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was also supported by the results of bending and fatigue tests,
The strength decreased with increasing length and diameter.

This effect i attributed to vari

formed during the handling of s

associated with the action of t

Whiskers ‘whose diameter exceede tructure und
their strength was very low. The axes of copper whiskers '
coincided with the \1o0]}, [1101 and [1111 crystal axis; the
Cross-section of whiskers with a 111} and [100] orientation
was hexagonal and Square, respectively.

There are 7 figures and 21 references: 1 Soviet and

20 non-Soviet. The four latest English-language references
quoted are: Ref, 16 - Cabrera, N. - Cambridge Conference

on Whiskers and Thin Films Abstract in Nature, Vol, 102, 1958;
Ref. 18 - W.W. Webb and M. Stern - Journ. Appl. Phys.,, Vol.30,
1958; Ref. 19 - 8.5, Brenner ~ Journ. Appl. Phys., Vol.30,1959;
Ref. 21 - P.B. Price - Philos. Mag., V. 5, 1960.

ASSOCIATION: Institut metallurgii AN SSSR (Institute of
Metallurgy of the AS USSR)
Card 3/4 ‘

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



5/129/61/0001009/004/006
Mechanical Properties of ««.s E193/E380

diffraction. 1In Fig. 4, the tensile siress (6, kg/mma) is plotted
against elongation (g) of a) iron whiskers, 5.3 p in diameter
and, b) copper whiskers, 2.5 3 in diameter. The effect of size
is illustrated in Fig. 5, where UTS (&, kg/mm”) of copper
whiskers is plotted against diameter (d, mm, diagram a) and
length (L, mm, diagranlﬁ). the diameter in the latter case

being 6 - 7 » « Similarly, the uTs (kg/mmz) of large iron

whiskers is plotted against their diameter (p) in Fig. 7.
Finally, the effect of crystal orientaticn on the strength of
copper whiskers is illustrated in Fig. 7, where UTsS

(6, kg/mmz) is plotted against whisker diameter (p) , the

continuous curve relating to whiskers whose axes coincide with
the [111) crystal axis and the brokxen curve showing the average
TS ot whiskers with axes in the [100] and [110] directions.
In fatigue tests some of the specimens subjected to stresses of

60 - 120 kg/mm2 remained unbroken after ten million cycles. The
results confirmed that the tensile strength of whiskers
approached the theoretical strength of metals; this conclusion
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14 950 E193/E380
AUTHORS: 0Oding, 1.A., Corresponding Member of the AS USSR

JreShutuont

TITLE: Mechanical Properties of Metal Whiskers

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1961, No. 9, pp. 4% - 49

TEXT: Although the mechanical properties of metal whiskers
have been extensively studied, the causes of their high strength
are not yet properly understood, mainly because of difficulties
in applying statistical methods of analysis to the relatively
small number of experimental results obtained on whiskers grown
and tested under a large variety of conditions. Hence, the
present investigation, whose object was to study the mechanical
properties of iron and copper whiskers, produced by hydrogen
reduction of CuCl and FeClz. A large variety of forms was

produced, including bent, twisted, conical and branched-out
crystals. Only straight whiskers (3 - 10 mm long) with uniform
surface reflectivity were used in bending, tensile and fatigue

tests; the copper whiskers were also axamined by X-ray
Card 1/4

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



ODING, I.A.; KOP'YEV, I.M,

Properties of strength and
1
Trudy Inst, met, no.8:254-2§8&?2i?ity of flifem cfﬁ?éilfi 10)

(Metal orystals)

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



Acta Meta

41-6
-00513R0012378000.

D FOR RELEASE: 06/23/11: CIA-RDP86-005

APPROVE!

Q00705

7/001/016

servedl but on
~10 B in diameterg
based on the
to Show
iCrOBcope
V'sol N(J.ll.
L pairg of
1 German

and 15 English,
Gferences

ﬂnguag& o read

lurgi(;a '




2l
s/129/61/00u/oo7/001/o16 ;
rechanism of growth of whisker .... EG21/E135 ’

with the surface of a larger crystal, the formation of helical
11slocations was possible, leading to the growth of the crystal in
chickness. 5.5. Brenner and G.W. Sears put forward a third
mechanism for the growth of whiskers from the gaseous phase (Ref.5:
Acta Metalurgica, V.4, No.3. 1956) whicn is also based on helical
dislocations. It was proposed that atoms would precipitate on the
steps of a helical dislocation when a surface containing such
imperfections was exposed to a supersaturated gaseous medium,

This mechanism is only observed with high degrees of super-
saturation as in the reduction of halide salts. For several metals,
a basal mechanism of growth has been observed in such reductions,
The rate of growﬁh of silver whiskers from silver chloride can be
calculated approximately, and results have given good agreement
with experimental data, Ww.I, Allen and W.W, Webb (Ref. 10t Acta
Metalurgica, V.7, No.9, 1959) proposed that copper whiskers formed
from copper chloride grow both at the base and at the top. The
present authors have carried out some tests on the growth of
copper whiskers from CuCl. The apparatus used is shown in Fig.3
(where; 1 - heater, 2 =~ thermocouple, 3 =~ quartz tube)., Tae salt
was vapourised at temperature T; and reduced at temperature Ta.
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AUTHORS ; Oding, J.A., Corresponding Member, AS USSR, and
Kon'vev, I.M.., Engineer

TiTLE: Mechanism of growth of whisker crystals

FERIUDICAL ¢ Metallovedeniye 1 termicheskaya obrabotka metallov,
1961, Wo.7; pp. 2-7
TLXT The hypotheses put forward in the last few years to
gxplain the growth of "whiskers" are reviewed, It was first
proposed by G.W. Sears (Ref.l: Acta Metalurgica, V.3 No.4, 1955)
tiiat in the condensation of mercury to form a whisker, the whisker
inherited the helical dislocations of the surface on which it was
growing. A calculation using thermodynamics showed that this gave \
a rate of growth several times too low. When it was assumed that
the atoms striking the side of the whisker could diffuse to the top
and take part in growth, calculation showed that this gave results
which were observed in practice, In work with potassium chloride
whiskers in aqueous solutions., a second hypothesis was put forward
by I.B. Newkirk and G.W. Sears (Ref.3%: Acta Metalurgica, V.3, No.2,
1955) which proposed that when small particles were in collision
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Ref, 3 - E.
v 20, no. 1zp p ek A g o8V gfroe. Roy. Soc., A, 1957
' » BO» 122, p. 304;  Ref. 6 - R. MaddinK N.K. Cpo.
?ro%r‘itMetal Phys., 1954, v. 5, p. 55; Ref. 10 quChﬁnLh ¥
Ja nst. Metals, 1952, v. 81, p. 133. Ref. 11 - J 3 ; ean - .
- Appl. Phys., 1957 v. 28 "no. 10" .o »Jo Weertman -

SUBMITTED January 5, 1961
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strength was tested at the same temperature. It was found
that the specimens which were breliminarily deformed by 0.3
and 1% showed an increase in the 100-hour strength from

82 to 92 kg/mmzn There appear to be certain optimum temperatures
and degrees ~f deformation which ensuregthe greatest increase

in service life. At a load of 85 kg/mm“ a 30-40-fold increase

in the service life was obtained. It was found that with
increasing degrees of deformation from 0.3 to 10% the effect

of strengthening increased at first (at 0.3 and 1.0% deformation)
and then dropped appreciably (at degrees of deformation of

2 ~ 10%), A change in the annealing temperature will also ‘
reduce the effect of strengthening. The optimum for this alloy J/
is a deformation of 0.3 to 1.0% at 600 °cC, The increase in

Strength is attributed to the formation of Cottrell clouds.

