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The Intergranular and the Innergranular Character of the Failure of Armko-
~-Iron Due to Fatigue

1yirg these phenomena ig disoussed. There are 3 gigures and
10 references, T of which are Soviet..
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AUTHORS : Gordiyenko, L.K. and Ivanova, v.8. (ioscew)

PITLE: On the Nature of the genasitivity cf Titaniun to 3tress
Concentrations ab Alternating Loads (O prirods chuvstvitel'-
nosti titana K xontsentratceran papryazheniy ori tgiklichesk-

ikh nagruzkakh)

PERIODICAL: Izvestiya Alrademii Nauk SSSR, Otdeleniye Teknnicheskikh
Nauk, 19%58. Nr 3. pD 121125 (US3R)

ABSTRACT: The notch sensitivity cf titaniwn under alternating stresses

nas been stated by different authors in ‘the sane Soviet pub-

lication ("Metallovedeniye“? Sudpromgiz, 1997, PP 175-194 and
196-205, resyectively) to be either lower OT higher than that
of high +tensile alloy steesl. ttempting Lo resolve the con-
tradiction. the effecy of +he suriace sondition o1 fatigue
strength has been studied on sintered titaniun sheet samples
of 1 mm thickness, obtained by hot rolling, loaded in an

N electromagnetic cantilever bending resonance machine at mains
' frequency . Chemically pickled spacinens, nolished specimens .

and specimens pickled after polishing, ere conpared. Meta-
1lographic studies have shown ftwinning To Le che main disin-
tegration mechanism undeT cyclic loads. AT hich overloads
tne Ewin Loundories 6ay constitute sources of failure, whilst
in steel, micro-cracks in zlip bands seen in an optical
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On the MNature of the Sensitivity of Titanium to B3tress Concentrat-
ions at Alternating Loads.,

microscope do not develop and failure occurs largely along

the grain poundaries. The surface condition rhas o large

affect on the fatigue gtrength cf titanium, The strength
based on 100 0G0 000 wycies 1S 40% highar in polizhed speci-
aens than in untreated specimens (43 kg/mm” comparcd with
30), The effect of micro-siress raisers is therefore much
higher tharm in steal, Pickling causes & large scatter of
results. A zeneral discussion 1is inecluded on notch sensi-

_ ¢ivity in ~elation TC ryinning and glipping processes

v characterishic of different mebals and mrystal structures.
maere are 7 fipures and 9 references, ¥ of which axe Soviet,
5 English.

j AS3OCTATION: Institut gotallurgii, AN 835R (Metallurgy Inztitute,
’ Acadeny of 3ciences USSR)

3UBLIMIED: October 23, 1957.
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AUTHORS: Ivanova, v.8. (Cand.Tech.Sci.), Gordyenko, L. K. (Engineer)

TITLE: 7E£§§rtmentﬁI’Tﬁ;g§tigation of Certain Assunptions of the
agpructural TheoTy of Creep (Eksperimental'noye ;gsledovaniye
nekotorykh polozheniy strukturnoy teorii polzuchesti) X

PERIODICAL: HMetallovedeniye i Obrabotka Metallov, 1953, Nr 6,
pp 2-6 (USSR)

ABSTRACT : pccording Lo the structural gheory of creep proposed by

1. A. 04ing (Ref.5), a0 increase, decreast OT constant speed

of creep is determined by the density of dislocations.

change of the density of dislocations ghould shov itself 1in
a change of the physical and mechanical properties of the
metal, for instance, the olectric resistance and the micro-
hardness, since both these characteristics depend on the
crystal Structure. TO verify this assumption, the authors
carricd out experiments,measuring the change 1in the electric
resistance and the micro-hardness during the process of
creep tests of some high gemperature materials. The DC
electric resistance was neasured, using 2 spacial rig so as
to ensure constancy of the contact aress and to exclude
the possibie jnfluence of thermo currenbs. me electric
resistance was determined on cylindrical specimens of 8 mm

y dia, 200 mu length, and also on flat specimens of 4.5 X
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Experimental Investigation of Certain Assumptions of Lhe Structural
Theory of Creep.

’

9,5 mmn, 200 mm 1long. The experimental error was 0.5% and
the variatiocn in the results of measurcments in the individ-
ual sections daid not exceed 0.1 tO 0.5%k. graph Pig.l
chows bthe creep curve for el El—uﬁﬂdnring tensile
tests with 2 stress of o2 Kt ot 6009C. The same graph
shows the alectric resistance measured g fter 100, ’

1180 aad 1446 hours. puring the first test hours the creeD
proceeded with ted gpeed whereby &n increase in
the elecbHric cor 1vits observed. However, during
accelerated creep t sobrd Livity decreased.
jecrease in the ele iC tivi &0 agccurred Ior

the accelerate& cstage of b same ateel gested with
2 stress 0L 18 kg . e fully in agreenent
with the fundamental asswaptions f the gtructural theoTy
of creep. A jncrease (decreas

decrease (incre ) of the elec

indicates i

increase 1 i c 4] ions she at

stage of creep is 1i wi g decreas®e with time of the
dislocation density. rapns Figs.l and 9, an
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Experimental Investigation of Certain Assumptions of the Structural
Theory of Creep.

increase in the micro-hardness was obaerved during the accel-
eroted sbaze of creePj these graphs include the results of
micro—hardness measurements in the intormediate stages of
accelerated creep a8 well as the micro-hardness after fai-
lure. An excessively high increase in the nicro-hardness is
1inked in ghe first instance with an increase in the densivy
of dislocations and this is Satisfactorily e:{plained by the
structural creey Hheory. Phe following conclusions are
arrived ab: (1) on the pasis of the atructural creep theory
certain relations governing the change of the electric con~
ductivity and the nicro-hardness of high temperabure gteels
during various stages of creep tests are descrived and
experimentally confirmed. (2) The obtained experimental
data indicate the correctness of the original theoretical
assumptions and permits the conclusion ghat the proposed
methods of investigation of the processes characterising
creep are promising from the point of view of further
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development of the structural theory 0
6 figures and 5 references, of which 2

English.
ASSOCIATION: Institut Metallurpil AN SSSR jmeni A. A, Bayhkova
(Metallur"lcal Institube,Academy of Hcicneces, USSR, im.

A, A. Baylov)
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The Fatigue Failure Diégram of Metals (Diagramma ustalost~

nogo razrusheniye metallov

auk , SSSR, 1958, Vol. 1.9
\-’

TITLE:

gr.1,.ppr 11-T4 (USSR)

PERIODICALs . Doklady Akademii N
of the fatigue processes the fatigue curve,
gted by Veller already in the past century,
does not comprehend the whole com-
ges, which cause the failure of the
f a metal can be estimated
diagram of the fatigue
theoretical constuction of

ABSTRACT: In the analysis

plicetion of the proces
metal. The fatigue processes 0
by far more completely from the
failure. The first test of the
such & metal was performed I.h. Gding (Ref 1)j he sug-
gested 2 diagram, which consists of 3 main lines: Con-
golidation line, damage 1ine, and fatigue line. But
0ding's disgram does not consider the factor of struc-
ture. First here 4 rules are ghortly gliven governing
the fatigue process, which were discovered in recent
years. Referring %o thepe experi ental data the folltow-

erim
Card 1/3 ing 3 periods of fatigue can

be distinguished: The 18t
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The Fatigue Failure Disgraum of Metals 20-119-1-15/52
period, the 80 called incubation period, is charpcterized
by the absence of gliding strips, which are vigible in an
optical microscope. In this state of fatigue the mein pro-
cesses take place at the grain poundaries. On that occe-
sion a plastic deformation accrues by & ghifting of the
boundaries anc. by their mutual rotation.

e so called period of loosening, is

d with the develppment

—————
T——

grains at their
The 2nd period, th
connected with the occurring un
of submicroscopical cracks in the sliding strips. The
gliding cracks develop inside (f single grains, put do not
surpass the grain boundaries. 1n thig period = vast num-
pver of vacant gpaces are formed in the crystal 1attice.

At the development of the submicroscopical cracks to mi-
cro-fissures the third fatigue period, the period of fai-
lure, starts. In this period the stripspf loosening sur-

. pass the grain voundaries. The diagram of the fatigue
failure, which illustrates these 3 periods, here is re-
presented schematicelly, i.€. in the coordinates ten-
sion VS. logerithm of the number N of the cycles. The

Card 2/3 meaning of the various lines in the disgram 18 shown. The
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of specific materials. Various phenomena Occurring under
specified conditions are studied and reported on. PFor details,
see Table of Contents., The articles are accompa:’éd by a num-
ber of references, both Soviet and non-Soviet.

