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SUMMABY

Swikert

Information is vreesented. that extends the range of existing '
fundemental friction knowledge to inelude sliding velocities encoun-
tered in rolling-contact bearings end reductlon gears of aircraft

. Dpower plants

-Experiments were conducted With a kinetic-friction apparatus
consisting basicelly of an elast’cally restrained spherical rider

gliding on a dry or lubricated rotating disk.

-made V}Eh gteel specimens over a range of speeds between 5C and

6600 Fest per minute with loads Trom 169 to 2232 grams (108,000 %o
255,000 1b/sq in., Initlal Hertz surface siress) and were supple-“
mented by studies using standard physical, chemicel, and metel-

lurgical equipment and techniques.

The experiments were

It was determined that kinetic friction decreases with sliding
gpeed for dry and for some boundary-lubricated surfaces at high
sliding speeds. Amontons' law was verifiled at all speeds Investli-
gated with dry surfaces and with surfaces boundery-lubricated with

oleic acid or a commercigl SAE No. 10 ¢il.

Changes in physical-

characteristics of material resulting from high surface bempera~
tures caused by increased rate of surfecs. stress*ng and the

occurrence of ferrous oxide on the sliding surface sre possible
causes for the reduction in kinetic friction with high sliding
velocities. Surface preparation was the -most important single

technique contributing to the inxestigation.

[}

INTRODUCTION

The operation of sliding surfaces, such as occur in current -
aircraft power~plant rolling-contact bearings and reduction gears,
et sliding velocities of 1000 to as high as 18,000 Test per minute,
has indicated the need for more extensive information on kinetic N
friction at high velocities. A survey of gpplicable literature and
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conglderation of current practice has demonstrated thal the applica-
tion of basic investigations on kinetlc friction 1s fundsmental to
the design of ceprtaln powor-plant components.

Amontons (reference 1) and Coulomb (reference 2) published the
baslc concepte of Friction that are most widely held today. This
work was developed by later investigators to the point that, for
both dry friction &end boundary lubrication with certain lubricants,
it is well establighed that the resigtance to relative motion of
solid bodies is directly proporiionsl to the normal load (Amontons'
law), is independent of apparent area of contact, and within certain
limits, is independent of sliding velocity. - Conasiderable experimental
verification exists for the first two concepts; however, the published
regulte on the effect of veloocity are confllioting. Beasre and Bowden
reported wark on sliding velocity (referonce 3) from whiok they cone
cluded that, with unlubricated and with boundary-lubricated surfaces,
the ¢oefficient of kinetic fric¢tion is independent of sliding veloc-
ity; the renge of velocitles investigsted, however, was limited to
that between 60 and 600 centimsters por second (118 and 1181 f£t/min).
Other investigators (references 4 to &) have accepted the concept of
the - independence of kinetic frlction end sliding velocity and have
made reférence to the work of Bgare and Bowden. Beeck obtained
experimental verification.of this concept at low sliding speeds and
suggeated (reference 7) that "the best criterion for this state
[of boundery lubricetion] is that the coefficient of friction is
independent of viscosity and of the sliding velocity."

The welght limitations of alrcraft-engine componenis have
necessitated the use of smsll structural sections of parts, which
results in high unit surface loasds on sliding surfeces, These con-~
ditions have complicated the problem of dissgipating heat generated
in sliding friotion and consequently may contrlbute to surface
failure. Becavse heat disgsipation is a rate process, the effects
of sliding velocity on surface conditlons become more critical at
the highor sliding speedes. Iittle reference material on the funda-
mental eifects of high sliding velocitlies on friction exlsts and
the available information is not generally applicable because it
deals with specific practical problems. For exemple, reference 8
shows that in a partiocular development application a conbinuous
reduction in friction was obtained as the sliding velocity vas
increased to a value of 5280 feet per minute,

uE.
"

An experimental investigation mede to determine the manner in
which high sliding velocities (up .to 6600 ft/min) affect the ooef-
ficlent of kinetic friction of dry end of two types of boundary-
lubricated steel surface is reported herein, The investigation
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also included physicochemical studles of experimental specimens
hafore and after opereticn as a means of determining the mechaniem
leadling to any of the effects observed. Y¥riction measurementa wers
wmade by means of epparatus that consistes basically of an elasti-
cally restreined spherical rider sliding on a rotating disk.

