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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

f A a A, a P p Pp R, r

5 6 B, b c C S, s

B E B a V, v T T T m T, t

r G, g y y y y U, u

a D, d F, f

E e E i Ye, ye; E, e* X X x Kh, kh

X M Zh, zh LA LI j( Ts, ts

,3 3 3 Z, z H ' V -Oh, ch

H I, LU w Sh, sh

R * Y, y I q Shch, shch

K J K, k * 1"

J7 A L, 1 h/ Y, y

7,1 M M . ,.. Lb b I

H H H N U, n 3 3 3 E, e

0. O, o t K0 1 Yu, yu

" 7 fn F,p ' J? a Ya, ya

*ye initially, after vowels, and after i,, b; e elsewhere.

When written as 6 in Russian, translitcrate as y6 or e.
The use of diacritical marks is preferred, but such marks
may be omittbd when expediency dictates.

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc.
merged into this translation were extracted
from the best quality copy available.
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English

sin sin

Cos Cos

tg tan

ctg cot

.zec sec

cosec csc

sh sinh

ch cosh

th tanh

cth coth

sch sech

csch csch

arc sin sIn- 1

arc cos cos-l

arc tg tan - I

arc ctg cot -1

-l
arc sec sec

-1
arc cosec csc

arc sh sinh -1

arc ch cosh -1

arc th tanh -1

arc cth coth -1

arc sch sech -1

arc csch csch - 1

rot curl

lg log
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EFFECT OF NEOPRENE COATINGS ON THE CYCLIC FATICUE OF SPECIMENS

AND PARTS 'UBJECTED TO THE ACTION OF FRETTING-COROZSION

V. S. Ivanova and M. 0. Veitsman

The cyclic fatlgue of real structures depends on a whole serier

,)I uperating factorz, one of which is contact friction, or fretting

co, ruo;;ion. Fretting corrosion - this is a special form of damage of

m,.t-l part;, whicn originates In places of contact under stress, in

tt., prte.;nce of very zmall reciprocal motion. The presence of fret-

tir-i corrosion often leads to premature fatigue failure of the part

undE.r' stre.:.;es ;Igniflcantly below the endurance limit.

Tie protection c" coupled parts from attack by fretting corro-

.;ion i. very complex, because up to now no strictly scientific ap-

pr'oacti to the solution of the given problem has been developed. At

prcscnt, liquid and solid lubricants based on molybdenum disulfide,

dLff'crent 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 fiom fretting corro-

,;Ion [I - 4]. However, these coatings do not possess sufficient ef-

fectiveness; liquid coatings are pressed out and solid coatings are

worn away under appreciable stresses after a relatively short period

of* time; contacting surfaces are denuded, after which the process or

fr'tting corrosion is initiated. The use of different linings is a

fairly effective method of protecting contacting surfaces, but it is

not good enough for highly stressed Joints.
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Neoprene coatingz were studied with the objective of obtaining

m ,r erf'ective protection of coupled surfaces from attack by fretting

corur.;ion under conditions of cyclic loadings.

itoprone I," a variety of zynthetic rubber. The gum-forming com-

it. ..,, .: a 50 - 70% solution of a rubber stock bazed on liquid

,:o ..,:,,is ~ . Neoprene po.zscuses good adhes;ion to the surface of the

Iw-tal ttiroubh a rlorneoprene prime coat; the breakaway ztreso of

riv.,t':I1c .s.urfaces ceyented by neoprene iL; 40 - 50 kg/cm 2 , and, besides;,

rw, ,prff:!e coatink7.; have good re:;i:tance to wear, cavitation failure,

itiad ,-rcj.:Ion [5]. An Important property of neoprene coat.nga is that

ttw.;/ purmlt a 15 - 20% increase in the cyclic strength of metals [6].

Ali tht,.;e 4dvaritaiej of neoprene coating: led us to assume that neo-

Ir.i , :,n b,. u.:(;d with success for the protection of coupled surface';

fl',:i attack by f'r,'ttirjg corroulon. The po.;;Ibility of ulng neoprene

c(,',tin to protect a material Is dependent on the fact that the tech-

ni%:,,y or applying ,neoprene iz jimple, and the thickness; of the neo-

['r' ' cuatinlg can be very ::all, on the order of 50 - 100 u, which

1.-" ",,ry I ortant becauze the majority of coupled parts have a 0mall

Colnpzratlwye frett1ng--corroIon te.;t.; were co'ducted on 40KhtNMA
.t...l .:pe'irmen:., heat treated to a hardnes:- of Hc ,, 36 - 37, uoing

p!-imar l.y a ..peclal apparatus. The contact surfaces of the specImen

w.*re polihed to a zmoottinezs of V 9.