TABLE OF CONTENTS:

Oding, I. A., V. S, Ivanova, and Yu. P. Liberov. Role of the
Surface of Separation in Creep-rupture Fallure of Metals 3

Davidenkov, N. N, On One Contradiction in the Theory of Cold
Shortneas

13
Osipov, K, A, On the Diffusion and Heat Resistance of Metal
Phases 21
Pavlov, V, A,, M., G. Gaydukov, 0. I. Datsko, N, I. Noskova,
and I. A, Pereturina. Effect of Structural Peculiarities
on the Behavior of Metals at High Temperatures 26
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COVERAGE: The book contains recent information on the vaslc laws

and mechanism s relaxation and durability of metals.
Speclal atten

creep and relaxat

down of metalse

gistance on the bas of 1mp

in real crystals. They the polnt of
yiew of the theory of displacement an ey in the
crystal space 1attic Academiclan G.V. Kurdyumov, and Professor
TI. Kornilov are as having developed other jnvestigatlve
techniques in this [ Separate chapters of the book were
written by: ch. I by I.A. oding and V.N. Gemlnov; Che IT vy
T.A. Oding; Ch. I1I by I.A. 0ding and V.S. Ivanova;. Ch. IV

by I.A. 0ding and G.A. Tulyakov; Ch., V and Che vI by V.S.
Tvanova; Che viI, VIII, and IX by I. A. Oding and v.V.
Burdukskiy; Ch. X by V.N. Geminov. The authors thank Professor
1.I. Kornilov and N.V. grnm-Grzhimaylo, Doctor of Chemical
Seiences. He also thanks 1aboratory workersi L.K. Gordiyenko,
Yu.P. Liberov, 7.G. Fridman, T.S. Mar'yanovskayea, and S.Ye.
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Gurevich., There are approximately 400 references.

TABLE OF CONTENTS:

Preface 5
Introduction T
Ch. I. Baslc Conditions of the Displacement Theory and Vacant

Places in Ccrystal Space Lattice. 11
1. Imperfections of the crystal space lattice 11
2, Motion of displacement 24
3. Rotational motion of displacement 35

L, Origin of jmperfections in the crystal apace 1attice and the
the crystal 42

displacement structure of
Mechanism of Plastic pDeformatlon 52
52

ch. II. Modern Concepts on the
1. Shearing processes
2, Diffusion plasticity
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3, Boundary processes 78
L., Loecallty of plastic deformation 93
Ch. III. Creep in Metals 109
1. Curve of creep 109
2, Analysis of equations of the curves of creep 111
3. Interdependence petween the velocity of the established
creep and the stress 134
4. Structural theory cf creep 145
5. Influence of some factors on the criteria of creep 175
Ch. IV. Creep in 2 Combined Stress State , 208
1. Survey of the creep theory and of experimental data in com-
bined stress state 208
o, Locallty of plastic deformation under conditions of & com-
bined stress state 249
 Ch. V. Long-Time Strength of Metals 264
£ metals 265

1. Theory of the long-tlme break-down O
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2. Interdependence petween stresses and the S
metals 282
3, Influence of temperature on ecriteria of the long-time
strength 299
Ch. VI. Generallized piagram of Creep Criteria 311
.~ 1. Plasticity in creep 31%
31

2 Generalized diagram of creep criteria
3. principle of conformity 321

r Relaxatlion 331

Ch. VII. RIng Method of Metal Testing fo
1. Testing stress relaxation 331
2. Tnvestigation of metal-relaxation by means of & ring-shaped
sample 343
3. Distribution of stresses in & ring-shaped gample 1n the
process of relaxation 357
4. Comparatlve investigation of test results for stress-
1cal samples 363

relaxation in ring—shaped and cylindr
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3., Diffuslon plasticlity in Stress-relaxation of metals 379
L. Influence of numerous factors on criteria of stress-
relaxation 386
Cch. IX. Relaxatlon and Creep 1413 s
1. Relationship Between oreep phenomena and stress-relaxation '
in metals 413
2. Tnterdependence petween Ccreep criteria and straess-re-
l1axation b17
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AUTHOR: Ivanova, V. 8. sov/20-127-1 -22/65

RS ———
o

TITLE: A New Law in the Fatigue Failure of uotaib'(Novaya gakonomer-
nost' ustalostnogo razrusheniya netallov)

PERIODICAL: ?Okl&%y Akademii nauk g38R, 1999 Yol 127, Kr 1, PP 86 - 89
USSR

ABSTRACT: The suthor aasumes for the purpode of determining the rules §ov-
erning fatigue failure that the work of plastic deformation
used for the destruction of the sampla is n oonstant quantity

in the cage of eny stresses of the gymmetric cyole exceeding
the fatigue 1imit. If ®Y B1 the number of cycles ig denoted at

which submicroscopic cracks begin to form, the relation RG(H -
Ki) - const holds for the work of destruction in the casge of a
given & 0y where Rc denotes the aversge value of the work of

plastic deformation per cycle. In an earlier paper the author
ghowed that the ourve d(Ni) ig similar to the curve of Veler.

As the process of fatigue failure is preconditioned by coagula-

card 1/4 tion and by the depositing of vacancies at the ends of the sub-
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A New Law in the Fatigue Failure of Metals

microscopic cracks,

from that work which must be applied %o
cycles.

$ions during (¥ - Ni)

- not investigate the dependence of n o the absolute value of
but on its ratio to the fatigue limit

the oritical stress T,

(i.e. on 1/1'). The exponential law ol the

gources of dislocations is here uged in filrst npproximation.
After some deliberations the relation (dk - gy
and Nk denote the number of cycles at the

-~ the number of cycles corresponding to

obtained. Here N,
stresses d1 and Oy Hi

the beginning occurrence of submioromcopi¢
gtress d; k is the criterion for the gurvival of
extent the durability of the metal chan-
in the case of
relation means the following:
the difference between the stress causing
at a given number of cycles and the gtress 3t
which, after this number of cycles, the formation of submicro-

it illustrates to what
ges per unit of siress
The last written down
of the same nature,
fatigue failure
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the motion of disloca-

For this purpose the author does

distribution of the

) = a « const is

strasses at the
the metal, and

a variation of gtress,
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A New Law in the Fatigue Failure of Xetals £ov/2C-127-1-22/65

scopic cracks begins, is a constant quantity. This new ccnstan?
is described as the constant of metal futigwe. Furtiher, :!w =
W
Ny
which the fatigue curve goes over into .its horizontal demain
W
(at 0 = dw), and N,
the beginning of the formation of submicrogc¢opic cracks at ¢ =
dw. With other words: The number Nw of the c¢ycles at which the

exp(ak) is found. Here N denotes the number of cycles at

- the number of cycles which correspond to

fatigue curve exterds beyond the horizontal domain depends only
on the criterion k of the durability of the metal. The depend-
ence of Nw on k is expressed in the coorrdinates k - lnHw by a

straight line. The relation §_ = H: explak) agrees well with

the data obtained by experiment, By using the fatigue constant
of the metal it is possible to set up the new criterion of fa-
tigue 0, = o + a. Using this criterion makes it possible 1)

to simplify the fatigue test and 2) to determine the beginning
of the damaging of the metal. There are 3 flgures and 16 ref-
Card 3/4 erences, 13 of which are Soviet.
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PHASE I BOOK EXPLOITATION BOV/43T5

Akedemiya nauk B8SR. Tnstitut metallurgii imeni A.A, Baykova

Ustalost' metallov; materialy soveshchaniys po ustalosti metallov 22-24
sentyabrys 1958 g. (Fatigue of Metals; Materials of the Conference oOn Fatigue
of Metsls, September 2224, 1958) Moscov, 1960, 157 p. %,500 copies printed.

Resp. Ed.: T.A. 0ding, Corresponding Member, Academy of gciences USSR; Bd. of
Publishing House: A.N. Chernov; Tech, Ed.: 1.NX. Dorokkina,

FURPOSE: This collection of articles is intended for mechanical engineers,
metallurglsts, and seientific research workers.

COVERAGE: The collectlion contains discussions relating to fatigue feilure of

metals, fatigue in finished parts, and methods for testing endurance. Included

are a critical reviev of existing theories on petal fatigue, some dats on
physical regularity patterms, and features of steel failure caused by fatigue.
Possibvilities for applying & nev criterion to the notch sensitivity of metals
and high-strength steels are investigated. The mpechanism of failure due to

card 1/h4
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Fatigue of Metals (Cont.) 80V /4375

corrosion fatigue of metals is discussed along with pertinent experinental
data, Also presented are the results of testing the fatigue strength of such

metsl parts as large-size plates and various parts of machines used in the
petroleum industry. Problems {nvolved in testing metals for fatigue are
examined., No personalities are mentioned. Each artlcle 13 accompanied by

bibvliographic references, most of which are Soviet.