APPARATUS AND PROCEDURE

. Frjction Apparatus L

The experimental friction studies wexre conducted with ‘equip-~
ment that is essentlally the sams as the Deeley-Herchel apparatus
described in reference 9. Figure 1 is 'a gchemstic diagrem showing
the basic elements of the equipment and figure 2 is a photograph
of the complete apperatus. The principal elements of the apparatus
are the specimens, which are }in the Torm of an elastically restrained
spherical rider and e rotating disk. The rider is loaded by weights
applied along the vorticel axis of the rider holder. TFiiction force
between the rider and the disk is measured by four strain gages so
mounted on a copper~beryllium dynamometer ring as to compensate for
temperature effects. The force 1s indiceted by either a recording
or an observation-type callbrated potentiometer converted for use
as a strain indicator. An electrically driven radial-feed mechanism,
calibrated to indicate radlal position of. the rider, causes the
rider to traverse a spiral irack on the rotating disk. The disk is
mounted on sn inertla ring that.is supported and located by a bear-’
ing housing. The rotating specimen has a Giameter of 13 inches and
is driven by direct-current motors through a flexible coupling and,
a speed-reduction unit that allow speed control over a range of
sliding speeds between 50 and 14,000 feet per minute, The disk and
the rider are covered by & housing end shield, which permit the
operating atmosphere of drlesd alr to be pressurized slightly.

. In the experiments, the disk was Fbtated at a predetermined
gpeed and by meens of a cam arrvangement, the loaded rider was ’
lowered onto the disk as the radisl feed was started. As the rider
traversed the disk, friction force was observed. or recorded with a -
- potentiometer mnd disk rotetive speed was Getermiped with an
electric revolution counter and a synchronized tlmer. The run was
terminsted by 1ifting the rider from the disk surface. Mean sliding
speed For the experiment was -computed from the recorded rotative
digk speed and the mean diemeter of the rider path. A change in
diameter of the rider path on the disk resulting from the yadial
travel of the rider cgused g maximum.deviation in sliding velocity
of. epproximately 1 percent from the mean value. An unworn surface
of a ball was used in each experiment. - s
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As part of the experimental procedure, a survey was made to
determine the effects that dertain equipment peculiarities would have
on the data obtained. The most questionable characteristic was that
of-change during an experiment in the type of contact and in the
apparent area of contact caused by wear of the sphericel rider. It
was detormined that with degrees of wear much more severe than those
encountered in the experiments reported herein, the maximum effect
observed caused less than a 3-porcent deviation in the friction
velues. Under the extrems weer conditions at high velocities, the
rete of radial travel of the rider was insufficient to prevent some
slight overlepping of the wear tracke on the digk; experiments to
investigate the effects of this condltion on the friction measure-
ments indicated that 1t wes an unimportant variable. The effect of
the natural frequency of the rider restraining assembly on the
measurements of friction force was alsc considered. The mass of
the restraining assembly and the spring constants of the components
In the suspensicns wers verled and no change in the measured valuves
was observed. The date obtained indicete that vibrations induced
by the driving mechanlsm can be neglected as a sourcge of error.
Values obtalned at constant sliding speed were unaffected by changes
in rotative speed as great as 50 psrcent., Congtant sliding speed
at various rotative spseds was obitainable by plascing the rider at
several radial positions on the disk.

The physical and physicochemical conditions of the surface and
subsurface materlial of the vesearch specimens were studied before
and after the sliding-frictlon experiments by means of surface-
roughness and surface-hardness measurements, X-ray aiffraction,

- elsctron-diffraction, and metallographic exeminations,

Specimen Preparetion

Careful preparation of the specimens was found to be the most
importent single requisite for success of the experiments. The disk
gpscimens wore of normalized SAE 1020 gteel with a Brinell hardness
number of 185. The disks were ground on & vertical grinder using a
12-inch-~dismeter No. 30 vitrified crystalline grinding wheel rotating
at a speed of 600 rpm with a soluble-oil coolant flow of approximately
10 gallons per minute. The magnetic chuck that held the disk in place.
during grinding rotated at a speed of 24 rpm and reciprocated slowly. The
vertical feed of the grinder wes so adjusted as to lower the grinding
wheel 0.0005 inch every fourth pass for s total of 20 passes, end then
0.0002 inch every fourth pass for 8 passes. The disk was then lapped
on & surface plate mounted on a drill-press base, as shown in figure 3.
The disk wae eccentrically rotated at & rate of 20 rpm by means of &
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Jig fastened to the drill-press spindle. The specimen was succes-
sively lapped for ll hours each with 240-, 400-, and 600-grit