There are 2 figures and 12 references: 3 Soviet-bloc and

9 non-Soviet-bloc. The four latest English»language references
mentioned in the text are:
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specimens were subjected to standard creep tests. The creep
rate decreased by a factor of 20 to 25; the decrecase in the

crecp speed indicates that, after mechanical-heat troatwent, the
movement of dislocations is impeded. The authors of this paper
aimed at studying the possibility of increasing the long-run
strength of steel by producing polygonal structures by
mechanical-heat treatment. The principle consists of producing &(
dislocations of a certain density by plastic deformation and

then.by subsequent aeat-treatment.,to allow diffusion of the
dislocations into rows which are more favourable from the

energy point of view (sub-grain boundaries). Preliminary
deformation was produced not by creep but by active stretching

at the test temperature. 5 mm dia. 15 mm gauge lengths

of Ni-Cr alloy specimens were preliminarily soaked at 1 050 %

for 2 hours and air-cooled. Following that, the specimens

were stretched at a rate of 2.5 mm/min at 600 °c {considerably

below the recrystallization t emperature) to produce deformations

of 0.3. 1.G, 2.0, 5.0 and 10%. _After stretching., the specimens

were held for 100 hours at 600 °C and then their long-run

Card 2/4 ER
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AUTHORS: _0ding, Iﬁéiwgnd Fridman, Z.Go (Moscow)

s
TITLE: Increasing the heat-resistance of alloys bY the
method of mechanicalwheat treatment

PERTODICAL: Akademiya nauk SSSR. Tzvestiya. Otdeleniye
tekhnicheskikh nauko Metallurgiya i toplivo.
no. 5, 1961, PP 75 - 77

TEXT: 0f the known mechanisms of strengthening of metals

during plastic deformation; polygonization is particularly
importanto V.5, Ivanova (Refo. 12 ~ On the role of dislocations

in creep. 12zd-Vo AN SSSR, 1956) has shown experimentally the
possibility of reducing the speed of cree € appropriate

method of polygoniz i 4 of austeni ic steels:

Ivanova obtained poly tures by applying mechanical~

uring cre ests @ residual deformation

and,following
intained at

heat treatment:

was obtained which equalled some al value
that ,the gpecimen was relieved © nd mal
the test t emperature for 2k hours, as @ result of which
polygonization developed in the metal. Following that ., the
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(Surface hardening)
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'f_ Polygonization in Metals

authors. concluding that substantial improvements are possible

‘a’ l ' P"—"l_”_‘.-l
§ =1 '
I
B z ’
Fig.8 - 7
. &WM“T'"“ :
4% 700 00 50 wat.

& | There are 8 figures and 56 refere Soviet' and |
| nces: § Sov ‘ - :
; ASSOCIATION: Institut metallurgii AN SSSR ot gnd *8 non 8°Vi°t’?

.- (Institute of Metallurgy, AS USSR
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- Polygonization in Metals o ' 5

found to be facilitated by increasing purity (Fig.7 shows polygonal! ;. S
structure in ferrite grains), Figs 5 and 6 (both quoted from L
Kochendérfer and Ewertz, 'Archiv Elsenhiittenwesen', Vol.30, No.7,
1959) show the temperature-deformation-grain area=-grain-number : .
relations. The rate of polygonization is determined by dislocation , &
effects which are themselves subject to various influences b

(Ref.3%). Polygonization oceurs in creeg ﬁgjg.i%egsil3-lz, 35-37) gv///. :
-49), eing shown ;

,g;}l:

and this effect has been studied (Refs 3 .
(Ref.25) that with a suitable method of polygonization of iron and -
austenitic steels, creep rate can be greatly reduced. Fig.8 = .
Shows the creep curves for Armco iron, o = B.5 kg/mm2, T = 450 0C: | 20
(curve 1 - normalised state, v, = 1.1410-44/h; " curve 2 - load L
{ Trelieved and furnace switched off; curve 3, - after mechanical
working combined with heat treatment, v ='L.5'10-5%/h).
The authors discuss such methods. Polggonization in metals
subjected to deformation and heat treatment and during crystallizae
tion is also considered, The survey conecludes with a seetion on
' the in;iuence of polygonization on machanieal properties, the

{1 Card 3
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. (Fig.3) and
i polygonization. They then discuss polygonization in extension,
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The authers consider the interaction of two parallel dislocations
then that of many such dislocations from the aspect of

The distortion of sliﬁ lines in extension of a crystal is shown
schematically in Fig.Lh, Here temperature plays a major part,
Polygonizatipn in metals with various degrees of purity has been

E
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1 AUTHORS:' Oding, I.A., Corresponding Member, AS USSR, :
. T Za%’é?fév;-w, Engineer, and Fridman, Z.0., Engineer

eiartm s i
s

B | TITLE: & Polygonization in Metals

PERIODICALs Metallovedeniye 1 termicheska b
. 1961, No. 1, pp. 2-10 ya o rabo#ka metalloy,

TEXT: ' - Polygonization 1s the formation 1 in ' [
, ) . § n the grain of subgrains: - .
Q.:%fghtheirfgwn orientations. The authors discussfghis 'phenémegon1 R
| called tee Arst observed in 1932 (Ref.l) and the similar effedt
g | cai-ed “recrystalllzation in situ" (Refs 2-5). The paper is mainly
| 2 sritical literature survey. The authors maintain that S
. 39%Y8°nization can be correctly explained only on the basis of
i _%glocation theory, as shown schematically in Fig.2.
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AUTHOR: Oding, I. A., Correspgonding Member AS USSH
TITLE: International Symposium of the Fatigue Strength of Large
Size Machine Units
A0
PERIODICAL:  Vestnik Akademii nauk S8SR, 1960,pNo. 12, p. 91

TEXT: The International Symposium of the Fatigue Strength of Large Size

Machine Units took place at Prague from September 9 to 10, 196C. The
lectures dealt with problems of fatigue destruction, the action of metal-
lurgical and technical factors, and the size and ghape upon strength. A
comprehensive report wes delivered on each of the problems. The discug-
glon was synchronously translated into five languages., A new metallur-
gical plant at Ostrava and the Scientific Research Institute of Welding
in Bratislava were inspected. At the close of the symposium, the Anni-
versary Medal of the Higher Polytechnic College, Prague, was awarded,
among other persons, to the Soviet research scientists Ye. P. Unksov and
I. A. Oding.
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The Nature of the §oale Factor at Cyclic Loads s/b55/60/b26/009/ooa/018
BO15/B058

(Ref. 5), that Tor small sampleg o slight deformation r
in the surface layer, i
fatigue limit for small sampleg, In contragt to N, y, Davidenkov (Ref.4),
A. Wells (Ref. 6), and Ye, M, Shevandin (Ref, 7) the author is of the

77

not guitable for defin- //

ing the type of the scale factor. In the authorig opinion, an explana- 4.

tion of the tyve of scale factor by microcracksg according to v, v, -
Lavrov (Ref, 8) is not suitable either, since microcrackg which effective.
1y reduce the strength, do not occur in most metalg used in machine cop..
struction, Since many influences affect the soale factor, Systematin
experiments must pe conducted in the author's opinion in order to 30lve

the scale factor problem, and laboratorieg would have to participate

where Comparigon tegtg can be conducteq on large and gmal) samples,

There are 8 references: 5 Soviet, 2 US; and 1 German,

ASSOCIATION: Ingtitut metallurgii Akademii nauk SSSR (Institutem2£~_m_
Metallurgy of the Acadeny of Sciences USSR)
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AUTHOR: Oding, I. A, .. f{
AN oo snsimiant

TITLE: The Nature of the Scale Factor at Cyclic Loa§g>0

PERIODICAL: Zavodskaya laboratoriya, 1960, Vol. 26, No. 9,
pp. 1106 - 1107

TEXT: The influence of the sample dimensions on the metal strength is
influenced by various factors depending on the test conditions. In the
present paper, the auther discusses the factors which may be considered
to effect a reduction of the cyclic strength at an increase of diameter
and thick=ess of the samples. In a previous paper (Ref. 3), five factors
were already mentioned by the author, which were used for specifying the
geale factor, i.e., the metal quality, the tension gradient, the hetero-_
geneity of tensions snd mechanical properties in the microvolumes of the
metal, the technique of sample preparation and the total influence of
the cyclic tenacity and size of the metal granulation. In the present
cage, these factors must also be considered apart from the tension gra-
dient, and it must be added in view of the statements by Hollomon

Card 1/2

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



-d® PHOSITET A -G - A_RDPS6_00 =Jdele 20004

ODING, I.A.; GEMINOV, V.,

Mechanism of netal recover d
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o shavopr. op b {60. N creep at high temperature. Igsi,

(Creep of metals ) (MIRA 13:9)
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Modification of some physical properties ... 4052/A101

causes a sharper decrease of plasticity of microsamples and an increase of yiald
characteristics, Dynamlcal method of measurement was employed when gtudying
temperature relations and changes of E agd internal friction, For iron the peak
of internal friction was detected at 110 C, whereby the decrement of damping
max o decreased by 38% by the end of the first stage of oreep, in the stage of
the steady cresp max underwent no changes, No maximum of decrement o was
cbserved with chrome-nickel alloy, however in the firat stage § decrsased rather
considerably (approximately by 50%4) . In the case of iron E ohanged slightly,
whereas in the case of chrome-nickel allcy it changed nonsiderably, passing
through the maximum. In connection with the deduced lawg of changes of internal
friotion et creep, conclusions are made on the decrease of density of disloca-
tions, prepared for motion, at the first stage of oreep, 1ts constancy at the
second stage, and on a continuous increase in the number of such dislocations

in the process of aocelerated creep, In the authors' opinion the results of the
investigation confirm experimentally the main principles of the structural
theory of creep, as to the laws of changes in the density of dislocations with

