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Thermally stimulated electron emission of 4OKh10GLC steel
samples subjected to sliding friction at different sliding
velocities Nu was studied in a vacuum using a secondary
electron multipiier. Also measured were the magnitude of
induced weer, intermedliate contact electrical recistance,
the coefficient of friction, and the emf occurring under
friction, As Nu increases from 0.75 to 4.5 m/sec, two maxima
appéar on the thermally stimulated electron emission curves
in tt regions 170 and 270 degrees C, A more intenss thermally
stimu .ted electron emission is observed after sliding with

V equals 4,5 m/sec, and this also produces greater wear.
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Friction of metals is a complex physical and chemical pro-
cess,  Plastic deformation occurs where friction exists in the :
surface layers of a metal witn a high volocity due to intensive {
heating up of both submicro- and nicrovolumes and macrovolumes of ’
the surface layers. The amount of heat liberated in friction g
encur:ts to alnost 755 of all the cxternal expended mechanicsl wWork ;
/1/. Eigh temperatu-es develop on the friction surface which

reaches the melting roints of the working metals /2/ or even cx-

cceds them /3/.

Strain and strong heating wp nrumoctes high activity of the
surfacclayers which lecads to intensive intoraction with the sur-
rounding mcdium, to the occurrence of diffusion nrocesses, phase
transformations, cte., in them and to the development of a new
structure in the surface layers asnich is differsnt from the initiai
structure in cbemical and phase composition /4, 5/. The friction
process 1s also accorpanied by electrical phenomena--thermocelec-
tronic, thermoionic and exocelectronic eminsions as well as thermo-
electrical processes /6-9/., Elecirificntion of the working metals
takes place as a rasult of the occurrence of thase processes.

Exoelectron emission with the surface of actals (Kramer's
effect) is an energy characteristic of processes taking place dur-
ing dcformation /10/, The intensity =nd kinetics of cxoclectron
enission for contact interzction have been linked with change of
elsetron work function /10/ which for metals can essentially chansge
during deformation duc to phase transformatiore and processes of
chemisorption, oxidation, etc. in the surface layers /11, 12, 13,

o Conscquently, cxcelectron emission corries in itself signi-
ficant information about phonomena occurring in the surfoce layers
of deformed mctals,

Results arec prosented in this work of inventigations into
the effect of sliding friction modes on thce paramecters ol ther-
mally stimulated exoelectron cmission. Tests werc condacted on -
disk Iriction macuiine the clement df which consisted of a cali-
bratcd rotating disk 70.mm in diameter and S-rm thicke A samplc $J
8 mm in diameter snd 50-55 ma long was clamped to the disk surface
under the action of an cxtermal lcad with the plane. The calibrai-~d
disks were mads of stesl Khl3 and after ‘:cat treatment nas a hari-
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nass of R, 50. The samples were made of steel 4OKh10510 anc had
¢ purely dastenitic structure in the initial condition.

Tests were conducted with an extzrnal load of 2.5 kG in
he range of slip rates of 0,75-7.5 m/sec. rriciion path was
10,000 meters longe. Thc following maznitudes were measursd in
the process of friction: weight wear, transient contact electri-
cal resistance, average temperature on the sample friction sur-
face and the enf forming curing friction.

R e |

Thermally stimulated exoelectron emission with the friction
surfacg of a sample was recorded immediately after vacuum testing
(271072 1 E g) with the aid of a secondary electron multiplier.
The apparatos and nmethod of recording ex clectron emission have
been deseri..ed in work /15/.
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Fige 1. Thermally stirmlatced cxoemissicn of
steel JOKh10G10 after Triction at
sliding vcloclities of: 1--4.5 afseoc;
2=--Te5 m/sec; 3--0.75 r/soc;
a--Pulses/sec; b--t, minutes.

Results of investigating the magnitude ard nature of exc-
electron emission from a friction surface after testing steel R
. LOKh10G10 at Gifferent slip rates have boen presented in Fig. 1. ;
Analysis of thc data shows that the intensity of exoelectron
enission and the naturc of its change in heating depend on the
friction mode. The temperatiurs rclationship of exoemission for
. sviples tested at slip rates of 0.75 m/secc has the form of a satu-
r<«tion curve. Upon heating, two maxirmms were discovered for sam-
pies havirg slip rates of L.5 and 7.5 m/sec.