silicon-carbide 1apping ccmpounds, ysing kerosene as a carrier.
After the disk was removed from the lapping plate, it was wiped
clean of loose abrasives and protected by a coabting of vaselins for
a later complete cleaning. This procedure was followed in order to
mninimize surface working and to provide a uniform nondirsctional
surface Tinish. The surfaces finished in this manner had a surface
roughness of 3 to 6 microinches rme as measured with a profilomster.
The rider specimens used were commercial SAE 1095 steel balls,

“i inch in diemeter, hardened to s Rockwell hardness mumber of C-60.

The balls were used in the as-received condition.

e The procedurs used in clesning the disk specimens was developed
from thet used in referénce 10. The cleaning schedule consisted of
_the following steps: '

(1) The specimen vag submerged in a low-aromatic cleaning
nAphtha for 5 minutes and scrubbed with cotton to remove the pro- -
tective vaseline coating. . '

(2) The specimen was pleced on a turntable, rotated at a speed
of 170 rpm, and cleaned by holding a clean white flannel cloth
soaked with & solution of 50-percent benzene and 50-percent acetone
ageinst the moving surfaces until all the cleaning solvent vas
removed and the specimen appeared dry. o

. (3) The surfece of the specimen vas then scoured with 000 emery

polishing paper dy manually reciproceting the polishing paper:
redially at a rate of approximately 120 strokes per minute across
the surface of the disk while it was rotating as in step (2). This
sgouring was continued until sll the lapping compound was removed
Prom the surface. A dull gray appearasnce of the surfaece indicated
the continued presence of lapping compound.

(4) step (2) was repeated to remove all loose material and was
continued untll the white filannel c¢loth no longsr showed contamination.

(5) The surfacs. was then scoured without rotation using
levigated alumina and a clean white flamnel cloth moistened with tap
water; the technlician wore clean white cloth gloves during this and
the following steps: The procedure was followed until the cloth was
no longer discolored by the scouring process. .



6 NACA TN No. 1hhé

(6) The specimen was then quickly placed under a stream of cold
tap water and was rinsed and scrubbed with a clean white flannel cloth
until all levigated alumina wes removed. When the water formed a
continuous film on the surface and interference colors were noted as
the plate drained, the surface was conasidered to be free from grease.

(7) The mpecimen was quickly sulmerged in 190-proof ethyl
alcohol for 5 minutes and agitated to remove water from the -specimen.

(8) The specimen wes rineed with 190-proof ethyl alcohol and
rertly dried with warm ailr; the presence of water on the surface could
be dstermined by & slight discoloration.

(9) Before drying was vieibly complebte, the specimen was mounted
on the kinetic-friction spperatus and cléan dry air dirscied over the
surface for 30 minutes before an experiment wag run.

The rﬁder specinmns wore cleaned and rinsed with 190-proof ethyl
alcohol before and after instsllation in the ridsr holder using a
clean cloth for scrubbing the surface. The rinsed rider surface was
allowed to dry on the kinetic-fricbﬁon apparatus in the dry-air
atmosphere.

Electron-diffraction patterns obtalned from a specially prepared
chemlcally clean steel surface and from an SAE 1020 steel surface
cleaned by the procedure outlined are shown in figure h. It should
be noted that electron diffraction will not resolve the siructure of
the oxide film that is present on a surface such as that shown in
figure 4(b) because the film is too thin. Reference 11 indicates
that a surface prepered in a mamner similar to that used in preparing.
the disk specimens has -an invisible £1ilm of ferroso-ferric oxide
(Fe 04), which is shown in reference 12 to be approximately

%o 25 A thick, .

