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DEVELOPMENT OF THE TECHNOLOGICAL PROCESS
OF FORMING RINGS FROM SHEET SAMPLES BY
STAMPING ROLLERS AND ROTARY HOOD

I. KUPCHUK'  M.KOLISNYK?
A.SHTUTS? M.PALADII®

Abstract: The publication presents the results of the development of a
combined technological process of forming the outer and inner rings of
fermentation columns on sheet samples using punching, rolling and twisting.
For this purpose, the equipment was designed that allows for one pass of the
installation to form blanks with a tapered roller, both outer and inner rings.
The experiment showed that the possibilities of the process are limited by
the risk of destruction and necking or destruction of areas with holes in the
inner ring.
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1. Introduction

In manufacturing machines, devices and apparatus a large number of different shell
components are used. Therefore, in various branches of mechanical engineering, the
processes of ductile deformation of blank stacks with a local deformation center have
become widespread. They allow to increase productivity and to reduce energy
consumption of production. One of such processes is rotary drawing, which provides form
change of flat or shell blanks with the help of straining elements on a rotating mandrel [1].

Rotary drawing processes, especially on CNC machines, are multivariate ones due to
their ability to actively control the trajectory of the straining tool and its position relative
to the blank. Besides, the advantages of the rotary drawing are that it allows making
parts that are difficult or almost impossible to obtain by traditional methods of drawing
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on presses (parts with a curved, stepped or convex-curved surface). In addition,
equipment required for the implementation of rotary drawing processes is much simpler
and cheaper than in traditional cold sheet metal stamping processes.

2. Methods

The papers will be handed in the standard form described here in electronic format. One
of the types of rotary drawing is a one-run rotary drawing without wall thinning. It consists
in converting a flat rotating blank into a hollow part or increasing the length of the hollow
blank by moving it through a localized deformation center with a decrease in the
transverse dimensions of the semi-finished product without intentional thinning of the
wall. In this case, the deformation center in the forming process moves along a trajectory
that is identical to the shape of the elongated shell, and sequentially forms the entire
blank. This process is carried out under the condition that the gap (A) between the
pressing tool and the mandrel is greater than the initial thickness of the blank t:

A>k(t£5,), (1)

Where k is the coefficient that takes into account the thickening of the blank edge after
drawing; k=1.1+1.2; 6;- the blank stack thickness tolerance, mm.

In the process of a one-run rotary drawing compression and tensile stresses are
brought about in the metal, which at certain geometric ratios of the diameter, thickness
and size of the blank flange lead to destruction of the material, as well as loss of stability
of the molding process. Destruction of the blanks material occurs in the presence of
tensile stresses, low ductility of the material and reaching significant deformations. The
loss of stability of the process is characterized by the formation of corrugations and
excessive local thinning of the walls in the form of a neck. In this regard, two types of a
one-run rotary drawing are distinguished: without and with the pressure of the buckle
holder. One-run rotary drawing without pressure, with the use of rollers of different
shapes, as shown in Figure 1, is used in manufacturing blanks with the elements of
relatively small size. In this case, formation of corrugations can be avoided.

Fig. 1.Schemes of application of deforming tension: a) by a roller with a rectilinear
working surface; b)by a roller with a curved working surface; c)by a roller established at
a preset angle
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At the one-run rotary drawing the schemes shown in Figure 1la and b are mainly
applied, as they make it possible to achieve a higher degree of deformation, compared
with the scheme in Figure 1c.

To obtain flanges and collars the process of stamping by rol Sling (SR) is also used [2],
the stages of implementation of which are shown in the process flow chart in Figure 2.

The advantage of this method is its simplicity, which lies in elimination the need for
active control of the deforming tool trajectory and its position relative to the blank, as
well as high process productivity and quality of the formed surface. At the same time,
the danger of destruction of the blank material and loss of the developed flanges
formation stability remains: formation of corrugations of the external and the neck of
the internal flanges may occur.

c) d)
Fig. 2. Stages of flanges formation with the stamping by rolling method

The purpose of the research is to provide the necessary mechanical characteristics and
geometric shape of axisymmetric parts of sheet material based on the blanks formation
and deformability estimation depending on the parameters of the combined stamping
by rolling-rotary drawing process.