TABLE OF CONTENTS:
NATURE OF FATIGUE FAILURE

Ivanova, V.S. Reviev of the Fatigue Theories 3
e
Serensen, 8.V. and @.P. Meshchaninova, Some Peculiarities
of Alloy Fatigue Failurs at Blevated Temperatures 19
Shevandin, Ye. M. (deceased), R. Ye. Reghetnikova, L.M, Rubinshteyn,
and L.F. Khudozhnikova. gome Data on Physical Regularity Patterns
!

of Steel Fatigue Pallure
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to Brittle Fallure
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62
Markovets, M.P. Notch Sensitivity of High-8trength Btaels
T2
Belyayev, S. Ye. Notch Sensitivity of High-8trength Bteels

Vedenkin, 8.G,.,and V.8, Sinyavskiy. Mechanism of Corrosion- 8
Fatigue Failure of M¥etals

PROBLEMS OF ENDURANCE-TESTING METHODES

Investigating
A., T.K, Maripets, and A.I. Yefremov. o7
Lt;:egzy:ﬁ'g Bt;'ength of Metals by Plotting 8 Fatigue Diagren
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AUTHOR: @ggggggtwl,s.-inoscow) Qy
TITLE: Interpretation of Fatigug of Metals in Terms of Energy

and Structure \ -
PERIODICAL: Izvestiy2 Akademii nauk 88SR,0tdeleniye tokhnicheskikh
nauk, Metallurgiya 1 topllivo, 1960,Nt 1, pp 93.100(USIR)

ABSTRACT: It has been previously shown by the pruesent author
(Ref 1) that the process,pf fatigue (under the conditions
of a symmetyric adin#cycle) should be regarded as
comprising three stagess 1 - incubation period; s
II - period in which the sub-microscopic cracks develop N
to microscopic size; III - period during which L
microscopic cracks become gacroscopic fissures. The N
demarcation 1lines between these three stages on 2 fatigue L
diagram are shown in Fig 1, where the line ABC is the
fracture curve, line A'B!CG! corresponds to the start of
the formation of sub-microscopic cracksy and line A®C
jndicates the start of the formation of micro-cracis.

Card Consequently, the following new criteria of the fatigue

1/ 9 failure have been establisheds (1) critical number of
reversals (Ng) - the number of reversals al which ‘%
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i sible lattice defects (sub-microscople cracks) .
%)Iejgi‘r,lelt;oiappear in the specimen under the limitigg stﬁeizg,
(2) critical fatigue stress (gy) - the stress under wstant
fracture oceurs after Nk reversals; (3) eyeclic conl an
of fracture (a), the numerical value of which is equad b
the difference between the critical fatigue stresiia?
limiting stress, expressed 1n Eﬁ§miigit§gg ;33%:2 o?
0Qo a =Y . T ; i .

§§5§i§§ié %Nz) - the %umbeg of reversals at which £1a:§ure
will occur in the metal subjected to the minimum stress,
required to cause the fatigue failure; (9 cyclﬁc
olasticity limit (a%%y) - the maximum stress which, fuce o
irrespective of the numbzﬁ of rezeis?lz%izgll not pro |

sible changes in the crystal la H
%ggezgaurance coggficient of the metal (k), characterizing

n changes when S

the extent to which the 1life of the specimen cha |
the cyclic stress is varied by a unit stress; it is equal N
to the tangent of the angle of slope of the ¢ versus

Card in N curve. It can be inferred from the fatigue r/,/ .

2/ 9 diagram that the total specific work of fracturs, Rtotal,,v |

: ' ! .
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(per unit volume of the fractured material) consists of:
(1) specific work of elastic deformation, A, done to
produce the distortion of the crystal lattlce during the
incubation period; (2) specific work of plastic
deformation, R, done during the I1I-nd and YIL-rd stages
to destroy the interatomic bonds in the critically
distorted lattice, If it is assumed that, under the
conditions of cyclic loading, both Rgptal and A and
R are constant and independent of the amplitude of the
applied stress, then Btotall = const = G, and

Ag(2Nj) = comst = C1 (1)
Rg[2(N -~ N3)] = comst = C2 (2)

wheres A - mean specific work of elastic deformation at a
given amplitude of the stress in a half-cycle; R - mean
specific work of the plastic deformation at a given
amplitude of the stress in a half-cycles Nj - number of
reversals, corresponding to the end of the incubation
period (1line A?B'CY Fig 1); N . total number of

.
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: Eq (2)
rsals to fracture (line ABC).  Solutiom of R
ggzzined previously by the present author (Ref 3), made it
possible to comblne the criteria, llsted above, in the

following expresslons
ak
Nw = NKB °
: ig 2) 1is
The k versus 1n N relationship (see Fig
represented by a straight line; tpe point at which it .
intersects the axis of abscissae gives N, while a 1
given by tg ¢ . The validity of this relatlonship was
confirmed by the results of analysis of about 40 f%tigua
curves, determined on specimens of various shapes. ort th
wrought and cast iron and carbon and alloy steels; & e
samo time, it was possible to aﬁtabllﬂh thabqin t}e cane
of these maberials a = 3 kg/mm< and Ny = 20,10 .
reversals. The object of the present investigabtion wag 0
establish, by analytical means, & dqpendenme of a an N
Nx on certain physical constants of the metals; 1Y suc
Card a relationship can be established, the duration of the u/
4/ 9 fatigue tests could be considerably reduced. One of the
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possible ways of approaching this problem was to correlate
the energy expended on elastic deformation of the crystal
lattice and destruction of the interatonic bonds during
cyclic loading with that required to produce the same
effect by other means, e.g. by heating., The energy,
required to convert the metal from colid to liquid state,
is expended on: (1) distortion of the crystal lattice
during heating from absolute zZero to the melting point,
this energy (Q) being given by Q =G T, where GCp -
mean specific heat of the metal, and %3 ~ 1ts melting
point gox); (2) energy, expended on the destruction of
the interatomic bonds (process of melting) and equal to
the latent heat of fusion, Lan). Although the
mechanisms of melting and mechanical fracture are different,
it can be postulated that they are equivalent in terms of
energy, in which case Eqs (1) and (2) becomes

Card Ag(2N1) = CpTy (3)
Rgle(N - Np] = Lpa )

'd

.
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» Having determined Ag and Rg, the author arrived at
| the sought formulae in the form of:

N, = cstEAY,élé 7)
Lpn G

@ = Ba/S gEes (11)
CoTs R

where: B - glastic modulue; A - mechanical heat
equivalent; ¢ - specific gravity of the metal;
B =0y -0 3 G - shear modulus, With the exception of
B, all the physical constants, appearing in Eqs (7) and
(11), are known, Since, howsver, it has been estab&ished
that in the case of iron and its alloys Ny = 20,10 R
and since all other constants in Eq (7) are known, the
value c¢f B could be calculated from this equation, and
was found equal 8.5 kg/mm2. Thus, if it is assumed that,
Card in the first approximation, B is constant for all metals,
both Ny and ¢ can be easily calculated for any given
metal, The results of such calculations; carried out for
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18 metals, are given in Table 1, showing: name of the
metal; Lnn, cal/g - latent heat of fusion; Cp, cal/g
degree; tg, °C - melting point; G, kg/mmzil B, kg/mm=;
¥, g/cmdy Lyn G/CpTsE; @, kg/mme; Nk.107

It will be seen that a varied very little from metal to
metal, its maximum and minimum values being 3.5 and

3.0 kg/mm2, respectively. As was to be expected, the
magnitude of Nk varied within wide limits, namely between
1,10% and 56,10% reversals. To check the validity of the
derived formula, the author, using various fatigue curves
obtained by other workers, determined the critical stress,
ok, corresponding to Ny reversals; as quoted in Table 1.
The difference betwsen ok and the endurance limit
(expressed in terms of ths tangential stressas) gave the
magnitude of a. The tesults, obtained in this manner
for iron, aluminium, titanium, and magnesium alloys, are
given in Table 2, under the following headings: number

of the alloy (Nrs 1.18, irom'and its alloys, Nrs 19-30
aluminium”slinys, Nrs 31-35 titaniumsnd its alloys,