ATicr comparing the obtained relationsnips it was pessidle
to note that the change in s51ip rate leads to a difference in thre
naximum intensity of exoclectron emission as well as in the tom-
pcrature rosition of the maximums.” MNorecover, it was establisned
that heating the samplés to 35C C ana holding them at this terporaw
ture for one hour did not recduce the intensity of exocmission to 2
background level, .
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Meamurerent of the respective parameters was done to esta-
51ish th2 inter-clationship of exoemlission parameters with the
characteristics of friction and wear, The nature of changeé in
magnitudes of reduced wear Q.. (1), transient contact electrical
resistance R,, kohm {2), friction coefficicnt Ky (3) and emf ()
which forms 8 uring friction in relationship to slip are shown in

{
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FPig. 2. Change in the characteristics of friction
and wear fo» steel hOKthGlo in relation
to slip rate: &a--K.; b-=Q, mg/lOOO m;
c--enmf, rr7; d--311£ rate, m/sec.

Electromotive force, measured for friction in this case,
is one of the integral characteristics of the processes occurring
on the surface oimetals. The magnitude and sign of it are deter-
mined not only by the physical naturc of the contacting metals and
temperature on the surface but also by the nsture of interaction
of the working m:teds witk the surrounding medium. Development of
oxidizirg and other processes on tue surface, associatcd with
the formation cf fiims on them, which differ in nature, are re-
flected in tho chanzes of itude and then the sign of the emf
formed during friction /8, 5

For a slip rate of U.7% m/sec on the friction surface an
oxide f3lm is formed whose stability bears out the hipgh values of
transient contact electirical resistance and coefficient of frictioa
as well as a comparatively small magnitude of reduced wear. The
exf at this slip rate has the greatest values and a negative sign.

With Increased slip rate un to l.5 m/sec the transient con- ;
* tact electrical resistance and friction coefficient sharply drop
while wear increases. This testifiss that the oxide film forming
on the surface is unstable. As a result of its rupture the area of
rurely mritaliic contact increases and graspilng processcc actively
occur. licre the emf{ decreases by ap.roximately L tiires. Upon ]
subsequenb increase in the slip rate the intensity of grasping
i3 increased, no visible oxide film forms on the friction surfeace
of the senple and wear achieves iss highest value.

o

AL

In the l1e5=7.5 m/sec range of slip rates, wear is reduced.
O0n the friction surface an oxide film was noted. A lowering of
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emf in the examined rsnge of slip rates can be associated with
the fact that slip rates greater then 4.5 m/sec on the friction
sur{'ace »nrobably cause the formation of en oxide of another type
#nich }as thermoclectric and friction properties (low coeffici-
cnt of friction) and differs from those which posses oxides for-
ming at slip rates below .5 m/sec. Conditions of oxide film
failure on the friction surface renders a considerably greater
effect on the emf magnitude than increascd average temperature
of the semple curface with an increaszd slip rate--emf with an
increased temperature does not increase.

Comparison of the data in Figs. 1 and 2 makes it possible
to make ~ertain conclusicns about the effect of sliding friction
modes and the phrsical and chemical processes occurring here on
“he nature cf thormally stimulated exoemission. Formation of an
oxide film on the friction surface nt slip rates of 0,75-7.5 m/sec
causes a loverling of the emission intensity swhich was probably
assoclatrd with the formation of chemisorbed and oxide layers
leading %o incrcased electron work function /12, 13/. Emission
of . the greatest magnitude can be observed on the surfaccof a
sample the tesiing niode of which promoticd the occurrence of gras-
ping process and intense wear, -

The prescnce of low-tcmperature maximum and point of dis-
continuity (at rates of 0.75 m/sec) cn the cmission curves can
be csuse2 by on &>y transformation occurring during heating.
iflcrostructure -:tudics showed that f-maricncite is formed in the
surface layers of stecl LOKh10GlO at slip rates of 0.75-7.5 m/sec.

Thus, these experiments indicate the existemce of an inter-
relationship between cxoclectron emissicn and the most important
rrocesses tiking place on the surface of mectals for different
friction modes, )
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