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Abstract. The design represents a generality of parts. The pa
consist of microelements. Physical features of micelements,
type of connections between parts determine many
characteristics of a design, including dissipatiorof energy. For
their estimation consider cyclic loading of condibnal
microelement and typical connection between partsof
constructions. In result is defined the equation ofcontour of a
loop of a hysteresis and calculate her area at i@k loading and a
bend. The microelement consists of two ideally elés particles,
disjointed an elasto-plastic stratum. Orientation é a stratum has
random character. At loading elastic parts of a mimoelement
tend to move along a stratum. Displacements occuat some
ultimate load when shear stress in a stratum reactyield
strength. Values of yield limit of different microelements may
differ. Therefore examination of character of loadirg of a device
as a whole is necessary conduct with statistical theds. It is
supposed, that allocations of an angle, defining i@ntation of a
stratum of a microelement and of yield strength ofayers, are the
uniforms.
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I. INTRODUCTION

The construction represents a generality of lifikse link
may be monolithic or composite. Monolithic devigamnsist
of microelements. Physical singularities of miceseénts,
character of their interaction among themselvege tyof
connections between links determine many perforesuat a
construction, including dissipative. For their esite we shall
consider cyclical loading a conditional microceatidastandard
junction of links.

Let's assume, that the microelement consists ofideally
elastic particles, disjointed an elasto-plastic atsim.
Orientation of a stratum has random character. o&iding
elastic parts of a microelement tend to move alarggratum.
Displacements occur at some ultimate load whenrssteass
in a stratum reach yield strength. Values of yibidit of
different microelements may differ. Therefore exaation of
character of loading of a device as a whole is ey
conduct with statistical methods. It is supposetat t
allocations of an angle, defining orientation ofteatum of a
microelement and of yield strength of layers, &eeuniform.

Il. CYCLICAL LOADING A MICROCELL

Let's consider more in detail cyclical
microelement. From an operation of an exterior ilogd in
each microelement there is shifting forSevhich is directed
along a stratum. Magnitude & depends on intensity of
exterior loading and from orientation of a stratimrelation

to a direction of a principal vector of exteriordes (Fig.1). If
a position of a stratum to determine an anglbetween an
exterior normah to a platform and a direction of a force line

(1)

At some limiting valueS = T plastic flow of a stratum
occurs. The value of an exterior loading correspuntb this
state, term as yield strength. For each of mictedetiepends
not only on mechanical properties of a stratum, s from
his position in relation to an axis of loading. #nstratum
located normally to a force lir@n a =0, limiting states do not
arise and such device appears ideally elastic. d3iag
microelement definitely, it is possible to receiweaterials
rather elastic, as well as materials with strongkpressed
plastic properties.

Let's consider behavior of a microelement at cwllic
loading. The analytical relation of ratio betweelvading and
a strain at the first loading a microcell lookselik

S=Qsina.

Q.= {"A’ s @

wed

where

K =K., + K, - the summary rigidity of a device;

K., K, - rigidities of a stratum and parts of a microcell;

A - a linear deformation, i.e. mutual migration ofide
platforms;

Qr - yield strength.

If the loading has reached maximum magnitude aral ha
transferred to decrease the relation between fancestrains
becomes

A-(kA-Qr), KA-2Qr <KA<KA

@3 o, - KA<KA<KA-20T, [

®3)

whered - amplitude of a strain.

At repeated loading when the loading again increases
relation becomes

loading of a

_ [kA+(kA-Q;), -KASKA <—KA+2Q;, A
T +qr, -kA+2Q, < KA. ()

35



Scientific Journal of Riga Technical University
Transport and Engineering. Intelligent Transpost&sns

2010
Volume 34
If a cycle of a modification of a loading reservetie Qr=T/snao. (6)
relation( A - Q) looks like a loop, the graph of her is shown in

figure 2. The energy, dispelled for a cycle, isedeined by Allocation Qr, if platforms of slip are located chaotically and
the formula allocation of corners: uniformly, is determined by a density

under the formula

y=4Qr(A- 2, (5) 1

2T
p(@)—”QT \/ﬁ’ )

p( Qr) displays, as the full loading is perceived by titas
and elastic links.
Now, using a hypothesis of flat sections, it is @iyrto install
relation between a loading and a strain