NTs 39-45 magnesiumalleys); grade and chemlical VA//
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7 composition; Nk.10°%; oy, ke/mm2; oy, kg/m2;

S experimental value of a' = (Vg - Ty), kg/mn?; calculated
n a, kg/mm2; fatigue testing conditions; source, The
calculated and experimental values of a are in good
agreement, in spite of the fact that the former were
determined for pure metals, the latter for alloys. This
is explained by the fact that a 1s determined by the
ratio Lpg G/CpT,E which is only slightly affected by
changes in the chemical composition. Nk 1s more
sensitive to the changes in the composition of the alloy
and (since the values of Nyx, determined for pure metals,
were used for calculating a for variocus alloys) this
probably accounts for the rather large discrepancy between
a' and a of alloys Nrs 36, 44, and 45. In all other
cases, the values of a' and a were closs enough to
conclude that the values of a and Ny, given in Table 1,

Card can be used to determine the endurance limit (by the
8/9 method described by the present author in Ref 3) not only J/
for pure metals but also for their alloys, as long as the
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Terms of Energy and Structure

alloying elements are characterized by physical
broperties similar to those of the basg netal, The
Tesults of the Present investigation Proved that the

red to produce a critical
degree of elastic deformation per unit volume, and the

?5; Interpretation of Fatigue of Metals in

determined only by the nature of the metal,
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AUTHOR: Ivanova, V.S.. candidate of Technical Sciences
TITLE: Mechanism of Plastic Deformatioﬁﬂﬁn the Case of Cyclic

Loading )0
PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1960, No &, pp 30, 35-37 + 1 plate (USSR)

ABSTRACT: The process of plastic deformation as a result of cyclic
stresses has much in commcn with plastic deformations .

caused by static loads,in spite of the fact that in the S

first case no changes in shape can be observed on a L
macroscopic scale., For static loac«is there are about

eleven possible types of plastic deformation which, ]

according to I. A. Oding (Ref 1), can be sub-divided 'w

|

r

|

into the following three groupst slip processes caused

by the movement of dislocations, diffusion processes

activated by heating, peripheral processes connected

with displacements of grains or blocks along their

e boundaries. Each »f these groups of processes 18 .
P Card 1/2 discussed. Microstructure investiwations indicate thaf-.. -
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AUTHORS: Ivanova, V.S., Oding, I.A., and Fridman, z.G, (Moscow)
-l T b
TITLE: Certain Relations Governing pvong-Life Strength

PERIODICAL: Izvestiya Akademii nauk SSSR,0tdeleniye tekhnicheskikh
nauk, Metallurgiya 1 toplivo, 1960, No.5, pp.33%-37

TEXT: In earlier work of the authors and their team
(Refs 1~5) a new criterion of high temperature gtrength was estab-
lished, namely, the nplasticity resource" Ep, determined as the

time to failure t1 for a given constant stress o) and an L>(/
average creep speed Vi (2)

e, = 1Ty

Assuming that for a given component during service life tgyg, total
deformation €etot 18 permissible and the plasticity resource is
€Ep, the remaining reserve plasticity resource will be

Ke °r (3)

By carrying out the strength calculations on the basis of the
Card 1/4
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Certain Relations Governing Long-Life Strength

plasticity resocurce, the plastic properties of the metal can be

better utilised and, consequently, higher creep speeds and higher
rated stresses are permissible, However, calculations of the

strength reserve on the basis of er are difficult in cases in

which the metal under consideration has a low plasticity resource.

In this case the variance in experimental data makes accurate
calculation difficult and prone to dangerous errors. In this paper ]
another criterion is proposed for establishing the reserve strength )<
of machine parts operating at elevated temperatures. The basic L
jdea consists in selecting as the strength criterion the work

required for failure C, assuming that it is a constant value and
does not depend on the magnitude of the applied stress. Depending

on the magnitude of stress and the duration o stress application,
various degrees of damage may occur; 1if the same work C' |is

spent, the same degree of damaye will be achieved for a given metal
with various stresses and service durations. Then, the reserve
strength until failure C will equal

Kk = &
Card 2/4 ¢ ¢
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If the work of a single dislocation is expressed by r., a stress
¢ will produce ePO "dislocations in the avalenche. The total
aumber of avalanches required for the metal to fail will be

C

kr exp(Bo) (&)
A% present no data are available which would permit establishing
accurately the work until failure during creep, However, it
is shown in the paper that, assuming that the work until failure
is a constant value, the line of equal damage of a given alloy
is equidistant to the line of failure, Experimental results
reproduced in the graph, Fig.3, for several steels and some other y
alloys indicate that in all cases the lines of proneness to VX
damage are parallel to the lines of failure, Thereby. as the
proneness to damage the authors assume that point on the creep
curve which corresponds to the beginning of the third section, j@
the section of the curve with increasing creep speed, The
theoretically established fact that all the lines of proneness
to damage are parallel to the failure lines have been confirmed
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Certain Relations Governing Long-Life Strength
experimentally, Therefore, 4 Very simple methoeq 18 proposed of
determining the coefficient of reserve working ability of the
metal Ko, which can be expressed as the Teserve service 1jife
for a given stress and can also provide 4 possibility of
calculating the strength reserve from the reserve of service life.
Structures in which the metal has an equal proneness to damage
will possess equal strength reserve values, The distance X{

between the linesg of equal proneness to damage from the failure
lines wil}l differ for various metals. depending on the intensity
of accumulation of damage, The proneness to damage of the metal
can be expressed as the ratio of the past service time at a

given stresgs tg its service life unti] failure at the same stressg,

me thod of calculating the coefficient of strength reserve, which
1s based on g constant stress reserve for any Biven pervice life
There are 3 figures and 9 references: 8 Soviet ang 1 English,
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5/032/60/026/05/32/063

BO10/B00B
/P 9200
AUTHOR: Ivanova, V. S.
TITLE: Accelerated Method for the Determination of the Fatigue Limit

From the Critical Fatigue Stresses
PERIODICAL: Zavodskaya laboratoriya, 1960, Vol. 26, No. 5, pp. 593598

TEXT: At cyclic tensile loads the test material passes 3 phases up to

the fracture. Elastic deformations in the orystal lattice develop during

the initial phase, submicroscopic cracks during the second phase (begin-
ning of the fracture, fatigue period II =~ period of loosening) and only
during the third phase the fracture itself (fatigue period I1I). These
periods can be illustrated in a generalized fatigue diagram (Fig. 1), P
New fatigue criteria are calculated in the case in question on the l/f
basis of this diagram. These criteria are connected with the physical
constants of the metal in the following two equations:

Lmelt . 2 (1)

w=T -7 =flc5 " E (¢ = cyclic fracture constant,
p S

card 1/3
i}y L ‘—P;i%n;‘ i S it
: AT AT e e T i eTia e
: e Bl I hrtea bl A

|

Poorofn *"y
] : ( i "| : . ak -
APPROVED FOR RELEASE: 08/10/2001 ‘C‘IA-’RDP'G-’oo’ 13R000619230004-6




CIA-RDP8

|;

6-00513R000619230004-6

1 LI I I
Ly PR T | EE I T

Accelerated Method for the Determination of 5/032/60/026/05/32/063

the Fatigue Limit From the Critical Fatigue B0O10/B008
Stresses

Tc = critical stress,; T_ = stress corresponding to tho fatigue 1limit,
Lmelt = latent melting heat, Cp mean specific heat of the netal, Ts =
= absolute melting temperature, G = modulus of rigidity, E = modulus of

elasticity, p = constant of the metals = 8.5 kg/mm2 (Ref. 2)) and

“
= Bl R PeAs —— = @ -
N, Cp Tg E-7-A a2 (2) (¥, = critical number of cycles, A mechan
ical heat-equivalent, ¥ = specific weight). The values calculated for N, ",

and @ are given in Table 1 for 18 pure metals. A study of 70 experiment- .
ally obtained fatigue curves mentioned in publications showed that the Lhk/,
calculated N, and « velues agree well with the experimental data. By

using the new fatigue criteria N, and «, the duration of the fatigue fest i
can be reduced to one hundredth compared with the usual method. Some T
test samples only must be brought to fracture at a lower number of i
cycles than N, and at a somewhat higher number of cycles then Ng, in
order to be able to record the dependence diagram ¢, 1nN and to inter-
polate the value 0& (dc = critical fatigue stress). The applicability
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TITLE: C—

