall pressures are low (refereacze 19).

Because the fluid film is in cvery cass very thin, the dzgree
of taper of a biconical ring face need be only slighlly greater than
the maximum angle that the ring can make with the cylinder center
line under extreme rocking conditions. Because the amount of
rocking is variable over the stroke, the angls produced by the planes
of ring and cylinder wall must be variable. The only practicable
means of obtaining this variable anglce is for the ring to have a
continuously curved convex, not biconical, face.

Local thermal distortions produced by temperature change of
the operating mechanism will cause the surface of the slider to
depart from its nominal shave (reference 20). During running-in
the slider tends to remove these protubsrences whers thoy exist.

cW materials on surface, — The surface of a slider may undergo
reaction with the lubricant fc form surface compounds. The action
of chemlecal polishing agents and, in part, the action of oiliness
agents are attributed dirsctly to the formation of surface compounds.




10 ' _NACA ABR No. 4C21

Even cutting fluids used in machining operatlons depend to some
extent for their action on the organometallic compounds of varied
frictional coefficients that are formed on the work surface.

Chalmers and Quarrell (reference 21, pp. 232-233) state that the
high wear of engine cylinders by aluminum pistons is caused by alu~
ninum trioxide, sapphire. This oxide beccmes amorrhous during
running and recrystellizes on stopping to form sapphire, which abrades
steel readily. After the engine is started, some time elapses before
the amcrphous structure rsturns. The amornhous form of the oxide
does not wear the cylinder badly. Aluminum-magnesium—-alloy pistons,
which always form amorphous oxlides, might yield reduced wear. This
idea is under investigation according to the authors of reference 21,

Surface compcunds may be detected by chemical methods ard by
such means as electron diffraction, X-ray diffraction, and others,

Another chasge in surface composition occurs when cast iron is
a slider. Cast iron when rubbed has the property of bringing
occludad graphite to the surface. This graphite forms a layer
oriented in the direction of sliding (reference 8(a)). It is
claimed by some authorities that, when this graphite is removed, wear
becomes great and unpredictable. Grephite is believed to be more
easily o0il-film forming than metals,

Change in pressure pattern of ring. - The NACA has found that,
in accelerated high-output tests, piston rings maintain the original
radial-pressure pattern after operation provided that no ring failure
has occurred, Ring failures, either of the type where gas blow-by
has increased or where scuffing has occurred, modify the ring pattern.
The NACA has found that increased temperature of a piston ring in
a cylinder decreased the diametr:l tension cof the ring. From these
results, it can be reasoned that high local temperatures, such as
those caused by blow-by or scuffing, will lcwer the corresponding
local radial pressures so as to warp the pressure pattern of the
ring. TIllustrations of such modifications are not uncommon in
piston-ring literature (reference 22),

Metallurgical change. - 5liding of surfaces is many times
accompanied by cold work, always sc when contact between the surfaces
occurs. It has been observed that working by any cf a number of
means including sliding will reduce the grain size of metal and also
deform the grains to produce oriented structure (reference 8(c)).

Cold-working also affzcts the affinity of the lubricant mono-
layer for the met2l, either directly by medifying attractive surface
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forces or indirectly by preferentially attracting foreign materlals
(reference 12). Worked surfaces are prone to corrode, however,
because internal stresses lower the corrosion resistance and the
corrosion—-fatigue resistance (reference 7, p. 172).

Many materials gain in hardness and wear resistance directly
because of metallurgical phase changes effected by cold work.
Hadfield manganese steel, for instance, 18 a common material that
attains its complement of abrasion-resisting qualities directly by
cold work,

Removal of loosely held surface material. - The advent of
superfinish has focused attention on loose metal "fuzz" present on
newly machined surfaces. This metal, normally, is quickly worn
off during operation and finds its way into the lubricant, Minute
particles of loose abrasive are also present in the outer surfaces
of machined parts that have been finished by conventional abrasive
means., The exponents of superfinish clalm that neither loose fuzz
nor abrasive is present on supsrfinished surfaces (reference 14(d)).

