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Fuselage pending Calculations in the Region of a Mid-wing Junction

the functions @4 is obtained from the potential energy and the
Euler eguations for the variational problem. This leads to a
differential equation of the form already encountered. The
ma:ximam supplementary stresses are 9,5% of the maximum fundamental
stresaes on the boundary between the front and central gsections
and 28% of these stresses on the boundary between the central and
rear sections. The supplementary tangential atresses are deter-
mined froem the equilibrium condition. The supplamentary stresses
diminish the bending moments in a reinforces frame along its whole
perimeter. The correctness of the present simple method was
varified exp i : del of circular saction loaded by
normal bending hich obeyed the plane law at its ends.
Theoretical and experimental investigations show that the reinforced
frames are relieved of their loading a8 the cross-section hecomes
less and less plane.

‘here are 11 figures.

sUBMITTED: August 1, 1960

A R ED u



"APPROVED FOR RELEASE 08/10/2001 CIA-RDP86 00513R000620320010-7

KAN, SoNo (Kar'kOV)

Prestressed concrete shells.
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AUTHORS:  Kan,

PUUTpERLE

TITLE: The analysis of & fuselage in torsion in the region
of the central plane

PERIODICAL: Izvestiya vysshikh %Qhebnykh zavedeniy,
Aviatsiomnaya tekhnikaffmo. 3, 1961, pp. 56 - 68

THEXT ¢ The stressed state of aA fuselage of circular cross-
soction is considered in the region of the wing under torsion.
Paripheral fixing of the central plane of the wings to the
fuselage has been assuned. The use of the elementary formula for
thoe shear stresses in free torsion leads to substantial errors.
Appraciable normal strosses arise in the transverse cross-section
of the fuselage. The main cause for oonstrained torsion is the
atiffness of the fuselage stringers in their planes. It follows
that a change of shape takes place in the transverse cross~
gection. This change of shape is a function of tHe position of )l(

ithe cross-section and causes normal and shear stresses. The

fuselage is considered as a multiply statically indet erminate
pnystam., The hasic statically determined system is a dasign with
Card 1/3
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tho shear stresses of free unconstrained torsion. The fuselage

1s simplified into a beam supported on end frames through two
Lond-carrying and a set of ordinary stringers in the central

plane. Simultanesously, with the shear stresses of the skin, $.
stresmes are obsorved also in the longitudinal crose-section of

the system if the stringers are considered as supported by the

end frames and loaded with the increments of the shear forces in

the skin. In the initial system of forces, additional forces of
interaction between sections of the skin arise as well as those
betwsen the stringers and the skin. The conditions of compatibility
of deformation will ble fulfilled if the additional stresses are
taken into account. The atatic indeterminacy is eliminatel by the
Castigliano method. It is assumed that the end frames, taking

into account the assdciated fuselage skin, have a large flexural
stiffness. The basic stresses are determined. As a rule, they
lead to warping of the cross-sections. To remove the warping

which does not in fact take place beyond the limits of the central
cross-section, additioral stresses are postulated. These are

found from the condition of compatibility of deformation of the
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central fuselag@ nect
T don with ¢
Sections, hose of
Suppl ementa:;eszualyaia leads to 4 compflel:ef:‘);t foa rear
from typica] cong::saa. A numerical example °1ution for the
lons, shows that the more fe}’fg'ddefi“d
8d stressing

yields about 15y
normal stressag, higher stresses in 4 Shear and substantial l
. —

There are 11 figures,

ASS0CIATION; ¢
ﬁg;gnxgvskoye Vyssheye aviatsionno e i
poyenn ¥Ye uchilishche (Khar'kov M:{I ary ernoye
on Engineering College) teary

O
SUBMITTED: October 24, 1960
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Thermmlasticity and stability of a circular cylindrical sandwich
shell, Rasch,prostr.konstr, no.7:73-100 62, (MIRA 15:34)
, (Sandwich sonstruction)
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AUTHOR @ ,§EEL»§:—EL—£KharkiV)

TITLE: mTransverse bending of cirecular cylindrical shells
PERIODICAL: Prykladny mekhanika, v. 8, ne. 1 1962, 3-10
TEXTs Practical formulas are derived for calculating ordinary and

gandwich circular shells. Arbitrary support conditions are assumed
and the external iransverse load can vary in both longitudinal and

transverse directicn; in a particular case, the shell may be lcaded
vy concentrated stresses. The normal stresses G; are determined as

well ac the tangential stresses Q in the transverse-cross section
elements, Simultaneously, the elementary circular sections {rings)
are calculated, formed hy the z-axis.
The shell is

the caloulations, additional forces are

those of interaction beftween the membranes and the shell,

+ween the rings. The solution of the problem is gimplified by ex-

pressing 8ll the unknown internal stresses 1in terms of the bending
card 1/ 6
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minasy 18 solved

and the radial displacemenis U .
on the basis of the minimum con
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The statical indeter-
dition of potential

energy of the system. The proposed applied method of calculation is

vased on Hooke's law and two hypot
and 2) non-
In carrying out the calculation,
been already solved (i.e. the quan-
u have been found); it is required t¢

in the middle surface,
direction.
tasic system of equations has
tities u’z, a, Bgp: s O’(Pand

#ind the additional stresses,

U q? g%c.) e The

heses:
deformability in the peripheral

displacements and noments (cfm

1) The absence of shears

it is assumed that the

ad’

radial additional displacement 18

Uad =Epagl2)co® n@

Wwhere én ad

APPROVED FOR RELEASE: 08/10/2001
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Transverse bending of ..o

dinal direction. The equilibrium equation of a shell

e internal gtress-strain relation of this element

e to determine all the pndditional stresses which
Phus, the additional normal stresses are

ip the longitu
element and th
make it possi®l
arise in the structure.

= dw
, LB n ,
9, ad 5 T oa (10)

q-p
The totel pbending moments are

m? tot = D(X,P +/.noz) (12) b}( :
where D is the rigidity and 2 the curvature. In order to fully solve

the problem, 1% is necessary %o determine the function'gn(z); this

+jon is found DY solving Euler for the variational

func s equation
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problem (the potential energy of strain should be a minimum). Eu-
leris equation leads to a differential equation in the unknown func-
tion (Pn?z), viZot

4
d (z)
T L adpye) = eale) (24)
s
where
W4 = n4(n2 - 1)2

D
(25)
n 4R6E§CT

(BOT being the thickness). In practical problems, the bending mo-
ment m(rhas to be expanded in series:
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ASS0CIATION: Xharkivs'ke vyshche inzhenerne aviatsiyne uchylyshche
(Kharkiv Aviation Engineering Instituticn)

SUBMITTED: September 20, 1961 X
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One obtains ’
: , T(2) = c1chy1z + Czshy1z + C3cosyzz + C4sinyzz, (8)

wiere the integration constants 01, Cos 03 and 04 are getermined by

the boundary conditions. The tollowing cases are congidered: a) The
shell is freaely supported, b) it 1s rigldly clanped; c) one edge is
supported and the other == clamped; d) the edges are free. For case
a) one obtains:
2 p (0% - 1) rOxs

p'+d6(@3)2§n + 1) R_8 [1+(n_x§_f_)4- “~CT ]
’ - \

“vinere Dy 18 ine rigidity (shear deformation being taken into a.ccant)

6? ig the thickness, =2, By 4y o0 end = 1y 2y 3, eee 8T
(égspectively) tne number of weves and halfwaves, (chosen in such 2
way, S0 &S to correspond to the nininum of the critical 10ad)s From

I3

Eg. (10) it is evident that the presence of the axial stress 0o

. 13
loads 70 a decrease in poype and conversely. 1f the sheaTr deforma_'{/
card 2/5

HIR

"RDP86-00513R000620320010-7"

ik oo



"APPROVED FOR RELEASE: 08/10/2001
LA T TR T Y 1R T

R R

S/19&/62/008/OO2/002/011
Stability and free oscillations of ... D299/D301

2, .22
(v3 + 77)
Eence one obtaine the cquation for the trequency of free oscilla-

ions;:

(muRys D nt (a2 - 1)2
L ER%6 51

sh Y45 sin Yol = 0, (36)

(37)
R‘?yc&c

gEoC

;t [(IHER)Q - n?(n2 + 1)]
For sufficiently long shells, Eq. (37) reduces to
2 8D, n2(n2 - 12

W =

]

R476t0t (2% + 1)

Analogous éxpressions are obtaineq in the case of rigidiy
shells, and for shells with nonsymmetrical edge~conditions

Card 4/5
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agreenent between the obtained working-formulas and the existing so-
lutions for one-layer shells, is proof of the greet accuracy of the

propoced method. It is also noted that the shear deformation of the

core affects considerably the results. There ere 2 figures.

