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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
cos cos

tg tan
ctg cot
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sh sinh
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cth cuth
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EFFECT OF NEOPRENE COATINGS ON THE CYCLIC FATICUE OF SPECIMENS
AND PARTS SUBJECTED TO THE ACTION OF FRETTING-CORRUCIION

V. 3. lIvancva and M. G. Veitsman

The cyeclic fatipue of real structurces depends on a whole seriec
of uvperating tactors, one of which 1 contact friction, or fretting
co.roslon., Fretting corrosion — this 15 a special form of damage of
metal parts, whicn}originates In places of contact under ctrecs, in
tiee presence of very cmall recliprocal motion. The presence of fret-
timy corrocion often leads to premature fatigue failure of the part
under strecsces clegniflcantly below the endurance limit.

The protectlon c¢® coupled parts from attack by fretting corro-
wion 15 very complex, because up to now no strictly sclientific ap-
proachh to the solution of the given problem has been developed. At
grecent, liquid and solid lubricants based on molybdenum disulfide,
different galvanic coatings of cadmium plating, phosphate plating,
chrome plating, and brass plating, various linings, etc., are used in
industry for the protection of coupled surfaces from fretting corro-
silon [1 - 4]. However, these coatings do not possess sufficient ef-
fectiveness; liquid coatings are pressed out and solid coatings are
worn away under appreclable stresses after a relatively short period
of" tlme; contacting surfaces are denuded, after which the process of
fretting corrosion 15 initiated. The use of different linings 1c a
fairly effective method of protecting contacting surfaces, but 1t ic
not pood enough for highly strecsed Jjoints,
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Heoprene coatings were studied with the objective of obtaining

mere effective protection of coupled surfacec from attack by fretting
corruvcion under conditionc of cyclic loadings.

deoprene ic a variety of synthetic rubber., The gum-forming com-
puoition 1o oa 50 - T0% colution of a rubber stock baced on liquid
neosiceues .  Weoprene poscecses good adheslon to the curface of the
meetul throurh a ~alorneoprene prime coat; the breakaway ctress of
metellic surfaces cemented by neoprene ic 40 - 50 kg/cmz, and, besides,
necprene coatingss have good resistance to wear, cavitation fallure,
and crocion [9)]. An Important property of neoprene coatings is that
Ly permit a 15 - 20% Increace in the cyclic strength of metals [6].
hii these advantares of neoprene coatlnge led us to assume that neo-
g can be used wlth suceess for the protection of coupled surfaces
fruim attack by fretting corroslion. The posclibllity of usling neoprene
cottinere to protect a material Is dependent on the fact that the tech-
notocy of applying;.neoprene ic simple, and the thickness of the neo-
proene coating can be very small, on the order of 50 - 100 u, which
i.." very I ~ortant because the majority of coupled parts have a cmall

clearance.,

Comparative frettingm-corrosion tests were cosrducted on HOKHNMA
streel cpecimens, heat treated to a hardness of R, o« 36 - 37, usling

primarily a speclal anparatus. The contact surfaces of the specimen
woere poliched to a cmootnnecs of V 9,

Three forms of cpecimen were tested: with contact surfaces not
protected, or protected by a molybdenum-disuiflde bace, or by a neo-
prene-pase lubricant. Application of the neoprene coating was carried
out by the following method. On one of the contact curfaces, first
derrrenced with *.enzene, a chlorneoprene prime coat was applied. After
dryini in air for a perind of one hour, liquid neoprene was applied
to thic surface with an atomizer, after which it was vulcanized at a
temperature of 100° for a period of 10 hours. Then a new layer of
neoprene was applled to the vulcanized surface by an atomlizer, and
anuther vulcanizatlon treatment was performed, etec. It was necessary
to apply % - 6 luyers to obtaln a 100-u-thick neoprene coating.

"r-HC-23-2124-74 2



The molybdenum disulfide lubricant was applied by the following
metnod: ground powdered molybdenum disulfide in an epoxy resin (brand
EFOTH) was Introduced in a ratio of 1 part resin to 2 parts MoSz.

viitnh tne ald of colvents, the mixture wa: brought to the required
viccosity, after which a layer of lubricant was applied to a pre-
vioucly phousphate-coated contact surface oy an atomizer. Then the
specimen was thermostated at 200° for one hour to polymerize the layer.
A coating thickness of 10 - 15 y wac obtalned.

The recults of fretting-corrocion tects on these cpeecimens are
shiown in Flpure 1, from which i1t 15 seen that under conditions of
corntact friection fur specimens whose contact surfaces were protected
by necprene, frettinis-corroclilon ic not cobierved after 144,000 cyclie:s
of dicplacement; a1t tne came time, fretting-corroslon appears after
only 28,000 cycles of displacement in specimens protected by a molyb-
duenum sulflde-baced lubricant.