The task of the research is to develop a combined process of forming inner and outer
flanges on blanks stacks, to establish factors limiting the technological capabilities of the
process and on the basis of the stress-strain state analysis and ductility of metals to
ensure production of quality lids for fractional and distillation columns.

3. Results and Discussion

In order to achieve the goal of the research, an installation was designed for the
formation of outer and inner flanges with a conical roll by the SR method, the general
view of which is presented in Figure 3a. Figure 4 shows the process of forming the outer
flanges of the lid of the fermentation column.

Technological capabilities of this process are limited by the risk of destruction of the
outer layers of the bending center of the outer flange and its corrugation, as well as
formation of the neck or destruction of the peripheral parts of the inner flange.
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a) b)
Fig.3. Assembled representation of the SR installation: a) formation of inner flanges on
the lid of the fermentation column; b) appearance of the lid of the fermentation column
with the formed inner and outer flanges

To assess the deformability of the outer flange, let us investigate the stress-strain state
of its bending center by the transverse force P, taking into account the strengthening. In
this case, we neglect the action of the cross-sectional force Q, due to the smallness of
tangential stresses in the radial directions [3]. Let’s substitute the action of the
transverse force with the bending moment M, as shown in Figure 5.

a) b)
Fig. 4. The process of forming the outer flange of the lid of the fermentation column by
the SR method: a) intermediate stage; b) the final stage

The stressed state of the element in the bending zone will be three-dimensional, and
the deformed one will be flat (¢, = 0) [3]. General equation of equilibrium of the blank
constant thickness zone element with axisymmetric deformation of the blank taking into
account the forces of friction on the contact surface [3] will be as follows:

do o
p_p+o-p_o'g_’.u_p _p+& =0 (2)
dp sina{ R, R,

Where o, is meridional tension; - latitude stress; u- coefficient of friction; p- distance
from the axis of symmetry; R,, Ro- radii of curvature in meridional and latitudinal
sections.



Kupchuk, 1., et al.:Development of the Technological Process of Forming Rings ... 5

Under conditions when friction can be neglected, Equation (2) takes the form:

do,
'Odp +0,-0,=0 (3)

Since we have an equation with two unknowns, let’s supplement it with the energetic
yield criterion:

1
o; :ﬁ\/(gp - (79)2 + (69 _G:)2 + (G: - GP)Z (4)
Under plain strain:

o.=——F— (5)
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Fig. 5. Scheme of the stress-strain state of metal under bending

Then, taking into account (5), the yield criterion (4) will be written in the following
form:

=—=0 (6)

To obtain solutions that give analytical expression of the stress field taking into
account hardening, it is necessary to have, firstly, an analytical expression of the
hardening curve (dependence of yield strength on strain). The use of the hardening
curve in theo; - € coordinates in metal processing by pressure operations analysis leads
to significant mathematical difficulties, even if the dependence of the yield strength on
the intensity of deformation is given in a simple analytical function. These difficulties are
due to the complex functional relationship of deformations. The hardening curve is
presented in the form of power approximation [3]:
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_ n
o,=0, +Ag

Where G,,is the yield tensile strength.
For the case of a plain strained state:

£,=—¢€

Then:

.\/5 2 2 2
g, :7\/(59759) +(5p—£_,) +(5_,756,) =
As can be seen from Figure 5:

g,=—t=L_1

] — ]i' p
]

Taking into account that:

In(x) =In(1+ (x—1)) = x—1

(2]

we shall obtain:

(7)

(8)

(9)

(10)

(11)

For the tensile zone (outer fibers), the stress distribution will be determined from the

following equations:

*&+0' -0,
pdp » O

(12)
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For the compression zone (internal fibers), respectively:

p*&+0' -0,=0
dp 7
o,(r)=0
o, 0'[)=i*0'r
V3
0_-20'p+0"9
2
o, =0, +A¢g’
_ 2. py
81—$1n7

(13)

Having solved the system of Equations (12) and (13), we shall find the stress

distribution over the thickness of the blank, with consideration of the hardening.