stages of cresp, There are 14 references,
L, Getsov \X

[Abstracter's note: Complete translation)
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AUTHORS: ngguimljmﬁ,, Gordiyenko, 1, X,
TTLES Modification of some physioal properties of metals in the process
of creep at high temperatures
pERTODICAL: Referativnyy znurnal, Mekhenika, BO- 7, 1961, 61, apstract V58
(v sb. ntgsled. PO zharoprochn. gplavam. T. 6", Moscov, N 3SR,
19‘%'{’\: 3’16) ’
TEXT he work investigates the modifications of microhardness, electric
eonductivity, mechanical gharac eristics, jpternal friction and modulus of
the process of creep yasts &b various sgtresses and temperatures
reial iron, M -257, IN-39, M-432,
s EI-508) alloys and chrome~

elaﬁticit% E in
The tests pefer 1O
1-3 EI-I32, EI-437B
versions affecting microe- -
n the

up to 7%? .
M '1‘37 9 ?K ‘598 (EI"257: El- 951
nickel alloy. In the case when no structural co
resent, substantial e es of miorohardness take place i
ne first stage the microhardness decreases,
1, sensitive to changes in the
an inereased ocreep gtrain

hardness are P
third stages of creep:
ity 1is mos

pirst and
in the third 1t jnereases.
process of creep. The increas
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Certain Relations Governing Long-Life Strength

experimentally, Therefere, a very simple method is proposed of
determining the coefficient of reserve working ability of the
metal Kq, which can be expressed as the reserve service life
for a given stress and can also provide a possibility of
calculating the strength reserve from the reserve of service life.
tructures in which the metal has an equal proneness to damnage
will possess equal strength reserve values, The distance /
between the lines of equal proneness to damage from the failure
lines will 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
piven stress to its service life until failure ab the same strogs.
The here proposed method is more justified than the current
method of calculating the coefficient of strength reserve, which
i5 based on a constant stress reserve for any given service life,
There are % figures and 9 references: 8 Soviet and 1 English,

SUBMITTED: July 6, 1960
Card 4/4
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Certain Relations Governing Long-Life Strength

If the work of a gingle dislocation is expressed by r, a stress
0 will produce ¢PC dislocations in the avalanchs., The total
number of avalanches required for the metal to fail will be

C S 'lf:
" kr exp(po) (8) S

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

i3 equidistant to the line of failure. Experimental results
reproduced in the graph, Fig.’, for several steels and some other
alloys indicate that in all cases the lines of proneness to /X
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, g
the sectior 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

Card 34
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Certain Relations Governing Long-Life Strength

plasticity resource, 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 vasis of ep 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 d@ifficult and prone to dangerous errors. In this paper
another criterion 1is proposed for establishing the reserve strength :K
of machine parts operating at elevated temperatures. The basic
idea 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 of stress application,
various degrees of damage may occur; if the same work C' 1is
spent, the same degree of damage will be achieved for a given metal
with various stresses and service durations. Then, the reserve
strength until failure C will equal

S ()
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TITLE: certain relations governing pong-Life §§rength Ao
PERIODICAL: 1zvestiya pkademil nauk SSSRQOtdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1960, No.5, PP:227
TEXT: In earlieTl work of the authors and their team
{Refs 1-5) 8 new criterion of high temperatur strength was estab
1ished, namely, the "plasticity regource” Er a termined a8 19
time tO failure ty for 8 given constant stress Ol and & b//
averagé creep gpeed V1 _
€, © VlT1 (2)
Assuning that for 2 given component during gervice 1ife Ys? total
deformation €40t is ermissible and the plas‘c;icity Tesource is
Eps the remaining reserve plasticity resource will be
Ke = Pt S (%)
egot
sis of the

tions on the ba

rength calcula
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Deformation and Failure ip the Case of Thermal Fatigue

to that shown in Fig 1b, In the second tase the tempera-
ture of the surface of the component will pe basically
equal and accordingly the temperature stresses will be
equal throughout the surface and, therefore, the above
formula doesg not ailow any conclusion on the likely
location of the crack formation, The authors of this
Paper investigated §ﬁctangula§&prism specimens made of the
an

alloys EIZ6§,\EIGOZ! d EI612|

" turbines). These specimens were heated in the furnace to

e a temperature of 800°c throughout and were then quenched
§ in 0il at 4p°c, All the specimens showed thermal fatigue

cracks at the surfaces of edges and not at the ribsg of the
prisms, In the most intensively cooled parts of the
Prism (ribs) the increased ductility proved to have g
positive influence gp the resistance to crack formation,
Apparently Cracks on ribs of prisms made of refractory
metals of low thermal conductivity wilj only form if, due ¢
the presence of stress ¢oncentrators, the local temperuturg

Card 3/4 SBtresses exc :ed fhe sivesaes of the basic metal, Thus, /
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AUTHORS : oding, I.A., Corresponding Member of the Academy of

Scietieed USSR and Kostochkin, Yu.V., Bngineer
TITLE: Deformation and Failure in the Case of Thermal Fatiguew

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1960, No 4, pp 26-29 (USSR)

ABSTRACT: The resistance to crack formation depends on the strengtl,
ductility, thermal conductivity, the coefficient of
thermal expansion and a number of other characteristics.
The authors considered the temperature field in a cross-
section of a rectangular prism during the process of
colling. It is thereby assumed that during the first
instant the temperature is equal along the entire cross-
section and that the temperature of the surrounding
medium remains constant throughout the entire process
of cooling. The interaction between the surface of the
body and the surrounding medium will proceed according
to the laws of convective heat exchange, which corres-

Card 1/4 ponds to third order boundary conditions (Ref 1) provided
i
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The Process of Fracture of Metals as a Resu%é/o; éhe Interaction
Between Dislocations

fracture, the arrangement shown in Figure 3 corresponding
to either brittle fracture or to fracture preceded by a
small degree of plastic deformation. He shows, also, that
the width of dislocation can be a factor determining the
brittle or ductile nature of fracture of metals. Lastly,
the present author discusses the mechanism of propagation
of cracks, rejects the hypothesis that growth of a micro-
crack is caused by stress concentration at its ends and
postulates that line dislocations formed at the ends of
microcracks in a way illustrated schematically in Figure &
interact with the already existing dislocations and cause
growth and propagation of the cracks.

There. are 4 figures, % tables and 10 references, ¢ of which
are Soviet, 2 English and 1 German.

SUBMITTED: February 12, 1960 V//
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The Process of Fracture of Metals as a ﬁ%%&ﬁ%3%} the Interaction
Between Dislocations

dislocations, which gives the maximum specific energy of
elastic deformation, is shown in Figure 2; lastly, a
grouping of dislocations, which leads to stress concentration
at the leading dislocation, is shown in Figure 3. A term
noritical arrangements of dislocations" is ascribed by the
present author to these arrangements, which either cause a
stress concentration (Figure 3) or increase the stress, owing
to the superimposition of two fields of forces (Figures 1,2)
to a value sufficiently high to cause fracture of the metal.
The magnitude of stress, necessary to start the formation of
a crack, can be assessed with the aid of the criterion which
determines the state of saturation of a micro- or ultramicro-~
volume with the energy of elastic deformation; according to
the present author, the limiting value of the spetific
elastic deformation is equnal to the jatent heat of melting.
In the third chapter of the present paper, the author dig-
cusses the conditions leading to the formation of the
critical arrangement of dislocations and concludes that the
Card3/hb arrangements shown in Figures 1 and 2 correspond to ductile

VC
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Between Dislocations

are reproduced in Table 1, showing the values of Axx’

A and Axy (given in this order in each set of three
figures) for points whose coordinates (in b) are given

at the right side (y) and at the bottom (x) of the table.
Having calculated D for various metals, the author shows
that the stresses at certain points ¢f the field may reach

values as high as 450 §g/mm2 for aluminium, 850 kg/mm2 for
copper and 1 350 kg/mm” for iromn. Stresses of this magnitude
present in the vicinity of dislocations cannot but affect
the strength of the metal in the macroscopic scale,
particularly when, owing to a high concentration of dis-
location, conditions are created under which there is a
possibility of interaction betweer. the fields of forces of
neighbouring dislocations. In the next chapter, several
cases of interaction between dislocations are discussed.
Figure 1 uhows an arrangement of two dislocations which
gives the maximum value of stress; an arrangement of V/é:

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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AUTHOR: dxn% I.A. (Moscaw) 93/E383

TITLE: The Process of Fracturg‘of Metals as a R sult of the Inter-
action Between Dislocations A

PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1960, Nr 3, pp 3 - 16 (USSR)

ABSTRACT: The author of the present paper starts his theoretical
analysis of the part played by dislocations in fracture of .8
metals by discussing the flelds of forces surrounding each
dislocation. The field of forces, or rather stresses, around o
a line dislocation is described by a set of equations given + [
at the foot of p 3 (if the coordinates x and y are I
measured in multiples of the Burger's vector b , then the
coefficients Axx* Ayy and Aky will be expressed in ,
dimensionless units and the dimension of D will be kg/mm";
D is constant for each metal and its magnitude depends on
the shear modulus G and poisson ratio u). The equations - .
are approximate only and do not describe stresses in the g
centre of a dislocation; they are applicable to points whose
distance from the centre of a dislocation is not less than