Determ.inution of the Line of Damage or
o

PERIODICAT, . Metalg 4p
AL: Zavodskaya laboratoriya. 1960, Vo1, 24 321&2&51
. al, 2
TEXT: The author gpjt 9 » o« 10, pp.1136-1i39

i icizes t
ne of damage (liniya povrezhg: .

idely used et}
H. F. Moor (Ref. 2) 'od

of datermining the

yemosti) by g -

, o« In the oy He I. Frengh

estimate the meéntioned line authorig opinion, i nould b (Ref. 1) and
Sponding number of oy on the basgis of @ more cor

it, tragy ; .
:2(1:0}1: however, do not dOtherwiseg submicrosecopj applied ig higher
urs. The line of format microcrack
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responding to the beginning of shearing processes is the line of the be-
ginning of metal damages. It {ig parallel to the line of destruction
(Refs, 6, 7). If a metal is subjected to cyclic oversiress at g
stress level ang wWith a number of o
type of oversiress is not dangerous. In this case, submicroacopic cracks
Su have not sufficient time to ferm. The author explains ihe determination
N of the fatigue diagram, taking account of the ruleg
pProcess which were found on the basig of the hypothesis of energetic
similarity of destruction by fatigue and of melting, This hypothesis per-
mitted an analytical relationship to be determined between fatigue lizit
and physical constants of metals, The theoretical analysis and éxperimen-
tal investigations (Ref. 9).proved that the difference (u) betwean the
critical fatigue gstress, tresses, has a constant

value for all metals, It is 3 kg/um? for ferrous metals, and 3.5 kg/mn2
. for nonferrous metals, i

4 the beginning of formation of submicroscopic cracks is similar to the
curve for destruction (Refs. 6, 1)y it is possible to determine the 1line

of damage for the Tespective metals without any additional experiment,

There are 3 figures and 12 references; 6 Soviet, 4 Us, 1 French, andg
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AUTHOR: Ivanova, V.S.

TITLE: " Localization of Plastic Deformation of the I-st and
II-nd Type in Polycrystalline Metals

PERIODICAL: Akademiya nauk §SSR. Institut metallurgii.
Trudy, No.Ak, 1960. Metallurgiya. metallovedeniyo,
fiziko-khimicheskiye metody 1ssledovaniya, pp-158-169

TEXT: Although the problem of non-uniformity of plastic
deformation in polycrystalline metals has been extensively studied,
few attempts have be:n made to investigate this effect

quantitatively. No method of measuring the degree of non-

uniformity has been developed, and 1t is not yet possible to

correlate quantitatively non-uniformity of plastic deformation in Q{
microvolumes of a metal with the process of plastic flow and

strength of metals, For this reason the present investigation was
undertaken, its object being to study localization of plastic
deformation of the I-st and Il-nd type. The localization of
plastic deformation of the I-st type 1s defined as that which
occurs during the initial stage of plastic deformation when all

Card 1/18
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Localization of Plastic Deformation of the I-st and II-nd Type in
Polycrystalline Metals

the microvolumes of metal are not deformed Simultaneously, plastic
deformation spreading across the metal in Jumps. Metal deforms
plastically in this manner until the degree of deformation in all
microvolumes has reached a critical level. after which plastic
deformation talkes pPlace simultancously in all microvolumes,
although the degree of deformation attained an the various micro-
volumes is different. This effect 15 defined as locnlization of
plastic deformation of the II-nd type. The fact that the
deformation of a metal within the vield ledge proceeds in Jjumps has
been established by the pPresent author (tefs.9, 10), who studied
this process on flat, polished Specimens of Armco iron, extended
at normal rates of strain (0.02 mm/sec). On reaching the yield
point, the movement of the Chernov--Luders' lines was studied with
the aid of a cine-camera, operaced at a specd of 16 frames/sec.
The results are reproduced in Fig 1, where the displacement of the
deformation front (04, mm) is plotted against number of frames
for specimens in which deformation proceecded (a) from one end only
Card 2/18
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E193/E183
Localization of Plastic Deformation of the I-st and IXI-nd Type in

Polycrystalline Metals

and (b) from both ends. Tt will be seen that Lhe Liders'
moved in jumps of 0.7 mm at a sveed whach
This effect has been confirmed by other workers {Refs.12, 14, 15,
16). The discontinuous nature of the plastic deformation of the
I-st type having thus been established, the next problem was to

" determine the degree of deformation in the microvolumes deformed
in this manner. This has also been done by the Present author
(Refs.9, 10) with the aid of the following technique: the gauge
lengths (60 mm) ofp flat, polished Armco iron specimens were
marked at approximately 10 mm intervals, so that each gauge length
was divided into-six equal parts. The Specimens were then
extended to produce’ various residual strains, and the displacement

. 0f the markers on ‘the test Plece after each test was measured with
the aid of a horizontal comparator. The results are reproduced in
Fig.2, which, on the left, shows a stress (o7 kg/mme)-strain

(e, ¢) diagram of the material tested. and onp the right, the
distribution of"plastic deformation in five specimens which have
Card 3/18
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Localization of Plastic Deformation of the I-st and IT-nd Type in

Polycrystalline Metals

" been stressed to give the following mean residual strain:
I - 0.1%; I - 1.6%; 11T - 2.0%; IV - 2.50. v . 3.9%.
+ The unshaded and shaded areas relate to the elastically and
plastically strained parts of the gauge length, the figures by
-, each microvolume of the Specimen giving the magnitude of residual
) strain in that microvolume. The moment at which the stress was
i -removed from each specimen is indicated by points I-V on the
s . Stress-strain diagram. The results reproduced in Fig.2 prove
conclusively that the deformation of. metal within the yield ledge
Qf the stress-strain curve is invariably of localized and
"discontinuous nature. A metal, stressed beyond the yield point ,
deforms in this fashion until all microvolumes of the specimen
attain the critical degree of deformation whose magnitude depends
"on .the same factors which determine the length of the Yield ledge,
Ai.e. on the grain Size, previoQs heat treatment. rate of strain
‘employed, etc: in Specimens to which the resultsy shown in Fig,2
- relate, this critical degree of deformation amounted to 2.5

~Card 4y 18
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% Localization cf Plastic Deformation of the T-st and II-nd Type in
i Polycrystalline Metals

, The specific features of plastic deformation discussed above are
- associated with the fact that in metals, characterized by a well-

This view is Supported by the results obtained by the present
author (Refs.9, 10) who has found that microhardness of Armco iron
L Stressed to attain the critical degree of deformntion (2.5%) was -
S hardly affected by this treatment., the average microhardness number J(.
. in the interior and at the Periphery of the grains being,
respectively, 102.8 and 100 before, and 108,6 and 109.0 after
deformation. Since deformation by slip is always accompanied by
work~hardening, this broved that a different mechanism of
deformation was operating. On the other hand, 1t has heen found
that hardness, measured at the periphery of the grains in

Specimens deformed to the critizal degree of deformatj.onE increase
Card 5/18

T T wrrh K iikea) fhennivges s a
i L 'T"T""'"Y”"ﬂ T SRR Y PRI e PSRN i AT k
R o T ) e b T T TVt o 1 17O 8 A e S i Y Bt [ T 1

B i
T APPROVED FOR RELEASE: 08/10/2001  CIA-RDP86-00513R000619230004-6



"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619230004-6

RIE HRIENRECI I I LRI SR T
SRR R R I S N B L LS RS B DA S AT Wiy e T S T R BT AU T W R el LR ETHI 21 G [pr 1Ry 1 (03 i

ST
o i a

$/509/60/000/004/015/024
E193/E183

Localization of Plastic Deformation of the I-st snd IT-nd Type in
Polycrystalline Metals

after ageing, being 120 and 152 after 1 and 5 hours ageing. J<
respectively, the corresponding figures for the interior of the
grains being 108.6 and 102.8. Since age-hardening should take
place in the region of maximum distortion of the ¢rystal lattice,
the data quoted in the previous paragraph indicate the pPresence of
lattice distortions in the peripheral regions of the grains, and
Prove again that relative movement of the grains is the dominant
mode of plastic deformation in the initial stages of this process,
The interesting fact is that the localization of plastic
deformation of the I-st type is a characteristic common for all
metals, irrespective of whether or not the yield ledge is shown by
the stress-strain diagram of a given metal. HHowever, an the
absence of the yield ledge, the critical degree of deformation is
relatively low, amounting to about 0,29, ixamples of localized
deformation of the I-st type are given in Figs. 3 and 4, which
show the distribution of plastic deformation on specimens of
Steels 3 -1T (EYa-1T) and >. -b54 (ET.454) respectively.
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Localization of Plastic Deformation of the I-st and IT-nd Type in
Polycrystalline Metals

into equal proximately
e degree of plastic deformation (e, %) of each
on the respective graphs. The unshaded and shaded
blocks in Fig.3 Tespectively, to Specimens Stressed to
attain the mean residual strain of 0,16 and 0.21%. The mean

residual strain in Specimens of steel EI-454 (Fig.h) was 0.05%;

it will be seen that in the case of this Steel, parts 2, b, 5, 6,

10, 12, 14, 15 of the gauge lengths did not deform Plastically
eSence or absence of the yield ledge on the Strain-
epends on the ratio of the resistance to shear in
the grains to that in their peripheral regions,

e to shear near the zraain boundaries is less than
the I-st st

each other.
to shear,
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Localization of Plastic Deformation of the 1-at and II-ng Type in
Polycrystalline Metals

relative movement of the grains and slip within the grains, the

latter mode of deformation causing work-hardening of the metal.