Three forms of o;pecimen were tested: with contact -surfacez not

t'tot,ctud, or protected by a molybdenum-dLiuifide base, or by a neo-

prne-ba:e; lubricant. Application of the neoprene coating was carried

iut uy th,: following method. On one of the contact surfaces, firot

At.-ire:;ed with '.enzene, a chlorneoprene prime coat wao applied. After

,Iryiri,' in air for a period of one hour, liquid neoprene was applied

to thL: ;urface with an atomizer, after which it was vulcanized at a

tt:iper:iture of 1000 for a period of 10 hours. Then a new layer of

nwoprene was; applied to the vulcanized ourface by an atomizer, and

ainuther vulcanization treatment war performed, etc. It was necessary

to, apply ', - 6 layer.; to obtain a 100--thick neoprene coating.

ITI-II C-23-2124-7 4 2



he molybdenum disulfide lubricant was applied by the following

nc'tfod: ground powdered molybdenum disulfide in an epoxy resin (brand

EI'074) was Introduced in a ratio of I part resin to 2 parts MoS 2.

'vLtin tne aid of solvents, the mixture'wa:; brought to the required

vi:o. ,!tv, after which a layer of lubricant was applied to a pre-

v!i,,iLy pho-phate-coated contact surface by an atomizer. Then the

.. ecimen was thermostated at 2000 for one hour to polymerize the layer.

A coating thlckne.;.; of 10 - 15 u was obtained.

The rezuit of frettin-corrosion tests; on these specimens are!

.:iow:i In Fl:ure 1, from which It is ,een that under conditions of

curtact friction Aor zpecimens whose contact surfaces were protected

Ky r.:op.ere, frettlni -corroulon is not observed after 144,000 cycles,

of di.,placemerit; at tie same time, fretting-corroslon appear.; after

only 28,000 cycles of displacement in specimens protected by a molyb-

(J.riurt .ul fide-ba;ed lubricant.

in tle nvxt ,;tage, the Drotective action of neoprene coat.ngn

r.:t frettln -corroslon under conditions of cyclic stress wa..

.;tur.1hd. F'!tit ue te.;ts were conducted on flat specimens oV iKhl8N9

.;ti.1, 0.8 :.m thlk, unprotected, and coated with neoprene. After a

wate-r qunch from 11000, the mechanical propertles of 1Khl8Ni9 steel

2 a 2
as foLlowz: o = 64.5 kr-/mm 2 , p0.2 = 34.1 kg/m , and 6 = 67%.

The mthou descrlbed In [7] was used for establishing contact

'r'ictlon in the ztressed section of the specimen.

The results of fatigue tests are shown in Figure 2, from which

it 1s ;een that the specimens coated with neoprene and tested under

conditions of contact friction possess approximately the same fatigue

.:trengttn a., similar specimens tested under conditions excluding the

develupment of fretting-corrosion, and a significantly higher fatigue

.tr'!ntl than uncoated specimens, tested under conditions favorable

to fretting-corroslon, as well as under conditions excluding its

development. On specimen surfaces uncoated with neoprene, there are

brown ,pots at siter, of contact, characteristic of fretting-corroulon;

r,"'-J1C-23-2124-7' 3



,At the :;ame time, for specimens coated with neoprene and also tested

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

tI ,.re were. only insignificant traces of friction from the clamp in
t'.. co at ingt.

IN

Figure 2. Fatigue curve-_ of'
Khl8N9 steel:

I - for specimens without a
coating, tested under condi-
tions excluding develonment of
fretting-corroslon; II - for
specimens witi neoprene coat-
Ing; 1 - teoted under condi-

' -tions excluding the develop-
lee- ment of fretting-corrosion;

2 - under conditions of
fretting-corro,;Ion; III - for
*pecimens w'thout a coating,
tested under conditions of

f ret t inf,-co rr. Ion

______--___- Thus, tests on laboratory

Reproduced fr. -pecmens showed good pros-es, available €opy..__l •"'s"a/ e"p .  pecta of using neoprene coat-

ingo for the protection of
C

coupled surfaceo from attack
by fretting-corrosion.

