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Abstract: The manufacturing process of a steel case-shaped part by multi-step plastic deformation is presented
in the article. Condition describing of outer and inner surfaces of a semi-finished product after each step of plastic
deformation is given. Areas ratios of the inner surfaces of the semi-finished product with and without wrinkles were
obtained.
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Introduction Materials and methods

Steel thin-walled hollow parts of medium sizes The part "Case" is used to protection of an
are mainly manufactured by plastic deformation engine from dust and mechanical damage. The
methods [1]. Multi-step drawing is used for technological process of manufacturing of the part
formation of several inner cavities of the part [2 — 4]. "Case" consists of plastic deformation operations and
Essence of multi-step drawing is sequential changing machining. The blanking operation is cutting down
of a shape and the sizes of a sheet metal blank by of the sheet blanks of round section from a cold-
means of variety special drawing, calibration and rolled sheet. Low-carbon high-quality steel was
other dies. Special automated equipment is adopted as material of the sheet blank. Overall
recommended to use in conditions of serial or mass dimensions of the sheet metal blank before plastic
production of these parts. An entire volume of the deformation were: the outer diameter — 174 mm and
sheet blank material is subject to deformations of the thickness — 2.5 mm. The drawing of tooling for
various kinds in a short period of time. This amount cutting down of the sheet metal blank on a double
of works on plastic deformation of the sheet metal column crank stamping press is presented in the Fig.
blank in real production is rationally performed by 1.
the method of reverse drawing [5 — 6]. Significant The sheet blank after cutting down was
plastic deformations lead to formation of considered suitable if there is no visible mechanical
microcracks in material, walls thinning of a semi- defects on flange (chips, deep dents and etc.). The
finished product and other defects [7 — 8]. Analysis operation of multi-step drawing was performed on
of the outer and inner surfaces of the semi-finished the eight-position automatic press Paust-320. Steps
product after each step of deep drawing will allow to of drawing of the sheet blank are presented in the
give characteristic of stress-strain condition of Fig. 2.
material. This will allow to give a conclusion about The first step is drawing of the sheet metal
suitability of the part in accordance with the blank to the depth of 73 mm with formation of the
technical requirements for manufacturing of the radius of 55 mm. The second step is drawing of the
product. semi-finished product to the depth of 91.5 mm with

formation of the inner cavity by the diameter of 87.5
mm and the radius of 12 mm at bend.
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Figure 2 — The steps of drawing of the sheet metal blank and the dies for plastic deformation: A — the sheet

metal blank in the die; B — the first drawing (the first step); C — the second drawing (the second step); D —

the third drawing (the third step); E — the first calibration (the fourth step); F — the second calibration (the
fifth step); G — the third calibration (the sixth step); H — cutting of flange (the seventh step); I — height

calibration (the eighth step).
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The third step is drawing of the semi-finished
product to the depth of 105.6 mm with formation of
the inner cavity by the diameter of 71.3 mm and the
radii of 30 mm (at bottom) and 8 mm (at bends). The
fourth step is preliminary calibration of shaped
bottom of the semi-finished product to the depth of
15.1 mm with formation of the inner cavity by the
diameter of 35 mm and the radii at bends of 2.5 mm,
3 mm and 5 mm. The fifth step is preliminary
calibration of shaped bottom of the semi-finished
product with formation of the radii at bends of 2.5
mm and 3 mm. The sixth step is preliminary
calibration of shaped bottom of the semi-finished
product to the depth of 14 mm with formation of the
radii at bends of 0.5 mm, 1.5 mm and 2.5 mm. The
seventh step is flange cutting of the semi-finished
product. The semi-finished product has the maximum
outer diameter of 76.8 mm and the height of 86+0.4
mm after multi-step drawing (the eighth step).

The drawing, calibration and cutting dies were
used as technological tooling. The steps of plastic
deformation of the semi-finished product were

carried out by the reverse method (movement of a
punch bottom-up).