For the tension zone:
2 A n+l R n+l
p p
-—o, L |+—=—"|mnt| -|mn—
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(14)

(15)

(16)

(17)

(18)

(19)

From formulas (14) and (17) it is seen that the stressesc,increase in absolute value as
they move from the surface of the blank to its thickness.
On a neutral surface, whenp = p;, the stressesc,, determined for the compression and
tensile zones, are equal. If we equate these stresses with each other we shall get:
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2 n n+l n+l
aﬂ,‘h{ "~J+2— 4 [m’j_J (mpﬁ] }o (20)

R.r \/37 n+l
Figure 6 demonstrates a scheme of the stress-strain state of metal in the bending
center at stamping by rolling.
According to (14), (15) and (16) in the dangerous zone A stresses have the values:

o, =0 (21)

Fig. 6. The scheme of a stress-strain state of metal in the center of bending
at stamping by rolling

Gg—jg'|:0n,+A~[j§ln2]n:|, (22)

1 2 . pY
c.=—7:0,+4:| —=-In— (23)
NE) [ [\E p, ] ]
Then, indicatorn characterizing the stress state of the blank material is equal to:

o +0,+0.
n=—t— = =3x1T3 (24)

That is, the stress indicator does not depend on the bending radius and is constant
throughout the bending process.

Circular deformation on the outer fibers when bending the neutral surface to the
radiuspiis:

R-p, s 5 )
p)l 2.pll 2.r+s 2.R0)'I+S

Eg = (25)

According to (9), the intensity of the accumulated deformation on the outer fibers
depending on the radius of the mandrel will be determined by the formula:
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3-s

& =—"
2R, +s

<&, (7=173) (26)

Where &+, (n = 1.73)_is the intensity of the accumulated deformation, which can be |
perceived by the material without destruction in the stress-strain state, which is
characterized by the indicatorn = 1.73. The value of intensity is taken from the diagram
of ductility, which is constructed in the_n—¢«. coordinates. The diagram of ductility, or |
the curve of the ultimate strain for the material of lids of the fermentation columns M01

is shown in Figure 7, and the values of the ultimate strain for the characteristic
indicators of the stress state - in Table 1.

-135 -1 -05 [ o5 1 135

Fig. 7. Curve of the ultimate strain of copper M01

Ductility characteristics of copper M01 Table 1
. - . Coefficients of the material
Ultimate ductility of materials under e s .
. . . sensitivity to changes in the stress
. compression, torsion and tension .
Material state indicator
_ L &.Mm=0) L &(n=-1)
g (M =-1) €« (N =0) €. (M=1) A —mW 4, —1nm
Copper M01 12.0 4.1 2.3 1.78 2.93

Then the minimal radius of the mandrel is determined by the formula:

Rpin == [L IJ (27)

2 | &, (7=1732)

Given the fact that at then=> 1 values of the stress state indicator the curve of the
ultimate strain is almost parallel to the abscissa axis and, in addition, the ultimate state
is practically limited by the formation of the neck, the minimal radius can be determined

by the formula:
h) \/§
R.=—|—Y¥ 1



10 Bulletin of the Transilvania University of Brasove Vol. 14 (63), No. 2 - 2021 e Series |

In the work of Barkay V.F. [4] the stress-strain state on the periphery of the flange
during the rotary drawing was investigated. According to this research, in the flange the
linear stressed and volumetric deformed states are realized:

0,=0,=0
0, =-0;
2B (29)
£, =——
z D
£ B
89 =% —=__
2 D

where B= DT_d is the width of the flange.

Then the stress indexn is equal to [5]:

o,+0, +0.
p=201%7% _ (30)

and the intensity of deformations accumulated on the periphery of the flange is:
g==le.|=—=<e.(n=-D (31)

From formula (31) we shall obtain the expression for determining the maximal width
of the flange, on conditions of the product peripheral sections destruction prevention:

5 - D& (n=-1)

max
3

(32)

The maximum width of the flange under the condition of a stable process without
corrugations formation can be determined by the method [6]:

= 1 —_— 1 .

COS\/—Cl +\/012 +c,

0|

(33)

max

19 _ 1
where c¢j=—cy ; G= 5 2
30 631 +4-0),-D (1-v)

3150 20-E-s’

As the maximal value of the flange the least of the values calculated by formulas (32)
and (33) is taken.
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It should be noted that ductility of copper M01 under uniaxial compression is quite
high (see Table 1), thus the maximal width of the flange is limited by the risk of
corrugation (33).