Miscellaneous., - J. T. Burwell and H. W. Fox in unpublished
rescarch conducted at M.I.T. found that for journal bearings the
time rate of metal removal is about the same as the time rate of
change of friction torque and time rate of change of lubricant tem—
perature. It would seem that wear is a good criterion of perform—
ance characteristics of sliding surfaces. Hence, the running-in
process was defined in this paper on the basis of slider wear.

If a bearing is run in at some definite operating temperature
and if sometime thereafter the operating temperature is increased,
the bearing passes through another run-in process. The increase
in temperature is characterized by decreased seizure load, increased
friction, and increase at the point of minimum friction in the

. Lr27N
variable —zzp—

where

r radius, inches

¢ diametral clearance, inches

Z absolute viscosity, centipoises
N angular velocity, rpm

p unit pressure, pounds per square inch
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After the sliding surface has been run in at the increased tem-
perature, the performance characteristics will have approached post
run-in values because of the lowered oil viscosity that permits the
surfaces to approach each other and thus to wear off more of the sur-
face profiles (reference 1li(e)). It has been shown also that oils
of 1light viscosity run in surfaces smoother than heavier oils of the
same stock, Actual operating viscosity has no effect on the phenom-
enon, When both olls are heated to the same viscosity, the heavier
0il still wears the surface rougher (reference 1L(f)).

Running-in increases the load canacity of sliding surfaces, as
shown graphically in figure 7, from reference U(e). It will be
ncted that higher loads may be carried by a run-in surface, without
destroying thick film lubrication, than by a virgin surface, Because
the condition of thin film lubrication connotes highér wear than does
hydrodynamic lubrication, it is seen that the wear decreases as the
surfaces are run in. TFigure 7 shows directly that friction terque
is less for a run—in surface.

Another means of showing the load-carrying advantages of running-
in is by the constant-torqus friction—-loed curve for a plain journal
bezring, (See fig. 8 and reference 2%.) Because friction torque
is proportional to the product nf the coefficient of friction und the
normal load,

T = kfp
where
T frietion torque
f friction coefficient
p load
k prorortionality constant
With torque constant,
rf =K

wher:z XK is 2 constant. This expression is the equation of the
hyrerbola shown in figure 8, frem reference 23. Because running-in
low=rs the fricticn and bzacause smooth surfaces have less friction
than rough surfaces (fig. 9 from reference 1l4(a)), tha shapes of

the curves in figure 8 ire apperunt. The curves in figure 8 shcw
also that a greater change in lcad-carrying cnpacity is produced by
running in the smooth surface than by running in the rough surface for
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’

the same period of time under econstant torque. -For the same
period of time of running-in, howsver, the rough surface cannot
achieve the same load capacity as the smooth surface. This dif-

-~ ference-1in-load ‘capacity indicates that the fundamental idea of

roughening surfaces in order thab they may run in more quickly is
fallacious, It would appear that the running-in process is never
completed, for a bearing may continue to improve continuously in
performanne during operation. (See fig. 10, from reference L(e).)

CHARACTERISTICS OF RUN-IN SURFACES
ARTTFICIAL PRODUCTION
To some extent each of the characteristics of run—in surfaces
nay be artifinially produced, that is, be produced on the piston ring

without resort to running in the ring in an engins.

Beilby layer., — It ia pessible to produce the Beilby layer on
surfaces 3uch as cylinders without running in the cylinder in an

actual engine. Rubbing under properly controlled conditicns will
produce it. In order that the surface will not wear out before

the layer is formed, rubbing loads must not be Loo high nor sliding
speeds too great. In order to fcrm the layer at all, however,
rubbing loads must not be too low nor sliding too slow. Pure hydro-
static pressure will not produce the laysr. Shearing stress must

be present (reference 8(d)). 1In general, the Beilby layer cannot

be formed on metal surfaces that are rubbed by metals of lower melting
point (reference 7, p. 173).

