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The tendency of the evaluation of maximum forming of purveyances in the conditions of the difficult loading and
unmonotonous deformation are resulted in work. It is rotined that on the basis of development of mathematical theory of
plasticity and phenomenological theory is possible prognostication of technological heredity of purveyances without the
leadthrough of labour intensive experimental researches.
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Introduction

The current stage of development of domestic and foreign engineering is characterized by the creation
of new advanced technologies to ensure the quality and favorable technological heredity of finished products. It
raises the need to apply together with the known theories and methods to assess new approaches for vari-
ous application tasks, the gudy on anew level of metal flow processes under complex loading.

In metal forming widely applied phenomenological theories, which are based on the hypothesis of plas-
ticity depending on the loading history, which is defined in the stress space. Characteristics of stress state can be
indicatorsto investigate the loading path is not in the space of the stress tensor, and in the space of itsinvariants.

Formulation of the problem

The practical interest is evaluation of the possibility of using the plasticity chart built in flat or linear
stress state to assess the deformability of metals deformed under bulk stress state. The solution of this problem is
due to the difficulties in carrying out specific experiments in high-pressure. In our research, it is shown that the
dependence of the plasticity of the stressed state of the circuit can be characterized by two indicators of stress
state, and justified that the volumetric stress state must take into account the impact on the plasticity of the third
invariant of the stresstensor [1, 2, 3].

Research results
During traditional solutions of technological problems loading process is given six functions of time

s;(t) or functions Sij(t) and the independent function of time s(t). In connection with the assignment to the tra-
jectory in the space of the pro-stress may use two dimensionless parameters of stress state:

h: Il(TS) :Sl+82+s3 ; c= §/I3(TS) :%/818283 (1)
3,(D s, 31,(D s,
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The main advantage of the approach, in which the trajectory of the load is given in the space of dimen-

sionless parameters h and C liesin the fact that its appearance is uniquely determined by forming conditions for
the process and practically does not depend on the mechanical properties of deformed meta. This gives ample
opportunity for computer modeling and the selection of optima materials products, for which you need to know
the parameters of approximation coefficients flow curve and surface boundary plasticity. In addition, this ap-
proach significantly reduces the amount of labor-intensve experimental studies.

The magnitude of the boundary deformation e, significantly affected by the third invariant of the stress
tensor I3(Ts). Plastic material deformable under hydrostatic pressure, one can imagine a boundary surface con-
structed in coordinates g, = g,(h, c). Surface constructed at the specified coordinates, can be defined as three-
dimensional diagram of plasticity. When designing processes shaping blanks in a volumetric stress state and
complex loading is necessary to consider the influence of various invariants of the stress tensor on the resource
of plagticity, the nonlinearity of damage accumulation and nonmonotonic loading. Evaluation of formability of
blanks can be carried out if the known dependences of stress state and the accumulated strain intensity in the
most dangerous (in terms of damage) fields blank on the magnitude characteristic of deformation and other proc-
ess parameters have a decisive influence on the stress-strain state.
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As an example, consider we investigated the formation of the internal spline profile compression me-
thod billets on arigid mandrel [3]. It was found that the most dangerous area of contact is the contact area of the
wedge slot mandrel and plastic region in which indicators (1) reach the maximum (including sign) values, there-
fore, it is the most rigid. While studies have investigated the movement of dots dangerous areas in the physical

plane through the simulation on composite samples and in the plane of the indicators € ; h; ¢, components

which are calculated at various stages of the blanks formation.

