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DETERMINATION OF PLASTICITY FOR PRE-DEFORMED BILLET

Introduction. Development and industrial introduction of effective metal forming
technologies, which ensure a high level of operational properties and reliability of products is
one of the most important tasks of engineering.

After various operations of metal forming, a technological heritage is formed. These
are residual stresses, hardening, deformations gradient, residual plasticity, and other factors.
These factors influence in the future the performance of products, which predetermines the
task of creating methods for their evaluation. Most of these factors have been sufficiently in-
vestigated [1], but some of them, for example, evaluation of the plasticity of a pre-deformed
billet, is a difficult and insufficiently investigated problem.

Formulation of the task. The purpose of this research is to develop a methodology
for evaluating the plasticity of a pre-deformed metal.

Research results. Accumulated at all stages of deformation, the strain intensity (pa-
rameter Udquist), which is called the ultimate deformation (e,), is taken as a measure of plas-
ticity at the moment of destruction of the workpiece material at the place of final defor-
mations:

Tp
ep = géudr, (1)

where &, — strain rates intensity.

Processes of metal forming are based on the ability of metals under the action of the
applied load to pass into the plastic state.

Plasticity of metals depends on many factors, among which, in addition to the type of
material, the main thermomechanical parameters of the process are: temperature, strain rate,
strain state, deformation story, strain gradient and other.

The dependence of plasticity on the type of stress state with simple deformation and fixed
temperature and rate process parameters is its mechanical characteristic. To determine the me-
chanical characteristic diagram, a material test is performed at various stress states under simple
loading conditions, when the components of the stress tensor vary in proportion to one parameter.
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The stress state will be characterized by the indices of the stressed state. The stress
state index according to G. A. Smirnov-Alyaev [2]:

Il(TU) _0O1+0y+03 2)

77 = =

J312(D,) o1
where 14(T,.) — the first invariant of the stress tensor, oy, 05, o3 are the principal stresses,
I,(D,) is the second invariant of the stress deviator or stress intensity:

oy = %J(al P ——" 3

The parameter m is useful when using the plasticity diagrams in the coordinates
ep = f(77), and is equal to: 77 =1 — uniaxial tension, 77 =—1 — uniaxial compression, 77 =0 -
shift (Fig. 1).
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A — compression, ® — torsion, m — stretching.

Fig. 1 — The plasticity diagram of steel 20 (ep = f (77))

In pressure processing of sheet materials, destruction can be accompanied by break or
shear cut, sometimes mixed types of destruction are observed. When material destroyed by

shear, it is proposed in [3] to present the plasticity diagram (fig. 2) as a function ep = f (0)

in which the stress state index is defined as:

_1- kny 0= 1-kn
(0] [0

0 , (4)

where k — the material parameter which is determined experimentally.
For steels of different grades, it can be taken as k = 0,05; for aluminum alloys, k = 0,1

[3]. In case of stretching — @=1,8; shift — 6 = J3 ; uniaxial compression — & =2,1; biaxial
stretching — @ =1,6; biaxial compression — 8 =2,4.

Tmax (5)
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where — 7,0 the maximum tangential tension.
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X —stretching; A — biaxial compression; B — shear;
@ - biaxial stretching; ® — compression

Fig. 2 - The plasticity diagram of steel 20 (e,, = f ()

In modeling if material destroyed by break, when the plane of failure is close to the
plane on which the maximum normal stresses act in [3], plasticity diagrams are proposed to
be represented in the case of a function (fig. 3) unified for different stressed states

gp = f(B) inwhich:

1-s
p=""1, (6)
1%
where 7 is determined by the equation (2),
v="1 (7)
02

Here o7 — maximum of principal stresses o7 = 0, = 03; S — the material parameter,
which is usually taken equal to k.

) [1 S :IO'U
In case of stretching: o, =07, 0, =03=0, f==——"=—=1-5=0,95.
Oy

For shear: oy =7, 09 =0, 03=-7, 0 = \/_r =3.

[1 S ]G

Thus, the functions ep (», 8, p) are the plasticity diagrams, which show how the limit
deformation depends on the stress state indicators. The diagrams are based on experimental
testing of materials under conditions of linear or plane stress states (stretching, compression,
torsion (shear)) and other types of tests.

If an experimentally constructed plasticity diagram is known, can it be constructed af-
ter preliminary plastic deformation for any kind of stress state? This determines the solution
of the above problem in the future. Its solution is based on the tensor description of damage
accumulation [6].

