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ANALYTICAL PROBLEM SOLUTION ABOUT INITIAL STEP
OF PRESSING POWDER MATERIAL TUBE

M.YA. FLAX, A.V. BOCHKOV, V.A. GOLOVESHKIN, A.V. PONOMAREV

ABSTRACT. The prediction of finite size in the process of hot isostatic press-
ing (HIP) of powder material tubes is a difficult task which is important for
practical purposes. In this paper we propose an analytical problem solution
about initial step of the process.

1. INTRODUCTION

The difficulty in making a mathematical modeling for the pressing process of
powder material tubes consists in predicting the size of a finished product. Thor-
oughly research [6] investigates the reason for the deviation in this type of modeling
and also shows possible ways to determine the movement direction of internal bor-
der. It has been noted in research [3] and [5] that most deviations of final form
emerge at the initial stage of the process.

The analytical solution has ample areas of application including but not limited
to the tubes. The problem of a mathematical modeling of HIP tubes process is a
part of many tasks of the mathematical modeling for HIP process which consist of
embedded elements with a large radial stiffness.

2. OBJECTIVES

The purpose of this research is to find an analytical solution to a stress-strain
behavior of powder material in initial stage of hot isostatic tube pressing.

3. PROBLEM STATEMENT

The problem is analyzed in an axisymmetric setting in a cylindrical coordinates
system [1]. The domain Ry < r < Ry, R3 < r < Ry - filled by plastically in-
compressible material (capsule). The domain Ry < r < Rs- filled by plastically
compressible powder material.
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Deformation rate e, is constant throughout the entire volume, u (r) - radial
displacement speed, o, 0, 0, - components of stress tensor dependent only on the
coordinate r.

Density is constant throughout the entire volume.

Steady-state equation:

do, o,—0,

(3.1) =0

dr r

The equation of the yield surface for the powder material is taken in the form of
Green:
(or +0,+ 0.)? +L
9f3 67

From the associated flow law it follows:

[(207. -0, — o) + (20, — 0y — 0.)’ + (20, — o, — aW)Q} =7?

e [2(0r +0p+0.) (20, —0p,—02)]
T 9f3 I I
2(0, + 0, + 0, 20, — 0, — 04
(3.2) €p = A ( 9f§ L 7 ) ,
Y [2(0, +0,+0.) (20, —0, —0y)]
L 9f3 1t ]
The equation of the yield surface for a plastic incompressible material is:

1
6 [(QO'T -0y — UZ)2 + (20, — 0y —02)

From the associated flow law it follows:

2—1—(202 — o, —U¢)2 :T12

er =A(20, —0p, —0,),
(3.3) o =A(20, -0, —0.),
€. =A(20, -0, —0y).

External pressure P is given on the outer boundary.
Then boundary conditions are:

(3.4) o, =—P,r=Ri,r =Ry
The equilibrium equation in z-axis is satisfied by the integral form:

Ry
277/ . (r)rdr = —Pr (R] — R}).
Ry
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Suppose that tube end is affected by the same pressure as a side wall tube.
At the boundaries “Powder-Capsule” r = Ry, r = Rg it is assumed a condition
for continuity of displacement and stress equality o

A connection of rate of deformation tensor with a displacement rate u (r) is
determined by relations:

du U
Er = —,Ep = —.
ATy
In the domains R; < r < Rg, R3 < r < R4 a condition of incompressibility is:
du u
— 4+ —+e, =0.
dr r
Then displacement rate is
C
(3.5) uz—%zr—i——,

where C' is a constant.

4. SOLUTION
To describe the behavior of powder material a relation (3.2) can be rewritten as:
er = AMAo, + Bo, + Bo,},
ey = A Bo, + Ao, + Bo.},

€. =A{Bo, + Bo,+ Ao},
where

a2, S92
I ft 9f3 17

Then

1
o, = 3 {Ce; + Dey, + De. },
(4.1) 1

o, = X {De, + Cey + De. },

1
0, = X {De, + De, + Ce. },

where
A+B 1 1
= . I 4
C=3"B d125 18 V2 +4M1)
B 1 1
D:

- = — (9f7 — 2f7).
A-B A+2B 18(f2 7)
Using the equation of the yield surface an expression for A-parameter is
1 T
[18C (2 + €2 +¢2) 4+ 36D (e,6, + €,6, +2,6.)]°

Then from Steady-state equation (3.1) and relations (4.1), (4.2) it follows:
de, de
. [(C+ D)l + (C+ D)e2 +2De e,] + d—f [De2 — (C+ D)e,e,

— De,e, — Dege,] +
I (o2 ep +e2) +2D (g,8, + 6,8, +2,8.)] =0

Let w(r) = kr + up (r).
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Then
er =k +ei;
o dul.
E1r = ar
Ep =k + €145 €10 = 2,
dElr

o [(C+D)ei, +2(C+D)key, + (C+ D)+ (C+D)e? +2Dey e, + 2Dke, | +
€1, — €&
+%2Dkaz = 0.

