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Abstract: The paper represents analytical
dependences of the precipitation process on the
kinematically possible flow velocities that satisfy the
boundary conditions and the condition of volume
constancy.
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INTRODUCTION
To select forging and stamping equipment in the

conditions of automated production, already at the
design stage of the technological process, it is
necessary to know the power of the flywheel electric
drive of the press and the maximum deforming force.
To determine the power of a flywheel electric drive,
it is necessary to calculate the work of deformation
spent on deforming the workpiece during a
technological operation or transition. To do this, you
need to build the expected graph of the deforming
force along the course of the press slider.

According to the upper bound theorem “ " The
power of the actual external forces at a given velocity
is always less than or equal to the power of the
external and internal forces at the kinematically
possible ones”, i.e.

fF qudFiiJSfV ;dV+

=y Wit vDdf —pso, [ v dF
(1)

where q is the intensity of the actual external forces
on the part of the workpiece surface f, on which the
flow velocities v, are set; [ £ ) _i * * is the intensity
of the kinematically possible strain rates; v_(1
)Y*and[ v)_(2 ) **are the kinematically possible
flow velocities on a part of the shear velocity
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discontinuity surfaces; v* is the kinematically
possible flow velocity on a part of the workpiece
surface F_ (p,), on which the external forces F are
set. In technological problems of pressure
processing, such forces are the friction forces; 6_s is
the yield stress (usually given according to the
diagram of an ideal rigid-plastic body); u_s is the
friction factor.

Equation (1) can be solved if the kinematically
possible flow velocities are known. Kinematically
possible means flow velocities that satisfy the
boundary conditions and the condition of constant
volume.

To satisfy the condition of constant volume, it
is necessary to choose one component of the flow
velocity arbitrarily, satisfying only the boundary
conditions, and the second one from the solution of
the differential equation expressing the condition of
constant volume. After selecting the kinematically
possible flow rates, the kinematically possible strain
rates and their intensity should be determined from
the known dependences. Finally, when integrating
inequality (1), difficulties arise with the integral
containing the intensity of the strain rates. To
overcome this difficulty, either the mean value
theorem or the Bunyakovsky inequality should be
used.

Using the described methodology, we provide
solutions to a number of technological problems in
relation to the main precipitation operations. When
solving some of them, it became necessary to
determine the height of the plastic deformation focus
or the boundaries that determine the change in the
direction of the metal flow. These parameters should
be found using the minimization of the specific
deforming force.
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Figure 1 shows a diagram of the draft of a
cylindrical billet, the problem is axisymmetric,

v, = v, =0.
We will choose the origin in the mid-plane, which
we will assume to be stationary. Given are the
velocities of the particles on the end surfaces v_0 and
the tangential stresses, called friction forces.

For the solution, we take a cylindrical
coordinate system: X 2—0; X 3—Z. Given that the
entire volume of the workpiece is in a plastic state,
the expression for the upper estimate of the
deforming force will take the form:
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Fig. 1. Precipitation diagram.

J. (Rv, +qv, )dF <

g, J, H*dV —fFP(Rv; + qv, )dF
(2)

On the end surface vz = v0, b tk = R = uso_s are
given. We transform the energy equation (2) to the
form:

I quedF < 3. [ H*dV—

pr 0V dF
©)

For the solution, it is necessary to set a
kinematically possible velocity field v* that satisfies
the condition of constant volume and boundary
conditions:

vr Ve, ~ L. JER
= —Vg—, TOrda = = -Vg.
F U‘ha pi | E_z 33 Oh.

Volume constancy condition:
gpt 65 + 52=0.
Given the expression of the strain rates, we find:

a '[":::?: I"'fﬂ‘!& 1

+ —— v,—=0
dp o vﬂh
Converting, we get
14 . 1
E@(Pvp ) - FUE

As a result of integration, we have

p?
pv; Ve ot (2)

©2021,1JOT |

Research Parks Publishing (IDEAS Lab) www.researchparks.org |

Page 262



(% RESEARCH
A\ PARKS

www.journalsresearchparks.org/index.php/IJOT

INTERNATIONAL JOURNAL ON ORANGE TECHNOLOGIES

e- ISSN: 2615-8140|p-ISSN: 2615-7071

Volume: 03 Issue: 03 | March 2021

We find an arbitrary function f(z) using the
boundary conditions for

Current value of the total deforming force P =

mwd?

qd.——

p=0 v;=0.

Substituting these values in the last expression,
we get f(2) =0. Then

Fed % " T Eé
vP=v.,— wu = )
P Cop

Intensity of strain rates

J(ﬁz —ep) + (s—e) + (e - gy
B lel = V3%

Substituting into the energy equation (2) we get:

T koper T
v
f quZHpapitsf f x/§—02?rpdpdz+f
0 0 0 h O

After integrating, transforming, and replacing the
inequality with equality, we get:

2 _ g __ Hal
CFa - \ETS_ 1+ ah
(4)
Replacing r with d and h with H we finally have:
Yo s
Fg =1+ 2h (5)

We obtained the well-known Siebel formula for
determining the relative specific deforming force
required for the precipitation of a cylindrical billet.

To select a forging hammer, it is necessary to
find the work of deformation A. When the cylinder
drains from a height of HO to Nc (Fig. 1), the work of
deformation will be equal to.

4= [*PaH

4

We substitute it in the integrand

A - -
n Hy fig d 2
“o M1+ B a?aH

i
Accepting d=dy llﬁ we substitute this

expression in the integrand and, integrating, we get:

_ Hy | 2@ od  dy
A—JsV[|”HK+ . (Ha{ HD)]

(6)

where V is the volume of the workpiece to be
deposited.

The second term in the square bracket defines the
deformation work expended to overcome the friction
forces.

CONCLUSIQN
# e Eal %dﬁ%‘#fﬁe energy-force parameters of
the process of deformation of the workpiece in
solving problems based on the upper bound theorem
is developed.
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