At Qr = 0,5Ak the maxima of dissipation of an energy is
ensured

©

kV+T
P= | Qrp@)dQ: +Kka[pQ:)dQr - ()
kv

T

This ratio establishes relation between force argtrain at
loading a no deformed body, i.e. when initial sfessare equal
to zero. If to take into account, thp( Q;) are determined
Fig. 1. Microelement under the formula (7), then

0

i 2T 2
B=—1In M+1+ (M+lj -1+
T T T

3 A 2k1 (7 T
il + —— | ——arccos— | (9)
T \2 kA

The relation between a loading and a strain esdbntiffers
from linear, especially in the field of small strai Further are
considered effects of cyclical loading. Theref@senecessary
define of relation of maximum displacemett A from
force Pax

Fig. 2. Loop of loading max

. CYCLICAL TENSION AND COMPRESSION

If to consider a body from a material of a grangucture P
in conditions of a tension or compression the phesmmwon of !
yield in microelements will arise not simultanequblecause
of difference of orientation of platforms of sliphe diagram
of loading of combination of microelements at the 2kA (7 T
homogeneous tension may be constructed only on the t— 2 arccoskx ' (10)
statistical basis.

Let's assume for simplicity, that the coreerformed by an
exterior normal to a platform of slip and a lineawf operation
of exterior forceQ from a microelement to a microelement

would vary .W'th'n the I|m|tsQ <2 < a . For simplicity other relation betweend andP . The part of the elementary
aIIc_)catlon.a in these boundaries we WF’“'O.' shall accept th|‘?1icroelements from a plastic state begins to cmsslastic,
uniform, i.e. the structure of a material is thodeat the some appear in a plastic state, however, the @ref flow
probability of orientation of a stratum is identidca any of %er force in stratums change tr,1e sign M’icroelemmim the

whereA - amplitude of a strain.

Decreasing of a loading after reaching a maximaaes to

directions. We shall assume also, that mechanic ghest yield strength, as well as at the previstage, remain

pgrforrr|1ances Off a s_tratgm J?T&am cor;]sta:t for an elastic state. The share of participatiothese groups of
microelements of combination. Yield strength oSeparate - qelements in perception of an exterior loading

device would be determined under formula approximately can be estimated with the help offtheula
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k(/-\2+A)+T -
R " R= | QpQ)Q - ( | EQT —k(A+A)]p(Q; )dQ, +
e VC R e
e + kA [ p(Q )dQ;, 13
+ kA [ p(Qr )dQy- (11) A

or
However, if to take into account (74 and P, appear the

bound among themselves a particular ratio

2
o 2T [k(A+ A2+ 2T + \/kZ(A+ A) + 2I1<T(A+ A)} X
p-2p aTlkasT VAT 28T ) Yo KA+ T + kA% + 2kAT T

™ k(A=) 27 + fiC(A-AF + ak(A- AT | '

2k(A +A) 2T
+——% x| arcCos —arcCos——————— |+
P kA +T k(A+A)+2T
2k(A -A) T 2T
—-———7 x| arcCos —arcCos————— |+ 2kA T
7 { kA +T k(A-A)+ ZT} + 222 2 _arcCos— | (14)
T \ (2 kA
As well as in the previous case Zt=—A or A=A
KA ( 7 T expression forP; coincides with limiting value®;,, and
+—(—— arcCos—). (12)  Pamin- _ _ _ _
7 \2 KA The energy, dispelled at cyclical loading, is

determined under the formula
At A=A last expression coincides with (10), andAi= —-A,
that P,= - Piu . In case of repeated loading relatigd - P)
looks like
+A
v= I(P3— P, )dA =

-A

2

A [k(A+ A)+ 2T +k?(A+ A + 4KT (A+ A)ﬂk(A—A)+ 2T + k2 (A+ AR + 4kT(A—A)} da

= |In B
) atla+ T + k27 4 2KAT |
+A
_ 2%k {(A+ A)arcCos ' (A-A)arcCos L-ﬁ- 2AarcCos T }dA. (15)
) K(A+A)+ 2T k(A-A)+2T KA+T
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Fig.3