RESULTS- AND DISCUSSION
Effects of Sliding Velocity
-The prinelpal frictiogn date obtained in the course of this inves-
tigation are summarized in figure 5, which shows the effects of change

in sliding veloclity on the coefficient of kinetic friction for dry &nd -
for boundary-lubricated surfaces, The series of dats that were used
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Tor these curves sre froi. representative runs selected from a number
of experiments covering.a renge of loade for dry and for boundsry- .
lubricated surfaces. In all but isoclated c¢ases, these data were
reproduced many times with a deviation of less than 5 percent.

'The date of figure 5 show the manner in which the coefficlent
of kinetic friction pi between a dry plate end a rider variles as
the sliding veloclty is increased... The values of Py are. essen-

tially constant below & sliding velocity of 2000 feet per minube.
As sliding veloclty increases above 2000 feet, Wi . decreases

rapidly at an approximately constant rate until the sliding wveloclity
is about 5000 feset per winumbte. With a further increess.in sliding
veloclty, My decreases at & progressively lower rate and 'the

results Indicate that i may become congtant for some ranges of
sliding velocitles gbove the rangs covered. :

Preliminary experiments indicated that for dry surfaces both
the ‘abgolute values of the date and the Torms of the curves appesr
to be funotions of the type of surface film present, particulerly
at low sliding speeds, 'The invisible £ilm present on the surfaces -
used in these experiments consisted mainly of ferroso-ferric oxide
(reference 11) and was probably 15 to 25 A thick (reference 12),
Presence of this Tilm probably caused the observed friction values
to be momewhat less than they would have been for chemically clean
metal; a quantltative evaluation of the effect of this film, however,
would require elsborate vacuum and degassing equipment and would
serve little pracitical purpose, It 1s bellseved that the dry
surfaces used have as 1little surface "contaminetion" as could
poseibly be encountered in engineering practice.

Dats that show the relastion beitween sliding velocity and the
coefficient of kinetic friction of surfaces under conditions of
boundary lubrication sre also presented in figure 5. The lubrl-
cants used in thess experiments, oleic acid and a coumerclal SAE
No. 10 lubricating oil, were selected because they are cne of the
best polar-type boundary lubricants and one of the most widely
used boundary lubricants, respectively. The data polnts obtained .
arc so mearly coincident that a single line can be drawn to indi-
cate the trend of both experiments. This trend is btoward lower
values of friction at the higher sliding speeds. Although the
decrease in absolute values of friction for the boundary-
lubricated surfaces is not great over the speed range investigated,
the relative descrease approaches that obtained with the dry sur-
faces. This result indicates the valldity of thé practice of using
dry sliding-friction date as a fundamental basis in the analysis of
operating conditiong for boundary-lubricated surfaces.
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The- experimenta that were conducted on the effect of high sliding
velocities on the coefficient of kinetic -friction during this invea-
tlgation have in all cases indicated a downward trend with increased
s8liding speed. In order to show thet the downward tuends chserved in
these experiments are not a function of the appsratus, unpublished
date, obtained in the course of e different series of sliding-frictlon
experiments, are presented in figure 6. TFigure 6 comparcs the sliding
friction of & dry surface (curve from fig. 5) with that of a surface
having e silicone f£ilm. When the lacquer~like film (the resulti
surface cannot be considered as either dry or boundary-lubricated
that 1s deposited from a silicone-type synthetic lubricant according
to the procedure given in reference 13 is present on the digk surface,
friction is grester &s sliding velocity increases (fig. 6).

Correlation with Pfevious Investigatinnﬂ

A study of the. reference literature shows & wide “éivergence in
the quantitative dats and in the twends. raported by diffevent inves-
tigators who experimented with simlier materials, This disagreement
ile bvelleved to be caused Dy surface contamination of the test
specimens and in some ceses by apparatus peculisrities. Reference 14
presents the following summery of the work that hsd been reported
prior to 1877: "Morin and Couloumb say the coefficient of friction
dooss not vary with the velocity. Bochet mays that it decreases as
_the velocity incirreases, Hirn says that it incresases as the velocity
increases., Contradlictory ss these statements are, it Js probable
that each contains a partisl truth." This divergence of results
reported by these investigators hag not yet been completely resolved.
No informetion on the effects of sliding velocity on kinetic Ffriction
at velocities over 1500 feet per minute is available that has been
published in the lest 50 years. In the esxrly experimsnts, which were
conducted at the high sliding speeds and are reported in references 8
and 1k, 1little or no attention is glven to surface preparation.
Figure 7 shows that the guentitative data reported agree closely with
data obtained under similar conditions by Beare asnd Bowden (refer-
ence 3) for dry surfaces and by Beeck (reference 7) for boundary-
lybricated suifacés. It has been possible to reproduce closely the
avalleble quantitative sliding-friction data when the method of
surface preparstion used hes been described In detail, Figure T
also compares data obtalned st this laboratory using the surface
preparation described by Dokds in reference 15 with comparable date
reported in reference 15, The correlation obtained indlicates that
surface preparation is g principal variable, which, 1f unconirolled,
cen be the causes of discrepancies in the quantitative data obtained
by various investigators. Conslderation of this variable may permit
resolution of many of the disagreements in the literature on the sub-
Jet of sliding friction.