In Figure 8 a diagram of the process of forming a flange with thinning of the wall is
shown. In this case, the blank with a diameter D can be converted into a cylinder with a
diameter d and a length L in the presence of rotational n and reciprocating motion S,.,.
And since the volume of the metal does not change, the length of the part L when
drawing will be:

_ hg(D—-d)  hf(K+1)
T2 2

L (34)

(p-d)

where hy = is the height of the flange, K =§— degree of extraction. At K=2,

L=1.5 hy.

2

i

Fig. 8. The scheme of forming the flange with the wall thinning a) and structural
elements of the pressure roller b)

The formation of the flange with the thinning of the wall is carried out by rotary
drawing due to the extrusion of the metal. The extruded metal is conventionally shown
in Figure 8a by the shaded excess triangles. As can be seen from the diagram, the part of
the triangle that is in the bottom of the part is changed only slightly, but the part that
forms the wall undergoes the greatest changes. Folding of the flange occurs due to the
fact that any element of the deformed area, passing through the center of deformation
in the presence of a bend, is drawn-down as a result of the transverse compression
deformation.

The displaced volume of the metal can be defined by the expression:

Va=(t,1/4)(D*~ o?)- (D- d)mdt,/2 (35)
where t; is the thickness of the original blank.

Viu=(t,1t/4)(D?~ d’)— (D- d-2d)(t,n/4)(D- d)? (36)
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The degree of deformation is determined by the formula:
8 = V}’.\l /V (37)

where Vis the volume of the blank.

The specified degree of deformation varies from 0 to 1.

To improve the flow conditions of the metal and increase the mechanical hardening,
not straight line S;, operation of the pressure roller is used, but a curvilinear one with
the radius R=ry+t,.

The folds formed on the outer flanges are due to the action of circular compressive
stresses, as less energy is used to form folds on the flange than when crimping. On the
other hand, if the part has a very large thinning, then tilting the flange back and forth
requires less energy than increasing the diameter in the radial plane.

Stability and productivity of rotary drawing of parts depends on the following factors:
degree of strain, advance and frequency of the blank rotation, geometrical
characteristics of the tool working surface, radius of the mandrel end part, the tilt angle
of the roller axis to the axis of the mandrel, diameter of the roller, greasing, cooling.

To reduce the waviness of the blank surface, rollers of large diameters (100-350 mm)
are used, as they have a more rigid fixing.

When drawing the inner flanges of the blanks stacks, radial compressive stresses and
tangential tensile stresses work in the material. The action of tangential stresses causes
a loss of stability of the flange by way of neck formation. Recently, in the technology of
metal forming, in order to assess the quality of stamping of sheet materials, diagrams
that establish the relationship between the main logarithmic strains e; and e, at the
moment of stability loss are widely used [7], [8]. With the help of such diagrams the
level of ultimate strain in the plane of the sheet is distinguished. To construct such
diagrams, samples of sheet metal are put to tests, during which the ratio of the main
deformations a=e,/e; should remain constant. Based on the tests, the dependence of
the ultimate strain e; on e, is obtained. If in the technological operation the values of
strains e, and e, will correspond to the point below the boundary curve, then there will
be no loss of stability when stamping such a product. Figure 9 shows diagrams of
ultimate strains for two materials [9].

/
o as a1 | _—T
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~ 04 G10080 "
[ |
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-36 -4 -42 4z a4 q6 as a

Fig. 9. Diagrams of ultimate strains for steel G10080 and aluminum AD1
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4. Conclusions

Production of the outer and inner flanges of the lids of distillation and fractional
columns using blank stacks by the stamping by rolling method has been investigated.
Analysis of metal forming and stress-strain state of the blanks was carried out in order to
assess and expand the technological capabilities of the process. The main factors limiting
technological capabilities are the loss of stability and destruction of blanks. Formulas are
obtained for determining the minimal radius of the mandrel to prevent fracture of
blanks under bending and maximal width of the flange, provided control of the
peripheral areas destruction.

When forming the outer flanges, the main danger is material corrugating, thus an
expression for determining the maximal width of the flange under the condition of a
stable process is obtained in the research. If it is necessary to have more developed
flanges, it is proposed to eliminate corrugation by thinning the wall with a rotary
drawing method. In producing internal flanges, it is recommended to prevent the loss of
stability of the flange through the neck formation by the way of realizing the state of
plain-strain deformation on the basis of the ultimate strain diagrams construction.
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