Results and discussion

Condition of the outer and inner surfaces of the
semi-finished product after plastic deformation is
presented in the Fig. 3 — 10. Cutting of the semi-
finished product into two parts after each step of
plastic deformation was carried out on an electrical-
discharge machine. This allows to reduce random
plastic deformation of material in conditions of
cutting of the semi-finished product by the
mechanical method (for example, cutting by a disk
milling cutter).

Deep wrinkles are formed on the outer and
inner surfaces of the semi-finished product (after the
first drawing of the sheet metal blank). Wrinkles
formation occur due to excess material on flange of
the sheet metal blank. This leads to curvature of
flange of the semi-finished product. The wrinkles
height is 17 mm. Reduction of the wall thickness of
the semi-finished product is not observed due to
smooth bending of the sheet metal blank.

Figure 3 — Condition of the outer and inner surfaces of the semi-finished product after the first drawing.

Subsequent drawing (the second step) leads to
increasing of wrinkles intensity on the larger area of
the inner surface of the semi-finished product. This

deformation is consequence of the inner cavity
formation by the punch. Visible defects are not found
on the outer surface of the semi-finished product.

Figure 4 — Condition of the outer and inner surfaces of the semi-finished product after the second drawing.
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Plastic deformation after the third step leads to
reduction of the inner diameter and increasing of the
semi-finished product length with formation of
flange. The outer surfaces of the semi-finished
product are deformed less than the inner surfaces.

Contact traces with the surface of the punch are
observed on the inner surface of the semi-finished
product. This is due to lack of lubricant on the
contact surfaces of the semi-finished product and the
punch when performing of the drawing steps.

Figure 5 — Condition of the outer and inner surfaces of the semi-finished product after the third drawing.

Calibration of bottom of the semi-finished
product with formation of an inner end face leads to
reduction of the side wall thickness. The inner
cylindrical surface of the semi-finished product is

almost all subjected to deep wrinkles. The flange
area of the semi-finished product increases. Wrinkles

on the outer surface of the semi-finished product do
not observe.

Figure 6 — Condition of the outer and inner surfaces of the semi-finished product after the first calibration.

The second calibration leads to some increasing
of the wrinkles area on the inner surface of the semi-
finished product. Wrinkles were not found in the
forming small shaped inner cavity of the semi-

finished product. Critical reduction of the wall
thickness of the semi-finished product is not
observed.
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Figure 7 — Condition of the outer and inner surfaces of the semi-finished product after the second
calibration.

The cylindrical and conical cavities at bottom
of the semi-finished product are formed by the third
calibration. Formation of the end surface between
these cavities leads to significant reduction of the

wall thickness of the semi-finished product. The
wrinkles area on the inner surface of the semi-
finished product remains the same as after the
previous step of plastic deformation.

Figure 8 — Condition of the outer and inner surfaces of the semi-finished product after the third calibration.

Cutting of excess material (flange) is carried
out by means of a special knife setting in the cutting
die. Rough longitudinal burrs are observed on the
inner surface of the semi-finished product. These

deformations do not belong to the step of cutting
flange, but there were received on the previous steps
of plastic deformation of the semi-finished product.

Figure 9 — Condition of the outer and inner surfaces of the semi-finished product after cutting of flange.
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Figure 10 — Condition of the outer and inner surfaces of the semi-finished product after height calibration.

Final calibration of the semi-finished product in
the length does not affect to the quality of the outer
and inner surfaces.

Let us find out the quality ratios of the surfaces
of the semi-finished product. So as the outer surfaces
of the semi-finished product are not subjected to
wrinkles formation after plastic deformation, then the
calculation of the areas ratios of the semi-finished
product is performed for the inner surfaces (with and
without wrinkles). The calculation was carried out
after each step of plastic deformation:

1. After the first step.

The total area of the inner surfaces is given by
the formula

Stotal = Scylinder + Shemisphere,
where Syral IS the total area of the inner surfaces of
the semi-finished product, mm?; Scyiinger is the area of
the cylinder, mm?; Spemisphere IS the area of the
hemisphere, mm?2.
Heylinder = Htotat — Reylinder,
where Heyiinger is the height of the cylinder, mm; Hiotal
is the total height of the semi-finished product, mm;
Reylinder 1S the radius of the cylinder, mm.
Let us substitute values in the formula
Hcylinder = 73 - 55 = 18 mm.
The areas of the cylinder and hemisphere are
given by the formulae
Seylinder = 27 X Reylinder X Heylinger = 2 x 55 % 18
= 19807 mmn?.
Shemisphere =2r x (Rcylinder)2 = 27 x 55% = 60507
mmv?.
Then
Stotar = 19807 + 60507 = 80307 mm?,
The total area of the inner surfaces without
taking into account wrinkles is given by the formula
Stotal1 = Scylinderl + Shemisphere,
where Sian is the area of the inner surfaces of the
semi-finished product without taking into account
wrinkles, mm?; Scyiinger1 IS the area of the cylinder
without taking into account wrinkles, mm?.
The height of the cylinder without taking into
account wrinkles
Hcylinderl = (Htotal - Hcylinder2) - Rcylinder,

where Heyiingers 1S the height of the cylinder without
taking into account wrinkles, mm; Hcyiinderz i the
height of the cylinder with taking into account
wrinkles, mm.

Heylinders = (73-17) =55 =1 mm.

Seylinder1 = 277 X Reylinder X Heylinder1 = 27 X 55 % 1

= 1107 mm?.
Then
Stotanr = 1107 + 60507 = 61607 mm?.

The quality ratio of the inner surfaces of the
semi-finished  product i (Stotai)/(Stota) =
(61607)/(8030x) = 0.767.

2. After the second step.

The total area of the inner surfaces

Stotal = Scylinder + Sball segment,
where Spail segment is the area of the ball segment, mm?,
Rcylinder = (Dcylinder)/z = 875/2 = 4375 mm,
where Deyiinder i the diameter of the cylinder, mm.
Hbail segment = 30 mm,
where Hyan segment i the height of the ball segment,
mm.

Heylinder = Htotat — Hoal segment —t = 91.5-30 - 2.5
=59 mm,
where t is the wall thickness of the semi-finished
product, mm.
Seylinder = 27 X Reylinder X Heylinger = 27 X 43.75
59 = 5162.57 mm?2.
Shall segment = 27 X Reylinder X Hball segment = 27 %
43.75 x 30 = 2625z mm?.
Stotal = 5162.57 + 26257 = 7787.57 mm?.
The total area of the inner surfaces without
taking into account wrinkles
Stotall = Scylinderl + Sball segment
Hcylinderl = (Htotal - Hball segment — t) - Hcylinderz =
(91.5-30-25)-38=21 mm.
Seylinder1 = 27 X Reylinder X Heytindert = 27 % 43.75 %
21 = 1837.5z mm2.
Stotai1 = 1837.57 + 26257 = 4462.57 mm?.
The quality ratio of the inner surfaces of the
semi-finished  product is  (Swwai)/(Swa) =
(4462.57)/(7787.57) = 0.573.
3. After the third step.
The total area of the inner surfaces
Stotal = Scylinder + Sball segment
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Hball segment = 22.5 MM, Rsphere = 30 MM, Reylinger =
(Deylinder)/2 = 71.3/2 = 35.65 mm,
where Rsphere iS the radius of the sphere, mm.
Hcylinder = Huotat — Hoanl segment — £ = 105.6 —-22.5 -
2.5 =280.6 mm.
Seylinder = 27 X Reylinder X Heylinder = 27 % 35.65 X
80.6 = 5746.787 mm?.
Shall segment = 27 % Rsphere X Hball segment = 27 x 30 x
22.5 = 13507 mm2.
Stotal = 5746.787 + 13507 = 7096.787 mm?.