Deposition of certain coatings by msthods, such as cathod.c
sputtering, flashing, electrolysis, and oxidation, may yisld ai.or-
phous films.

The effect of edsorption of lubricant and combustion gases in
the engine may cause the natural layer to differ from the artificial
(refersnce 8(e)). For example, bearings run under an oxygen blanket
show increasingly high seizure loads as the rate of oxidation increases
(reference Uy(e)). Rouge, when used for polishing, has a tendency
to give off oxygon to metals (reference 8(e)); thus, surfaces polished
with rouge might conceivably be more seizure resistant than those
polished with inert agents.

Surface profile. - Means of producing smooth surfaces and sur-
faces of low peak roughness number are available by mechanical,
chemical, and electrolytic methods (reference 21, pp. 265-267). Lap-
ping and superfinishing yleld the smooth surfaces. The finish
may be made smoothar by prolonging tha machining opzration or by elec-
tropolishing (refersnce 14(d)). Machine polishing rcmoves high peaks
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by flowing the metal, but the action is usually so drastic that
much of the flowed metal ls worn off during the inltial moments of
operation under service loads,

When certain additives known as chemical polishing agents are
placed in lubricating oil, they react with the metal sliding sur-~
faces to foerm cempounds that have lcw wear resistance, low shear
strength, or low melting points (reference Ui(g)). Because the
reaction proceeds only with unattacked material, the peaks alone
will be worn down because they are being constantly abraded and
exposed to the additives. Certain of these additives, such as tri-
cresyl phesphate, are temperature selective; that is, the reaction
decelerates as the local temperature drops {reference 14(g)).
Terperature-selective additives need never be removed from the lubri-
cant; when they have performed their functior of flattening surface
peaks, they becore inoperative. Other additives that are not tem-
neraturz selective rust be removed from the lubricant after their
purpcse has been fulfilled in order to prevent excessive wear
durirng service. A profile ccnsisting of very flat peaxs may be
cbtained in this way. When both oiliness agents and chemical
pclisning agents are added to lubricants, the wear resistance nf the
surface after running-in is increased manyfold (refererce 1Ui(g)).

Electropclishing (electrolytic brightening) can produce very
smooth surfaces that are markedly free frcm asperities. This
method may te used to remove scratches frcm superfinished surfaces
(reference 1i(d)). Whether such smoocth surfsces are suitable fecr
oreration as sliders is determined by the abrasive content of the
lubricant, If the lubricant is relatively free from abrasives,
such a surface will retain its smoothness during service (refer-
ence 1/d)); if nct, the surface will roughen.

A surface consisting of plateaus surrounded by deep gorges
can be produced by a process essentially the same as electropolishing.
One such process has been patented anid is used to prcduce this type
of surface on chremium plating. As with electropolishing, the
work surface serves as the ancde and current is flowed through an
electrolytic solution. In general, if the electrclyte is such that
current can mora easily flcw through the metal than through the
electrolyte, electropolishing will take place ard the swrface will
becone smocther (referencs 21, p. 265). Under other conditions,
hcwever, certain phases of the matarial are selected for removal
{refer=nce 1i(h)). 1In such cases essentially flat plateaus sur-
rounded by gorg=s will result, The orocess is used ccrmercially
on chromium—plated slidirg surfaces, Superpesing alternating
current on the direcht electrolytic current results in deposits almost
free from internal stress.
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In line with the theory that run-in marks are beneficiel for
sliding surfaces, some engine cylinders have been machined with tool
marks parallel to the axis. Draw polishing.(burnishing) was one
of the first means used to produce the effect. This process, how-
ever, causes the metal to flow in such manner that areas of the
surface metal are weakened and break off easily under slidingj also,
peaks may be flowed so that they are bent and cover over the initial
surface rugosities. When this covering 1s detached, the originsal
surface ls exposed. Present-day means of achieving this type of
finish are by use of honing without rctation, which is also called
codirectional honing or functional finishing. Some authorities
claim that such finish reduces initial wear (reference 1L(1)).