' in the nest stuwre, the protective action of neoprene coatings
wrainet fretting-corrocion under conditions of cyclic Liress waos
studied,  Fatlpgue tests were conducted on flat specimens of 1Khl8N9
sleely, 0.8 am thulek, unprotected, and coated with neoprene. After a
wiater quench from 1100°, the mechanlcal propertiec of 1Khl8Ng steel

wers as follows: o) = 64.5 kﬂ/mma, O5.» = 34,1 kg/mm2, and § = 67%.
The methoce deccribed in [7] was used for establiching contact
friction In the ctresced sectlion of the specimen.,

The results of fatlgue tests are shown in Flgure 2, from which
it ic ceen that the specimens coated with neoprene and tested under
conditions of contact friction pousess approximately the same fatigue
Strenptn as similar cpecimens tested under conditions excluding the
develupment of fretting-corrosion, and a significantly higher fatlpue
~tremtth than uncoated cpecimens, tested under conditlions favorable
to fretting-corroslon, as well as under conditlionc excluding its
develupment. On speclmen surfaces uncoated with neoprene, there are
Lrown spots at siten of contact, characterictic of frettling-corrosion;

FIL-HC~23-2124=-T4 3



at the same time, for specimens coated with neoprene and also tested

under fretting conditions, at the place of contact with the clamp

Lnere were only insignificant traces of friction from the clamp in

Lt coating.
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Figure 1. Contact surfaces of
JOKhNMA cteel specimens after
tecting under condlitions of con-
tact friction under a stress of

200 ks:/cm2 and amplitude 0.05 mm:

&4 — unprotected surfaces, N =

21,600 cycles; b — surfaces pro-

tected by Mosz-base lubricant,

N = 28,000 cycles; ¢ — neoprene-~

protected surfaces, N - 144,000
eyecleg
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Figure 2. Fatigue curves of

1Kh18N9 steel:

I — for specimenc wilthout a
coating, tected under condi-
tions excluding develorment of
fretting-corrocion; 11 — for
cpecimens witn neoprene coat-
ing; 1 — tected under condi=-
tions excluding the develcecp-
ment of fretting-corrosion;
2 — under conditions of
fretting=-corrosion; II1 — four
specimens without a coatlnyg,
tested under condlitlionc of
fretting=-corroclon

Thus, tects on laboratory
specimens showed good pros-
pectz of using neoprene coat-
ings for the protection of
coupled surfaces from attack
by fretting-corrosion.

In this connection, full-
scale stand tests were con-
ducted on a ceries of parts
subjected to inductrial damage
by fretting-corrosion in the
operating process. The use

of neoprene coatings to protect



coupled surfaces of thecse parts also gave
yery ffavorable result:s.

.
- rmime 7

Jeven parts (nozzle) passed through
tutl-ccule tests Lo faullure on the stand. B2

T attachment of the glven part to the

Figure 3. OSchematic
of bracing and load-
diapram are chown In Filpure 3. Two test ing on the ctand of
the nozzle:

transitlon part on the stand and a loadlng

part. = nozzle — were braced to the
L — transition plece;

trunsitlon part by twe-sided bolts. The 2 — Joint

nozele and transltion part were made of

HovpHda steel, heat treated to a hardnenc

ol ko= 3l - 37, and the coupled :urface: were finiched to 4 omoothe-
huJJluf v 7.

Teste were conducted under a statie force in the joint equal to
20 t., wltn slmultanecus application of an alternating moment, M =
+ 500 kit, and ut u loading frequency of 675 cycles per minute,
Fat lyrue failure of the parts after stand testing occurred in the lugs
a0 result of vevere trettingecorrosion damage to the coupled sur-

tuces . The maxlmum number of cyeles to fallure of these parts wac

F
1.5 « 10°. The lugy of a nozzle damaged by :severe fretting-corroslion

A

1.0 cnown in Fiprure 4, and the fatigue fracture of the same lug o
<hewn in fipure 5. Fallure of the lug hac a fatigue character, the
tativue crack iniltliating In the section damaged by fretting-corrosion.

Three similar nozzle parts were coated on the curfaces of the
ius. Wwith neoprene, 50 - 100 y in thickness. Testc were conducted
simitarly to thoce on the preceding four parts. After working on

tne stand for more than 45 106

from the teut without failure. The development of f(retting-corrosion

cycles, these partc were removed
wu not oboerved on the coupled gurfaces of thegse three nozzles,

In additlon to the full-scale tects on the nozzles, ctand tests
were conducted on another part — a vescel made of 18Kh2N4A steel,

WD =-lC=23=2124=7H 5



Fijure 4, Nozzle lug, at=- Flpure 5. Fatigue fracture
tucked by severe fretting- of the lug, attacked by
corrocion fretting-corrocion. The
site of fatigue crack ini-
tiation 1c shown by the
hegt treated to a hardness of arrow
H¢“= 35 = W1, Coupled with thic
Wao o u part made of alumlnum alloy AVT1., The finish of the coupled
surtaces of the parto was V 7. The following two joints were tected:
Wwitn contactlling curfacec protected by neoprene, and without protec-~

Liun by neoprene. In the firsy cace, the vesusel worked on the stand

£ .
V' 220 - 10”7 eycles before fallure, and truces of fretting-corroslion
on Lae coupled surfaces of the vessel and the aluminum part were
practleally abient; at the csame tlme, a cimllar vessel, except for

thv: ncoprene coating, lacsted 56 - lO6

cycles before fallure, and
tnere were regions on the coupled surfaces which had bheen damaged
Ly oocvere tretting-corrosion, manifested by cite of initiation and

vrruvth of futlgue cracks,

such a favorable effect of the necprene coatings on the inereuace
ol utimue ctrength of the parts 1s explained by the fact that these
conllngs, whlcenh have pood adhesion to the metal, are elastic and are
not destroyed durlng operation by the layer between the two coupled
curtfaces, Therefore, the friction of one metallic surface 2 ulnst
another Lo abient., This prevents the development of physlco=-chemical
procecues durlng contact of two coupled parts,

PrU=HC=234- 2120 =TH 6



Thus it has
coupled surfaces
trituting to the

been shown that neoprene coatings safely protect
from attack by fretting corrosion, tnereby con-
increase in cyclic ustrength of the partu.
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