Cardl/4 1.5 b . The results of calculations hased on these equatiggg

C
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Failure of Metals due to Thermal Fatigue

There are 3 figures, 4 tables and 5 Soviet references,
SUBMITTEDR s October 6, 1959
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g = a=0. 1The results of cree

3%; »*

EI-612, tested at 650 OC under g = 22.3

presented in the same manner in Fig 3, curves 1-
corresponding tos 1 - blade 155 T= 203 hy €7 2
6200; 2 - blade 11; v= 209 hy e = 1.94%;
g722; 3 - blade ik T= §56 hy € 3
1420; L - blade Ii5; ¥=942 By €

71.03 ¢=1091 hy €=
creep Curves, ed in Figs 2 and 3,
or the number of temperature Teversals,

was the rate of deformation in creep an the higheT the
total elongation of the specimen. nis was obv ously due

to the fact that fracture of blades, subjected to
jc temperature reversals, took place

across & r (on the acc g) effective
cross-sec d. therefore, U
effective stress. d

of thermal fatigu
tests on specimens subjected to cyellc temperature

variations, closely resembling those that occur urn
actual operating conditions.
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Failure of Metals due to Thermal Fatigue

boundaries in the direction perpendicular to the axis of
the blade (and to the applied stress), until the load
bearing cross section was reduced to about 50% of the
original area, at which moment the specimen broke, the
fracture taking place by intra-crystalline shear along a
Plane inclined at 45° to the horizontal, (In the case of
blades that had not been subjected to preliminary, cyelic
temperature variations, fracture under these conditions
occurred instantaneously and was of the inter-crystalline
nature), The creep curves (elongation €, #, versus time
¥, h) obtained in the course of the next Series of
experiments are given in Figs 2 and 3. Fig 2 shows the
results for thg EI-765 alloy, tested at 750 oC under

0 = 22,3 kg/mm=, the other conditions (for curves 1-5)
beings 1 - blade El6; ¥ (time-to-rupture) = 276 h;

¢ (at the moment of fracture) = 6.45%; number of
preliminary temperature reversals, n = 6200; 2 - blade
E17; =306 h; ¢ =4.,55: n = 5817; 3 - blade E2;
T=605h; £ =4,2%; n = 3580; 4 - blade El; Y= 912 h;
e = 3.95%; n =2315; 5 - blade E2l; 7 = 1520 h;

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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where time-to-rupture (¥
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applied during the creep
It will be seen tha
resistance of the a
rupture) decreased,
with both increasing
applied stress, O,
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lloys

n
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various numbers of reversals, were tested for tensile and
impact strength; the results of these tests are given in
Tables 1-4. The results of short-time, tensile tests for
the EI-765 alloy are given in Teble 1 under the following
heacdings: number of the specimen; number of the
750-70-750 ©C cycles; tensile test temperature, oC;
0,2% proof stress, 90 2 xg/mm2; U.T.S., dg, kg/mmé;
elongation, &, % reduction of area, W, »- The results
of the impact strength tests for the same alloy are given
in Yable 2, showing: number of the specimen; number of
750-70-750 OC cycles; impact testing temperature, °C;
impact strength, ak, kgm/cm, The results of the short-
time tensile tests and impact strength tests for steel
EI-612 are presented in the same manner in Tables 3 and &,
respectively. Analysis of these tables showed that,
taking into account the scatter of the results
(characteristic for thermal fatigue tests), the mechanical

Card properties of the specimen were hardly affected by the

3/ 7 variation of the number of temperature reversals, thus
indicating that the extent of the damage due to thermal Q//

L3

B b

B 1

¢ p . o . .4 Pl e, i . g Lo B .
- . ! R YR Clite o R
i : . . o . ST B
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broadening of the graln boundaries which can be
considered as the first stage of the formation of cracks.
Even in these cases, it is still necessary to evaluate.
the extent of the damage S0 as to be able to assess the
suitability (or otherwise) of the part fol further
service. The object of the present investigation was to
find a convenilent method of checking the effect of
thermal fatigue on the resistance of metals to
jdeformation; the EI-765%nickel/ chromium alloy and the
\'EI-612 austenitic steel were solocted as the experimental
materials, both these 1loys being used in the manufacture
ofveas turbine blades? Standard, eylindrical, tensile
tes% pleces and impact strength test bars were used in the
first series of experiments, which consisted in heating
the specimens in a strean of gas at 750 0¢ and coolling
them by a stream of air at 70 °C which corresponded very
closely to the thermal conditions under which the turbine
1ades operate in service. A maximum of 6000 reversals
2/7 was applied and even then no cracks could be detected in
the investigated specimens. The test pleces, subjected to

AP|
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AUTHORS: Kostochkin, Yu.V,, and Qgigg,m;&gLAKMoscow)

TITLE:  Failurd’of Metals due to Thermal Fatiguel

nauk, Metallurgiya i toplivo,

ABSTRACT: If a metal par
temparature variations, its mechanical strength

diminishes owing to the format
cracks, The laboratory invest

are, in most cases (Refs 1-3)
e heated in a

furnace or by an electric current and
of eold air or by quenching in water,
roversals ofven exceeds
service conditions; as & result, easily 4iscernible
surface cracks are
strength and plasticity of the test pleces. The
temperature variations under
Card are less drastic, so that in many cases only micro-
1/7 are formed, which are not easy to detect;
only result of the cyclic temperature var
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PERIODICAL: Izvestiya Akademii nauk SSSR,0tdeleniye tekhnicheskikh
1960,Nr 1,pp 101~10% (USSR)

t of a rest plece is subjected to eyelic

ion of a network of surface
igations of thermal fatigue
sonducted under rather

severe conditions. The test pleces &ar
cocled by a stream

while the number of
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the actual gervice con

more often, the
jations 1is




T eI RIS KITICS IMTRIOS

|
lm
i

T spoTIneg TWRING PO &ieT-x 3O FUIIeIu0R
gagnﬂréiﬂvcﬂﬁ»%ﬁdw%g

~S3q SIS0 IO GOTIRFIIEeANY TTRRIUD ey v Ty Taomang

o=t oy Baxx

Ve wnymosy Jo wnajosds AIIsay G JO AmyTIng GR) DO GOTReNUINOD

YETR SO 30RIE IS WY v CTACIAATHOME CATA e E ST

SLOTTY DOXT-TEOTH 7 €3V 3o AITTIRON o) U0 smmamaiig
wioaraq wnnQITYTReood JO ISRIIE  ACNGITWKIK .!.fs.ul- . g

=19
f-124 woaely Yy—af JO sL0TTY ughggﬂbo 5o meBregn
30 BOTIWCTRIL AT THIUMTTIsANY ALK, I%GE 1o WX TR .dlﬂvbuun.m.lhwl.a
ot
65

spouprvy e {fCR Temien (OTeON
TOTAOOTHIG Teaaseg ETUNICIINTM  -ACKRSH SE-K VO COF CUAESIT~
s wvs TITOR
U} LSTTY WROTRRTY-OMSY JO bwmﬁﬁoo.ﬂuwé. Dty 3o WOTIWSTIsMEY
DI BTE pe CACTCITNENIR B A STUITEREG WA QW Ui,
. SE wcrEag. € ﬂnﬂuuu.&hﬁ.‘@iﬂ. T} _SSEFRLE WAH SAYLiY Sk
oW BOIT £ B IGEW-IE TEUETONCE 4ok Pev TUETEERIe
smoTaTpooy arnamsaleez pesEARTX S0P |
Swazy w3 Xtwsiwd T 30 STEREeE  CASTE0D XA v VT un«a\_n

..__Tosm 30 wousmpug woy WO -

STOTITIUOD SPAILE MIVESWL FO AT LSRG "ATA e SIS

=g

P31

™ TEETR POV 3a8eg JO SAATD ACTE R IOd) 9wl UReDNg
PTE atngssainal QOTLWRIMIA] O acTmTIur JeopeaTaby  “Z°A CACTBAITCRE

G

STOFITTONG
WOTIWEIOFET TR DOTININD FIIOF Mw‘,a..wﬁdndg oy oy Eosy
forTy xettco-TeRsIR S0 wSowpmednd CADUANE W-A oM UpRCSATENGD f
*% STOPEULSTL
30 30es 3 wfozs eq SO MYR
wpIaTen IO I3srroes3edsty SBRIGISTE WITA ETeNG I3 Q\uw‘«wuﬂn\n\

reang TOe_DOFRVEINAL STLwladTAL .uhul..ﬂu\-m.ﬂlﬂa.uﬂmuvu.d
i;mm,hm.mu ﬂ!.rﬂﬂhﬂ.ﬂu TR LTTNE eI KR CRYHETTNE CATE K ]

o« o Layrpaves
o ﬁ.‘ndu?f).ﬂd&ﬂwﬂd& sT3 VO SETITLIR - FO 2}
TR e AT W v (PARRSTRX .di.ldﬂ@- =]
o —— _ skotTy =T BOTIWRIOFA huua’m
oy 3O EYTTES K ¥SI TSRS R T (AedRd CI'D TR
aeddzn TR TRETERTY 30 AISTIVEIE o ™ wopzwerogag TP
« o sFwg TUS .T'ufusmhd_w 3o vnwéﬂu <2036ty "1°W PO ‘atA ACEROUTRE
voTIWEIY EE :
g VO BITRINTIE myTIwsLIn o DRI O I wTelSEY  “WiT hlnuna: [

!;. unu.
Prace- i vone SRTINQ JTLUE F7 DOTLMIIIIUVRN .nllnln.vlﬂnn'n‘l“«
fgazol m@\nld-..u MM woeas I u.,\uuﬁ.nh - Nrml.fﬂnhvu seTTTARAID ITwWgy 3 %O
e o e te1s T oL 30 A3TTIROR ey TeNE FIToS

.