" ASS0CIATION: Kharkivs'ke vyshche inzhererne aviatsiyne uchylyshche
(Kharkiv High Institution of Aviation Engineering)

SUBKITTED: Septenber 20, 1961
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AUTHOR _ Kﬂny Sells

TITLE: Tempernture stresces in a circular conical shell

FERIODICAL: Reforativnyy zhurnal, Mekhanika, Svodnyy tom. no. 8V, 1962, 1l-12,
abtstract 8Y83 (Tr. Kenferonlsli po teorii plastin i obolochak, 1960,

Knian'y, 1961, 164-160) -
TEXT: The caleulation of thermoolastici‘ty of shells by energy method is /

given. The problem in solved as a multiplo-ptatically undetermined system. For
a basic static solution, a construction in applicd in which the doformation of
the crose-soctional planes and the interactions are neglected. Additional
stresses appear from actual interactions and they are represented by a now-
dofined funétion, which o determined by a solution of a variation problem.

Three examples mre congidered. »

[Abstracter's notes Complete translation.) '

Card 1/1
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;AUTHOR: 'Eégumg:ggiaProf., Dr. of Technical Sciences (Kharkov) . L
E‘TITLE.: | Stiffn-:,ssv" oT closed and open cylindrical shells

- :éOURCE: Raschct'pfostranstvcnnych konstruktéiy; sbornik
P statey, no.6, Moscow, 1961, 213-248

TEXT : An approxin;atc method for computation of cylindrical and \/_B

. pri ic ooen and clossd shells is given, :Support conditions are
. }g;%izizi‘;.ap'ﬂhc outside normal load mey be va?iablc along ar}d DCTOES
‘ the shell or concentrated. The shell iszcon81dgrcd as'statlcal}y -
| multiply indeterwinate. The computation is carrlgd out ag for tnf:
~{ slementary, thin walled, beam with constant section, corrected by )
| pupplementary resulis yielded by the bending theory, The superposi-
ftion takes into acoount the conditions of compatibility of deforma-
sy

H

,ftcar&'lla
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. tlons. The following cases are considered: circular section, clamped
.. or free supported, with or without diaphragms (at onds or in the
'Ymiddlc) for various loads; general open or closed prismatic or cylin-
. drical sections. Bight exauples are computed in detail and compared:
.. 1s Circular cylinder, freely supported, under uniformly distributed
.1 load along one gencrator. 2. Blliptical cylinder with inner prescurs.
.11 3. Bridge with aymmetric longitudinal load, with or without diaphragus.
s ¥ *.4, One-span, freely supported, open cylindrical shell with side &le-
- iments. 5. As.in 4 but of double lengthe 6. As in 5 out with diaphragm
. in the middle. 7. As in 6 but with support under the diaphragm. 8. As
: {;n 4 but clamped. There are 10 references.
)

i

{

i

“ oy
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SAVIN, G.N., otv.red.; ADADUKOV, R.A., red.; ALUMIAE , HN.A., red.;
AMBARTSUMYAN, S.A., red.; AIRO, I.Ya,, red.; BOLOTTN, V.V., red.;
VOL'MIR, A.S., red.; GOL'DENVEVZEE, A.L., red.; GRIGOLYUK, E.I.,
red.; KAN,.S.N,, red.; KARMISHIN, A.V., red.; KIL'CHEVSKIY, N.A.,
red,; KISELEV, V.A., red.; KOVALENKO, A.D., red.; MUSHTARI, Kh.ii.,
red.; NOVOZHILOV, V.V, red.; UMANSKIY,A.A., red.; FILIFPOV, A.P,,
red.; LISOVETS, A.M., feklm, red.

[Proceedil.ngs of the Second All-Union Conference on the Theory of
Plates ard Shells]Trudy Vsesoiuznci konferentsii po teorii plastin i
obolochek.2d,Lvov, 1961.Kiev, Izd-vo Akad.nauk Ussit, 1962, 581 p,

(MIRA 15:12)
1., Vsesoyuaznaya konferentsiya po teorii plastin i obolochek. 2,

Lvov, 1961.

(Elastic plates and shells)
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BOROVSKIY, P, Ve PHASE I BOOK EXPLOITATION oov/6206 75

3
H

Konrerentsiyé'po teorii plantin 2 oboloéhek. Kazan?, 1960,

Trudy Konferentsil po tecrii plastin 1 obolochek, 24-.29 oktyabrya
1960, (Transaétions cf, the Ccnference. on the Theory of ‘Plates .
and Shells Held in Kazan'!, 24 to 29 Oetqber-l:;bol. - Kazan', .
{Izd-vo Kazanskogo gosudarstvennogo universitdta 1961, U26 p.
1000 copies printed. v . '

Sponsoring Agehcy: Akadeniya nauk SSSR, Kazanskiy filial, Kazanskiy
gosudarstvennyy universitet! im, V. I. m'yanova-Lenma. !

. . ]
Editorial Board: Kh. M, Mushtari, Editor; P. S, Isanbsyeva, Seoretary;
N. A, Alumyae, V. V. Bolo%in, A, 8. Vol'mixr, N.:8, Ganiyev,
A. L, Gol'deaveyzen N. A, Kil'chevekiy, M, S, Kornlshin, .
A. I, Lurtye, G. N, Savin, A, V. Sachenkov, I. V. Svirskly,
R. G, Surkin, and A, P, Filippov. Ed.t 'V, I. Aleksagin; '
Tech. Ed;1- Yu. P. Semenov, o '

PURPOSE: ~The ,éune‘ction of artidles 1s intended *f;-n'b‘dientinta ‘and
. engineers who are interested in the analysis of strength and
atabilq.ty of -shells. I o . v

e

e
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Transactions of the Conference (Gent,) 50V/6206

COVERAGE: The book 18 a collection of articles dellvered at the

. Conference on Plates and Shells held in Kazan' from 24 to 29
October 1960, . The articles deal with the mathenatical theory
of plates and chells and its application to the solution, in

- both 1linear and nonlinear formulations, of: problgms of bonding,

static and dymamic stability, and vibration of rogulariand |
sanduich plates and shelll 0f virious shapes under various *
loadings in-the elastic and plastic rogions, - And}ysiu-in. made
of the behavior of plates and shells in fluids, and the effect
of oreep of the material 'is comaiderod. .A humbop of papoers
discyss problems associated with the developmont of effective '~
mathematical methods .for.Bolving problems in the theory of shells.
Somo of the reports propose algorithms for-the nolution of ‘problems
with the aid of ‘electronic computers. A total of . one hundred:
reports and notes were presentied and discussed curing the gon-
ference, The reports are arringed alphabetically. (Russian) by -.
the author's-name. =~ - . . S
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Trapsactions of the Ccnference (Cont.)