NACA TN No. Ihk2- | ) 9

Load and Wear EffectgL h# :{ffgf'g:ft$v-thrtJ

te

o ress
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Load. - Figule 8 presents’ representatfve ﬁa.'l;g,2 which shoW that
Amontons ' law is- obeyed over the entire range of sliding gpeeds 1 -
investigated with dry and boundary-lubricated surfaces.” In'thé’ range
of loads between 169 apd 2232 grams, (108,000 4o, 255,000 lb/éq in.} ”
initial Hertz surface’ stress), the, éoef?icient oF Einetic Frietion <
18 essentially 'indepéndent of the load, It should be' emphasizéﬁ T
that the surface stresses were computed by the Hertz equations,. -~
which assume.that the area of contact is a function only of slastlo
deformation of the spherical rider and %he disk. Because of wéar
of' the ridér during the experimenti_hqwever, the apperent area of -
contact increases and the unit surface stress continually decreasss.f
The meximum dismeter of . the . wear: spot dbserved after the ékperimﬁnts'
vas approximately 1 millimeter; the” resul%ant increaee “in” gpparent”
area ' of contact decreased the surfacs strsss during “the experimen%s.
It wasg observed,- hovever, that, ‘the” changs in ‘stress had no appre-'f -
ciable effecﬁ on measured friot*on. cF

- -L——--,_.—_ ..

Wear. - Photdmicrographs of wear areas on riders after repré= 7
sentalive 6-second runs on dry and on boundary-lubricated ‘surfated
are presented in figure 9. It was observed in these exper;ments'i_;__
that at a sliding velocity of 2000 feet per minute with a rider .= °
loading of 269 grams, wear was least when friction Wwas least. This™
relation is not neeessarily limited to these conditions nor surfaces,
but the literature indicates that the relation may not be trus in
all cases:. . Figure 9 shows that the type of surface damage is mch
different in the case of the dry than in the casé of the lubricated
sliders. 'The dry rider shows an apparent welding and a tedringiout
of the surface whereas the 1ubricated rider appeers as though the
damage were caused by a Pplowing.or abrading action rather than by
welding and teaying-out. .

w

- Analysis of Veloclty Effects

Aﬁalysis of the results indicates two‘possible reasons for the |
variation in friction with sliding velocity: (1) physical change of
surfaces, and (2) chemical change of surfaces.

Physical ahange of surfaces. - It is pronosed herein that the.
heat developed by the rapid stress variations at the diek surface -~
is confined .to the surface because of the time lag in the Heat- -
transfer process and that the heat causes physical chenges in the .
surface material. Agreement with this theory is confaihed in
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. reference 16, which includes s discussion on the analogous case of
thermoelastic effects of the rate of stress varistion on internsl
friction of polycrystzlline metals. Increased rate of sllding,
within unknown limite, will consequently result in higher surface
temperatures and a change in the physical characteristice of the
materisl that will affect its resistance to sliding. The increase
in temperature probebly reduces the shesxr strength of the surface
and in consequence decreaser frictlon. Studies reported in refer-
ence 17 show that friction decreases with an increase in temperature.