Fig.3. Loops of histeresis
In figure 3 calculated hysteresis loops for diffarealues For simplification of consequent calculations wealkh
T1=0,5andT,= 1, in both cases = 1, 4 = 10 are shown. assume, that the density function of angles ofntaion of
platforms of slip in microelements express the fialam
[V. CYCLICAL BENDING

Let's select a single platform in cross-sectiom qirismatic g(a) = ( ctga (18)

rod. Then at the first loading the stress operatimg this R—r)sina'
platform, may be defined under the formula
then the density function of yield strength is det@ed under
it R the formula
o= J. o; p(o;)do; +8EI p(o;)dor, (16) .
’ " plor) ==—, (19)
where o7 andE - yield strength and a modulus of elasticity ¢
of a microelement. Combination of microelementsnfera
material of a rod;z - yield strength of an elastic-plasticje. she appears the uniform on all cut of stressem
stratum by which two elastic parts of a microelemare minimum, relevant to yield strength of a stratum on
divided; ¢ - strain at a level of a position of a single @ath;  platforms, up to bending strength of mateRal
R - bending strength of a material. Executing the operations ordered by expression (h@r
Now it is possible to define a value of the momeft condition of (19), for stresses in a stratum ag\ely from a
interior forces in a cross-section of a rod, foamyple, for neytral line of a rod, we shall receive
rectangular section it is equal

+h o, = £ [z’ + R—EJ. (20)
M =b[o,dy= r-R 2
-h
Further it is possible to define the moment ofriioteforces
e R 20Ee,h? (r+R  &,E
= b:[] .[ o, ploy Jdo; + SE‘;L p(o; Jdoy | ydy (17) M, = Rz 3 8 (21)

Using a hypothesis of flat sections for conditionallastic If the moment of external forceM, having peaked, will

material, it is possible to find a distribution afstrain on an change the sign of a derivative and will begin te b
diminished, then the moment of interior forces osita of a

altitude of cross-section of a rod = FO y, where ¢ -a unloading will be determined so

strain in the point of section most deleted fromeatral axis; M. = 2bEh? EE( 2 2)_ EA%o . &(c+R) 29
. : ) Lo 2 A —& + (22)
h, y - an altitude of section and coordinate of a pditaw it is R-7 |16 8 3

visible, that in (17) integrand function appeargetaling

exclusively from coordinatey. Similar expressions can beHere 4o - an amplitude value of a strain of the most
received for stages of a unloading and repeatetiriga deleted point of cross-section of a rod. The monment
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section at repeated loading is determined under tlading of constructions establishes variety of eatp of

formula
Ele

If now to take advantage of relation between stemid an

2
M, = 20Eh P

3 2_EA(,g0 go(r+R)
~— |1z A2) + }.(23)

8 3

. . &
angle of rotation of cross-section dg :Fods, that the area

of a hysteresis loop of an element of a rod witlyniaide of a
differential of an aradSwill be defined under the formula

dg = 1ﬁ(M ,—M 3)dgo}ds

-A

or

2 3
_PETA s,

d
/ R-¢

(24)

The area of a hysteresis loop of a rod in lengtt pure
curving is determined under the formula

E°A

R-r

= bh.

(25)

Last formula allows to estimate dissipative proigsriof a
rod under bending. It is visible, that dissipatisiproportional
to a cube of amplitude of a strain and a volumedcity of
the shape of these relations is a corollary of dopsed
distribution law p(c; ) and they approximately reflect actual
properties of a material. However, it does not glate
possibility of using of an offered procedure for estimation
of dissipative properties of devices of actual ¢tardions at
the solution of many practical problems.

More powerful radiant of dissipation of energy pnections
of links. It may be welded, bolt, rivet, press anther
junctions. Shaping a hysteresis loop and definitafnits
square considered at cyclical loading a
construction. The amplitude law of dissipation aoferyy is
circumscribed. Laws of dissipation of energy frompditude
of loading may be linear, degree or combined. Tiffereéntial
equation linking the law of dissipation of energythwan
equation of a line of initial loading of a hystdeeoop is
offered. The equation allows describing a headudirof a
hysteresis loop if the law of dissipation is knowhhus
principle Masing’s is used. The law of dissipatiohenergy
may be obtained during dynamic trials or assignedralogy.
Advantage of such mode of synthesis of hysteresipd
consists in refusal of thorough reviewing all s&gé cyclical
loading, introduction of simplifying hypotheses,last, in use
of the most important factor, defining a dynamispense -
amounts of a dispersed energy. The analysis oficafcl

composite

hysteresis loops. For some kinds of junctions passible to
specify the optimum parameters ensuring maximum
dissipation of energy.