-
BIegweq TO FUTEICR HIT S TeroTared ‘R rmITR e X3 o ¥R .

unaMo-wn“n Jo pTNIS S N SSRIOA QAIDSEAD 303 PAPRREE o} XOOQ I VESOIXNL

- :.gcn g -§ teTE TR fACETTS “¥ ‘A tsenay IRIREITIEI IO “P

£300uvTOR d-mmﬂua. 35 EARTTII0 CUTEE 4 ‘X W ‘aotanE M ﬁ..uuw!

Yy *1 “(°vx «doug) O S BOTIE IO Lmapeoy “Iacma Borpoodeniro) ‘Aslly

op R ACTRAPITY -h D (TEATESTEIY (powwsomg) TG X X INIVR TR
caciwrds qriocseadsIvge sperqoxd of Jmace Llaueg ~maoxieg

oy ¥ Foows TIEEIDLTSM PRI ~pEEg AW wiTRepeRy TAOuIly Pulicenodg

spoqaseuy &7rs wiwsty 4 67C 096t “noseck (9 “ToA “sAOTIV 3omstea
i 3o tomasEliseaty ) § WOV ‘EwAvIds WO o4 MTIROPITETL

Acawrde QUATIOCIEOTITE amo1qoid of 3008 LLTWVE  THEES XNWR TATRUPETE i

205t /08 FOTTRITUIATE YOOU I BVGL

b et A o g Ay -

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



/v prw)

(LLEV*ooYYa) seasBucy Jo ATSIQTT  (HTIVIIVAY

\)
20} ®iEag AWIZ-3IONE uaomUGTPISbE ‘dc v Pum X TRE TRILTIZ

- _§ Eatd wpRoY ATeiE] pUe STTSL) €9TIWIG JO 3083 IPUN ITRE FT_JU INL : MUU.
~TRN S0 TIW FINIIFNTY JO TIUAIIE AT UIBrIIG UCTIDMINO) TETR FRASTeIg : 3

o 205 3=y Jo wiPuang onPRvg-tolsalioy ARG CVE pov NCE ferxevy,

b sTTeRs IOTIOE 30 WPuang ondyavgy “EASTYXRE "X 1 PR e veEenR i !

Tt s#eTd KBIwy 3O |mPTAnIP wEiNg % RN u Fv——very —- * m
¢

i
sl i o
. o
P e
. Lo .
i H -
] : .,»
H s SRy
< £33 LoTry Fnaeag @A EASFIAE STTTEIHTI O AIneg : R _
.

SV £ DIIZEED TMYEDIER
SO JTHTILEIFO) UOTIRIMTSIUCD n-eydw ;I ey oe '
ETHI o 3O K3TATIIHUOH QOIOK WY JO ITMEITII00R aﬂuhhrﬂmww‘
sogepuadog St PapuTRIeI e TESTAISITG UL VE pow Ct¥e T -

i

1
R . A weIPei sRPIieL ¢ FITIIOU LY ATwaaw SO %mhn»n THk5 s

W ® wu«u-wﬂnwmﬁ .»mﬂﬂ-ulﬂ]uqi P fTIRETEWE XS VS TANSRIL
w
w

SCOSERN. DISESLS-KOKVEER 4O SIRTRok

- TmaK 30 arxITIL ealiing
_SOTE0XI0D FO WETTROME  LIXEALETE -6 A VO DE T wiKoeres

sTaep TIGRE-ETE F° LITATITeuss Q0 ey AT

L3TATITOGOE §IR0E 30 #3INIPID CHoIASINY X TH v VY 0 !
H

. ) SIUTTOL STIIEIE &
 sasceisysag pas FoTpeet peavadeg Ivpog IS TISERE

o8
: 2
LI , 29 eTsang WITRIIE-TITE JO LITATsIAURG WIOK AR TSN
ix
*
1z

i . N i JMLITE FPLINE TR 30 e
smeyzeg A TIETOEOY THSFAARY UO Wi MEOg -!rﬂ.:vlﬂuﬂneahm yau
: , TILGESIARE SN T CnAtaTiaceel 3L TR ¢ (pewusosp) N “eX cuTpcmasmy
e : ~353505 BT TRTWA JO YOS “ESSTAIAZAL nwnuwuuuaﬂ
’ foeimozow S WLY1ITE UOWE CPINOTICHE BI¥ SaTI YTRuORT SpeaTmETe
»hh aPTIg 305 FTEeR FITise ST v'mnugrﬂﬂmﬂvﬁ bﬁnnmn« gﬂ"
pat 't& } 23 oa.és i ¥
Aon.“‘w.o.-ﬂuvagu S‘.W.uulukdlﬂ Puyise JO SATREA ¥ IV pyusesd o€y WA
£

o
i Lo +
: D e g 7
A [
+
t

|
a
X
%
il
|
E

O
popeony  -acwenpue JUTIeay J0F WPORAM PUB ¢
30 aIWITVS MRS ﬂrl“ﬂn.ddiu STOTSITISTP STFITOD TOFIFITIO® oL
: feyspRaeTTeR MR

B ~gIwpIon YOIISEX DIITIVEFOS pue €Y
S h fezaeuTive TEOTUUWIME O3 PIPUNTT BT #TT5TATe 3O GOIROITION STRL  TEEOMAN
erpRRoIoq *A°I  1UPE TWARE { AOGI LD ql.m n.ﬁ.u“nﬂndum“ﬂo‘&h-l

3o "TE HSEL $¥0EIIE IO P £ zoqman 30p ‘PaTVO

. “pyUiak yﬁ. tu q.amuan-»aaun.-d.ul—ul
ao_m.m.n,?.om.ma.zvnﬁ—hnn&aw . u
L BTIRG Mﬂu”uﬂnhuuddu £ ) M.w STOTINVR PTEIMN JO mBTIWL) U.Qmm.n ﬁnhﬂi”» o. @
. N2-22 ASTIVIM TILOTFLIM od wATUWROUEEACS ATUTINUR {AOTTEI08 1380TH

(R - paOxfeg WOy TOMT FIRIMTVIMR IRIFASUL ~¥EEs Xvn wATwIpeny

Sisn/ 208 SOIINIIYIINE XOOU 1 HEVERE

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



aepyadand
Rt g e e

» 12

crarene opaveTé

SerPeod owcs 03 ST socTsd T,

‘ﬂh-%ﬂﬁﬂw “ﬂ!ﬂﬂs 8 [ETTIQ) gosquetoes *¥ 95T
. Loy egovon W FRTEIp 3O VO

-3 x ahe 3.!-“’-, ’iwg..ﬂ.- "

~qoad 3TwiW0e 30 nelsPTIveAN] ey ¢

esi9q Oy Toawa eTizvrd-—cowIa l2TISLP

3o WOTASTREINL I (AEITFON) e e T S mw 4
—_trrene

saterd sowyt 3 Licen o0 R § [peIITT]) AOIEBTT T vy st
vesnawasn®_ STNOT WA

roqase periooe o LTITAME TRMST o (AT " e
suny3oTas £rp Uy Wwosousnd TWIIOTOSTE

[Uaaas ] qﬁ-u‘v-ﬂ*wn«vn Serareoaer) GImINeE T TR X
eI %33-5‘3Ju-§

L-ﬂ.—.uaﬂﬁl spavere o s{acamIVYY ﬁﬂ!lﬂlil!ﬂtnld L 139

ATET

220 pryremsied JR3wR e il n,
aelwt ePIITSODD w3 meTqosfl UUDFENTR
T Y s N G eTmEaer "0k

»oqys STISTLE ATA

eTreqr ACTIwES TSI 0 JUTpUMT ~3»§qu-iﬂdmn
ggucdﬁﬂﬂ)l -

e servrd SIKTINTS Jo UTNOD ST & (0PI - E6t

L3reracerd e toeng :iual\-m\%.ﬂ 5T

o s oy L3yorasere 3a0SEnw 3p 300578
ar*-o umlwﬂala«w-lﬂﬂﬂhmfﬂ *{aousTeI) nmﬂhiurwnmi st
AT

