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ENGINEERING METHODS FOR DETERMINING THE POROSITY IN THE CONICAL
PARTS OF SINTERED THIN-WALLED TUBES OF HOT DRAWING AND EXTRUSION

The formula for determining the change rate of porosity of the theory of short-term creep hardening of porous
materials is simplified. By the analytical method, the data on the investigation of the stress-strain state of hot drawing and
extrusion in a conical matrix of thin-walled nonporous tubes are used. Porosity in different cross sections of conical parts of
sintered tubes are determined and the obtained data are analyzed.
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I'. JI. IlepTpocsan, B. I'. Iletpocan, A. K. Kapanersan, A. M. ApycramsiH
TH)KEHEPHI METO/JY BUSHAYEHHS IIOPUCTOCTI KOHIYHOI YACTUH
CIHHEYEHUX TOHKOCTIHHUMX TPYBb 'APAYOI'O BOJIOYIHHS TA
HPECYBAHHAA

Cnpowyemoca popmyna eusHaueHHA WieUOKOCHI 3MIHU nOpUCMOCcmi meopii 3MiYHEHHA KOPOMKOUACHOI NOG3yUOCmi
nopucmux mamepianie. Bukopucmogyromuvca 0ani 00Cni0NHCeHHA AHAIMUYHUM MEMOO0OM HANDPYHCEHO-0edhOoOPMOBaAHO20
CMany npoueci¢ 2apau020 600YUIHHA MA NPECYSAHHA MOHKOCMIHHUX 0e3nopucmux mpyod KoHIUHOI mampuuyi.
Busnauaromvca nopucmocmi 6 pi3Hux nonopeuHux nepepizax KOHIYHUX YACHMUH CHheYeHux mpyod i ananizyiomucsa
ompumani Oaui.

Knrouogi cnosa: cneuenna monkocminna mpyoa, nopucmicme, 2apsiye GONOYIHHA MA NPeCy8anHs, meopis 3MiyHeHHs.
KOPOMKOYACHOI NOB3YHOCMI NOPUCMUX MAMEPIania, OKPYJiCHe, MepudianvHe i cepeoOHe HANPYIHCEHHS.

I'. JI. Ilerpocsn, B. I'. Iletpocsan, A. K. Kapanersin, A. M. Apycramsin
WHXEHEPHBI METO/ ONPEJIEJEHUS IOPUCTOCTHU B KOHUYECKUX
YACTAX COIEYEHHBIX TOHKOCTEHHBIX TPYB [TPU I'OPSIYEM BOJIOYEHUU U
HPECCOBAHUM

Ynpowaemca gopmyna onpedenenus  ckopocmu  UIMEHEHUA  ROPUCMOCINU  MEOPUU  YNPOYHEHUS
KDamKoepeMeHHOoU nonzyuecmu nopucmylx mamepuanoe. Hcnonwv3yiomcea OanHble uUccie006aHus aHAIUMUYECKUM
MEMOOOM HANPANCEHHO-0ePOPMUPOCARHOZ0 COCINOAHUA NPOUECCO8 20PAUE20 B0JIOUEHUSA U NPECCOGAHUS INOHKOCHIEHHBIX
becnopucmolx mpy6 6 KoHuueckoii mampuye. Onpedenaiomcs ROPUCMOCIU 6 PA3IUYHBLIX HONOPEUHBIX CEUEHUAX
KOHUYeCKUX uacmeil CneyeHHbIX mpyo 1 GHANU3UPYIOMcs NOJIyYenHble OaHHbIe.

Kniouesvie cnosa: cneuennas mouwkocmennas mpy6a, nopucmocme, 20paiee 60J04eHUe U NPeccosaHue, meopus
YHPOUHEHUs KDAMKO8PEMEHHOU NOA3YHeCM NOPUCTBIX MAMEPUAT08, OKDYIHCHOE, MEPUOUOHATbHOE U CpeOHee HANPSNCEHUSL.