V. Differential equation of a line of initial loal
hysteresis construction

For a conclusion of a ratio, interesting for ug w
shall consider quasi-static loading of a systenhwite
degree of freedom. Let's assume, that the syie
allocated a set of drains of energy, which wittréase
of level of a load sequentially are uncoverégbt's
enter the following labelsx - movement; f - non-linear
elastic function of initial loading, sometimes eall"by a
skeletal line"; A - area of a closed loop of a hysteresis
at a symmetrical cycle, i.e. quantity of energypdised
for a cycle of loading; ¢ - rigidity of a system oni a
stage of increase of a load.

Let's consider the first phase of loading, to which
there corresponds increase of a load. Right at the
beginning of loading, while 0 < x < Xy, the system
remains linear, i.e. the scattering of energy iseah
With increase of a load, whan> x,, in a system the
first drain of energy is opened, occur mutual shgpof
particles. The cyclical change of a load in thisse
results in formation ofa four-coal closed loop oh
hysteresis and scattering of energy.

It is possible to show, that thus

f=ax+x(o-¢);

A=4%(c—a) (X—%)=k (X—X)
(¥SX<x1),

where ¢q, ¢ - rigidity coefficient of a loaded system
on an initial site (0< x<x;) and on a site first
slipping (X < X<X,); k;- constant of
proportionality between the arela of a closed loop of a
hysteresis and increment of movemen;= x - x, on a
site first slipping.
Generalizing obtained outcomes for cyclical loading
after a deploymeritof a drain of energy, it is possible to
record the following expressions for a skeletdihe
f(x) and relations A(X)

(26)

f(x) =i(Ci_1—Ci)Xi +Gi X 27)
1
AX) = A—1+4(fi = xi6)) (x—X) =

28
= A-1+ ki (x=x), @9

(Xj < X< Xj41)-

From a ratio (28) it is possible to receive expi@ss$or
rigidity appropriate to ai - site of the skeletal broken
line:
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fi  AX-A-1 (29) The offered above power method of identificationaof
Xi 4% (x=x) line of initial loading togethewith a Masing principle is
convenient for a construction of closed loops of a
mechanical hysteresis. Amplitude relation of scaite

G =

Taking into account (29), that

A of energyA(x) and ini_tial rigidity Co are o_Ietermined

Cj N Afj = f(x) - fj, from static and dynamic tests. The integrationrofi),

! obtained from experiment, determines equatiori(x)

AXj=X-Xji, AAj=AKX) -A-1, of a line of initial deformation.
expression  (29)is write as The outlines of a closed loop of a hysteresis,

according to a Masing principle, are map of a gkéle

Afi _fi  AA (30) line in the double scale. In activities is unthetl, that

A X B X; AXA X for many hysteresis systems the amplitude relatiph

maybe recorded as a degree function. However, such
Passing in expression (30) toa limit a, —0, approximation no sufficiency completely reflects

i.e., supposing, that the deployment of one drdin BOSSIble versions of scattering of energy in design
energy continuously follows other, we obtain garticular, does not describe the laws of scageaha

differential equation polygonal hysteresis. In this connection Afx) suggest
more general format of representation, in which is
o f dA a1 supposed availability of two sites:
dx  x  4xdx’ (31)

at (O<x<a), AX=0;

This ratio installs connection between anatipn N (35)
by skeletal curvef(x) and relation dispersed for a cycle & (x>@),  A(X)=b(x-a) + k(x-a)
of loading of energy from amplitude of a cycla(x). _
Knowing relation A(x) and initial rigidity of a system Whereb, k, n - factors dependent on a type of a design
Co, it is possible by taking advantage ratifll), to and its operating time; ardl - the _value of_generallzeql
receive an equation f(x) to generate outlines of gmovement, after which reaching begins scattering
closed loop of a hysteresis. Let's define a deersg of ©N€rgy: _ _ ,
oscillationsé as the relation of energy dispersed for a_ 1he solution of an equatiofll) for the first stage
cycle of loading, to the double energy of elastigiVes that f=cxo, at (0<x<a).Thus initial site of a
deformationW, and we shall accept, thaiV = f x / 2 skeletal !m_e is a section direct, i.e. Ilnt_aar etas
Then a syster, it is possible by taking advantage ratid:naracteristic. At the second stage the equatibhdter
(31), to receive an equatiof(x) to generate outlines of & substitution in it of expressiodA/dx gains a kind:
a closed loop of a hysteresis. Let's define aeeent
of oscillationss as the relation of energy dispersed for a