. Consequently, metals which work-harden readily will have low

- critical degree of deformation and vice versa, which means that

el there is 3 definite relationship between these two pProperties,

s This postulate Was confirmed by tonstructing an ®Xperimental graph

D' versus €erits: where €erit 1is the critical degree of

deformation %), and D' jg the relative modulus of work-hardening

defined as the 90.4/9% . o, and 9D.4 denoting the yield point

and the stress corresponding to mean Fesidual strain of 0,49,

. TeSpectively, The graph is reproduced in Fig.5, the eXperimental

i points (from left to right) relating to Steels EI-454 EYa-1T,

' EI-395, AK-4 30, 20, and Armco iron, The degree of
localization of Plastic deformation of the [I-nd type was studiod
in the following ways The gauge length o a tost Plece {10 mm in
diameter, 200 mm long) was marked at equal ntervals (10 mm) by
diamond Pyramid indentations, the test pirece was then stressed in

Card 8/ 18
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tension, and the distance between the markers was periodically
measured after removi

Fig.6 shows the di i

gauge length of a test piece of
temperature.

testing machinag,

ation (e. %) across the

ended at room

X118 indicate the

the height of the

£ and blocks .7 relating to

Mmean residual Strain of 0.219%,

-28% and 4, 2¢; Fespectively, The ;
in a specimen of the same Steel )L
imi ay in Fig.7, anda it will A

atures the localizatayon of

ch more Pronounced. Regarding

-nd type, it

can be expressed either by {cp = fmax/ecpe vhere epan is the

maximum local deformation and fcp 19 the mean residual strain

of the whole SpPecimen, or by . . *max/ €min. where

Card 9/18
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Localization of Plastic Deformation of the T
Polycrystalline Metals

°f the materia} (. =]

this respect‘},
extent the plasticxty of the
ing to some Teason or Oother. been reduced in g micro-
In other words, ¢ pox is a Criterion of
i.e. an indication whether of not
he material, {cp' on the other
Measure of the ‘ ’ e plastic

a whole, making jt Possible
eXtent the Performg

Steel EYa—lT), (e decreases with lhcreasing
Others (steel EI-‘&E‘!) 7

¢ps Whereas in
‘cp 18 independent of fep  and remains
Card 10/18
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constant untiy Necking begi
iron ang steel EYa-1T,

€ep,
but in g more irregular mannher; (for Specimens of this steel P "
deformed to Ecp = 1Y%,

at higher values of  ecp, {max = 2.4-1.2).
‘cp and Ymax can also be used to 4
If, for instance, a metal has been sy
treatment which has ¢aused large vari

¥YpPe in

s Whereas ° R

The Magnitude of T .
Quality of a metal.
incorrect heat

ation in tpae grain sjize, both
‘cp and {max sharply increase, The results of the prosent
investigation indicate that mean degreq of deformation (i.e.
clongation determined by the Standard tensile test) is not a true ?(
- Criterion of the pPlastic Properties of microvolumes of the metal,
: and that theSe-propertles can be fully determined only by
determining fcp and .+ whose magnitude may be considerably _
affected by the conditions or testing, =
There are § figurey, 2 tables ang 19 references: 17 Soviet and
2 English. 1 '
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IVANOVA, V. S.

Doc Tech Sci - (diss) "Structural-energy theory of metal fatigue."”
Moscow, 1961. 30 pp with diagrams; (State Committee of the Coun-
cil of Ministers USSR for Automation and Machine-Building, Central
Scientific Research Inst of Technology and Machine-Euilding

"TsNIITMASh", ONTI); 170 copies; price not given; list of sutitor's
works at end of text (14 entries); (KL, é-61 sup, 211)
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10,0220 alao 4Ot IHIp, 1045 ey st Al

AUTHOR: Ivanova, V.S8. (Moscow)

TITLE! ‘Bn the Mechanism of Formation of Fatigue Cracks in
Metals

PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1961, No.3, pp.77-81

TEXT: A. H., Cottrell and D, Hull (Ref.1l: Proc. Soc. A, 1957
2, 42, No.1229) interpreted the mechanism of extrusion and
intrusion as being the result of the alternating effect of
intersecting aslip systems, whereby during the first half-cycle
sources of dislocation act which are located im one of the slip
systems, whilst in the other half-cycle the nction is by sources of
dislocation associated with the other slip system intersecting the
first, On repeating the cycle, extrusion and intrusion occurs,

In this paper microscopic and electron microscopic investigations
are described which were carried out for the purpose of verifying
the Cottrell-Hull hypothesis and also the conditions are analysed
under which it is possible to detect the two mechaniams of
formation of fatigue cracks, According to Cottrell and Hull,

extrusion and intrusion should occur only in metals for which slip
1

TTEETT T T T T
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On the Mechanism of Formatién of ... 8/180/61/000/003/009/012
E073/B535

in the grains during cyclic stresses can occur only along mutually
intersecting planes. For verifying this assumption two differing
metals were chosen: an austenitic steel 3A~|T (EYa-1T) (which is
prone to develop active mutually intersecting slip planes during
cyclic loading) and carbon steel 10, for which the displacement of
the grains is only along a single slip system (within the limits

of one grain). Prior to the fatigue tests the stoel EYa-1T was
water quenched from 1200°C and then stabilized at 650°C; the

carbon steel 10 was annealed at 900°C, The fatigue tests were made
on 1 x 10 mm specimens (polished and etched to reveal the structure)
with symmetrical bending by means of an electromagnetic system.

The structure was studied by means of a metallographic microscope
and the electron microscope s 3M=3 (EM-3) (resolution 50 A) and
Jem~5 Y (resolution 10 R) using colloidal replicas with chromium
shading. The microstructure of the steel EYa-1T showed that for
this steel displacement along active intersecting slip systems
is characteristic. The intersecting angle of the slip planes is
approximately 120°. For the steel 10 the slip is only along a
single slip system. The electron microscopes enabled detailed

Card 2/5
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On the Mechanism of Formation of ... 5/130/61/008%%33/009/012
E073/E53Y

study of the structure of the slip bands of these steels. In the
steel EYa-1lT the boundary of the slip bands is in the form of
circular patterns similar to those described by P.J.E. Forsyth
(Ref.6: The Basic Mechanism of Fatigue and its Dependence on the
Initial State of a Material, International Conference of Fatigue
of Metals 10th-14th September, 1956, The Inst. of Mechanical
Engineers, London). No extrusion phenomena could be detected for
the steel 10. In this stee 1 intensive loosening of the
metal in the slip bands was observed on account of large bands of
sub-microscopic cracks oriented along the slip bands, In a number
of cases spherical sub-microscopic pores were observed at the
boundaries of the deformed layer. The sub-microscopic cracks were
partly extended chains of pores. Such a loosening of the metal
subjected to deformation was not observed for the steel EYa-1T.
fhe obtained data lead to the conclusion that extrusmion is
characteristic only for those metals in which the e£lip processes
develop along active intersecting slip bands, which is a

necessary but insufficient condition, A further necessary
condition is that the stresses should alternate. In the case of

Card 3/5
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E073/E535

active tension or in tests with repeated loading, extrusion and
intrusion was not observed. This is illustrated by the example aof
the manganese-austenite steel =130 (6-13L) (1% c,

12% Mn,
0.1-0.3% Cr, 0.08% P, 0.01% 8), which was subjected to fatigue -

S tests with repeated loading for a duration of 120 ogn ¢ycles

i (the tests were carriod out by N. V. Baranova at NATI}. 1In this
steel intersecting sliding systems are activated but no extruaion
phenomena were observed, The fatigue cracks were distributed at

the points of intersection of the active slip planes. Under such
conditions the mechanism of formation of fatigue cracks is

dislocations during interaction of dislocations which move in
intersecting slip systems, Thus, for extrusions and intrusions
to develop, the existence of active intersecting Slip systems and a
g stress are necessary. Only in this
of extrusion and intrusion of Cottrell and
The carried out investigations also show that

case will the mechanism
Hull be correct,

‘H
A |

CIA-RDP86-0

APPROVED FOR RELEASE: 08/10/2001



CIA-RDP86-00513R000619230004-6

"APPROVED FOR RELEASE: 08/10/2001

— e
‘ ; STICE N i A T T
1 1S ML | BB VAT 1| A AL i KA it
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A number of authors express the view that the vacancies may play &n
important role in metal failurem during high tamperature operation,
As rogards fatigue conditions, the role of vacancies was investi-
However, the vacancy mechanism
manifests itgelf only under certain conditions,
temperatures when the diffusion processes are braked, it cannot be

%ated for the first time by Oding.