For compressing: 01 =0, =0, o3 =—0, f=
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Fig. 3 — The plasticity diagram of steel 20(ep =f (ﬁ))

If the plasticity diagram by component of the damage tensor wx, wxy, ... and the dia-
gram of the accumulated deformation in the plastic deformation determined in the X, Y, Z co-
ordinate system are known, then a plasticity diagram of the deformed metal can be construct-
ed. Let it be required to determine the plasticity of this material under a stressed state, to
which the stress state indicators equivalent 7;,7;, and the tensor Sy, By, ... Then incre-

ments of the damage tensor components with additional deformation before destruction will
be equal to:

Ay, =By, [(P(éo +€0,71,772 ) - (0(§o,771,772 )} : (8)
Destruction process can be represented as equation:
2 2 2
(wy +Awy) +(ny+A‘//xy) +(Wyx+A‘//yx) +..=1. (9)
Or:
2 2 2 2
Ay + Ay + Ay gy + o A 2 AWy Wy AWy + Wy +.) g =1, (10)
In equation (10):
2 2 2 2
Yo =¥x TWxy TWyx +.oe (11)
From the equalities (8), (10) we obtain the quadratic equation, from which we find:
= 4 -~ 2 2
@8 +€9,77,772) = @€, 7h,71,) =D +4/1+ D —yrq (12)
where
D = by + ByWxy + ByxWyx + - (13)

After the approximation, the equation for the plasticity of the deformed metal is

obtained:
2
e'p=€p _9_0_12—_aa+ (e—0+—12_aaj —9+§\/1+az—w§ (14)

ep ep a
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Here e, is the plasticity of the undeformed metal under a stressed state with #; =7,
n2 =n, . Parameter a is the approximation coefficient given in the criterion [6].

&y
wij = [ (L—a+2ae; /e,) Bjde; /ey . (15)
0

According to the experimental data given in [6], a = 0,5.

Thus, using (16), it is possible to calculate the ultimate deformation of a deformed
metal for any exponent of the stressed state.

Using phenomenological theories of deformability, in which the accumulation of dam-
age is described by tensor models, it allows us to predict the technological heritage of the ma-
terial in the form of residual plasticity for finished part.

If during the processing the components of the damage tensor at a given point of the
workpiece are C, then during the subsequent stretching test in the direction of the x1 axis at a
given point, the components of the tensor change by the amount Az//ij :

If the destroy equation under such stretching is written as:
(Wij +Ayj )(Wij +Ayj )21’ (16)

then from it it is possible to obtain an equation for the limiting additional deformation of the
stretching in the direction to the x; axis [5]:

* * 2

€11 1 e 1l ¢

e Y [ _\/6‘//11+\/6‘//121+4(1_‘//ij‘//ji’ (17)
€p 2 e, 2 e,

where ei* is the accumulated deformation during the forming of the workpiece;
&p =€p (77 =1) is plasticity of the metal at 77 =1; €p11 is residual plasticity in stretching to

the direction 11.
Since w7, depends on the direction to x;, the residual plasticity of €11 also turns out

to depend according to direction. Thus, using eg. (19), one can estimate the plasticity anisot-
ropy in any zone of branching on pipe, which is produced by the method of cold plastic
deformation.

As an example, which illustrates the practical significance of this research, we can
give to evaluate the plasticity for bends, which is produced by the cold plastic deformation
method on combined scheme, which includes deforming stretching of the billet. In this case,
the billet in the pipe form undergoes plastic bending followed by loss of plastic deformation
stability.

In [7] the equation (18) obtained on the basis of the tensor representation about the ac-
cumulation of damages is presented, which makes it possible to estimate the residual ductility
of the finished bend.

* « \2
e b e b |1 100
p_D1 i Dl i |: 2 }
—=———F— || =+ —— | +4/2 -+ — +A-viivii) |
5, 2005, 100 {2 D1b5pJ NI \/(l//s wo)” +A-wivii)

(18)
where 5p — elongation at break, b =% (C, = 1,08, B; =0,55 for steel 20; C; = 1,08,

B, = 0,67 for steel X18HI9T) D, = 0,66 for steel 20; D, = 0,73 for steel X18HIT.
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2
— _1 2 ei +( ei j )
a=Vo=7\3 :
4N3 | epr=2) | p(y=2)

Vs = _(l//a _1/19) = _2‘//61 ; (19)

2 2
v == — | &
S

In this research, an experimental verification to theoretical research of the residual
plasticity for billets, previously deformed before obtain finished products, is carried out.

From the outer zone of the bends 90° — 57 x 4; 90° — 89 x 4,5, made of steel 20
(0p = 30 %), flat samples were cut out. For the tensile test to longitudinal and circumferential
directions of the steeply bend these samples were used. The stretching of these samples
showed that their residual elongations to longitudinal and circumferential directions are ap-
proximately the same. The table 1 shows the theoretical and experimental results of residual
plasticity.

Table 1 — Comparison by residual plasticity (theoretical and experimental results)

Size of Theoretical results experimental results | Divergence
bend
v eps €Ppas €pa— €py €py epy %
20° 0,35 0,58 0,27 0,43 0,41 0,37 0,3
574
20" 0.4 0,59 0,25 0,41 0,38 0,35 14.6
89)(4’5 b 1 ) ) ) ) ]

One of the most important characteristics bends which made by the cold plastic de-
formation method is their residual plasticity under working loads (especially under cyclic
pressure loads at elevated temperatures). This plasticity is estimated approximately by the
stretching test results of samples cut from the bends to different directions.