cycle of loading, to the double energy of elastic af __f-bl4 nk . gn-2
deformation W, and we shall accept, thatv= fx/ 2. d(x-a) x-a 4 (36)
Then (x>a).
s=A A Astx (32) _ o . o
2w f The solution of this differential equation is the

following expression
Aftere differentiate (32) on:

x-a)" 1, (37)

b nk
dA f:Z+c1(x—a)—4 >
d—:5’fx+f’x5+f§. (33) (n-2)

X

o _ _ . circumscribing a skeletal curve at the second stage
__ Substituting expressio33) in (31), we obtain a constants of an integratiap, ¢, on a sense are stiffness
differential equation: factors in the beginning each from sites. Various

t - M_ (34) combinations of factora, b, k in relationA(x) reduce to
f (4+0)x a realization of closed loops of a hysteresis o th
various form. In case, whena#0, b#0, k#0 closed
VI Differential equation Of a Iine Of |n|t|al |0ading. |Oops have t||| two Curvilinear and Straight_”ne

inclined sites.
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Anatolijs Kobcevs. lek¥ja dempfereSana anizotropajos materilos un konstrukcijas

Konstrukcija ir posmu kopums. Viengabalainie posasiv no mikroelementiem. Mikroelementu fizikipadbas, k& aif saiSu raksturs starp tiem nosaka
vairakus konstrukcijas raksturlielumus, 2agkait an disipatvus. To nogrteSanai tika apskas ciklisks nosata mikroelementa slogojums un tipisk saites
starp konstrukcijas posmiem. Reztittika iegits histeézes cilpas koniras vieadojums un agkinats tis laukums. Mikroelements sagtno divam elastgam
dalam, kas ir savienotas ar el@gtplastisku gni. SkEnu orienficijai ir gadjuma raksturs. SaspieSanas jauda elasigas ddas tieas uz @arvietoSanos hi.
ParvietoSans sikas pie slodzes, kad tangeiiais spriegums sasniedzigh plistambas robezu. Bstambas robezasévtiba mikroelementiem varab dazda,
tapec konstrukciju ptijumus pveic ar statistiskm meto@m. Tiek pieemts, ka leku sadajums, kas nosaka mikroelementu unigdmbas robezu svokli, ir
vienmerigs. Ka apikinu kontrukcijas tiek apskaas daudzshu konsolsijas. Cikliski slogojoti$ sijas, pakpeniski rodas savstagjas atsevifu sknu izsides.
Tiek izjaukta deforréSanas linearite, un slogojuma skel@tiija pariet gabala linara forma. Tam atbilst poligofla histegzes cilpa. Palielinoties sijasasu
skaitam, cilpastizumi nogludias. Lai saemtu skelethijas vieradojumu, tika piedvats diferencilvienadojums, kas izmanto engas izkliedes amplitdas
likumu. Cilpas koriiras veidojas fc Mazinga principa & skeletinijas attlojums divreiz liefika méroga. Piedivata enegijas izkliedes amplitdas likuma, kuru
dazreiz var iegt apgekinu vai eksperimeanta cda, universla pieraksta forma. Pamatojoties uz So likumu, tieldetas skeletthijas un daZzda veida histezes
cilpas koniiras konstrukciju sa®tdalam.