Shape change. — It is entirely practicable to machine piston
rings tc a continuously curved convex face shape. Conventicnal
machining methods such as grinding will produce the desired effect
glthough the small amount of curvature degired indicates that »re-
cisicn machining may be reqgaired for this work,

The elimination of local thermal distortlons may be accemplished
by designing engine parts in such nmamnmer that they take correct
nomiral shape when heated to operating temperature.

New materials on surface., - If materials that imprcve the per-
formance crharacteristics of a pisten ring form on the plston-ring
surface owlng to chemical reaction, it woull scem entirely practi-
cable to carry thrcugh thess reacticns prior to engine operation.
Present piston~rirg coztings may actually serve the same purpose as
the products of these reactions,

Fisten—-ring coatings arv emplcyed in order that rings may rass
through the running-in process without pesrmanent marking or wearing-
out. They may also lower fricticnal force (reference 14(j)). Such
coatings serve as bulfer layers, which themselves do not wear the
eylinder greatly. As the coatings wear cff, the asperities of the
piston-ring basls metal are permitted to come gradually into contact
with the cylinder wall in order that wearing-in may occur. The
coatinrg ought preferably to be oil retentive.

Occluded graphite may be brought to the surface of cast-iron
sliders by polishing operations, Colloidal graphite added to the
lubricant has been recommended to replenich this graphite layer.
GColloidal graphite is even better in this respect than graphite
deposited from suspension (reference 8(a)).

Change in pressure pattern of ring. - Inasmuch as the only
changes In pressure pattern of piston rings found to this dste after
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a running-in process had been completed were those caused by
incipient or ccmplete failure, it would appear that present pressure
patterns should not be altered.

Metallurgical change. — Any number of methods may be used to
cold-work the suriace of a slider. For instance, the practice of
sandpapering engine cylinders before running-in yields a cold-worked
layer. It has been shown by X-ray diffraction methods that coarse
abrasive yields a lesser depth of ccld work than fine abrasive
(reference 2l).

Removal of loossly held surface material, - The most direct
rethod of obtaining a surface free from loose metal fuzz would
appear to be electropolishing. Because superfinishing has been
proved to yield negligible amounts of abrasive on a superfinished
surface, 1t can be used as a finish-machining operation where little
loosely hsld surface material is desired.

RECCHYMENDATIONS

The following tests are reccmmended for investigation in order
to direct future development along lines that would eliminate
running-in and allow a sliding swface to be put into service at
the peak of its performance characteristics:

Tests to determine the effect on wear in service of piston
rings and cylinders of:

(A) Fremanufacture of surface profiles produced by

. Superfinishing

Tapping

Grinding

Electrclytic polishing

Electrolytic roughening

Sliding on lubricant containing

(a) chemical polishing agents

(b) chemical polishing plus oiliness agents

fo RV W RN\ S I

(8) Premanufacture of Beilby layer produced by

1. Mechanical polishing
2. Deposition

(C) Use of rings of couvex face shape

(D) Premanufacture of running-in marks
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(E) Colloidal graphite as lubricant for cast-iron sliders

.. {F) Design of cylinder shape to produce true nominal shape
under temperature conditions’ approximating those in service

(@) Cold-worked rubbing surfaces

ADVANTAGES OF ARTIFICIAL RUNNING-IN
Advantages anticipated as accruing from artificial running-in
of pistan-ring and bearing surfaces bafore service operation are as
follows:
1. High loads may lmmediately be placed on sliding surfaces.

2, The lubricant is not fillsd with the large amount of metal
worn off during the running-in precess.

3. Time, labor, and money expendsd to run in engine parts ars
saveil,

l,. High outputs and high mechanical efficiency may be obtained
and maintained by reducing friction and wear,.

