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Thermally stimulated electron emission of 40KhI0G1O steel

samples 
subjected 

to sliding 
friction 

at different 
sliding

velocities Nu was studied in a vacuum using a secondary

electron multiplier. Also measured were the magnitude of

induced 
wear, intermediate 

contact 
electrical 

resistance,

the coefficient of friction, and the emf occurring under

friction. 
As Nu increases 

from 075 to 145 m/sec, 
two maxima

appear 
on the thermally 

stimulated 
electron 

emission 
curves

in t1• regions 170 and 270 degrees C. A more intens' thermally

stimal 
lted electron 

emission 
is observed 

after sliding 
wist

V equals 
sub5 m/sec, 

and this also produces 
greater 

wear.
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EPYSCT OF SLIDING FRICMON MODWS 011
-EXOEL'.CRON EMISSION PARA11*MRS

/Article b-1 L. G. Korshutioye; Sverlovsk, Trudy Ural'skogo Poll-
t,'!:fniches.:ogo Institute .meni S. M. Kirova(Works of the Urals
!Folytechn:cal InsLitute imeni S. H. Kirov), Russian, No 177,
pp 53-57, 1969/

.Fjiction of metals is a complex physical and chemical pro-
cess. Plastic deformation occurs where friction exists in the
surface layers of a retal with a high volocity due to intensive
heating up of both aubmicro- and nicrovolunes ,nd macrovolumes of1 the .srface layers. The amount of heat liberated in friction
amounts to aLnost 75, of all the external expanded mechanical work
/1/. High temperatures develop on the friction surface which
reaches the melting points of the working metals /2/ or even ax-
ceads them /3/.

Strain and strong heating up -;rorotcs high activity of the
surfacelayers which leads to intensive interaction with the sur-
rounding mcdium., to the occurrence of diffusion processes, phase
transformations, etc., in them and to the development of a new
structure in the surface layers ihich is different from the initial
strmcture in cbemical and phase composition 1,, 5/. The friction
process is alno accompanied by electrical phenomena--thermoelec-
tronic, thermolonic and exoelectronic omis5._.- as well as thermo-
electrical processes /6-9/. Elecarificntion of the working metals
takes place as a result of the occurrence of these processes.

Exoolectron emission with the surface of nctals (Kramer's
effect) is an energy characteristic of processes Laking place dur-
ing defornation /10/. The intensity in•d kinetics of oxoelectron
emission for contact interactilon have been linked with cha-nge of
elactron work function /10/ which for metals can essentially change
during deformation due to phase transformatior-- ant processes of
chemisorption, oxidation, etc. in the surface layers'/11, 12, 13,
IV/. Consequently, exoelectron emission ccrries In itself sigi-
ficant information about phenomena occurring in the surfce layers
of deformed metals.

Results are presented in this work of invantigations into
the effect of sliding friction modes on the parameters of their-
rally stimilatad exoelectron emission. Tests were conducted on
dizk friction machine bhe clement bf w;hich consistod of n call-
bratcd rotating disk 70.rmn in dim.neter n•Cn --mm thi-ck. A sa.iPl,0
8 mm in diameter mnd 50-55 Tr,-.' long was claepod to the disk su-facc
under the action of an external lead with the plane. The calibrnt.d
disks were nsdD of steel 14MI13 and after '.cat treatment i-as a -ar'.-
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MeSS of R• 50. hne samples were made of steel 4OKhlOGI0 and had
r purely .iýrstenitic structure in the Initial condition.

Tests were conducted with qn external load of 2.5 kG in
the range of slip rates of 0.75-7.5 m/sec. ?riction path was
10,000 meters long. The following magnitudes were measured in
the process of friction: weight wear, transient contact electri-
cal resistance, average temperature on the sample friction sur-
face and the enmf forming dui-irg friction.

Thermally stimulated exoelectron emission with the friction
surfr.cp of a sample was recorded immediately after vacuum testing

M0 n H g) -zth the aid of a secondary electron multiplier.
The apparat.ýs and method of recording ex clectron emission have
been doscri,.ad in work /15/.

sldng- loiie f 1--45ms

V/

2--7-5 m/s-c; 3--0.75 -- soc;

"a-Pulses/sec; b--t, minutes.