In order to partly verify this theory, an experiment was made
with a disk of a steel elloy (SAE 6150} in which surface working is
more easily observed then in the carbon steel that was used for the
reported friction determinations. Figure 10(e)} shows a photo-
miorograph of a croge mection of the steel-alloy disgk sfter the
regular surface-preparation proecedure had been followed; a slight
smount of surface working may be observed, A dry run on this disk
produced friction data that were similar to that shown in figure 5
for the carbon stesl. A metallurglcal exsmination of the transverse
sections of the sliding track and subsurfecs for runs mede at both
low and high slidling velocitiees sghowed that little surface distor-
tion occurred at low sliding velocity and that apprecisble distor-
tion (fig. 10(b)) occurred during operation at high sliding velocitby.
It may be obmerved in figure 10(b) that the structure of the surface
material on the wear track underwent considsrable physical change as
a result of the high sliding velocity. The lack of depth of the
deformation would indicate that localized surface changea occurred
during sliding. Because phyeical changes in such waterisls sre not
completely reversible, these resulis Cfig. 10) indicate that the
material alteration that occurred during slidihg et high veloclties
was more severe than ‘that at low velocities. Figure 10{(c) is a
photomicrograph of & steel dtsk specimen showing the wear track
resulting from a friction experiment and the adJaoent unrun area of
a typical surface. .

Chemical change of surfaces. - Continuous sliding of the prider
over the same track (caused by elimination of radial traverse) at
high sliding veloclties was observed to produce a black powder on
the surface that was visible without magnificetion. .An X-ray-
diffrection examination of the powder jdentified. it as ferrous
oxide (FeO). The Giffraction patbtern and examination data that
wore used to make the ldentification sre presented in figure 11.

The examination data included I1n figure 11 account for all but one
of the diffraction #ings (ring for a velue of 4. of 3.02°4) that
ere present in the pattern. The intensities and the locations of
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the diffrection rings believed. fo be caused by ferrous oxide check
very closely with those glven for the standard pattern of . ferrous
Ox1 de L] . - . . T - N - )

An appreclable reduction in friction was observed with the
occurrence of the visible ferrous oxide on the surface. ' Evidence.
of this phencmena is presented in figure 12, which is a photograph
of original data obtained with the recording potenti¢meter. The
data for a plot of By against time presented In figure 12 show

that friction was practically -constant with time when the rider
traversed a splral path on'the digk; however, an sbrupt decrease in’
friction occurred shortly after the radisl feed of  the apparatus -
was stopped. When operation over the same path on the rotating disk
was continued, the friction begen to dtabllize at about the same
time that ‘the ferrous oxidsd became’ vislbly présent on ths surface.
It is ‘thersfore reasonable to aésoclate the presence of the ferrous
oxide with the'obierved decrease-in friction, slthough the transi—
tion mechanism of the surface chemistry is unknown. - s

A gtudy of the physicochemical changes occurring in metallic
surfaces during run-in and wear veported in reference 18 has
associated the formation of oxides on reciprocating~slider test
surfaces with satisfactory surface conditiens. - This obssrvation
and the information presented herein indicate that the occurrence
of ferrous oxide is a function of operating conditions, such as
surface temperature, that are influenced by gliding velocity. The
chemical change at the surface and the physical changes of the sur-
face material, which are probebly relzted and caused by operating .
conditions, may mccount for the reduction in kinétic Pfriction with .
increased rate of sliding at high sliding velocities.

SUMMARY CF RESULTS

. An experimentel investigatlion wae conducted with a kinetic-
friction spparetus consisting basically of an elastically restrainsd
spherical rider sliding on a dry or boundary-lubricated rot&ting
disk. The experiments were conducted with steel specimens over a
range "of .velocities between 50 and 6600 feet per mimite with loads
from 169 to 2232 grams (108,000 to 255,000 lb/sg in., initial Hertz
surface stresa). Bupplemental studies were made using standard

physical, chefiical, and metallurgical equipmsnt and techniques., The
following results were observed: : .
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1. Kinetic friction of dry surfaces and of boundary-lubricated
surfaces with two different lubricamts decreased with sn increass in
sliding velocity over a range of velocities commonly used in
engineering practice.

2. Amontons' law was verified at'gll speeds investigated with
dry surfaces and with surfaces boundary-lubricated with oleic acid
or & commercial SAE No. 10 oil.

3. High surface tempergtures and the occurrence of ferroug .
oxlde on the sliding surface were posalble causes for the reduction
in kinetlc friction that accompanies an increase in. sliding veloclty.

4. The divergence of results presented in 1literature by various
investigators of dry friction may be partly explesined by a study of
the manner of swrface preparation. Surface preperation is the most
important single technique contributing to the investigation of
kinetic friction between dry surfaces.