Saypxvoaaved PO DITITWNS OTISSTE «(aFTeqy 2eTTx Tt

e FeResiun TYIXE IO FIINE
¥ 148 TN g‘h«ﬂﬂﬂ.-ﬂlla‘
ev0 13, 56 ZIMERT TVSATHT I0 STTIOTIVE O1T 2(9T308) avreecl R STST

*ETTON .
W TWRTI S P L TR DRvads ST Sl oft
PTESS SR BIETTY WD T O ey W WP SECTXITTT} EVIQVILME
o atn.a-Mﬂvoru o €IOSR SECTEGE S (MATXY-CLUTIWE 8 T WAt .
SETTENY TIF Tt TR €} R FoTTA] e ¥ Liresoy om
4o} IPANIINY wmITIIRT BT §Y FTERIR (M IRE) RS YA T BT

eoy e aTEITIOVTED SITULINE.
Surn 30 FETARITTENG EYSFETS a3 WG ¢ {PRATITDe]) SLOTIE Y T UMK

ecend
» ¥T WP YREVIEOOITA ¢ I8 AN WGL LT R e B B

2 sow; o » pe o wn
ey o FRTTERTIAGE eog (M) FARASRTE YT e

setpIREm ep $8I9Y Jox FRIIVTY TOIVUR.
ety we RTINS J0 SIpeccdd ¥ () WISy CY X W\t

efatrriserd Ju Lroews 873 WY SpOKIeN g
PUTETOITIE [ROTINIIAS WOt TO B (PAIRTURT) ACEVEeR W T TaT

sesais €3 SMaln JO SETI O3 WO -n«!«'!vin.l-u -er
cerazou0 vesv
ASassorTew P NugPe IO 30013 eqT -S%Pﬂkﬂ LT .

2 se Tt feeTTIUES Jo BITpoey 8 (ORIILX; S S DAL

.
s 3 ay PO PEEYEIIS SATTSALINS
TeaTIama §3 WISNILISITE SUX 3 (PEIIETINY) ASIVI T T %t
esrregs sTiwmeiad uedo 3 uFpsee #
03 pomyse FTIIVETTRON WY :5«%‘}-@1“ » *fT
30 sormenat ey T SuIpeE STIOLIO8TUR .n«‘«m“ﬁnd‘““.ﬁ!nﬂ'-l
25 FTIwabe o PATAIOS JO TOGIM ¥ UG L {APRIVR) TAPVIWE "B LEX

*eqwpd IR ons
By Lawa % poe o3 ITIVESYIE sroweIOECR ¥ I _EPPIALAGIA
TETEWTS (WCTI-U0T PRGOS SUL  § (PRIRTIONT) WUTIVX °8 A “§iX

SWOTINE FIVID INTNISTI~TOM
=z ¢ H

hianiied st

STavTS I Kecs em 30 EwTROL 8 (ARG AT~y

‘cg, o4 £ - m “posec
unq.us P L2 ‘modecy

.
FITUERDH pITTAdY pum TEDIIAON] O eraxfnol wogun-TYV % 28 prIusEosd

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



ODING, I.A.; GUREVICH, S.Ye., kand, tekhn., nauk

Investigating notch sensitivity of some steels under cyclic lead.
Vest. mash, 39 no.l:30~35 Ja 1'59, (MIRA X2:1)

1,Chlen-korrespondent AN SSSR (fer Oding).
(Steel--Testing)
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S0V/32~25#7-29/50
Testing of Turbine Vanes in the Gas Current at Varying Temperatures

temperature variation periods; durability, however, decreases,
There are 4 figures and 1 table.

ASSOCIATION: Tsentral'nyy nauchno-igsledovatel'skiy institut tekhnologii i
mashinostroyeniya (Central Scientific Research Institute of

Technology and Machine Construction)
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25(6) 50V/32-25-T-29/40
AUTHOES‘ ﬁq?ﬁgﬁ. IO .25.05 KOEtOchkiﬁ; ‘{ug Yo
Tosting of Turbine Vanes
turen (Iepybaniye turbinnykh
noy temperatury)

ing Tempere-

in the Gas Current at Vaxy
@remen<

TITLEY
lopatck v gazovom potoke p

PERIODICAL: Javodskaya laboratoriyd, 1959, Vol 25, Wr 7, pP 863-865 (U3SR)
for testing turbine vanes

ABSTRACT: A special method and arrangement UPT
and samples at varying temperatures of the gas current weré

worked out. The device (rig 1) isy in principle, a gas turbine
where hot gas enters on the one hand and air on the othere
Four samples can be tested at the same time; ho! gas end air L
flow arcund them alternatelye. The automatic shift from gas to -
air current is carried out by & gervomotor PR=1. Turbine vanes
(Fig 3) were tested on 2 oickel basis BI 765 wnile the tempera=
ture was reduced from 750 to 700 and ogain increased o 750%
The temperature of the sample ¥ as neasurad by thermocoupless

In the course of the test the gamples were extended by rotation;
the rotor showed & rate of 7500 rpm, and a tensile stress of
The testing results obtained (Table)

28 kg/mm2 wgs obtaineds
d no surface cracks at 5500 Tpm

Card 1/2 chow that the samples showe
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50Y/32-25-%-27) 62

-3 . . " N ,., . :

* The Inzortznce of Surface Layers in Slow Ruptures of Hetsls gt Creeping Condi-
tions

obtained are given. It was found that in the casge of o reduction
of the thickness of the samples the plasticity and working time
of the samples sre considerably influenced by (I), i.e. redaced.
It {s not advisable to use thin samples (thickness: 1 um and
below) in durebility and creeping tests beoasuse reduced results
%111 be obtuined. There are 5 figures, 1 tatle and 2 referencos.
AUSOCIATION:  Institut metallursid dmeni A. A. Baykova Akademii nauk SSSR (In-
stitute of Metallurgy imeni A, A, Baykov of the icademy of
Seiences, USSR)
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AUTHORS:

TITLE:

PERIODICAL:

ABSTRACT:

Oding, 1. A., Fridmsn, Z. G,

50V/32-25-3-217/62

The Importance of Surfuce Luyers in Blow Ruptures of lietals at
Creeping Conditions (Rol' poverkhnostnykh sloyev pri dlitel'nom
razrushenii metallov v usloviyakh polzuchesti)

Zavodskaya Tzuoratoviya, 1952, Vel 25, Nr 3, pp 329332 (UsER)

The fact that plastic deformations take place under other
energy conditions in the surface layer than in lower iayers 1is
of especial importance for durability tests of heat-resistent
metals. In metal working under creeping conditions the influence
of the surface layer depends mainly on the scale-factor (1) in
the case of small-dimensional samplés. The influence of (I) on
samples with = thickness of 4.5 mm has so far not baen examined
systematically. In the case under discassion flat gamples

(Fig 1) of annealed, soft steel containing carbon (T - 0. 15%,
Mn - 0.39%, Si - 0.02%, 3 - 0.0%%, P - 0.02%) were investigated.
Phe thickness of the samples wes changed from 0.15 to 2.0 mm
and the creeping tests were carrizd out at 450° and siresses oTf

22 to 27 kg/mm2= The creeping curves (Fig 2) 'nd indices (Table)
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67832
Variation of the X 50V/180~59-6-8/31
Metals during Cgee§Chanical Properties and Microstructure of

There are 12 i
Soviet and s English, . ) I°FeRees; of which 15 are

SUBMITTED: June 5, 1959

Card 12/12
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67832
S0V/180.59-6-8/31

Variations of the Mechanical Properties and Microstructure of
Metals during Creep

primary creep stage, plays the decisive part in the
process of creep of this metal. 3) It has been
demonstrated that the structural defects formed in the
early stages of creep can be revealed by means of room
L temperature tensile tests, conducted on test pieces cut
| out from the creep specimens and followed by examination
: of their microstructure. ) The fact that the
accumulation of the structural defects begins already in
e the primary creep stage, has been proved., 5) It has
B been demonstrated that the disc-shaped micro-pores,

o formed in the metal in the planes perpendicular to the
directlion of applied stress, constitute the potential
nuclei of rupture of metal in creep; micro-pores of this
description, present in the commercial grade iron tested
in ereep for 1000 hours (400 oC, o = 13 kg/mm2) and then
subjected to a room temperature tensile test, are
1llustrated in Fig 12 (X 2000) showing: (a) a micro-pore
at the grain boundary; (b) a micro-pore in the interior LF/
zf i grain; (8) a micro-pore, revealed after the tensile

est.