5. Operating life may be increased by decreasing wear.

6. Time between overhauls may be decreased bacause of greater
dependability of parts.

T. Operating safety is increased by minimizing failures through
wear, corrosion, fatigue, and corrosion fatigue.

8. Design, service, and maintenance are simplified by assuring
small rate of change of dimension of sliding surfacss,

9. Design and power-welght ratio may be bettered by assuring
maximum efficiency for all oparating parts.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Chio,



18 RACA ARR No, 4C21

REFERENCES

1. Whitlock, Marvin: Limiting Factors of Overhaul Periods for
Aircraft Engines, SAE Jour,, vol, 50, no, 11, Nov, 1942,
PP . 499-508 »

2, von Borries, B., and Janzen, S.: Abbildung feinbearbelteter
technischer Oberflachen im Ubermikroskop. VDI Zeltschr,
Bd. 85, Nr, 9, March 1, 1941, pp. 207-211.

3. Bellby, G, T.: Minute Structure of Metals. Abs. In Jour.
Soc. Chem, Ind., vol. XX, no. 10, Oct. 31, 1901, pp. 992-993,

4, Bovden, F, P,, and Ridler, X. E, W.: Physical Properties of
Surfaces, III - The Surface Temperature of Sliding Metals.
The Temperature of Lubrica.ed Surfaces. Proc, Roy. Soc.
(London), ser. A, vol. 154, no, 883, May 1, 1936, pp. €40-G56.

5. Barrett, Charles S.: Structure of Metals. McGraw-Hill Book
Co., Inc,, 1943, pp. 1, S03-E505.

6. Thomson, G. P. and Cochrame, W.: Theory and Practlce of
Flectron Diffraction.. Macmillen and Co., Ltd., (London),
1939, pp. 185-194,

7. Adam, Nell Kensington: The Physice and Chemistry of Surfaces,
24 ed,, Clarendon Press (Oxford), 1938,

8(a). Tinch, G, I.,, Quarrell, A. G., and Wilman, H,: ZElectron
Diffraction and Surface Structure. The Structure of
Metalllc Coatings, Fillms, and Suvrfaces, Trans, Faraday
Soc, (London), vol, XXXI, 1935, pp. 1051-1080.

(b). Eopkins, H., G.: The Thickness of the Amorphous Layer on
Polished Metels. Op. cit.,, pp. 1095-1101.

(c). Less, C. S.: The Structure of Polished Metal Surfaces,
Op. cit., pp. 1102-1106.

(d). Desch, Cecil H.: Inmtroductory Paper, Op. cit., pp. 1045-1048,

e). Tronstad, L.: Remarks on 7(c), paper by C. S. Lees, Op. cit,
1 ) J ’
pp. 1111-1112,

9. Finch, G. I., and Zahoorbux, F. D.: The Study of Wear and
Lubrication by Electron Diffraction. Proceedings of the
General Discussion on Lubrication & Lubriceants, Oct, 13-15,
1937, vol, 2, Inst, Mech, Eng, (London), A.S.M,E. (Wew York),
May 1938, pp. 295-301,



NACA ARR No. 4C21 19

10,

12,

13,

14(a).

(b).
(c).

(a).

(e).

(£).
(g).

(n).

(1).

(3.
15.

Anon.: Burface Roughness. Proposed American Standard B46,
A,8.M.E., March 1540,

Schmaltz, Gustav: Teéchnische Oberflichenkunds, - Julius

Springer (Berlin), 1936, p. 120,

Burwell, J. T,: The Role of Surface Chemistry and Profile
in Boundary Lubricatlon. 8AE Jour., vol. 50, no, 10,
Oct, 1942, pp. 450-457.

Kline, J. E.: Deslred Characters of Surface Finishes,
Meoh, Eng,, vol. 57, no, 12, Dec, 1935, pp. 749-752.

Burwell, J. T., Kaye, J., andl van Nymegen, D, W.: I - Effect
on the Performance of a Babbitted Journsl Bearing, and IT -
Effect on the Metal Removed from e Journal During the
"Running-2n" Process, Proc. Special Summer Conf. on Fric-
tion and Surface Finich at M.I.T., (Cexbridge, Mass.),
June 5-7, 1940, Chrysler Corp., 194G, pp. 206-211.

Limn, F. C.: Thin Film Lubrication, Op. cit., pp. 122-126.