Grigorenko, Yé. M., On the Nonsymmetrical State of
Streseg of a Conical Shell of Linearly Variablu
Thickneas

' Dlugach, M. I. Uniqueness Conditiona of Displacements
in Multiply Connected Reglcns and Shells With
Openings ’ ;

Il'gamov, M. A., and Kh. M, Mushtari, Some Problems

of Statlec and Dynamlc Stability of Sandwich Plates

w.____ffhemal Stresses in a Cireular Conical Shell

Kil'chaevekly, N, A, Approximaue Msthods for Investigat-
ing Equilibrium and Vibratlcon of Shellsas "Discrete
Continual" Systems ,

Kevalenko, A. D. Solubtlon in Special Functions of

Unsymmetrical-Deformation Problems of Shallow
Sphsrical and Conleal Shells

"Il B(Pl"“ﬁ}m‘a’ﬁ?ﬁ H

SOV /4206

142

149

155
164

170
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- AUTHOﬁS: §3§L_§;yi4»and LipovskiY, D.Ye.
; TITLES stability of circular cylindrical fremeworks under

axial compression and transverse pressure

PERIGDICAL: Izvestiya vysshikh,mchebnykh zavedeniy, :
Aviatsionnaya tekhnika, no.k, 1962, 79-90 !

! TEXT: this is the first of three articles. The calculations1

are based on the assumption of & structurally orthotropic shell,

- the force elements being~"smeared out". The energy method 18 used

i to calculate the)critical stresses and it is assumed that under

" the action of the critical external forces the system has both a
straight line and a curved form of equilibrium, corresponding to

. the minimum potential energy. The usual assumptions of the theoxry

"~ of thin shells are made. Considering first the critical stresses ‘

. for the axial form of the loss of stability, the nocessary :
condition for ‘the minimum potential energy leads to a Fourth order
differential equation whose characteristic equation has roots ‘
A = % (a & pide The displacements can increase without limit if
either « = 0 oY gL = mTT, where 1L is the length of the shell.!
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A’Stabilzty of circular cylindrical.., E031/E113

From the first condition :can be obtained the critical axial

compressive stress; the second condition gives the number of half-

: waves m along the generators at the loss of stability., The

! transverse pressure has no effect on the critical stresses. In the
case of a non-axial form of the loss of stability, the assumption
that the cross-sectional axis remains fixed and the condition for
periodicity are used to give an expression for the tangential 4 .
displacements,and the axial displacements are obtained from the
condition that the mean surface is not displaced, Using these
relations and the expression for the potential energy of unit
length of the cylinder, Euler's equation leads to a fourth order
differential equation which has the same complementary function as
the previous equation. From the comdition « = 0 it is deduced
-that positive (internal) pressure increases the critical stress
and negative pressure diminishes it. The condition BL = mTT
gives a relation between the number of half-waves m along the
generators and the number n of waves round the circumference at
‘loss of stability. Expressions for the critical stresses may be
obtained similarly for other boundary conditions., For the axial

: form of the loss of stability the critical stresses increase with
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.5 There are 3 figeres: ransverse elements which are important,
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PEN'XOV, AM., prof.; KAN, S.N,, doktor tekhn,nauk, prof., inzhener-polkovnik;
LIVSHITS, Ya,D., doktor tekhn.nauk, prof.

nStructural mechanics for airplanes™ by A.A.Umanskii. Reviewed
by A.M.Pen'kov, S.N.Xan, IA.D.Livshits. Isv.vys.ucheb,zav,;
av.tekh, 5 no,3:1187-189 '62. (MIRA 15:9)

1. Chlen~korrespondent AN UkrSSR (for Pen'kov).
(Airplanes—Denign and construction)
(Umanskii, A.A.)
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- Bel'skiy, Vladimir Leanidovich; Vlasov, Ivan Petrovich; Zaytsev,

© . Vozientin Nikolayevieh; KaQLJSgggiglwﬁgghiypvigym(Doctor of Technical
3..ences, Professor); Katnoehitskiy, Viadimi¥ Pavlovieh; Xots,

Veniamin Markovich; Lipovskiy, David Yevseyevich .

‘Afreraft design (Konstruktsiya letatel'nykh apparatov) Moscow,
Oborongiz, 1963, 708 p. f1lusi, biblio. Ervata slip inserted,

6200 copies printed,

TOPIC TAGS& aircraft:- construction, aircraft strength, aircrnft%
‘design, aircraft rigidicy, aircraft hydraulics, aircraft pneunatics,
aireraft servo , aircraft service life,'aeroelasticiCy, aerodynamic

 heating

"PURPOSE AND COVERAGE: ' The book is ‘intended for aeronautical engineers
.concerned with afircaft design and manufacture. It may also be
‘useful to students of technical schools of .higher educatiom. The
~principles of aircraft construction and strength are discussed.’ The
principles of arrangement are examined, and design methods for strength
and rigidity are given. External design loads are analyzedyand other
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problems in the construction of airplanes, rockets, and 'helicopters
are examined. The pneumatic and hydraulic aircraft systems as well
as hydraulic servos are described, Considerable attention is paid
-to the problems of aercelasticity, service life, and zerodynamic heat<s
ing. The factual and numerical data and the schematiec diagrams of :
‘aireraft are taken from non-Soviet sources. The authors thank K. A, !
Ly*nshinsky foy. writing article .3 of Ch, 2 and N, N, ‘Mitro- |
fanov who particpated in selection of material for some chapters, i
- Special appreciation is expressed to A. M. Okulov for illustrating H
the book and to Doctors of Technical Sciences A. R, Bonin and
Professor L. P. Ninokurov , and Candidates of Technical Sciences N. G.'}
Savusya, L. A. Kolesnikov, A. A, Yarkho and,V, P. Rusanov for their
valuable suggestions during the review and revision of the manuscript,
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AID Nr. 967-13 15 May
COMBINED COMPRESSION AND FLEXURE OF STIFFENED CIRCULAR
CYLINDRICAL SHELLS (USSR) :

and D, Ye, Lipovskiy. Izvestiya vysshikh uchebnykh zavedeniy.
i’vi“a‘tsionnaya tekhnika, no. 1, 1063, 33-47. - 8$/147/63/000/001/005/020

The states of streae and strain of circular cylindrical shells stiffened by
stringers and rings are analyzed. The shells are subjected to transversal
loading combined with axial compression uniformly distributed along the

. faces, The effect of manufacturing imperfections of the shell's middle sur-

{ face is taken into account. The problem is discussed in a linear formulaticn
' under conventional assumptions of the theory of elastic thin shells, For so-
lution of this statically indeterminateé problem, Kan's method, emiploying energy
principles and structural-mechanics techniques,is used. ‘The axially symmetrical

and asymmetrical states of stress (caused by axisymmetrical and arbitrary
loading, respectively) are investigated, and formulas for the critical (buck-
ling) load, radial displacements, bending moments, and longitudinal and cir-
cum{erential stresses are derived, The behavior of ghella under arbitrary
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COMBXNED COMPRESSION (Cont'd] $3/147/63/000/001/005/020

loadi" g is shown in diagrams for various rigidity parameters. A numerical
samp.e calculation is presented of a simply supported stiffened shell under
combined uniform continuous loading consisting of axial compression on the
faces and a downward vertical load on the inner side along the bottom genera-
trix, Nondimensional stresses relative to their critical values are calculated

- in the axial and circumferential directions, and their distribution in ¢croas
sections is shown in diagrams for length-to-radius ratios of 5 and 10, The
effect of manufacturing irregularities on the shell's stress~strain state and
the behavior of the stiffeners are dlso.digeussed, (VK]
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Stabllity of ¢dreuisr eylindrical shells under comprezaion.
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g Carrylng capacity of framed thinalled circular cylindrical
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(Elastic plates and shells)
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AUTHOR: Kan, Se Ne
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TITIE: The stability of framed and corrugated cylindricel shells ; 1
SOURCE: Pry¥id.adna mekhanika, Ve 9, nos L, 1963, 356-366

| OPIG TAGS: sbability, cylindrical shell, orthotropic shell, criticol force,
rigidity , | s
' rd £ ing the problem of sta=
ABSTRACT: The author glves a general procedu?e.mr solving Pro ‘
bility of shells both within and beyond the limits of proportionality. The au-

thor derives equations for critical tenslon G and radial stress pe in each E;asea.