Results of investigating the magnitude aed nature of axe-

electron emission from a friction surface after testing steel
4OKhloG10 at different slip rates have been presented in Fig. 1.
Analysis of the data shows that the intensity of exoeloctron
e.-dssion and the naturc of its change In heating depend on the
friction r. ode. The tttmperat-ure relationship of exoemission for
si-.plcs tested at s.ip rates of 0.75 m/sec has the fo.-M of a satu-
ration curve. Upon heating, two maximums were discovered for sam-
ples having slip rates of 4.5 and 7.5 m/sec.

After comparing the obtained relationships it was possible
to note that the change in slip rate leads to a difference in ti-e
maximzu intenrsity of exoclectron eriszion as well as in the t -m:
pcrature position of the maximum.-.* Moreover, it was etaobus!-e'i
that heating the snrpldz to 350 C snt holding them at this teripla-"
ture for one hour did not reduce the intensity of exocmizsion to a
ba'dcgrund level,

FTD-hiC-23-18'4-71 2



11easurement of the respective parameters was done to esta-
blish thi inter.:clationship of exoemission parameters with the
characteristics of friction and wear. The nature of change in
magnitudes of reduced wear Qrw l), transient contact electrical
resistance R , kobm j2), friction coefficient Kf 03) and emf (4)
which forms Kuring friction in relationship to slip are shown in
Fig. 2. (b)(a) &•P4mlw Rfcv•~A.

(d 1~e. caaýin I Mu9 , ILe

.#3 3 7

Fig. 2. Change in the characteristics of friction
and wear fo" steel 40KhlOGIO in relation
to slip rate: &--K ; b--Q, _mg/lO00 m;
c--eraf, rP; d--slif rate, r/sec-

Electromotive force, measured for friction in this case,
is one of the integral characteristics of the processes occurring
on t:e surface ofmetals. 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 nc ture of interaction
of the warking m.LtaAs with the surrounding medium. Development of
oxidizirg and other processes mn the surface,r associated with
thi formation oft films on them, 4aich differ in nature, are re-
flected -in the changes of m itude and then the sign of the emf
formed during friction /8, 9/.

For a slip rate of 0.7'1 n/sec on the friction surface an
oxide filnr is formed ihose stability bears out the high values of
transient contact electrical resistance and coefficient of frictioa
as well as a comparatively small magnitude of reduced wear. The
emf at this slip rate has the greatest values and a negative sign.

With Increased slip rate up to 1.5 m/sec the transient con-
tact electrical resistance and friction coefficient sharply drop
while wear increases. This testifies that the oxide film forming
on the surface is unstable. As a result of its rupture the area o"
purely mntaliic contact increases and grasping processes actively
occur. Here the emf decreases by ap,,roximately 4 tit.es. Upon
subsequent increase in the slip rate the intensity of grasping
is increased, no visible oxide film forms on the friction surface
of the serple and wear. achieves i's highest value.

In the 14.,5-7.5 m/see range of slip rates, wear is reduced.
On the friction surface an oxide film was noted. A lowering of

FTD-HC-23-1844-71
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emf in the examined range of slip rates can be associated with
the. fact that slip rates greater than 4-.5 m/sec on the friction
murface probably cause the formation of an oxide of another typo

-::ich i as thermoclecta1ic and iriction properties (low coeffici-
ent of friction) and differs from tbose which posses oxides for-
ming at slip rates below 4.5 r/sec. Conditions of oxide film
failure on the friction surface renders a considerably greater
effect on the e:f magnitude than increased average temperature
of the sample z::rface with an increased slip rate--emf with an
increased temperature does not increase.

Comparison of the data in Figs. 1 and 2 makes it possible
to make certain conclusions about the effect of sliding friction
nodes and the physical and chemical proc-sscs occurring here on
the nature of thecrmally stimulated exoemission. Formation of an
oXide film on tbr friction surface nt slip rates of 0.75-7.5 m/see
cautcs a lowering of the emission intensity which was probably
associatod with the formation of chcmisorbed and oxide layers
leading to increased electron work function /12, 13/. Emission
of.the greatest magnitude can be observed on the surfaccof a
sample the testing node of which promoted the occurrence of gras-
ping process and intense wear.

The presence of low-temperature maximum and point of dis-
continuity (at rqten of 0.75 m/sec) cn the emission curves can
be caused b- nn "-*- transformation occurring during haating.
Microstructvre -:wudies showed that ,-marlennite is formed in the
surface laylerz or steel 4O0KhlOGI0 at slip r.tes of 0.75-7.5 m/sec.

Thus, th,Ne experiments indicate the existence of an inter-
relationnrhip between exoclectron enissicn and the most important
processes tiking place on the surface of metals for different
friction modes.
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