The total area of the inner surfaces without

taking into account wrinkles
Stotall = Scylinderl + Sball segment
Hcylinderl = (Htotal — Hsphere — t) — Hcylinderz = (105-6
—22.5-2.5)-50=30.6 mm.
Scylinderl =2m x Rcylinder x Hcylinderl =27 % 35.65 x
30.6 = 2181.787 mm?.
Stotair = 2181.787 + 13507 = 3531.787 mm?.

The quality ratio of the inner surfaces of the
semi-finished  product i  (Stota)/(Stotal) =
(3531.787)/(7096.787) = 0.497.

4. After the fourth step.

The total area of the inner surfaces

Stotal = Scylinder + (Slarge circle — Ssmall circle) + Sball

segment,

where Siarge circle @Nd Ssmail circle are the areas of the
large and small circles, mm?,

Heylinder = 87.2 mm, Reylinger = 35.75 mm, Hpanl
segment = 7 mm, Rsphere =21.5mm, Rlarge circle = 36 mm,

Rsmall circle = 21.5 mm,
Where Rlarge circle 1 Rsmall circle are the I’adll Of the Iarge
and small circles, mm.
Stotal = 27 X 35.75 x 87.2 + (7w x 36% — m x 21.59)
+ 27 x21.5%x7=6234.87 + 833.75x7 + 3017z =
7369.557 mm?.

The total area of the inner surfaces without

taking into account wrinkles
Stotall = Scylinderl + (Slarge circle — Ssmall circle) + Sball
segment

Stotain = 27t X 35.75 x (87.2 — 76) + (w x 36% — 1 x

21.5%) + 2z x 21.5 x 7=800.87 + 833.757 + 3017 =
1935.557 mm?.

The quality ratio of the inner surfaces of the
semi-finished  product is  (Stota)/(Stotal) =
(1935.557)/(7369.557) = 0.263.

5. After the fifth step.

The total area of the inner surfaces

Stotal = Scylinder + (Slarge circle — Ssmall circle) + Sball
segment

Heylinder = 87.2 MM, Reylinder = 36 MM, Hpail segment

=10 mm, Rsphere = 20 MM, Riarge circle = 36 MM, Rsmall
circle = 20 mm.
Stotal = 27 X 87.2 x 36 + (7 x 362 — 7 x 20%) + 21
x 20 x 10 = 6278.4x + (12967 — 4007) + 4007 =
7574.47 mm?.

The total area of the inner surfaces without

taking into account wrinkles

Stotall = Scylinderl + (Slarge circle — Ssmall circle) + Sball
segment
Stotait = 27T X 36 x (87.2 — 76) + (r x 36> — 7 x
20%) + 27 x 20 x 10 = 806.47 + 8967 + 4007 =
2102.47 mm?2.

The quality ratio of the inner surfaces of the
semi-finished  product is  (Stwta)/(Stotal) =
(2102.47)/(7574.47) = 0.277.

6. After the sixth step.

The total area of the inner surfaces

Stotal = Scylinder + (Scircle)I + (Scylinder)' + (Scircle)" +

Sball segment,
where (Scircie)' and (Scircie)" are the areas of the first
and the second circles, mm?; (Seyiinger)' is the area of
the small cylinder, mm?,

Hcylinder = 86.7 mm, Rcylinder =36 mm, Hyai segment
=5 mm, Rsphere =9 mm, (Hcylinder)' =9 mm, (Rcylinder)I
=18 mm,
where (Heyiinder)' 1S the height of the small cylinder,
mm; (Reylinder)' 1S the radius of the small cylinder,

mm.

(Scircle)' = 7T(Rcylinder)2 - 7F(Rcylinder')2 =1296x —
3247 = 9727 mm?2.
(Scircle)" = 777(Rcylinderl)2 - 71'(Rsphere)2 =324n —-81n
= 2437 mm?.
Stotal = 27 X 36 x 86.7 + 9727 + 2 x 18 x 9 +
2437 + 27 x 9 x 5="7871.47x mm?.

The total area of the inner surfaces without
taking into account wrinkles

Stotall = Scylinderl + (Scircle)' + (Scylinder)l + (Scircle)II +

Sball segment
Stotal1 = 21 % 36 % (86.7 — 80) + 9727 + 27 x 18
X 9+ 2437+ 27 x 9 x 5=2111.47 mm?.