within the limits of proportionalitys

. ‘ ]
' - n"“ 1 _E_Q_f_ Dgn, - f€ - (12)
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of elements of a construatively orthotroplc shell seems to be "smudged" by
stringers, frames, o corrugatlonse :

The author presents saleulational relationships for the datemination of critlca..

forces and gives recommendations for their utilizatione Lo
. Numerical examples are given of the determination of critical stresses and forces :
" for framed and corrugated shells. (Orig. art. has 25 equations and I fig‘xres).
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KAN, S.N, (Khar'kov)

B s e T

Carrying capuocity of {ramed and corrugated circular cylindrical

) J52465-472 163
ahells subjected to compression, Prykl.mekh, 9 no.3td (}551;“ 16410}

1. Khar'kovskoye vyssheye inzhenernocye aviatsionnoye uchilishche.

APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7"



'APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7

b T 5 B0 0 S0 G0 A 0 L TG VY A P L ) 510 B B A

Loy -t

. to - L . g

' i
1 "{. ACCESSION NR: AT4039433 S/2879/64/000/000/0485/0494 i
] | . |
l

AUTHOR: Kan, S. N, (Khax'kov)

ot

TITLE: The carrying capacity of circular cylindrical shells under compression

v

SOURCE: Vsesoyuznaya konferentsiya po teoril obolochek i plastin. 4th, Yerevan, 1962, f
Teoriya obolochek i plastin (Theory of plates and films); trudy* konferentsii, 1964, 489-494F

_ TOPIC TAGS: shell, eylindrical shell, circular cylindricai shell, yleld point, compresaioh,
compressive load, carrying capacity, shell stability, critical stress, buckling moment,
flexion. . . . ,

1
i
i
i
:
|

PP SRRSO O

ABSTRACT: Noting that the loss of carrying capacity by a shell may be the result of
either the loss of stability or the breakdown of strength, the author points out that there is’
no consensus with respect to the mechanism whercby the loss of ghell stability occurs. '
The author rejects the nonlinear approach to the determination of critical shell stresses
with allowance for considerable radial displacements on the part of system elements, and :
f advances the belief that it is physically more convincing, as weil as mathematically correct,

i to determine sholl carrying capacity from linear positions while at the same time taking

WA 2R

LCard 1/5
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| into account the -mall initial bends of the surface. The entire aggregate of irregularities :
" in the center surface of the system may be divided into two groups: smse which correspond
to a stability loss in axlosymmetrical form and those which do so in nonaxiosymmetrical |
form. Under the influence of external forces of compression the individual longitudinal
elements of the shell are found in a state of longitudinai-transverse flexure. ’ All other
conditions being equal, the axiosymmetrical form of initial bending is the most dangerous.
Thus, the carrying capacity of the shell may be determined from the strength condition by
thoso external forces of compression, from which the sum internal stresses may reach the
yiald point of the material. Itis noted, however, that this order of calculation will agree
with experimental data only in the event that the values of the radius-to-thickness ratio !
(R/S) of the shell are relatively small. In his analysis of what takes place in the case of :
large R/, the author advances the theory that the buckling moments ot the individual :
bands, with longitudinal-transverse flexure, may be considered the consequonce not of the
real initial axiosymmetrical bending of the surface, but of an equivalen: imaginary .
axiosymmetrical load, from which the shell loses stability in non-axiosymmaetrical form.
Since the flexional rigidity of the shell elements is proportional to the cube of its thickness,
then, in the case of reiatively large R/§ (that is, in the case of small thickness parameters)
\ . ;
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* shell stability loss is extremely probable, with the compressing external axial load actively .
' promoting this phenomenon. On the basis of these phenomena, the author derives the cal~

* culation formulas for shell carrying capacity. The crippling axial stress, corresponding to .
- a non-axiosymmetrical form of etability loss, with allowance for the effect of the constant

. radial load p, 1s found to be .

| Me = O — pR3~ A ‘
3 .?“}’/1 Do) (1)

| where 1 is the whole number of waves in the circumferential (ﬁrégﬁon generated at the time :
l of the stability loss from the joint effect of the axial forces ard radial pressare. The v
i necessary minimum value n must correspond to the whole nutmber of halfwaves m along :
i the generatrix, as axpressed by the following formula:
; crmeRN\ D=1 . L PR Y- :
‘ YR L DR @
P (Nl RES | » D=1}

'. —— .::"A“
v ER 7 9f 8%
LT YT D) (1 —ey)
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' where

| and p is the Poisson coefficient . "' An analysis of the calculation formula for &
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' shiows that the relative valus of the carrying capacity "o dependson the initiAl ir-

\ regularities fp. If the tachnology employed in the manuffetare of the pieco is high {o ;
! approaching zero), then Oy will approach s . Turther, it is important to nota the '
| Cubstartial effect of R/S™ on the value of &y As R/Y increases, o {alls, whichis in

! completo agreement with experimental work with shells. The practical use of these ,
i formulas in a specific structural manufacturing technology is explained in the article. The!

; grephic physical nature of this method, the simplicity of tha derivation of the enginaering
. formulas and plotting of the shell strength and stability curves, a8 well as its practically
| total agreement with the results both of experimentation and computations on the basis of
. the complex methodology proposed by other authors (Donnell among them) - all speak in

i
i
f
|
t
|
|
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favor of the solution presented in this paper. Also,
capacity considers trangverge loads, which may sh
shell in those cases in which the Initial bending, eq

» it is obvious that lar

small effect on the carrying capacity if they are ir
when expanded into a Fourlor sories,

to the "eritical", Orig. art. has:

this method for calculating-carrying

arply reduce the carrying capacity of a -

uivalent to it, approaches the "eritical®:

ge local depressions may have some ~ o
regular in character and, consequently,

-have very small amplitudes for the harmonic adjacent
14 formulas and 1 figure, |,
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" TITLE: Dending of circular cylindrical shells
SOURCE: Raschet prontnﬂ-tvenny’kh konstruktsiy; sbornik statey, no. e, 1964, 161-188

TOPIC TAGS: thin walled shell, ahell design, bending stress, oylindrical shell, circular .
% cylindrical lholl, rigid diaphragn :

" ABSTRACT: - Earlier-publications by 8..N..Kan and A. G, Immerman have considered
" bending of orthotropic structural thin-walled circular cylinders with separate rigid

. diaphragms. The same method may be used for systems with separate elastic circular
* ribs. In the present paper, the authors derive curves for finding the stresses in basic

goctiona under various boundary conditions, as well as equations for the stresses at fixed )
- ends and at the ribs. The shell stresses were determined by the variation (energy) method, -
 The stressed state of a thin-walled beam with unstrained croas section ia taken as the
* basis of the calculations (see the Enclosure). The Jongitudinal normal streasee are then
. given by: C ' M
: %y =V

e T
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| ] >
end the oblique forces by: qo-: Wi g’,—"’-’-- ‘Bending moments (m @), lateral and (Q Qo) \ o

and annalar normal forces (N o) are obtained by considering elementary rings cut

every 1'cm. The total moments are then found by using series. The unknown coefficients
© for tho derivation of the function of x are found by solving a simple variation problem

" for the minimum potential strain energy.. Curves arc included in the paper showing the
variation in the function of x and its derivatives in the basic sections depending on the

T

* - gtructural parameters, which alter the dimensionless value: - R s
NN e ®
Al= — V =
" The added moments taken as functional unknowns are: ; ok )
_ , L . . ) “ ~
Myw Mgt my ™ L docosne+ T ¢, cosape !
. T3] ’ Al Lo B

| SIS

L X (g F Gy Fagen) COSO f.‘. #.(x)cosnv'. |
Y B Med
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Iy
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% Bending 1s found only at & certain dlstanco from the rlbar. .Thp :ddltional rormal atuu i