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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Variation of the Mechanical Properties and Microstructure of
Metals during Cresp

phase is preciplitated at the grain boundaries, and the
formation of the grain-boundary defects is intensified
(Fig 11a), 1In this stage of creep, muclei of inter-
cerystalline cracks are formed; which are revealed after
Subjecting the specimen to g tensile test (Pig 11b).
Metallographic examination of specimens of the Ni-Cp
alloy, tested in creep under higher applied stresses,
Yielded similar results, Datailed analysis of theip
eéxparimantal data, correlatsd with the theorsetical
considerations, ied the authors tv several conclusions,
The results obtained in the course of the present
investigation have revealed a close relationship between
the variation of the mechanical properties of a metal
during cresp and ths density of dislocations in this
metal, and confirmed the bosie postulates of the
structural theory of Creep regarding the laws which
govern the variation of ths density of the "ready to move"
Card dislocations during various stages of creep,
10/12  2) It has been established that intergramular plasticity,
developed in the commerciai-grade iren during the d//

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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$0V/180-59-68/31
Variation of the Mechanical Properties and Microstructure of
Metals during Creep

amount of twinning., The large grains break up durin

creep, and aftar 600 hours at 750 OC under ¢ = li kg/mm

the structure besomes more uniform (Fig 10a); in the

case of this allcy, the formation of defects during all

stages of creep 1s most pronounced at the grain

voundaries and is shown up by broadening of the grain

boundaries, as indicated by arrows in Fig 10a. The

gresence of these grain-boundary defects is clearly
emonstrated by the appearance of the microstructure

after the temsile test (Fig 10b) which shows, also, that

this effect is most pronounced in the layers which, in

the as-quenched specimen, consisted of the small gralns,

the boundarises betwsen grains formed as the result of

breaking up cf the large grains baing apparently more

Pesistant to deformation, Thus, even after creep test,

followed by a tensile test, the alloy still preserves iis

Card "fibrous" structure, the alternative layers being
9/12 characterized by the presance or absence of the grain- '
boundary defects, In the specimen gubjected to creep at L{/
750 o for 1000 hours (¢ = 1k kg/mm?), the sscondary

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



' S0V/180-59-6-8/31
Variation of the Mechanical Properties and Microstructure of
Metals during Creep

situated at, or near the grain boundaries) had appeared
in the material, When' the microstructure of a specimen
(tested at 400 oC under 13 kg/mm2) which had entered the
secondary creep stage (1000 hrs) was examined, these
defects were visible even before subjecting the specimen
to the room temperature tensile test (Fig a); however,
the tensile test revealed a large mumber of "new" micro-
Pores which in this case were present also in the
interior of the grains (Fig 8b). The results of the
metallographic examination of the Ni~-Cr specimens are
reproduced in Figs 9-11., This alloy, in the air-quenched
condition, constitutes a partially decomposed y solid
solution, with some of the precipitated particles of
titanium carbo-nitrides clearly visible in the interior
of the grains (Figs 9a and b), In the main, however,
the a'-phase 18 in the state of fine dispersion and is
‘ not resolved even at the magnification of 2000; the
Card characteristic featires of the alloy in the as-quenched
8/12 condition are the presence of alternate layers of small f/

and large grains (fibrous structure), and & certain

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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Variation of the Mechanical Properties and Microstructure of
Metals during Creep

microstructure of the investigated materials before
creep tests, immediately after the creep tests, and
after the tensile tests, was studied., Fig 6 shows the
structure of iron in the normalized condition (a) and
after a room temperature tensils test (b}; 4in the
latter case, the grains became elon%atad in the direction
of the applied stress. (It should e noted here that all
microphotographs in the present paper are reproduced in
S such a way that the long side is parallel to the
I direction of the applied stress). Fig 7 shows the micro-
SR structure of an iron specimen (a) tested in creep (k00°C,
IS - ¢ =13 kg/m?) for 20Q hours, and (b) subsequently
subjected to a tensile test at room temperature, It will
be seen that when the creep test had been interrupted
Card during the primary stage, no structural changes could be
observed in the specimens (Pig 7a); however, when the
Structure of this specimen was examined after subjecting
it to a tensile test at room temperature (Fig 7b) it )
became evident that already in the primary creep stage, 4//
bermanent structural defects (in the form of micro-pores

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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Variation of thé Mechanical Properties and Microstructure of
Metals during Creep '

early stage of creep (primary stage and the beginning of
the secondary stageg; as in iron, elongation decreased
and U,I.8, increased, but in contrast to iron, the
proportional. limit inecreased, The creep curves of the
Ni-Cr alloy,  tested a4t 750 OC under the applied stress
of 14, 18, and 20 kg/mme, are reproduced in Fié 5b. In
Fig 5a, the properties (gg, Ony, 6) of the N1-Cr alloy
tested in creep at 750 oC for Zbo hr, aré plotted against
the stress, op,-applied in the creep test, . (The values
of these properties at .On # 0 correspond to the
" original properties‘of the alloy). It will be seen that
although- thée properties of the metal before and after the
creep tests were different, ths magnitude:.of.this
difference-was hardly affected by the magnitude of the
stress applied in the-creep tests, This~is attributed to
~the fact that in this'case, the duration of the primary
~ creep stage,(whieh;dqtermines{thqlmagnitudetof‘the change
Capq  1n-the mechanicdl’properties-of the alloy) was . |
6?{2 practically unaffected by the variation of the applied
stress. In the next series of experiments, the

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6
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Varlation of the Mechanical Properties and Microstructure of
Metals during Creep

It will be seen that with inecreasing magnitude of the
8Pplied stress, the duration of the primary creep stage
increased from 50 to 350 hrs, the total deformation (g)
increasing from 0.0% to 1,08%. Fig 3b shows how the
various mechanical properties of the material (measured
after 1000 hr creepg»varied with the variation of the
applied stress the values ot On = 0 correspond

gy :
to the properties of iron before the creep test), It

- Will be seen that U.T.8. of the material was not
affected by increasing the applied stress from 8 to 13
kg/mm?;  however, with increasing op (and therefore
With increasing degree of total deformation), o
decreased and and 0§ increased, The creep curve of

the ¥i-Cr alloy, tested at 7;‘0 OC under . ¢ = 1% kg/mn2,
shown in Fig k4 lbottom curve), is characterized by a

very short primary stage and by a relatively short

(3 ) secondary stage, The nffect of the duration

of creep onelongation (8), U,T,s, (oa), and proportional
limit (ony) is also 1llustrated in Fig'¥, 1In this case L}//
too, thenmechanical{properties changed mainly in the

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



Variation of the M
Metals during Creep

of creep. 7y although more pronounced,

#eore obtained whea a slightly higher stress of 13 kg/mm2
‘ ep tests, 1In this case, the increase
in the yield points after the primary creep stage
amounted to approximately 5 kg/mn?, while &g inereased
from 2.6 to 4,04; since, in this case, the total
Plastic deformation at the end of th

three times larger than that in the

tested under 12 kg/mme,

P under various applied stresses
and consequently, characterized by different degree of
total deformaticn at the end of the primary craeﬁ stage,
To this end, four iron specimens were tested at Loo o¢
under 8, 10, 12, and 13 kg/mm?, the duration of each
test being 1000 hrs. . The obtained Creep curves are
reproduced in Fig 3a, where elongation (e, %) 1s plotted
8gainst time (Y, hours); the broken line connects the
points at which the primary creep stage ended; the
applied stress, ¢y 1s indicated by each ereep curvel*/’

041-6
APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800!
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Variation of the Mechanieal Properties ang Microstrueture of
Metals during Creep

each creep test and after the tensile tests was examined,
longitudinal mierosections having been used for this
burpose. The results of the first series of experiments
are reproduced in Fig 2, where al] the mechaniecal
Properties, listed above, are plotted against the
duration (¥, hours) of ¢regp of iron at 400 OC under the
8pplied stress of 12 kg/mn2; the bottom, s = £(¥) curve
is the creep curve of this material obtained under these
conditions,” It wil] be seen that most marked changes of
the mechanical Properties were observed in the material
which had just entered the Secondary creep stage (the
duration of the primary stage being approximately 250 hr)
at this point, a sharp decrease in the plasticity of iron
as characterized by &, occurred, as well as an increase
in the yield boints and in the valye of 8g. In the
initial stages of the Secondary creep stage, & slightly
increased and oH, ag, and 8g slightly decreased,

after which all these properties remained virtually
Constant: practieally no change in the U.T,8, was

observed either in the primary or in the Secondary stages

. . . . B . . . F— K
' . RS i - 2
o L B ' U : .
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y
’

v




6783y
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Variation of the Mechanical Properties and Microstructure of
Metals during Creep

iron, and at 750 °C In the case of fhe Ni-Cp alloy,

The effect of ¢reep on the wechanic,i preperties of

thase;alloys was studied by 80~-called "micro-mechanieal"

method which consisted in conducting mechaniecal

ereep test pisces in the manner shown dn Pig la; the
shape and dimensions (mm) of the micro-specimens arg
shown in Pig 15, In order to remove the residual
Stresses due tg the machining operation, the iron micro-
Specimens were annealed for 10 hours at 400 0C; in the
ca3e of the Ni-Cp alloy this treatment was foung to be
Ulnecessary, The pate of strain of 0,5 mn/min wag
LT employed in all tensi]e tests.  From the stress-strain
B diagram, the following Properties were ditermineds

¢, -~ U,T,8, (kg/mm?) ; ag and dg - lower and upper yielq

Points, Tespectively (kg/mm); 05 ~ relative length of
the plastic region or the stress-strain diagram (Z); :
6 - elongation (%); Ony, ~ proportional 1imit (kg/mm2), u//
At the same ting the mierostructure of the alloys aftep

. . —_— - -
e | . . - ’
L] . .. .