Flight Propulsion Research Iaboratory,
National Advisory Committee Por Aeronautics,
Cleveland, Ohio, July 22, 1947,

ot .,
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(a) Chemically clean steel. (b) Specimen of SAE (020 steei
. . as used in experiments.

i Figure 4, - Electron-diffraction pattems from surface of chemically
clean steel and SAE 1020 steel cleaned by technique described in pres-
The background scattering and extra alpha-iron rings on

ent resport.
{b) are due to an invisible oxide fiim.
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Figure 5. . Effect of sliding veloclty on coefficient of kinstic friction for dry and boundary-

jubricated steel surfaces.
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{a) Dry steel disk; coefficient of kinetic friction b, 0.48; wear-spot
diameter, 0.96 millimeter (0.038 in. ).

NACA
C-19176
7- 16- 47

o e DG

(b) Steel disk boundary~lubricated with oleic acid; coefficient of ki=-
netic friction p,, 0,10; wear-spot diameter, 0.71 millimeter
{0.028 in.).

4

Flgure 9. - Photomicrographs of wear areas on spherical rider after runs
for 6 seconds at 2000 feet per minute with load of 269 grams. XI00.
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(a) Cross section of unrun portion of steel alloy specimen showing uni-
form surface and small amount of cold working. X750.

NACA

M C-19177
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(b) Cross section of run portion of steel alloy specimen showing de-

- formation of surface material. X750.

Figure 10. -« Photomicrographs showing surface deformation that occurs
- under the action of siiding at high unit pressures.
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Wear track
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i (c) Surface of steel disk specimen showing wear track formed by spher-
lcal rider and an adjacent unrun surface with random finlsh. Load,

269 grams. XI8.

Figure 10. - Concluded. Photomicrographs showing surface deformation
that occurs under the action of siiding at high unit pressures.
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Figure |l. ~ X-ray diffraction pattem and analysis data from black powder formed on steel disk dur-
ing sliding at high velocities without radial traverse. Powder identified as ferrous oxide (FeQ).
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Figure 2. - Recording-potentiometer data showing effect of high-velac-
Ity sliding over a continuous path {without radial traverse; on coef-
ficient of kinetic friction. Ferrous oxide (FeQ) was visibly present
as the decreasing friction trend began to stabilize. Dry steel; load,
269 grams; sliding velocity, 4000 feet per minute.



—

IO FOR69 (13 K2 47) Nl 20776
Jobnson, R, L, |DIVISION: Power Plants, Rsciprocating (6) (ORIG, AGENCY NUMBER
Swikert, M, A. |SECTION: Ludrication (8) T -1442
Biseon, E. E. CROSS REFERENCES: Engine compcnents - Friction tests
(32830.1); Friction - Eff of high sli&f mEVGION
AUTHOR(S) ing velocities (k2170)
AMER. TITLE: Friction at high sliding velocitles

FORG'N. TITLE:

OR:GINATING AGENCY: llational Advisory Committee for Aercmautice, Washington, D. C.
TRANSLATION:

COUNTRY | TANGUAGE JFORG'NCIASS] U. SCLASS.| DATE |PAGES] MLLUS. FEATURES
U.s. Fng. Unclase. |Oct'h7] 33 photos, dlegr, graphs

ABSTRACY

Experinants vers conducted with kinetic-friction apparstus with steel spocirmons ovsr
ranges of epoeds betwesn 50 and 6600 ft/nu.n and loads fram 169 t- ™232 grams, Kinotic
friction decreases vwith eliding speed for dry and for oomo boundary-lubricatsd surfaces
et high sliding speeds. Amontons lew wag verified et all spseds vith dry and boundary-'
lubricated surfaces., Changes in physical characteristics of matorial resulting from high-
surfece temperatures czused by increased rato of surface streseing and occurrence of for-
rous oxide on the sliding surface ars possible ceusss for roduction in kinetic friction
with high-sliding volocities.

HOTE: Requests for copies of this report mugt be addressed to: n,A.C.A,, Yashington

T-2, HQ., AIR MATERIEL COMMAND R FECHNICAl []NDEX WRIGHT FIELD, OHIO, USAAF

WE-O-T' MAR O 324