Apparently in these the process of annihilation of dislocations
and the effect of Super-position of the force fields of
dislocations during accumulation of di
pPlay an important role ip the formation of fatigue cracks,
the conclusion is arrived at that whether one or another mechanism
of formation of fatigue cracks manifests itself depunds on the
nature of the metal and on the test conditions,
4 figures and 19 references: 9 Soviet-bloc and 10 non-Soviet-bloc.

AN 5s5sSn (Institute of

ASSOCIATION: Institut metallurg:li
Metallurgy As USSR}
SUBMITTED: October 27, 1960
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slocations at barriers should
Thus,

There are

[Abstractor's Note: X
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SHTEFAN NEDESHAN [§tefan Niidﬁuan), prof,.; KIOKOVITS, Bernarf [Horovip,
Bernard] dotsentj USOV, A.M.; IVANOVA, V.S.

Rapid method for determining the fatiuge limit from ctitical fatigue
stresses, Zav.lab, 27 nd.11:1430-1435 '61. (MIRA 14:10)

1, Fidial AN Rumynskay Narodnoy Fespubliki, Timighoara (for Stefan
Nedasan, Horovify Berrard)., 2. TSentral'nyy nauchno~issledovatel'skiy
institut Ministerstva putey soobshcheniya (for Usev). 3. Institut
metallurgii imeni A,A.Baykova AN SSSR (for Ivanova).
(Metals~-Fatigue)
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AUTHOR: /Ivunov%C.V;m§i

TITLE: The structure-energy theory of metal fatigue

PERTODICAL1 Referatlvnyy zhurnal, Metallurglya, no. 12, 1962, 47 - 48, abstract
o128k (In collectlon: “Tsiklich. prochnost' matallov", Moscow,
AN S3SR, 1962, 11 - 23)

TE(T: ‘Phe author proposes a structure-energy theory of fatigue, wnich
takes into account both structural changes occurring in the metzl, and energy
values required for the processes during different fatigue periods. The theory
is based on the concept of the independence of- the breakdown energy upon the
method of supplying the energy; thus it was possible to compare the specifie
energy of breakdown with the latent heat of metal melting. A detalled descrip-
tion 1s given of the mechanism of accumulating elastic distortions of the crys-
tal lattice, and breakdown of the material during fatigue. It }s shown that
the specific energy consumed in the fatigue process from the momant of applying
the load and until full failure, is composed of two parts: 1) the specific

Card 1/2
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ADC6/A101
- AUTHORS: ~  Ivanova, V..S,, Ourevich, S. Ye,
TITLE: The experimental verification of the accelerated method for

determining the fatigue limit

PERIODICAL: Referati;rnyy zhurnal, Metallurgiya, no, 12, 1962, 103, ‘abstract
121634 (In collection: "Tsiklich. prochnost' metallov", Moscow,
AN 8SSR, 1962, 110 - 122) '

TEXT: Results are presented from the experimental ¢hecking of the accel-
erated determination of ¢, (RzZhMet, 1960, no, 1, 27635}, To use this method for
finding g+ 1t 1s necessary to determine experimentally the stress Cop Which

causes the specimen failure at a critical number of cycles, Ncr' The subsequent

calculation was carried out, using formula Ow = Tep = A Where . 1is the ‘eyclic
fatigue constant, equal to 6 kg/mma for ferrous metals and 7 kg,/mme for non-
ferrous metals. The magnitude of Ncr may be calculated either from the known
physical constant of metal or be determined from one of the fatigue curves (e.z.

obtained under bending condition). The number of specimens required for the

Card 1/3
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The experimental verification of the... ACO6/A101

rellable determination of eritical ﬁtress, “op? depends upon the scatter of ex-

. perimental data on the cyclic strength of the given material,
‘ that in case of a slight scatter of fatigue test data, the value Tor €an be de-
S termined, with sufficient accuracy for practical use (+1 kg/mm?), from datn of:
AR tests made with four or five specimens., If the scatter of experimental data is
ST high, the number of specimens should be increased to 8 - 10. However, in this
cage the duration of tests is considerably reduced, since there is no need to !
carry out the tests at low stress, close to Twe Which is 50 - 70% of the total /

An analysis shows

fatigue test duration. The accelerated method was checked on Cu, grade 3.5, -
15, 20, and 50 steel, 20 XH (20knN), 4o XH (4OKNN) steel, and B-95 (v-95) al-

alloy with the use of the followling 2 methods; 1. Special tests were made witn

a limited number of specimens, at stresses causing the failure at a number of

cycles, both below and above Nops furthermore the interpolated - value was

Ter
defined, from which the rated Oy value was determined. Subsequently, check-
specimens were tested to establish the correctness of the calculated Tie
2. Ogp was determined from the inclined section of the available Weller curve;

the value obtained for Cop Was used to determine the rated s which was then
Card 2/3
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AD06/A101

It is shown that in all cases Ty can be cal-
nt for practical use from Sop? determined from

of specimens (5 - 8)., There

L. Gordiyenko .
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AUTHORS:= Ivenove,; V. e, Galtporin, M. Ta.
. , . ‘
TITLE: An snalysis of the pomsibility of vaing tow criteria forr an :

accelerated fatigue limit determinstion

L PERiGDiCAL: Referavivayy shurpal, ‘Otdel*nyy vypusk. 8. Mnshinosticpi- ‘
tel'nyye materialy, konstruktsii i rasohu’ dataloy maship, |
! no. %, 1963, 33, abstract 30480237 (ln enllections Toikliche

prochnost! netallov. M., AN B3SR, 1362, 134 - 140)

TEXT: . The pessibility is enalyzed of using the ﬂ'atiq;uzut oriterion
proposed by V. S. Ivanova for the fatigue limit determination’ under 2on-
ditions of fatigue tests with rotational bending and wymme tric bending in
one plane. It is shown that the oritiocal number of oyoles K ocan be dew=
tormined oxperimentally by one of the fatigue ourves, and b fatigue
1imit can be oocuputad by thoe forauls

F.q = Cpr =

:
% - Card 1/2
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i e Ll
‘ where 6, ie.the siress cauasing breakdown in N cyule:aland. dsle a cyclic e
- Gonsta.n% ~n the presence of sharp stress concantratirs The H, valulﬂ in-a |

ereases as soapared with that for flat samples.

_ {Abstracterse note: Coaplete tx'ahélutic:n} ST
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IVANOVA, V, S. (Moskva)

. s e

Investigating the role of grain boundaries on the development
of the fatigue process. Izv, AN SSSR, Otd, tekh, nauk, Met, \
1 topl. no.6:90-97 K-D 162, (MIRA 1631) :

(Metala——Fatigue) (Dislocations in metals)
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s/032/62/028/009/068/

; B104/B102
S AUTHORS s 0oding, 1. A.y Ivanova, V. S., Gordijenko. L. K., and
S Stepanov, V. N. 7 T
;,? TITLE: An electromagnetic apparatus for fatigue tests cn flat

B specimens bent in alternate directions

PERIODICAL: Zavodskeya laboratoriya, v. 28, no. 9, 1962, 1126 - 1120

g TEATs This device described (Fig. 1) prov{des for the fatigue testing of ;
.- flat specimens in vacuo (1072 mm Hg) or in various gases. The specimen /
S is clamped in a holder (5) surrounded by the glass tube (4) and mounted )

on a brass head (1), Thus the space around the specimen is hermetically
sealed by the sample holder, glass tube and observation window (17). The
, tube (9) serves for evacuation. Bending vibrations are excited in the
i specimen at its natural frequency by the electromagnet (16) with the aid
of the special plate (18). The device is reliable and gives very accurate
results, There are 3 figures.

e ASSOCIATION: Institut metallurgii im. A. A. Baykovae (Institute of
N Metallurgy imeni A. A. Baykov)

comttf
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IVANOVA Vera Semenovna. Priniral uchastiye GORDIYEMNKO, L.K.,
i Jtekhnr-nauky SHKOL'NIK, L.M., kand.tekkm. maul, red,;
GORDON L.M., red.izd~va; MIKBAILUVA, V.V., takhn.red.