"+ at a fixed end is given by: - g 3 R i

ff g N B B Y tabe f con; ,

: 'l”... ~ Da uuﬁ (u'..l)m v . . Da m‘:"' (wt—1) " L (5 i

'l‘hl- may be chnnged lnto a urle-: _ . . i

o] H

- ‘/l. o T z‘, (Foa =¥ ""w"’] Yo ® |

1 Tne additional tengential (orcu at a fixed end or rib mkg:v enbv: . { .

i ¢ (') - ERY, e sin n" m : N

. Q™ 82‘: ..(:.-“ . sinny Do .,( - “?. :
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' The additional bending moments in structural sections at gjxqc_l ends are:

L] P
o LI Y. Aol TSRt R
"‘i..- -t '———'—' Q.(S)to‘ﬂ' D'-::(n'fi) () ) ]

; R . e e e . 19 !
D- . ) n? e ~e
m,, - ’% ‘/-E.—; lN“ | 29 +.2_:73- | I £ +) COMW] .' ,,
. ' ‘ |
An example is given in the paper of pipeline design using numerical values, &8 wellas | :
a numerical example of water tower design. vCandidate of technical sciences, docent P, A, .
Shkor'ny*y, Candidate of technical sciences Yu. 1. Koplan and Engineer 8, B. Kan took | .
part in the investigations connected with deriving the formulas." Orig. art. has: 21 ; &
figures, 11 tables and numerous equations.
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Kan, Saveliy Nakhimovich

: .
Structural mechanics of ghells (Stroitel'naya nekhanika obolochek)

Moscow, Izd~vo "Mashinostroyeniye," 1966, 507 p, 11lus,, biblio, -
6000 copies printed,

i .
s, thin wall shell, shell stremgth, shell design,

iy EEEtow,  sheltl<sgiirotetdsi-meddsed, shell structure
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PURPOSE AND COVERACE: This book 18 intended for design~engineers of
the aviation industry and other branches of machine-building, It
may also be useful to students and aspirants of schools of higher
education, . The book reviews methods of calculating the strength,
stabllity and vibration of thin-wall shellg used in various
branches of' machine~building and construction shells with a curvi-
linear axis and shells of various geometry are also discussed and
the effect of various stresses and deformation i1s analyzed, The
rectangulari and round plates of shells are also outlined, Calcula~
tions are blaged on a particularly effective single energy method
which can be applied over a wide range of engineering specialties,
For better understanding of this method, examples of shell calcu-
lation based on hypothetical data are presented, The author
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cylindric 8

ABSTRACT.,;Aé etermination was- made of the atresaes in a closed
~orthotropic,:ithin,. resnient, circular, cylindrical shell with a non~- i .
raxially-symmetricat load, - It was proposed to determine the gtress in
the shell as g sum of the stresses in the basic and complemental

- gystems, - Conaidercd to be the basic system is the thin-walled beam
with a non~deformable contour; the complemental system takes inte
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verst ety STV

p 208 ~ 220

has baen determined from 41 ob-

The final orbit of the 1951 X Arend comet
servations carried out from Octover 1, 1951 to April 2h, 1952. The per-
teen taken into consideration (Venus -

turbations from

Saturn). The mean error for on2 normal coordinate is © = +1",50. The

calculation of the perturbations € xt revolution of
t is given for the period from

the comet and the ephemeris of the come
ver 28, 1959, The following systems of the elements were
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obtained:
0h ephemerides time, 1951 November 10.0
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TIKHONOV, V.Ya., kand, tekhn, nauk; KAN, Sh.U., kand. fiziko-matem, nauk;
BYR'KA, V.F,, kand. tekhn. na =

Transient process in an automatic-control stepped-relay system
during multiple successive controller firing. Izv. vys. ucheb,
zav.; gor. zhur. 6 no.9:172-181 163, (MIRA 17:1)

i ¢ khonov, Kan),
1. Karagandinskiy politekhnicheskiy institut {for Ti s
2, Karugandinskiy nauchno-issledovatel'skiy ugol'nyy institut

(for Byr'ka).
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AUTHORS : Kirenskiy, L. V., Buravikhin, V. Ad, Kan,_§le:,
Degtyarev, L. F. -

and

TITLE: Domain .structure of thin ferromagnetic films

PERIODICAL: Akademiya nauk SSSR. Sibirskoye otdeleniye.
Tzvestiya, no. 5, 1961, 3-9

a.series ofutheoreticalwand“experimental

inyestigationsnhavembeen_carried-out:on“tpe_dgmain»strgizgrgglms ‘
and . the structuresmof-domain-shells.1n.thln.fgripsmagnﬂ il .
by T. Kaczer. (Ref. 4:.K Doménave. strukture tenlgch ferromagn

kych vrstev,“éeskolovenski.éasopismpro.fysiku,.7,¢516,(l957),

i : b_izmerenii. tolshchin
I..N. Shklyareyskly_(Ref4.18,“g.yoprosu-o Lamerendd o o
tonkikhvplenok”smpomoshchlyu.11n1y~raynogo“617§(1958), kege

: i i ktroskopiya',.2,. ) )
ﬁc{ryiglﬁf’t i "g‘gtll).ggt;ﬁgs _(Ref.. ?.9? . 0? teglperaturnoy - ustoyghlvg gtl
doEZnnoy%giraituﬁywv.kristallakhwkremnistogo zheleza,“ZbETr,, '

TEXT: . .In. recent.years..
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Domai.n-.,stmlﬂture. o
5, (9), 584.(1958)), R. M

crossetied.walls“inuthin"Eermalloyﬂfilms.thraughm

Bitter.techniques,.- -Ap

Y. Odani. (Ref. 16: Chain wall in Pe

Physicalmsociety.of-Japan,-ls,.3,-535,
and"reversals.by.wall.movemenxs of

el iromn,. j. Phys.,.et. radium, 20,

(Ref...17: Domains patterns.
thin films"of,iron“and_nick
NO.. 2"’3, .3104’ Algsg)o

bility"efuapplying_known"microscopicMmethod Lgatl
operties"of.matterow.lnvestlgatlon of

the,study_of“microscopic,pr

ferro-magneti

fying_problems_of.ferro~magnetic,theory-an
tic .samples.- Detailed.study of

tism. in_thin £ erro-magnetic

data for massive.ferro-magne
space. distribution._of .self-magne

films..appeAars.an _important.stage.orn.
theory. of .technical-.magnetization...

Card 2/8
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c.properties. of .thin.films. could _be.use
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Moon (Ref.”15;.Internalwstructure of

high-reso lution
82, 1959),.1. B. Gomi,

0,.