237800041-6
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AUTHOR: : Gordiyenko, 1.X., and 0dirg, T.A,  (Moscow) p

TIiLE: Variation of the Mechanical Prbpé???%s and Kicrostructure
of Metals during Creep -

PERIODICAL: izvestiya Akademii nauk SS8R,0tdeleniye tekhnicheskikh
v nauk,Metallurgiya i toplivo, 1959, N» 6, pp 52-65 (USSR)

ABSTRACT: The study of the variation of the structure-sensitive,
mechanical ang physical properties of metals during ¢reep,
was undertaken by the present authors in the belief that
valuable information on the mechanism of creep can be
obtained in thig manner, The results of the investiga-
tion of the variation of nicrohardness and electrical
conductivity have been reported elsewhere (Ref's 1, 2);

in the present DAper an account is given of exveriments

In waich the Varicihiog o0 e Pleld aveiosiien eng

mLNEFQrhrae g

i ' M P -t N PO . . i

PR AR RS " : . !,v} P o YRS S

Citferent type ware usad a9 the exnarimenr.i aterings;
commercial price 1eep LU DR U G0 B LR PP OF

L . 7
Card 0.035% 8, 0,020 ¥, u,0% ML, 0,09 o)y novmalized at
1/12 95¢ 00 and Qlr-tmenchod Trom 1050 0¢ Ni-Cp alloy
containing 64 .6, pi, W84 or, titaniug and carbon; the
Creep tests wave corried out at M0 8 in the case of f

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R001237800041-6



ODING, _I.A.; GEMINOV, V.N.
Hew mothod of extrapolating data from short-time tests for
durable stength and long terms of service. Isel.po zharopr,
splav, 4:287-297 '59, (MIEA 13:5)
(Motale~-Tasting)
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SOV/180~59-4-12/48

On the Accuracy of Parametric Relations in Endurance Strength

parametric relation at present. There are 4 references,
2 of which are Soviet, 1 German and 1l English,

SUBMITTED: April 6, 1959 M

Card 3/3
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on the Accuracy of parametric Melatlons in Epdurance Strength

slopes obey certain laws. For an extrapolation to
service lives of 100000 hours the range between 100 and
1000 hours has been recommended as @ starting base. The
stress plot for the same material has daifferent slopes
at different temperatures. The lines have no common
intersection point. The widely used power law is untrue
and impractical. The relation of the logarithm of
service life against the temperature 1s linear.
Theoretically, the plot should be drawn against the
reciprocal of tunperature. In practice, the relative
temperature interval is not large and the manner of
plotting unimportant. Seven general parametric relations
are considered: 0f these, the most accurate are those
of Manson and Hafferd and of Zhurkov., Every three-
dimensional parametric relation hitherto adopted rests
on the assumption of the uniformity of the stress and
temperature relation throughout the range of investigation.
This assumption 1is untrue and large errors are caused in
Card 2/3 extrapolation. The authors advise against the use of anzk//
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ot alii (Ref 3) for the steel 30 KnMA tested at 500°¢C

were used, Results of comparative creep and relaxation

tosts were considered in an earlisi work of one of the

authors (Ref 4), in which gooé agreement was found to

6xist between the experimental results and those

calculated on the basis of Eqs (3) and (%),

There are 8 figures and k& Soviet references,

ASSOCIATION: Institut Metallurgii AN SSSR iment A.A, Baykova
(Institute of Metallurgy, Ac.Sc., USSR, imeni A.A, Baykov)
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S0V/129~59-4.1/17
Determination of the Characteristics of Deformatisn from Crges ard
Stress Relaxation Curves
loading. 1In this paper the technique is deseribed of
determining characteristics of deformation on the bacis
of creep curves as well as on the basis of relaxation
curves, and also a technique of plotting calculated creep
and relaxation curves on the basis of known deformation
characteristics, A simple method is deseribed which
permits determining,with an accuracy adequate for
practical purposes, the deformation characteristics on the
basis of creep curves as well as on the basis of
relaxation curves, Characteristics derived from ¢reep
tests can be applied for plotting relaxation curves and
Vice versa, and also for plotting similar curves for
other stress values., The here-deseribed technique was
applied and verified for commercial iron at 2809G and
A for the steel EI-257 at 600°C, The creep and relaxation
) tests were carried out in accordance with a method
’ described in earlier work of one of the authors (Ref 2),
For verifying the derived equations (3) and (4) and the
Card 4/5 here proposed technique on cylindrical specimens, the
creep and relaxation curves published by Danilovskaya
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50V/129-59-4~1/17
Determination of the Characteristics of Deformation from .reep and
Stress Relaxation Curves
when the decrease in the fransverse cross sections and
the formation of internal defects do not play an
appreciable role, Therefore the condition for attenuated
creep will be P (exg,t) =0

By integrating BEq \1) for this condition the following
equatlon is obtained for attenuated creep:

(1 + ma.t)b/“ .

€, = €
X 1
The relaxation equatien can be written thus:
o ,
t = -.%- Sex ;;a'/t"'l or im (k)
aMsl
where I = mb (o ¥ &p) a/h oey 9 (5)

and M = E/100, E being tha modulus of elasticity., In
creep or elaxatmn tests, only two coefficlents, o and
M, are determined, which can be referred to as the

Card 3/5 characteristics of deformation since they represent the
behaviour of the material under various conditions of
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80V/129-59-4=1/17
Determination of the Characteristics of Deformation from Creep and
Stress Relaxation Curves
of the sudden plastic deformation in the following
equation?
e =0.1le b(c—0) (2)
The coefficient b characterises the distribution of the
dislocations as a function of the activation stresses;
the function @e,,t) determines the conditions of
operation of a gIven specimen o component. If various
relations of the variation in the function q(sx,t) as
a function of the deformation and time are given, it 1is
possible to obtain from Eq (1) the deformation equations
for various methods of testing (creed, relaxation, tension
otc.). Thereby the type of a given function is determined
directly from the conditions of loading of a glven
specimen or component., In this paper the authors
investigate only equations of attenuated creep and
relaxation, One of the conditions of attenuated creep
is that the stresses applied to the gpecimens are
maintained constant. In ordinary creep tests it can be
Card 2/5 assumed thdt the stress will De maintained constapt only
at relatively small values of stress and deformations
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TITLE: Determination of the Characteristics of Deformation from
Creep and Stress Relaxation Curves (Opredeleniye
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relaksatsii napryazheniy)

PERIODICAL: Metallovedeniye i Termicheskaya Obrabotka Metallov,
1959, Nr 4, pp 2-8 (USSR)

ABSTRACT: On the basis of present-day concepts of the dislocation
theory on the character of processes taking place in
polyerystalline materials during deformation, G.F. Lepin
(Ref 1) arrived at the following general differential
equation for deformation:

o/b 1l-a/b

1 =

where g, 15 deformation in 4 during the time %3
sudden deformation during loading or heating; o is a
coefficient characterisinrg the ®iuctuation' property of

Card 1/5 Yhe given material; m is the proportiomiity coefficient;
b is the coefficient of the dependence on the stresses

u-a@(tx?t}

(1)
£1 is

dex/ dt = mbe )
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Gurevich. There are approximately 400 references.
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Ddi Ivan Avgustovich, Vera Semenovna Ivanova, Vliadislav Vasil'.
yevich EuiﬁﬁKsEiy, and Viadimir Nikolayevich Geminov

Teoriya polzuehestl i dlitel’noy prochnosti metallov (Theory
of Creep and Long~-Time Strength of Metals) Moscow, Metallurgizdat,
1959. _488 D Errata slip inaserted. 3,000 copies printed.

Sponsering Agency: Akademiya nauk SSSRy- Nauchnoy i tekhnlcheskoy
informatsii. Otdel tekhnicheskoy inrormstsll.

Ed. (Title page): I.A, Oding, Corresponding Member, USSR Academy
.of Solences; Ed. (Inside book): @.V. Popova; Ed. of Publishing
House! Ye.N..Berlin;’ Tech. Ed.1 Ye, B, Vaynshteyn.

PURPOSE: This book 18 intended for sclentific and engineering
workers in the fleld of heat-resistant metals and alloys. It may
also be useful to students at higher metallurgical and machine~
building institutions.
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