The solution of technological problems of solid material hot processing at high deformations is
based on the classical equations of short-term creep of metals [1] and the results of the difficult to
implement experimental studies at high temperatures, as a result of which the equation of the material
state is worked out: the formula of the dependence equivalent stress o, on the equivalent rate of

deformation o the deformation temperature 7" and the parameters characterizing the properties

of the material. Taking into account short-term creep of solid materials in [1], numerous
technological problems of hot working are solved.

Paper [2] is based on the classical theory of creep, in which, using the formulae of the plasticity
theory of porous materials [3], the version of the theory of short-term creep hardening of porous

materials (TS-TCHPM) is obtained, where besides O, UE, the concepts of the porosity y change
rate of the material 6 =dv/dt and the components of the strain rate tensor &, are also used whose

formulae as follows:
0=W(1-V)0E,, /O,y (1)

&, =3¢,l0; —(1-2v)8,;001/20,,» 2
where o, zé‘yo-ij /3:(0'1+0'2+O'3)/3 - is the mean normal stress, o ,0,,0, — the

principal normal stresses, o the components of the stress tensor and 5”— the Kronecker symbol.
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By the analytical method for the exact solutions of the hot drawing and extrusion problems of
thin-walled porous tubes in a conical matrix is introduced in [4,5]. At this, taking into account the
porosity material, systems of seven rather complex equations are obtained and solved whose application
is difficult to realize in practice. That is why, a simplified solution to these problems is very important.

The goal of the work is to simplify the formula for determining the rate of change of porosity
and its application for determining the porosity in different cross-sections of conical parts of the sintered
thin-walled pipes at hot drawing and extrusion by using the known numerical component data on the
stress state for the corresponding task of nonporous pipes.

1. Simplifying the formula for determining the porosity change rate of TS-TCHPM. In the
technological processes of drawing and extrusion (Fig. 1) of thin-walled pipes, the main forming
deformation is the circumferential, and hence the rate of circumferential deformation ¢, Using

equation (2) for the rate of circumferential deformation, we will obtain the following formula:
So =38log —(1-2Vv)o]/ 20, 3)
where o, -is the circumferential stress.
From formula (3) we determine:
28 00 eq

% 3oy —(-20)]

allowing to introduce formula (1) in the following simple form:

3 6v(1-v)&, &)

B (cg/og)—142v '

Fig. 1. Scheme of the tube extrusion in a conical matrix and pressing

Taking into account [1] that for a thin-walled tube, the increment of deformation in the
circumferential direction de, is related to its radius 7 and its increment dr by the formula gg, = dr/r,

as well as at hot deformation - the expressions @ = dv/dt and Ep=deg/dt O Epdt=dey=dr|r,
formula (4) in dimensionless variables 7/r, z;, drlr, = dr canbe presented in the form:

dv=_6‘iL(£). (%)
(0'9/0'0)—1+2v r

For carrying out numerical calculations formula (5) is given the form:
dv= Al (6)
r
where
1-
I Gl (7)
(cre/cro)—l+2v
In order to obtain numerical data on the pipe drawing and extrusion in conical matrices, let us

divide its deformation zone into small deformation degrees ( Ar; =-0,05).Dimensionless numerical data

on equivalent, meridional, circumferential and mean stresses (o =0 /cr*, Om =0, /cr*,

oo =0y /cr*, c_ro =0, /cr* , where %*- is the mechanical characteristics of hot deformation of the
material) [4] are used.
The porosity increment in the given degree of deformation is determined by the formula:
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A
Av=A(=D), (8)
-
where the value of 4 is assumed constant and equal to the initial value in the given degree of

deformation.
As for the determination of the current (after each degree of deformation) values of the pipe
material porosity, the following formula is used:
v, =V, +Av;. )]
It should be mentioned that to determine the current porosity of the material by using the
differential equation (6) and the assumption of parameter 4, a new formula can be obtained. For this, we
should integrate (6) with the use of the following boundary condition for each degree of deformation:

atr=r, v=v,, i.e. the value of 4 after each degree of deformation changes. Then for the current
porosity of the material, the following formula is obtained:

Vi = Vi = Aiy InGry /1), (10)

2. Determining the porosity in different cross sections of the conical parts of sintered thin-

walled pipes at hot drawing and extrusion. Table 1 shows the numerical data on the components of

the stress state of the nonporous pipe hot-drawn task [4] at &,, =0, ¢=14°, f =01 and

Ar; =-0,05, on whose basis porosity the increments at v = 0, 2 were determined using formula (8),

and the current porosity of the tube material by (9).
To obtain numerical data on the values of the current porosity of the extruded tube material at
20% of the initial porosity (Table 2) numerical data on the components of the stress state of the

extrusion problem of a nonporous tube are also used. In this case, &, =-0,072, ¢ =147, f =0,1 and
Ar, =—0,05.
Table 1. Data on the solution of the tube hot-drawning tasks, at
=02, g, =0, p=14°, f=0, and Ar, =-0.05

og

r Ty —Tg | —0g A —AF /7 —Ay v

1 0 093 (0310 |3 - - 0.200
0.95 |0.08 |091 |0.277 |3.29 0.0500 0.0200 0.180
090 |0.15 |0.88 |0.243 | 3.62 0.0526 0.0188 0.161
0.85 1023 |0.85 |0.207 |4.11 0.0556 0.0177 0.144
0.80 | 0.31 |0.81 |0.167 |4.85 0.0588 0.0162 0.128
0.75 1040 |0.76 | 0.120 | 6.33 0.0625 0.0143 0.114

Table 2. Data on the solution of the pipe hot extrusion problem
when vo=0,2, ¢, =-0072, ¢ =14°, =0, and Ar, =—0.05

r — T | —Tg —Ta oa AT v | —Aw 1 v [5]
Ty

1 0.07 1.030 0.370 2.80 - - 0.20 0.2

0.95 ] 0.06 1.029 0.360 2.83 0.050 0.021 0.18 0.17
09 |0.05 1.035 0.361 2.86 0.052 0.023 0.16 0.15
0.85 ] 0.04 1.040 0.363 2.89 0.055 0.024 0.13 0.13
0.8 |0.02 1.050 0.356 2.93 0.059 0.025 0.11 0.11
0.75] 0.01 1.052 0.353 2.98 0.063 0.026 0.08 0.09

Fig. 2 shows the graphs of the current porosity changes v by height of the conical part of the
tubes, calculated by the formulae (8) and (9) at vo = 0,2: Curve 1 corresponds to the tube drawing, 2
— the extrusion, and the data of the points on the dashed curve are obtained by the exact solution of
problem [5].

These solution of the problem show that:
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- A simplified formula for determining the porosity in the conical parts of the sintered thin-
walled pipes at hot drawing and extrusion is obtained,

- Two numerical calculation methods are propose for using the simplified formulae,

- Both at drawing and at extrusion of the porosity decreases pipe, which is explained by the
negative mean stresses. At this, in case of extrusion, their absolute magnitudes are greater than at
drawing, so at extrusion, the intensity of the material hardening is higher than it is at drawing.

Thus, the formula for determining the rate of change of porosity of TS-TCHPM is simplified.
Using the data by the analytical methods of research of the stress-strain state at hot drawing and
extrusion of thin-walled nonporous tubes in a conical matrix, porosities in different cross-sections of the
conical parts of the sintered tubes are determined and the results are compared with both each other and
the data of the exact solution of the corresponding tasks.

Investigations were carried out in the framework of a research project at the N 13-
2D161financial support from the SCS of Ministry of Education and Science RA.
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Fig. 2. Graphs of changes of the current porosity v by height of the conical tubes at
drawing curve 1
and 2- extrusion, the data points of the dashed curve correspond to [5]
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