,i~ure 1. Contact surfaces of
41OKhNMA steel specimens after
te itlng under conditions of con- In this connection, full-
tact friction under a jtress of scale stand tests were con-
2?00 kjg/cm 2 and amplitude 0.05 mm: ducted on a series of parts

a - unprotected surfaces, N - subjected to industrial damage
21,600 cycles; b - surfaces pro-
tected by Mo 2-base lubricant, by frettlng-corrosion In the

ti = 28,000 cycles; c - neoprene- operating process. The use
z'utAcctfd surfaces, N - 1I,000 of neoprene coatings to protect

cyclcq



(xoupL'd ourfaces of theze parts also gave
ver-y f'avorable res-ults.-.. -

.Ii I.

2ever partj (nozzle) passed through .

'ul-scale testo; to 'allure on the ;tand.

irv,: attachment of' the given part to the
lon part the tand and a loadinFigure 3. Schematic

loading of bracing and load-

Iiac'ra':m are ohown In Figure: 3. Two te:;t ing on the Ctand of

. nozzle - ,were braced to the the nozzle:
tP~r2~t~n ~.- transition piece;

r, n.:ton part by twc-sided bolts. The 2r-ston
2 - joint

nizzle inu transition part were made of

110K1,1 A ot(.t-1, heat treated to a hardnen.:

!,, ! = 31 - 37, and tne coupled -.urface.; were finihedJ to a smooth-

r..; *if' V '1.

Te*tz were coriducted under a static force in the Joint equal to

,0 t., witnl .;imultaneou;; application of' an alternatiniv, moment, M R

+ O0 k t, and at a loading frequency of 675 cycle- per minute.

F'athut. failure of the part. after stand testing occurred in the lu:*
'i.; :i r,:;ult of .evere 1'rettlng-corrouion damage to the coupled [;ur-

l';i, u:. The maximum number- of cycles to failure of theze part:, wao
-1,I 1 6. The lug of a nozzle damaged by ;evere frettlng-corroolon

I.: -,,rwi it, Firure 4, and the fatigue fracture of the same lug I.;

.hr wr In z icure 5. Failure of the lug ha: a fatigue character, the

'ati,.u crack Initiating In the section damaged by fretting-corrosion.

Three ;irIlar nozzle part3 were coated on the surfaces of the

lu,,.. with neoprene, 50 - 100 i In thickness. Teats were conducted
.rinla;Ar'ly to those on the preceding four parts. After working on

t,# ;:tanid for' more than 45 • 106 cycles, these parts were removed

fr-orr the teot without failure. The development of fretting-corrosion

wa. riot ob.'erved on the coupled aurfacec of these three nozzle".

In addition to the full-scale tests on the nozzles, stand tests
wr"- ctonducted on another part - a vessel made of l8Kh2N4A steel,

1,1-IC-23-2124-711 5
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1'>.gure 4. Nozzle lug, at- Figure 5. Fatigue fracture
t :.:ed byj sevtre fretting- of the lug, attacked by

corrozion fretting-corrozlon. The
site of fatigue crack Ini-
tiation iz 3holin by the

,.:at tited to a hardnec of arrow

b = 35 - 4. Coupled with thiz

'u.: a part made uf' alumlriur alloy AVT1. The finish of the coupled

:ur'Lcf- of the parts was V 7. The following two Joints were tested:

wit, cuntactlng surfauez protected by neoprene, and without protec-

tinzt y neoprene. ij t.,,,, first ca.-e, the ve:Lel worked on the Otand

'?20 •O 10 cycles before failure, and traces of fretting-corrolon

tit, t:,- coupled our'face. of' the ve.;uel and the aluminum part were

[L ';Ic IcaIy aK';ent; at the( same tlme, a ;ArIlar vesoel, except for

th,, u.olrcne coating, lazted 56 • 106 cycles before failure, and

trn'ii'u were reglon; on the coupled ourfaceL which had been damaged

i.y . frvcr'e I'rttIng-corrozIon, manifezted by Lite of initiation and

t 'uwth of fatigue cracks.

2uch a favorable effect of the neoprene coatings on the Increase

(A' ['atiue LtrentLh of the parts Is explained by the fact that these

,t~ring , which have good adhesion to the metal, are elastic and are

riL dc.;troyed during operation by the layer between the two coupled

.;ur'1acei. Therefore, the friction of one metallic surfarc, a- ainat

arotmttr, i ab'-ent. This prevents the development of phy co-chernical

p~r'ouez.;e; during contact of two coupled parts.

I'TD-IIG-2.- 2124-71 6



Thuz it haz been shown that neoprene coatingz zafely protect

,-uruled jurracco from attack by fretting corrosion, thereby con-
,rLIut 1In to the Increa:se in cyclic :strength of' the par'tu.
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