Kelson, H, R,: Taper Soctioning as a Means cf Deccrlbing the
Surface Contour of Metala, Op. cit., pp. 217-237.

Wallace, D. A.: The Preparation of Smooth Surfaces., Op. cit.,
oD. 22-43.

Pigott, R. J. S., and Exline, Paul G.: Automatic Machine for
Investlgeting Boundery Pnenorens in Sleeve Bearings. Op.
cit., »p. 187~-196,

Karelltz, G. B,: Boundary Lubrication, Op. cit., pp. 102-1ll,

Beeck, Otto, Givens, J. W,, Smith, A. E., and Williams, E, C.:
On the Mschanlem of Boundary Lubrication., Op. cit.,

PP- 112—121-
van Nymegen, D. W.: Remarks, Op. clt,, pp, 215-216,

Connor, Kirke W., end Martzs, L. 5.: Functlonalism in Surface
Fimsh- op- Cit., pp- 174"1810

Campbell, W. E,: Remarks, Op. cit., pp. 197-201.
Abbott, E, J.: Wide Variations in Cylinder Finishes Revealed

in Different Makes of Cars by the Profilograph., Auto, Ind.,
vol. 72, no. 13, March 30, 1935, pp. 444-448,




20 RACA ARR No, 4021

16, Gibson, J. Hemllton: Plvoted Pad Bearings. Proceedlngs of
the General Discusslcon on Lubrication & Lubricants;
Oct, 13-15, 18937, vol, 1, Inst. Mech. Eng. (Londom),
A.8,M.E, (New York), Msy 1938, pp. 107-114,

17, Castleman, R. A., Jr.: A Hydrodynamical Theory of Piston Ring
Lubrication, Physics, vol, 7, ro. 9, Sept, 1936, pp. 364-367.

18. Poppinga, R.: Pilston Lubrication. MAP abs. 100/72, Auto, Eng.,
vol, XXXII, no, 426, Aug, 1942, p. 324.

19, Willliams, Charles Garrett: Collected Ressarches on Cylinder
Wear, Auto, Res, Commitiee, Inst, Auto. Eng.(London), Jan.
1940.

20, Teetor, Macy O.: Cylinisr Temperature. SAE Jour,, vol. 39,
no. 2, Aug. 1936, pp. 328-332.

2l, Chalmers, Bruce, and Quarrell, A. G.: The Physical Examination
of Matuls, vol. II. ZElesctriral Methods. Longmans, Green &
Co,, 1941,

22, EKumn, M,: Piston Ring Pressure Distribution. NACA TM No. 1056,
1943,

25, Dayton, R. W., Neloon, 3. R., and Milligan, L. H.: Surface Finish
of osournale es Affectling Frictlon, Wearing-In, end Selzure of
Bearings, Mach. Eng., vol. 64, no, 10, Oct. 1942, pp. 718-726,

24, Vacher, Herbert C.: X-rey Measurement of the Thickness of the
Cold-Worked Surface Lajyer Resulting from Metallographilc
Polishing. Res. Paper 14234, Nat, Bur. Stantards Jour. Res.,
vol, 29, no, 2, Aug. 1942, pp. 177-181.

BIZLICGRATHY

McKee, S. A.: The Effect of Running In on Journal-Bearing Performance,
Mech. Eng., vol. 43, no., 12, Dec. 1927, sec. 1, pp. 1335-1340;
diccussion, Mech, Erng., vol. 50, no. 7, July 1828, pp, 528-533.

Engilech, C.: The Rumming-In of Pieton Rings and Immroving It by
Surface Treetment, Tech, Trans. ITfo., 123, R, A, Castleman, 1940,
(From ATZ, vol, 42, no. 24, 1939, pp. 648-652.)




NACA ARR No. 4C21l Fig. 1

(a) Magnified 6400:l.

(b) Magnified 8600:1.

Figure 1. - Oblique photomierographs of finish ground
surfaces-.of steel, made with electron
microscope. (Plate 2 from reference 2)
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