1960) and.C. E. Fuller

The.atudy“ofmthin_fihng,opens.up”the possi-

5 of investigation in
ful.in clari-
d_here.provide useful

the .way. to ‘developing the
The practical study of the
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_properties.ofwthinmferrogmagneticwfilmswcould.lead.to.perfecting
“the. "memory' elements.of.modern _computers.. Mainly.due to their
. comparatively.simple.production.and.better rate of demagnetiza-
_ tion they. bave.important. advantages..over. ferrite cores.in com-
puters. . .The. study. of.the .configuration.of. the domain.structure
of . ferro-magnetic.films and.its.dependability.on the technology
. of .preparation, .chemical _composition.and_thickness,.and.also the
.change»of-domain-structure'in-theumagnetic.field,.couldiprovide
_ _the .best.choice.of_"memory".elements.of computers.and electronic
_ machines.,. Missing.from most.of.the. vork.already done in the
.. study.of. domain_structure of. thin.ferro-magnetic.films, is the
| _effect.of.technology.of.film preparation,.film thickness. on the
... _configuration.of domain.structure.and.also.film.changes in the
... process..of magnetization.and demagnetization.. .The present work
_ deals with_the.effect. of.the.technology.of _preparation and
_ thickness. of .the film. of.alloy.consisting of.80% nickel, 17%
iron, .and. 3% molybdenum. on the.configuration. of their domain
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. structure.as.well.as the .change in_ film domain.structure. of this
_alloy.and.also.of.the _alloy.containing. 50%. nickel,. 50% iron in
ﬂthe.magnetic“field,HATo preparerferromagnetic.films“a‘vacuum
_device was uaed,_whose_diffusion"pump.yields"a“vacuumwaggregate
‘.V!wosflo..Filmswweremobtaineduby”melting,the“nbovenmentioned

.. alloys in‘a.tungsten"crucible”and.developing films. on.optically
/.polishedwglass"hayingwthe“formﬂof_a”rectangle,of—lo x 40 mm,

8 x 36mmm¢mandwalsomon,di8cs,of.2 to 8.mm.diameter.. .The films
i 1 .by.a pair of . Helmholtz /

. were“placed-ln.a.magneticﬂ i -
coilsom_Theudirectlon.of”the“field”was.in.the.plane.of the films.

" The films.of riloy. Fe-Ni-Mo .were _prepared _as. follows:. (a) Base
ic field.of .125,. 100,.73; 50,

temperature:ofUBSOQCu,“in”a magneti
ure. 420, 350,.150 and 509C.,

25.and.é.oersteds;A(b)LBasevtemperat
in. a field,ofmloomoersteds;J(c)‘The £ilms of .alloy Fe-Ni-Mo of

different.thicknessesufrom,GLSQ @ o 140 &, and .also films of
.alloy.FesNi"were.prepared,at,base“temperatures-up”to 3500C and
in a field ofplOO.oerstedsa‘“The_films”prepared in the magnetic

A "
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o fieldhpossessed_uniformﬂanistrophy.alongwthe_axis which corres-
v.ponded*tomthemdirection_of"applied-magnetic.fieldc‘ The thick-
.nessesﬂofvtheNfilms“were,measured«by.thewuniversalmmonocbrometer
UM-2 by.means .of the_lines.of uniform chromatic order.. Domain
atructure. was_investigated by.themethod..of powder. figures with a
magnification.ofmzaouon_the_MBIPGHmicroscopenand”also by the
‘methndhof.Kerr!s-meridian~magnetoeoptical.effect“as.quoted in
._Refm.lQA(Opn‘cit,),.hTheNpowder“method:enables‘theustudy of -
domain“structure.at.high,magnificationﬁ.the_detailsdof_boundaries
. .and;domains,uandwit“possesses"appreciable_inertness, _Hence for
.-.thewstudy.ofvchange“of"domainustructurewwith-a“rapidly.changing
”.fieldgutheunoueinertmmethod“ofqKerrismmeridian“magnetoeoptical
Amethad”ismusedmwhich“unfontunatelyndoes;"not”euableustudy at
. high.maguificationn_‘To"use.thia;methbd,"the ferro-magnetic film
 heated.to. 250°G, was covered. in vacuum with.a +hin dielectric
.“layer“ofmzinchsulphideow.This"decreases.the.destructive.effect
_of. temperature. on. the.anisotropy of films.and. during covering
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with~su1phidewa“magnetic,fieldwof,70”oersteds.was,applied_parallel
,to.the.direction-of-the“field.used.during"the_evaporation of metal.
The.dielectric.layer"appreciably.increases“theﬁdeflection angle
of,plane”polarized"1ightmand“thismincreaseSAthe“contrast,between
adjacentﬁdomains-makinguvisual“inSpectionmpossiblea..Subsequent
work-overnthree“monthsuhas-not“detectedmany,change.in“the”behavior
. .of“domainsﬁand,themzinc“sulphide.layero”nThe“ferropmagnetic4films,
. .prepared on._the basis.of heating..above.2009C .possessed.a time-
atable domain.structure, mechanical_strength.and chemical .stability.
The domain.structure.of ferro-magnetic.films depends. largely on
: theVdemagnetization.conditionsn“,Increasing_the.angle.between the
.demagnetizing,field.andutheNmagnetization_axisﬂwthe_structure
becomes.very fine,. the.direction.of domain.boundaries usually
. following. the .magnetization axis...The domain_ structure also
_ depends.onnthe”demagnetization_rate.of.films.,.Thewmost,COrrect
structure.isﬁobtained.atqslow“demagnetization;.a high denagnetiza-
tion rate gives. large domains and. their structures are less.con-
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trollable.. A decrease in.the. thickness.of ferro-magnetic films
gives rise.to a.tendency.to.bend.the.boundaries.and.to.give boun-
daries_with. cross.connections..._The.study. of. the_magnetization
process.indicates.tbat.it.proceeds.as.follows:.{a) For.the thick-
ness. (about. 500-700. &) and_for.dissimilar.films,.the. domains.grow
along.the orientation_of.the. applied_field, .with clear-cut.boun-
daries;. (b).corresponding..films_ with.thicknesses.greater than .
1000 .8 _change .in domain._structure,.occur.along.ihe axis. of the :..
magnetizing field and a mixiung.of.boundaries. takes place. When >/
magnetizing at. ao.angle of 45%, it _could happen.that the motion
of boundaries.does.not.occur,. but_inside.the poorly oriented
domains,..the. bending. of magnetic. vectors_results, gradually
gripping.all domains;.on_the_other hand. magnetizing. at. an angle
of 909, the.boundary_mixing does.not.take place.and magnetic
vectors.turn. smoothly . toward. the. direction.of .the .field. The
reverse.magnelization_process.usually. starts. wilth.clearly
defined muclei, . the growth of which.is analogous.to.the magneti-
zation_process. . .There.are_9 figures. and.1l9 .references:.3 Soviet
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bloc. and 16.non=-Soviet-bloc.. .The.references to.the English-
language .publications.read.as follows: I. By. Gomi,. I Odani,
Chain wall.in.Permalloy.Thin Films,. j.. of .the Physical society
of Japan,.15,.3, 535, 1960; C.. E. Fuller, Domains. patterns and
reversals. by.wall movements.of thin films_ of iron. and nickel
iron,. j. .Phys.,.et.radium, .20, No..2-3, 310, 1959; M. Prutton,
The observation.of domain..structure.in.magnetic.thin films by
means. of . the Kerr.magneto-optia effect, Philos. Maga.,.4, No 45,
1063, 19593 and.H. W. Fuller, H. Rubinstein,. Observations made
on domain.walls.in.thin filwms, j.Appl. Phys., 30, 84, 1959,

ASSOCIATION: Imstitut fiziki, Sibirskogo.otdeleniya.AN SSSR gos.
Pedinstitut, Krasnoyarsk.(Institute of. Physics,
Siberian. Sectlon, AS USSR, State Ped..Institute,
Krasnoyarsk)

SUBMITTED: . .August.12,.1960
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AUTHORS: rirenskiy, L. V., Xan, S. V., &nd Degtyarev, I. ¥,
—_—
TITLE: Study of the magnetisc structure of *hin ferromagnetic films
with the sid of the magnetooptical Ferr effect

PERIODICAL: Akademiya nauk SSSR. Jzvestiya., Seriya fizicheskays,

v, 2%, no. S5, 1961, 584-591
TEXT; %The present investigation was the subject of a lecture delivered
at a symposium on thin ferromagnetic fiims {Krasneyarsk, July 4 to 7,
1960). The development of magnetooptical me*hods Yor the observation of
domain structures is fairly recent {(HoJe Williams ¢t al., Phys.Rev.,, 82,
119 (1951); ¢, Fowler et al., Phys.Rov., 94, 52 (1$543). . Prutton
(Philos. Mag., 4, 45, 1053 (1959)) has indicated a me‘lod amfan apparatus
for the vigual observaticn of ferromagnetic 't usadle results
cbtained by this methed have been, lcwever, pubiished heratofore. The
deficiencies of “he magnetic powder mathods used mest of the studiss
in this field are enumerated., and next, the 3*udiss condus-ad by the
present authors on the magnetir structure of rin fevremagrnevic films,

Card 1/4
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using the magnetooptical longitudinal Kerr effect, arc described. Nickel
alloy films (0% Ni, 175 Fo. 3% lio) were gputtered in vacuum (107 mm Hg)
onto polished glasa backings. The uniaxial magnetic anizcirepy while
producing the films was brought about by 2 '00-ce T1eld orisnied in the
film plane. The glass backings had temperaturea ur o 353°C. For the
visual observation and for photographing the domains z thin dieliectric
zinc sulfide layer was sputtered at 10" mm Hg, and a 70-ce magnetic field,
being oriented in the same way as the one in the producticn of the ferro-
magnetic film, was applied. This layer incrsased thie angle of rotation of
the reflected planc-polarized light, whersby the centrast btetween the
domains was augmentcd. The experimental setup is presented in Fig. 1.