The quality ratio of the inner surfaces of the
semi-finished  product is  (Stwta)/(Stotal) =
(2111.47)/(7871.47) = 0.268.

The quality ratio of the inner surfaces of the
semi-finished product does not change after the
seventh and the eighth steps.

Conclusion

1. Wrinkles are formed on the inner surfaces of
the semi-finished product after plastic deformation.
The more cavity area of the semi-finished product,
the more intense wrinkles are formed. Wrinkles
occur on the outer surface of the semi-finished
product after the first step in accordance with the
technology of plastic deformation of material.

2. The quality ratio of the inner surfaces of the
semi-finished product change in the range of 0.263 —
0.767. Wrinkles distribution on the inner cylindrical
surface of the semi-finished product increases by
23.4% after the fourth step of drawing (maximum
increasing in comparison with the other values of the
quality ratio of the inner surfaces of the semi-
finished product).

Philadelphia, USA

85 g THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India)
Impact Factor:

| = 1.344 |
| 1SI (Dubai, UAE) = 0.829 |
| GIF (Australia) =0.564 |
L JIF = 1.500 |

SJIF (Morocco) = 2.031

| SIS (USA) =0.912 | ICV (Poland)  =6.630
. PHHII (Russia) = 0.156 | PIF (India) =1.940
| ESJI (K2) =4.102 =4.260

| 1B (India)

References:

Marciniak Z, Duncan JL, Hu SJ (2002)
Mechanics of Sheet Metal Forming. Published
by Butterworth-Heinemann. 228 p.

Chemezov D, Tsvelev V, Bakhmeteva M
(2018) Technological Process of Multi-step
Drawing of a Steel Thin-walled Part. Journal of
Global Engineering Problems & Solutions, vol.
4,no. 1. Pp. 10 - 22.

Zharkov VA (2017) Tests of materials. Multi-
operational non-axisymmetric drawing of sheet
billets. Russian Engineering Research, Ne8. Pp.
63 - 74.

Bessmertnaya YV, Pasynkov AA (2017) To
assess the strength of the stretching cylindrical
semi dome operations for the first circuit to
«terms — cylinder». Proceedings of the TSU,
Nel. Pp. 200 — 206.

Kukhar VD, Pasko AN, Ekimova OA (2014)
The effect of the relative thickness of the
workpiece on the drawing ratio at the second

transition is reversible hood. Proceedings of the
TSU, Nel0-1. Pp. 139 — 142.

Chemezov DA, Smirnova LV, Seliverstov VS,
Zezina NA (2016) Comparison of stress-strain
state of thin-walled detail after deep drawing of
the direct and reverse methods. 1SJ Theoretical
& Applied Science, 03 (35): 21-25. Soi:
http://s-0-i.org/1.1/TAS-03-35-4 Doi:
http://dx.doi.org/10.15863/TAS.2016.03.35.4
Chemezov DA (2015) Changing the wall
thickness of the hollow detail during a shallow
drawing of the plate stock. 1SJ Theoretical &
Applied Science 12 (32): 34-37. Soi: http://s-o-
i.org/1.1/TAS-12-32-5 Doi:
http://dx.doi.org/10.15863/TAS.2015.12.32.5
Wang LJ, Wang ZD, Wang GD (2003)
Numerical simulation of cracking the
anisotropic drawing sheets. Journal of Plasticity
Engineering, Vol. 10. Pp. 76 - 78.

Philadelphia, USA

86

THOMSON REUTERS

Indexed in Thomson Reuters



http://s-o-i.org/1.1/TAS-03-35-4
http://dx.doi.org/10.15863/TAS.2016.03.35.4
http://s-o-i.org/1.1/TAS-12-32-5
http://s-o-i.org/1.1/TAS-12-32-5
http://dx.doi.org/10.15863/TAS.2015.12.32.5