To investigate the influence of the third invariant of the stress tensor was conducted a comparative
andysis of the calculations used resources plasticity by the criterion of G.D. Del, V.A. Ogorodnikov, V.G. Nak-
haychuk, based on the nonlinear theory of damage accumulation [4]:

yzeéﬁ & de, =1 n:1+0,2arctgﬁ, ()
o ep(h)” de,

and also by the criterion of G.D. Ddl [5], who takes into account the orientation of nature damage and
contains the tensor model of damage accumulation:

S e e 0 de .
i = ~1 - a+2a_“-gb[__“, Ny =1. (3)
S Y ) LN O NI

On the picture 1 is a graph of ductility steel 20X and ways of deformation dangerous areas during the
introducing of splined stamp (for a detailed description of the results is presented in the work [3]. Ficture 2 - dis-

crepancy between the results of calculationsy (C), y (h), y i)y ij(h). Picture 3- presents the plane deforma-
tion and boundary surfaces, which show an adequate supply of plasticity.
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Fig. 2—The discrepancy between the results of calculations Y (C), Y (h), Y ij(C), Yij (h
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Fig. 3— Planes deformation of regions close to the destr uction éu =f (h , C) and the boundary surface

e, =f(h,c)

Conclusions

1. From these data it follows that the used resource of plagticity, calculated taking into account the in-
fluence of 13(Ts), appeared at different values of h higher values y, calculated excluding the impact 13(Ts).
Thus, the magnitude of divergence depends on the performanceh and c. With decreasng h (increasing of hy-
drogtatic pressure) increases theinfluence I3(Ts) on the value of the boundary deformation.

2. At certain levels of hydrostatic pressure ,when its meaning by the module approaching the yield
strength of the materid in shear, influence |3(Ts ) decreases. A further increasein pressure ,islikely, to lead to

an increase of its influence.
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Haxaituyk O.B., ITyxtunkas H.A. JleppopmMupyeMocTh 3aroTOBOK B YCJI0BHSIX CJI0KHOI0 HarpysKe-
HHSI.

®opM0o0Opa3zoBaHKs 3ar0TOBOK CIOKHOTO MPOGUIIS CONPOBOKIAAETCS MOTEpEe YyCTOWYNBOCTH, pas3py-
LIEHHEM MeTallla B IpoIecce ero 00paboTKH, pOCTOM 3epHa Mocie TepMooOpadoTKy 1 np. Jlist ycTpaneHus yka-
3aHHBIX SIBJICHHI HEOOXOIMMO BCECTOPOHHEE M3YUEHHE MPOLIECCOB XOIOAHONH 00BEMHOM ITAMIIOBKH C UCTIOJb-
30BaHUEM 3aKOHOB M METOJIOB MEXaHHKH CIUIOIIHOW Cpelbl, MATEMAaTHIECKON U MPUKJIATHON TEOPUH ILIacTHY-
HOCTH, a TaKxe (eHOMEHOIOrHUecKoi Teopuu IepOpMUPYEMOCTH.

[Tpumenenne Teopun eOpMUPYEMOCTH Al PEIIEHHST TEXHOJIOTHYECKHX 3a/1a4 ITO3BOJISIET IaTh OTBET
HE TOJILKO Ha BOIPOC OTpPEesIeHUs TPeIelbHbIX napaMeTpoB popmoodpazoBanus. OleHKa ITaCTHYHOCTH BaX-
Ha /IS BBUSICHEHHS BO3MOYKHOCTH BBIMOJHEHHUSI JANbHEHIINX OMepalyii, MOCKOIbKY CBOMCTBA MaTepHana 3aBH-
CSIT OT BETMYHMHBI HAKOIICHHOW Jedopmartuu.

B pabote mpezacraBiieH MoxoA K OIEHKE TPAaHUYHOTO ()OpMOOOPa30BaHMUS 3aTOTOBOK B YCIIOBHSX CIIOXK-
HOT'O Harpy»XeHHUsi 1 HEMOHOTOHHOTO JiepopmupoBanus. [lokazaHo, YTO HA OCHOBAaHUH MaTEeMaTHYECKOW TEOPHH
TUIACTUYHOCTH U (DEHOMEHOJIOTUUECKOI TeopuH e OpMUPYEMOCTH BO3MOXHO ITPOTHO3UPOBAHUE TEXHOJIOTHYe-
CKOM HAaCIIeICTBEHHOCTH 3ar0TOBOK 0€3 MPOBEJIEHUS TPYILOEMKHX SKCIIEPUMEHTAIIBHBIX HCCIIEIOBAHHH.
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