[Fatigue failure of metals] Ustalostnoe razrushenie metallov,
Moskva, Metallurgizdat, 1963. 272 p. (MIRA 16:12)
(Metals—Fatigue)
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Machanism of the fatigue failure of metals, Trudy Inst. met.
no.13:3-28 '63, (MIRA 16:4)

§ (Metala=-Fatigue)
' (Dislocations in metals)
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ACCESSION NR: AT4014043 $/3073/63/000/000/0014/0022

AUTHOR: Ivenova, V. S.

e e 4T

TITLE: Change in thq dislocation structure of metals under cyclic loads
SOURCE: Prochnost' metallov pri peremenny¥kh nagruzkakh; matorialy® tret'yego
soveshchaniya po ustalosti matallov, 1962 g. Moscow, Lzd-va AN §$SR, 1963, 14-22

TOPIC TAGS: fatigue, dislocation density, etching, chemical atching, {rou alloy,
‘steel alloy, reagent, austenite steel, austenitic steal, heat treatment,
annealing, stress cyclic stress, grain, load, grain skidding

i ABSTRACT: The study of the formation of fatigue cracks in metal shows that these
crfacks develop where the critical demnsity of dislocations s attafned. Changes

| in dislocation structure during fatigue were studied by chemical atching of iron

© containing 4% Si.and of certain brands of steel. A reagent consilsting of a 50%

. solution of Cr03 in water was used to reveal both the annenled and fresh dis-

. locations. The reagents L-3 (100 cc methyl alcohol and 1 g FeCly) and L-1

(100 cc methyl alcohol, 2,5 cc HCl and 1 g FeClj) were used to reveal the fresh

dislocations on iron and austenitic steels, respectively. The annealed disloca-

_ tions were due to mechanical and thermal treatment of metal and the fresh dis-

"Card  1/2 . .
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"' locations were due to plastic deformation when a cyclic load was applied, When

high cyclic stresses (+ 31.4 kg/mmz) were applied, the etching pits of high
density revealed that the dislocations were observed close to the grain boundaries

and that these dislocations led to inter-grain destruction and crack formation,
At lower cyclic loads (26 kg/mmz) the diglocation accumulation was observed in
the areas of grain skidding, "Laboratory technicians I, D. Russavskaya and

- N. 8, Sabitova participated in the work,' Orig. art, has: 12 figures, &4 .

. formulas and 1 table.

© ASSOCIATION: Institut metallurgll {m, A, A. Baykova (lastitule of Matallixrgy}
SUBMITIED: 00 . DATE ACQ: 20Febéb ENCL: 00 '

SUB CODE: MM NO REF SOV: 006 OTHER: 003
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LUN1686Y, BOCK EXPLOITATICN
Iranova, Vera SemsAgva

S
Fatigue failure of metals (Ustalostnoye rozrasheniye metallav) Moscow, Metallur—
gizdat, 1963, 272 p. illuc., biblio. 3350 copies printed. Editor: L. M.
Shkol'nik; Publishing house editor: L. M. Gordon; Technical editor: V. V.
Mikhaylova; Cover artist: P. P. Perevalova.

TOPIC TAGS: fatigue, fatigue failure, cyclic strength, fatlgue linit, damage-~

cbility curve, strength cf metals, critical stress, strain hardening, cyclic

loading, scale factor, dislocation structure, static strength, brittle strength,
ternal friction

PURPCSE AND COVERAGE: This book is intended for scientific and also ongineering-
technical personnel studying problems of fatigue and the design strength of
machine parts; it may be useful also for students in metallurgical and machine-
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vuilding vazes. The results of axperimental and theoretical studies of the
rature of fatigue failure are generalized. Physicel theories of fatigue, the
micromechanism of fatigue faflure, the changs in structure and properties in
fatigue, and the influence of varicus factors oa the cyclis strength of melils
ars analyzed. Furtheramore, experimental and analytical methods of deternining
the fatigue limit are outlined ard new accelerated methods of deteraining the
fatigue 1imit by utilizing the energy criteria of fatigue and the method of
plotting the curve of damageability from the fatigue curve are dencribed. “he
author thanks I. A. Qding for help with the manuseript, and L. K. Gerdiyenko

Zor help with Chapter IV and L. M. Shkol'nik for editorial help,

TABLE OF CQNTENTS (abridged):

Foreword = =« 5 = .
Ch. T. Theorstical and actual strength of metals =~ ~ 7
Ch. II. Influence of certain factors on the cyclic strength of matals at room

temperaturs = - 23
Ch. III. Variation in the structure of a metal in the fatlgue process - - 72
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Ch, IV, Yariation in the properties of a metal in the

! fatigue process = - 103
Ll Ch, V. Fatigue~failure diagram of metals ~ - 147
© Ch. VI, Theorias of fatigue of metals — 155
: ‘r Che VII, New machanisms in the fatigue process w~ - plsg)
i
!
!

Che VIII, Accelersted method of determining the fatigue limit acecording to the
_critical stross - — 230

' Ch. . Theoratical method of

determining curves of damageability and of strain
: karcéening for plotting a fatigue~failure diagranm according to the fatijue
curve =~ = 250 :

Literature « - 258
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_IVANOvA, V, S.; GORDIYENKO, L, K,

——

Changes in the physical properties of metals uader the effect
S of cyelie atress, Trudy Inst. met, no.13:29-63 763,
; (MIRA 16:4)

B s . (Metalg—Tasting)
T (Strains and stresses)
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IVANOVA, V.S,.; SABITOVA, H.S.; RUSGAVSKAYA, I.D.
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Mothods of exposing dislocations in deformed mytals. Zav.lab. 29
10,2:193-197 163. (MIRA 16:5)

1. Institut metallurgii imeni A,A.Baykova.
(Dislocations in crystals) (Dislocations in metals)
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AUTHORS: Ivanova, V. S. (Moscow); Gordiyenko, L. K. (Mosoow)

]TITLEz The nature of metal strengthening by thermomechanical treatment

gsouncaz AN $SSR. Izv. Metallurgiya i gornmoye delo, no. 1, 1964, 95-107

mOPIC TACS: metal strength, thermomechanical treatment, metal structure, disloca~ !

‘;tion control, dislocation distribution, high temperature phase, polymorphic :
itransformation :

t
| ABSTRACT: The strength of metal can be increased in two basic wayss 1) by i.mpa:rti:gl
ito it a Qesired crystalline struoture; 2) by producing the structure with a large |
:number of dislocations distributed in a proper way through the material. The !
' second method is more practical. It involves a complex interaction between plastic
'deformation and temperature effects. An analytical study of this method is pre- :
sented and the results obtained are shovm graphically in Figures 1 and 2 on the '
inclosures. The thermomechanical (m:) vreatment involved in the process produces |
an intense deformation at high temperature followed by cooling (i the course of
coolifig the high temperature phase of lhe matal should undergo & polymorphio trans- .
. formation, and only the materials capable of such transformntion can be proosssed :
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!
i
by this method). Because the state of metal obtained in this manner is metastable, |
‘only the increase in the static strength of steel was observed, while several of '
lits other properties at high temperature and after prolonged working remained
‘unchanged. Its resistance to creep and stress relaxation were improved by the

3 ‘mechanical-thermal (KT) treatment. This process involved producing preliminary
LN inetal deformation at temperatures below those necessary for the beginning of
.crystallization, and a subsequent rest At the same temperature (it did not involve
R 'polymorpaic transformations). The MT and TH products were found to differ in

R ;structure because the increase in ‘dislocation densities is considerably :smaller due
L lto the low degree of metal deformation in the MT process. Orig. art. has: 2 figures
e and 11 formalas.
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IVANQVA, Vera Semenovna; GORDIYENKO, Lev Kimovich; ODING, I.A.,
otv. red.

[Mew vays of increasing the strength of metals] Novye puti
povysheniia prochnosti metallov, Moskva, Izd-vo "lauka,"
1964. 116 p, (MIRA 17:6)

1. Chlen-korrespondent AN SSSR (for Oding).
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