Amnaroanii Kodues. BuyTpenHnee neMnupoBaHue B aHH30TPONIHBIX MaTepHAIaX H KOHCTPYKIHUSAX

KoHCTpyKIMH TpefcTaBIsIOT co0oil OOIIHOCTh 3BEHbEB. MOHOIHUTHBIC 3BEHBSI COCTOAT M3 MHKPO3JIEMEHTOB. dusnueckue 0COOCHHOCTH MHKPOJIEMEHTOB,
XapakTep CBsI3ell MeXIy HUMH OIPEeIOT MHOTHE XapaKTEePUCTHKY KOHCTPYKIUH, B TOM YHCIIC ¥ AUCCHIIATHBHBIC. [T MX OLEHKH PaCCMOTPEHO IUKIHIECKOE
Harpy>KeHHe yCIOBHOIO MHUKPOAJIEMEHTa M THIHYHBIX CBS3eH MEXTy 3BEeHbSIMU KOHCTPYKIHUH. B pesynpTaTe HomydeHo ypaBHEHHE KOHTYpA METIIH THCTEPE3UCa
U paccuWTaHa e€ IUIOMaJb NP OCEBOW HAarpyske M m3rube. MUKPO3JIEMEHT COCTOMT M3 ABYX YNPYTHX YacTel, CBS3aHHBIX YNPYro-IUIACTUYHBIM CIIOEM
OpueHTanus cI0eB UMEET CITyqaiHblil xapakTep. [Ipu cxaTiy ynpyrue 4acTu CTpeMsTCs CABHHYTHCS 10 CII0t0. [lepeMelienns HauMHArOTCs TIPU HAarpy3Ke Korzaa
KacaTelbHble HANPSHKEHUS JOCTUTAIOT IIpefeNa TeKydecTH CIOs. BenuuuHbl mpepena TEeKy4ecTH y MHKDPODIEMEHTOB MOTYT OBITh pasHbIMH. IlodTomy
UCCIICZIOBAHNS KOHCTPYKIIHI HEOOXOMMO MPOBOJUTh CTATUCTHYECKMMHU MeTojaMu. IlIpemonaraercs, 4To pacrpe/elieHus! YIiIoB, ONpPE/EAIOIIIX MOJ0KECHUS
MHKDPO3JIEMEHTOB M TPEIENIOB TEKYYECTH CIIOEB, SBIAIOTCS PaBHOMEPHBIMH. B KauecTBe pacuéTHBIX KOHCTPYKILMI PaccMaTpHUBAIOTCS MHOTOCIIOWHBIC
KOHCOIIbHBIC 6ank. [Ipy X NUKIMIeCKOM Harpy:KeHHHU IOCIEI0BaTeIbHO BO3HUKAIOT B3aHMHBIC IPOCKATIB3bIBAHUS OTAENBHBIX clI0EB. [Ipu 9TOM Hapymaercs
JIMHEHHOCTh Ne(OPMHUPOBAHUS W CKEJNETHAs JIMHUS HAarpyKCHHs IPHHHMAeT KyCOYHO-THHEHHyI0 ¢GopMy, DTOMy COOTBETCTBYET MONUTOHANbHAS IETII
rucrepesuca, Ilpu yBenmuueHnn yucna caoéB OalKy W3JIOMBI NETIH  CINIAXUBAIOTCA M B Hpeeie OHAa TPaHCHOPMHUPYETCS B INIAJKYI0 ¢ KPUBOJIMHEHHBIMHU
O4YepTaHUAMH KOHTypa. J{Is MOIydeHHs ypaBHCHHS CKENICTHOH JIMHUM NpPemioxkeHo AuQepeHIHanibHoe ypaBHEHHE, UCHONIb3YIOee aMIUIHTYIHBIH 3aKOH
paccestHust YHeprun. KoHTyphI neTin $popMupyIOTCs Ha OCHOBE NIPUHIMIA Ma3uHra, Kak yaBOGHHOE B MacuITabe oToOpaXkeHHe ckeneTHol muHuu. [IpennoxkeHa
yHHUBepcanbHas (opMa 3alMCH I aMIUIMTYAHOTO 3aKOHA PACCESHHs HEPIHH, KOTOPhIH MOXKHO MHOT/A IMOJYYHTh PACUETHBIM MIIH 3KCIICPUMEHTAIbHBIM
nytém. Ha ocHoBaHMM 5TOro 3akoHa ()OPMHUPYIOTCS CKEJETHAs JIMHMS M KOHTYPBHI IETJIM THCTEPE3uca Pa3HOro BUJA JUIS COCTABHBIX KOHCTPYKIHMH.
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