The properties of various films studied with this seiup were found to
differ. The dircctions of =zasiest and heavy msgnetizing were determined
from the domain structure of the specimens, which appeared after the films
vwere demagnetized. ‘When applying a field being perpendicular to the field
used in the productiocn of the film, the conirast betwsen the domains
dropped with a rise of the field strength, without the domain configura-
tien changing noticeably, or the favorably oriented domains appeared. The
authors disocuss thne effect of demagnetizaticn conditieons upon the domain

Card 2/4
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structure, and the modification of the domain structure of films furing -

" the magnetizing process. To summarize: (1) A vory fine domain structp&e:
appears on an Iincrease of the angle between the direction of .the de- '
magnetizing process and the axis of casiest magnetiziang of the films;

(2) a structure consisting of coarse domains,’ differing and undefined in:

" shape, was established in case of a fast demagnetization. A fine domain:
structure appeared on a slow demagnetization. A study of magnetization
indicated that &13 domains ‘grow abruptly on thin (500 - 600 X) and non- °
uniform films; (2) on an increase of the film thickness and of the angle:
between the magneiic field and the direction of easiest magnetizing the
domain boundaries arae shifted uniformly in ‘case of uniform films., In.
case of a mapgnetization in the direction of difficult magnetizing the '
configuration of the domains does not change, but the contrasts between < |
the domains become weaker and disappear once saturation ie attained. 'The ! g
contrast between the domuins is restored in part when the field is.discon-: ./ :
nected; (3) if a field with the direction at 45° is applied, a brightening:
of dark fields (or a darkening of bright fields) w#ll be :observed. There -
are ~7‘figures' and 7 references: 2 Soviet-bloc and 5 non~-Soviet-bloc. . '
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f,

11830011‘\’1‘1011: Insti?ut fiziki Sibirskogo otdeleniys Aksdemii neuk SSSR S
. ) (‘It-l‘stltute of Physics of the Siberian Department, Academy of
Sciences USSR), Krasnoyarskiy gos. pedagegicheskiy institut -
(Krasnoyarsk State Pedagogical Institute) - o

.

Fig. 1: Scheme of optical .ériaﬁgement Le L1y roe; -

. gend: 1; .1ight source; 2, con- - :
- denser; 3, collimator; 4 diaphragm; 5 and 6, mirror. {zers
8: specimen; 9, objecéivé; 10, v "pr T oy amers
13, photographic film.

analyzer; 11, prism; 12, observation tudbe;
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24,3300 (H42,1169, WE) B117/B138

AUTHORS: Kirenskiy, L. V., Kan, s. V., and Savchenko, M. K.
/

TITLE: Behavior of the domain structure of thin ferromagnetic films

at different temperatures

PERIODICAL: Akademiya nauk 9SSR, Izvestiya. Seriya fizicheskaya, V. 26,
no. 2, 1962, 310 - 314

TEXT: This paper was presented at a conference on magnetism and antiferro-
magnetism. The suthors studied the pehavior of the domain structure of
ferromagnetic films at different temperatures. Fe, Ni, Fe-Ni, and Fe-Ni-
Mo films were produced by hot metal spraying in a vacuum (10~ 5 mm Hg) on
to polished glass (350°C§ in a magnetic field of 120 ce. The optical de-
vice used for observation of the domain structure has already been descrited
(Ref. 1131 Kirenskiy, L. V., Kan, S. V., Degtyarev, 1. F., Izv. AN SSSR, b*/
Ser. £iz., 29, 0. 5 (1961)). The temperature dependence of the domain
structure was studied on a speclally designed apparatus (Fig. 1) with which
the temperature in the specimens could be varied between -150 and +650°C°
To avoid misting and oxidation of the specimen in the chamber the pressure
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was kept at 10'3 mn Hg during the experiments. In the absence of magnetic
field the domain structure of all the specimens was highly stable. The
behavior of the domain struoture at various different temperatures is

largely determined by the magnetio field strength. Magnetic reversal V(
nucleation usually ooours in some seotions of the film at quite low tem-
peratures. With repeated magnetic reversal they are easily reproducible.

At higher temperatures the number of nuclel inereasss, they grov, and the
boundaries begin to move more rapidly and smoothly. When nuclei are formed
magnetic reversal can only be achieved by iuoreasing the tempevature. Hs

and Ho are temperature dependento In some materials they decrease as the

temperature rises, The ourve for iron films at temperatures above 50000
showed an dnomalous course, probadbly due to the different thermal expansion
of base and film. There are 4 figures and 11 references: 5 Soviet and 8
non-Soviet. The three most recent references to the English-language pub-
lications read as follows: Smith D. 0., Electronics, 32, 44 (1959); Murphy
M., Control Engng., no. 10, 38 (1959)3 Olmen R. W., Mitchell E. N., J. App.
phys., 30, 258 (1959).
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AUTHORS 8 Tviav, VeFeo pak, NeGeo Kan, S+¥° L
TITLE: Hystaresis joops in flat ferromagz;etic films ' : ‘

PERIODIC.\L: Fizika metalloV i metallovedeniye,
9 .

TEXT There are no 1iterary data oB the hysteresis o
£ilms. To £ill this gaP ferromagnetic £ilms were investigated

by & layer of & dielectric. The magnitude and the direction of

- the magnotizntion vector changed durind cyclic remagnetization and

: hence the flux of reflectcd.polarized light~also changed. Usingnf

~ the 10ng£tudinal Kerr effect by revolving ithe gpecimer or the . 3

: remagnetization equipmenturglativo to the plane :

s of Loops could be bbtained from & single £ilwm in the same .
dicular measuring,coils were used. There

APPROV ‘
ED FOR RELEASE: 08/10/2001

CIA-RD
P86-00513R000620320010-7"



"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7

: 8/126/62/014/005/019/020
- Hysteresis loops ... : E073/E420

" was good agreement between the hysteresis loops obtained for the
same film, magneto-~optically and by current methods. The
rectangularity of hysteresis loops and the coerzive force of a
2100 A thick film showed no appreciable change on changing the :

- angle between the direction of remagnetization and the plane of tha S
incident light, Iron fxlms exceeding 1000 A: were shown to be
isotropic. The hysteresiq behaviour of iron and molybdenum A

_permalloy films, vacuum-deposited from tungsten crucibles indicated.;~
that they were uniaxially anisotropic, Hysteresis loops of 2100
and 450 A thick iron films, recorded from various sections of the
films, showed that in the isotropic films the coercive force of
‘both sections was 6 and 7 Oe, whilst in the anisotropic films
(vacuum-deposited from crucibles) the respective values were 27.7

. and 30.8 Oe, The differences in the coercive force of individual ¢

~ sections of the thin films were explained by the irregular 4
" distribution of the nonuniformitics, A correspondence vas’