Choose k from condition: 2 (C + D) key,, + 2De; e, = 0. Then k = _MLDEZ'
Then the following condition will be

dey, 9 C(C+2D) ,
= [(C+D)E1‘0+(C+D) o

+w [Cgfr + C€ip —(C=D)eyeq, + 0212563} =0.
For resolving this equation the change of variables is made.
Let uy (r) =rv(Inr), Inr = 2.
Then ¢;, = v+, &1, = v, ddirl = (v +v') 1.
The equation for the function v (z) definition is:

C(C+2D)
" 2 2
v [(C’+D)v +7C+D 52}
C+2D
12 D)v? +2 2 D) v’ 2l =o0.
+v[(0+ )v+CC+D€z+(C+ )vu+0v] 0

Then parametric dependence can be written as:

_ R(]
" V/ehé (Y — o) sinp + dshd (1 — ) cos
- fo shd (o) — 2 ] =
v \/ch5 (¥ — o) sinyp + dshd (v — 1)) cos [ 75hd (¥ = vo) 1+ cosa] Eo

5 -1
=e; |—yshd (Y — o) — 252} )

5?2 — 0
oo = e |=asna (0 = o) = St 2% (e (0= )t -+ 85n5 (6~ )

where v is a parameter, Ry, 1)y - arbitrary constants,

5= c 1
7C—|—D720052%’

2 1—5—2% ~ 1+2cosa (352—1)(52+1)

(42 (reosal W

PR T i

Then for the stress the following conditions will be
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= —\/@Tsimp,
1)
= —V2CTsiny [(52 n 1 252 n 1th5 (v — o) ctg@/;] ,
B 1 62— 207y ctgy
= ~V2CTsiny [52 121 5”“5 W= o) 9V Gy Ty s (o - ¢0)]

The solution for a research of a capsule behavior (R; < r < Rg,R3 < r < Ry):
Using (3.5) we get [2]:

e C
Ty T
& C
=gt

From the equation (3.3) it follows:

1
52 = e (24 €2 +erey).

Therefore

3.2 Cc?2
i€t

VAL
V3T, ( 20)

(o)
O —0p = 5 (6 —€p) = ————= 5
3\ 3./ %53 + %f r
then from the equilibrium equation (3.1) it follows

. T, 2
(43) do :ﬁ 1 C

dr 3 \/Tr?)

Using (3.5), R1 < r < Ra, an expression for the radial displacement speed will be

A=

As far as

As regards to (3.4) o, = —P at which r = Ry, then from (4.3) it follows, that
at which r € [Ry; Ro]

L =—-P-Yo71
g 3 1nC1

Accordingly for r € [Ry; Rs):

Op=0r+ 7T1T

Aso. =% [or+0,— (e +e4)] = § [0r + 0 + 5], then

e 3.2, Cf
3 v R Vi ior e 3 _C 1 1 5
o, = —P—%Tl In — Jrng—1 —+V3T} — c:
CREVE SR RV et
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Similarly for r € [R3; R4] the relations are the same with replacement Cito Cs,
thO Rg, RgtO R4.

Complete system of equations for arbitrary constants definition in case of a
continuous field of velocities is

1) Stress equality at with R = Ry is

Cq 3.2 C'12

G /324 2

3 R2 4=z R2
—V2CTsintps = —P — ng In — 2,

R2 _ R(Q)
27 Cché (g — o) sinty + 65hd (1hy — ) cos by

2) Stress equality at with R = R3 is

Ca 3.0, %

2e
V2CT sinys = —P \/ngnRg—’_ 4Z+R§
- 3 =—F - — ;
3 Cz+ §E2_~_C§
R2 4%z T g1

R2 . R%
7 chd (1hs — o) sinaps + Gshd (13 — o) cos g

3) Displacement rate equality at with R = Ry is

&g +ﬁ_5 Ro[-%“(%-%)‘%}
27" " Ry "7\ /chd (ths — tho) sin Uy + 05ho (3 — tho) cos Uy

4) Displacement rate equality at with R = Rj3 is

ep  Cr_ Ry [~vshd (s — o) — 5]
27 " Ry "7\ Jcho (s — tho) sin s + 05hd (3 — o) cos U3

5) Equilibrium condition about the z-axis

Ry
/ 0 2mrdr = —Pm (Ri — R%) .
Ry

In practice, we define the relation <&, €2

R
The research shows, that in geometric parameter domain there are 4 areas for
different deformation modes (Fig. 2).
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Fig. 2

Area 1 - continuous field of velocities in entire system.

Area 2 - displacement rate with a displacement rate with a discontinuity in
internal boundary r = Rs.

Area 3 - plane deformation with a fixed outer boundary and a localization of
deformation in internal border.

Area 4 — plane deformation with a fixed internal boundary.

5. CONCLUSIONS

The result shows that we get a plane deformation from a certain capsule wall
thickness which has an important practical application. It demonstrates the pos-
sibility to create a radially directional effect capsule. As per the rough scheme
axis direction effect capsules are constructed as follows. Side walls become quite
thin while top and bottom ones become thick. In this case it is mostly an axial
shrinkage. The possibility of transition into a plane deformation demonstrates a
possibility to get only a radial shrinkage during the HIP process. It is important
when a shape of the surface of powder product is rather complex.
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