Conclusions.

1. The calculation method for determining the plasticity of pre-deformed metals dur-
ing their processing by pressure has been developed. This method is based on a fracture mod-
el, which in turn is based on the tensor description of damage accumulation. With known me-
chanical characteristics, as well as with known plasticity diagrams, the fracture model makes
it possible to evaluate the plasticity of pre-deformed bend for any kind of stress state.

2. When manufacturing steeply curved branches using the pipe extrusion method, the
procedure was tested. Verification of the mathematical model has shown a high level of its
adequacy, and it can be used in assessing the plasticity of pre-deformed billet.
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Harmionaneuuii TexHiyauii yHiBepcuteT YKkpainu « KuiBCbKUil MOMITEXHIYHUN THCTUTYT
im. Irops Cikopcbkoro», M. KuiB, Ykpaina

PO3POBKA EKCMNEPUMEHTANBbHOI METOOAUKU TA OLIIHKA TPAHULI
NNACTUYHOI LE®OPMALII TUTAHOBOIO CMJABY OT4-0
B YMOBAX HAOMJNACTUYHOCTI

Beryn. B TexHomorisix o6poOku MarepiaiiB THCKOM €(EKTHBHO BUKOPHCTAHHS SBHIIA
HaJIUTACTUYHOCTI, SIKE HaJIa€ MOXKJIUBICTh 00OpOOIATH BaXKOAe(hOPMOBaHI Ta MAJIOTIIIACTHYH1
Marepiany. Brcoka miacTUYHICTh ISl IUX MaTepialliB MPOSBISETHCS MPU HASBHOCTI YIbTpa-
NpiOHO3EPHHUCTOI CTPYKTYypu Ta Aedopmarlisix B BIAMOBITHUX TeMIIEpaTypHO-IIBUIKICHUX
ymoBax [1, 2, 3, 4].

IMocTanoBka 3aja4vi. B po60Ti BuKOHaHa OIliHKA T'paHUYHKUX AedopMalliid JTUCTOBO-
ro tutaHoBoro cmiaBy OT4-0 npu popmoyTBOpeHHI MEMOpPaHU 3 BiIHOCHOIO TOBIIMHOIO
crinku 0,005.

[Ipu hopmoyTBOpEeHHI MEMOpaHH Ta30BUM CEPEIOBHUIIEM PEATI3y€EThCS IBOBICHUN PO-
31sr. Jlanuil BUJ BUNIPOOYBaHb BUKOPUCTOBYETHCS JUISl OLIIHKH IJIACTHYHUX BIIACTUBOCTEH
MeTajiB. BHacHiIOK BENMKUX TJIACTHYHHMX AedopMariiii mpu BUIPOOYyBaHHSAX Ha JBOBICHUU
PO3TAT OTPUMY€EMO OLIBII MOBHY OIIHKY MEXaHIYHUX BIACTUBOCTEN JHCTOBOTO MeTamy [5].

OniHka MIACTUYHUX BIACTUBOCTEH MpoBeaeHa A AehopMyBaHHS MeMOpaHU B yMO-
Bax HAJIUIACTUYHOCTI. Ba)KIMBO BCTAaHOBUTHU MpHU MpoLECi HAAIIaCcTUYHOT nedopmallii 3B'a-
30K MDK 30BHIIIHIMH MapaMmeTrpamu JehopMyBaHHS (3yCHIUISIM, TEMIIEPATypoI0) 3 TIIHOUHOIO
(dhopMOyTBOpPEHHSI MEMOpPaHHU B Yaci Ta po3noAiioM aedopmailii o ii TBipHIi.

MerToro po6OTH € OLIIHKA IPaHUIl IacTUYHOI 1edopmallii Ha OCHOBI mpoiiecy GopMoy-
TBOPEHHS MeMOpaHU 3 TOHKOJUCTOBOTO ciaBy OT4-0 B ymoBax HaamimacTH4HOCTL. OTpu-
MaHHI pe3yJIbTaTH MependaueHo BUKOPUCTOBYBATH JUISl PO3PAXYHKIB TEXHOJIOTIYHOTO IMPOIie-
cy (OpMOYTBOPEHHS CKJIAHUX JeTajeil 3 TATAHOBUX CIUIaBIB Ta30BUM CEPEIOBUIIIEM.

PesyabTaTn podorn. Ha BenuuuHy rutactuuHoi fedopMaliii BIUIMBAaE cXeMma Harpy-
xeHoro ctany. [Ipu dhopmoyTBopeHHI MeMOpaH B HampyXeHO-Ae(POPMOBAHOTO CTaHy Ha
BUITYKJIifl TOBEPXHI XapaKTepU3yeThes MOCTiHHICTIO. Ha BunykIiii moBepxHi HOpMallbHE Ha-
npyxeHHs fopiBHioe Hymo 03 = 0. 3 nporo BumMBaE, 0 Oy = Oy, O; = 07 . Pearnisyerses
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