" observed between the behaviour of the hysteresis loops and the.
domain structure, Remagnetization in isotropic films was by
boundary displacement. The domain structure in very thin iron
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| ;lamp é.a.:polanzcd and allowad to fall .on the
;- which is mountéd horizontally between two
tier Q&lmholtz coils. These coils produce a field of
t ' ““"The angle of incidence is 60" and the
‘ ‘polarized at an angle which depends on the
on ofthe sample.  With cyclic remagnetization (at (R
\e viilue and direction of the angle of rotation of the’
‘ tion changes continuously. The reflected light
an:analyzer and onto a photomultipiier, the ;
is fed fo the vortical plates of the oac;lloscepe. j
‘horizontal plates is talken from the Helmholtz i |
o :rotation of the plane of polarization for an |
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0: 0477 and somewhat smaller for permalloy, . = -
on be obtained for permalloy films with SR
hﬁnﬁ mms The effect of magnetization on - L
teds  This methou 15 simple and can .
frequencios: and temperatures. - -
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, S.Ve gavchenko, M.K.

witwminsl b

AUTHOR; Pak, N.G.; K

TITLE: nyatgreé£g2iqﬁés hnd‘domnin structure of ferronagnotic'tilms at different

h

tépporaturep{?[ﬁépbrt, Symposium on Quostions of Ferro- and Anttterromngneticu heid
- oAm Krasnoyarsk)a6 June to 7 July 196

a3

‘ .
X QURCB: AN SSSR, Izvestiya. Seriya fizicheskaya, v.28, no.l, 1964, 157-160

Téaxc TAGS: thin films, forromagnetic films, hysteresis 1cop, domain structure, co-
- palt, iron, ol ybdonun pormalloy, coercive forco, magnetie anisotropy

A}

'ABSTRACT: Although thers have been many exporimental investigations of the tempore
ture dependence of the magnetic properties of ferromagnetic £1lms, most of these,
however, have been concerned with the temporature dependence of the ssturation nag=
netization. Yot tho temporature dependence of other magretic properties of thin
filns &re also of interest, pnrticularly in view of the fact that thin film memor-
ies are required to operate at temperatures in the range from -100 to 300°C, The
prasent work was concerned with investigation of the hysteresis 1loops and domain
gtructure of thin £41ms 0f Aron, cobalt and Mo permailoy (17% Fe, 80% Ni and 3% Mo)
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8t different teomperatures. The domain structure was observed by means of the meri-
dional Kerr effect. The permalloy and cobalt films were prepared by vacuum evapo-
ration from a tungsten crucible in a 100 Oe field. The iron films were evaporated
directly from an iron wire heated by passage of current. The films were deposited
on cover glasses heated to 150°C. The vacuum curing the evaporation operation was
about 8 x 10~% mm Hg. The hysteresis loops were recorded in the direction of the
axis of easy nagnetizatﬂox for difforent direotions of the applied field, The hys=-
teresis loops for a 1600 A thick cobalt £ilm at temperatures from 20 to 320°C and
difforent directions of the Bswitching field are reproduced in a figure. At room
temporature the best squareness ratio and the greatest value of tho coercive force
in the ensy magnetizantion direction are observed with the field applied in the same
direstion (X = 0%, Slight rotation of the revarsing field gives rise to distor-
tion of the horizontal sections of the loop, which i8 indicative of rotation pro-
cessas, With incroase in temperature the loops narrow. The initial properties of
the film are not ro-established upon cooling to room temperature., The behavior of
Mo permalloy films is different: these films ratain their anisotropy after heating
and cooling. The coorcive force versus temperature curves obtained for the diffe~

rent films are reproduced im Fig.l of the Enolosure, Photographs of the domain
structure of 1600 A thiok ccbalt and iron filws in the process of maghotization ree
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versal at different temperatures are roproduced in the text. On the basis of the
.experimontal results it is concluded that cobalt films become isotropic at about .
'320°C but do not retumn to the initial anisotropic state upon subsequent cooling.,
Permalloy films, on the coatrary, regain their initinl properties after cooling.In
iron films, there form two mutuaily perpendicular groups of domains, Orig.art.has;
4 figures, '
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of Fhysics, Sibverian Iivision, Academy of Sciences, 8SSR); Krasnoyarskiy
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- ACCESSION NR: AP4023407

iAUTIlOR: Kironskiy, L.V.; Savchenko, M.K.; Degtyarev, I.F.; Kan, $.Y.; Antipin, LPg
| Tropin, Yu.D.; Edel'man, L.S. _ :

! . : N .
:;TI'I‘LE:' Domain structure of ferromagnetic orystals, ¢1lms, and whiskers, and changes
{ of the structure undor tho influonce of difforeont factors /Report, Symposium on

| Forromagnotism and Forroelectricity held in Leningrad 30 May to 5 June 196§_7

| SOURCE:. AN SSSR, Iuzvestiya. Soriya fizicheskaya, v.28, no.3, 1964, 559-567
TOPIC TAGS: crystal domain structurc, film domain structure, whisker domain struc-,

| ture, domain structure variation, demagnetization condition domain influence, iron
| cryatal domains, iron film asymmetric hysteresis, iron whisker domain '

ABSTRACT: This paper summarizes a large amount of information concerning the do=-
main. structure of crystals, £ilms, and whiskers, and its chango under the influence
. i of magnetizing fields, stress, temperature, and conditions of demagnetization. The
' topics discussed include tho changes in the domain structure of silicon iron crys-
. tals during magnetization in various directions; the effoct of mechanical stress on|
- | the domain structure of silicon iron crystals; the irfluence of mechanical stress

' 1[ Card@:j_....- _-_ o
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on the domain structure in the (110) and (211) faces of nickel orystals; the effect| *
- lo demagnetization rate on domain size in thin cobalt films; the effect of tempera~
. |ture on the variation of domaia structure under the influence of magnetizing fields
" 1in thin cobalt 2ilms; the variations of domain structure in thin iron Iilns during .
traversal of an nsymmotric hysteresis loop in a transverse field; and the’'domain
-‘structure on the (001) surface of iron whiskers (100 to 200 micron diameter) grown
*in the [lld) diresction. The report is illustrated with 47 reproductions of domain
structure photographs. Among the different kinds of hehavior of domain structure : -*g
imentioned or discussed are the following. When iron crystals are magnetized in the RE
" ieasy direction, the process of domain wall motion stops short of saturation, and the
.- |remaining narrow unfavored domains disappear suddenly. When the magnetiziﬁg field S
" imakes a sufficiently gremt angle with the preferred nagnetization direction, 1n1t1u11ﬁ“
magnetization takes place by domain wall shift; this is followed by a restructuring|. --
of the domains, after which further wall ahifting occurs. The final approach to sa-
turation is by ordinary rotation. The herring bone or fir tree domain structure on! .
-:1the (110) face of nickel .crystals gives way under the influence of mechanical stress.—
'to a simple structure. At greater stresses the domains disappear entirely. At stili

lgreater stressen a aimp&a donain structure reappears, but the domains are now relat< =

Y
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ed to the other msgnetization axis. The
| domains. Thae sizo of the
s magnetization by aslternating field.
shaped domains, one within another.
the Curie .point in a £

formed. The domain structure of a thin

| constant transverse field. Th
lmotzric hysteresis loops given by
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_ | magnetization was assumed.to rotate uniformly.
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sludying muas transfer and liquid distributicn in & tower with :
“plans.parallel packing, Khim. prom. 41 no.10:770-773 O 165, {
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PAK, N.G.; KAN, S.V.

Domain structure and cosrcive force of thin films at different

f1eld frequencies. Izv, AN SSSR. Ser.fiz, 30 no.l: 180-82  Ja 66,
(MIRA 19:1)

1, Institut Liziki Sibirskogo otdeleniya AN SSER i Krasnoyarskiy
gosudars tvennyy pedagogicheskiy instdtut.
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