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Abstract: A research was performed about the
influence of the surface quality due to a hole derived in
initial material processing of cold-rolled steel sheets with
drawing. This influence was researched through the surface
quality obtained by the type of preparation of the hole sur-
face without prejudice to the precise measurements of the
achieved quality (asperity). The aim is to indicate how the
type of manufacturing the holes can improve the workabil-
ity of cold-rolled sheets and help solve technical production
problems of drawing parts with previously made holes in
the initial material.
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1. INTRODUCTION

Openings without stringent requirement for
their shape, position and dimensions and for vari-
ous purposes: holes for ventilation, drainage holes
for water and dirt, various exemptions for access
assembly tools, forming a flat surface near a verti-
cal wall often are found on the walls of parts made
from sheets by drawing.

Their manufacturing after the process of draw-
ing, especially in arias with complex form is quite
difficult, sometimes impossible, requiring prepara-
tion of complex and expensive tools. increases the
time of creation and thus the cost of the product.
Therefore it is much better and more economical
these openings to be performed in the initial mate-
rial before drawing.

In such cases the process of drawing is differ-
ent from the process of drawing with continuous
surfaces. Long years of work experience with tech-

nological processes of drawing showed that very
often the openings a critical place in the process of
drawing are. Cracks appear on the drawing parts
starting from the surface of the openings. It is there-
fore necessary to study the influential factors that
can enhance the process of drawing and to improve
utilization of available plastic properties of the ma-
terial. Practice has shown that one of the influential
factors is also the quality of the surface of the pre-
viously derived hole in the initial material.

2. PREPARATION FOR EXPERIMENTAL
RESEARCH

The test was carried out with cold-rolled steel
sheet C 0147(RSt 13 according to DIN 17006).
I mm thick. The sheet metal is cut in thin sheets
from which with presser tools circular plates with
diameter of 179 mm are cut. For the survey five
thin flat circular plates with diameter of 179 mm
from the examined material are prepared. One with-
out a hole, and four with holes. At the center of four
thin plates circular holes with diameter 12 mm are
derived. The holes are made with unscrewing
grinding and piercing. Circular plates with four dif-
ferent qualities of the hole surface are prepared in
that way. Table 1 is gives the plates marked, di-
mensions of openings and the method of manufac-
turing.

On the drawing boards a measurement net-
work of concentric circles and circles with d, = 3
mm in radial directions is mechanically applied.
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Table |
Plate marked Diameter of hole  Method of manufacturing
(mm) the hole
24 Without hole
3.2 12.04 unscrewing
34 12.14 grinding
42 12.0 Pressed by tool
43 12.0 Pressed by tool

3. PERFORMING THE EXPERIMENTS

The experimental research is carried out with
hydraulic drawing on the Erickson test machine. A
drawing of a flat plate without a hole until the
emergence of a crack is carried out for results com-
parison [4].

First in the test tool a plate without a hole is
inserted, and then a plate with a hole is placed on it.
The plate marked 4.2 in which the hole is per-
formed by presser tools during the drawing is posi-
tioned so that the entrance of the puncher is on the
outside of the convex spherical surface. The plate
marked 4.3 in which the hole is performed by the
same tool is during the drawing is positioned so that
the exit of the puncher is on the outside of the con-
vex spherical surface. The drawing is performed
until the emergence of a crack in the drawn plate
with a derived hole.

Figure 1 shows the photograph of a drawn
piece of initial material marked 3.2 on which a hole
was derived by unscrewing.
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4. MEASUREMENT AND PROCESSING
THE RESULTS

After drawing, circles from the measurement
network with a diameter d, are deformed into ellip-
ses with axes d; and d,. The longer axis is marked
with d1 and it lies in the tangential direction, while
d, is the shorter axis and it lies in the radial direc-
tion. The ellipse axes are measured to the nearest
0,1 mm. The measurement was carried out in the
direction of rolling. By measuring deformations in
one direction anisotropy impact of the material
(metal sheet) is avoided. Accordingly, it is possible
to compare the stress-deformational ratio for differ-
ent qualities of the hole surface and compare them
with the stress-deformational condition while draw-
ing a metal sheet without a derived hole.

After measuring the ellipses' axes are deter-
mined:

1. Logarithmic deformations ¢;, ¢, and ¢; ac-
cording to the equations [5]:

d dy
@ =In—"=, g =In-% and g3 =~(¢ +¢,)
dn dO

2. Effective deformations (intensity of defor-

mations):
=
2Vl =m+m”
—

e = 2-m

gy . 3
where m =—- is the stress ratio.
a)

3. Effective stress (stress intensity)

Om
O = Rmc’w"’ [g‘)—)
\(0'"
where:
R, — tearing strength of the material previ-
ously examined experimentally determined
¢, — maximum steady logarithmic deforma-

tion of material previously examined experimen-
tally determined

4. Stress o
o,
o) = —_— =
Vi-m+m~
5. Stress o,
Ty =mo
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5. RESULTS

Figure 2 shows a diagram of the change of ex-
perimentally obtained effective deformation fie de-
pending on the radius of the measuring network of
the initial flat metal plate for the part (piece) drawn
from the initial material without a hole derived,
curve marked 2.4. The same diagram gives the
hanges of effective deformation fie for the parts
(pieces) drawn from the initial material with a hole
derived. Curves are marked 3.2, 3.4, 4.2 and 4.3 as
per Table 1.
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Fig. 2

Figure 3 shows a diagram of the change of ex-
perimentally obtained effective stresses o depend-
ing on the radius of the measuring network of the
initial flat metal plate for the part (piece) drawn
from the initial material without a hole derived,
curve marked 2.4 [1]. The same diagram gives the
changes of effective stresses o, for the parts
(pieces) drawn from the initial material with a hole
derived.

The diagrams in Figure 2 and Figure 3 show
that the smallest effective deformations and the
smallest effective stresses are obtained for the
drawn parts (pieces) bearing 4.2 and 4.3 [1]. These
are pieces made of the initial material with presser
tools made holes. This means that the smallest use
of available plastic properties of the material is ob-
tained when in the initial material a hole is derived
by puncturing. The effective deformations and the
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effective stresses on the parts drawn with a punc-
tured hole in the initial material starting from the
outer radius derived in the direction of the derived
hole are matched to » = 18 mm. In the vicinity of
the hole they are different. This means that the ef-
fective size of the deformations and the effective
stress for holes derived with presser tools are influ-
enced by the way the work parts are set in the tools.
This is due to the quality of the surface obtained
with the technological operation penetration (crush
zone and the zone of tearing the material), taking
(into consideration) the thickness of the material
(the side of the entrance and the exit of the
puncher). Better use of plastic properties of the ma-
terial is obtained if the initial material is placed so
that the side of the entrance of the puncher is on the
side of the material whisker with higher tensile
stresses when the hole is derived. In this case that is
the on the convex side.
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From the diagram it can be concluded that
more effective deformations and effective stresses
and thus better utilization of plastic properties of
the material is obtained if the hole is performed
with grinding, curve 3.4.

The biggest effective deformations and effec-
tive stresses and thus the best utilization of avail-
able plastic properties has the piece drawn from the
initial material with a hole made by unscrewing,
curve 3.2.

The change of deformations ¢, ¢, and ¢;,

for the most favorable case (piece 3.2) is shown in
Figure 4 [2, 3. 5].

The curves in the diagram in Figure 4 show
that tangential deformation ¢, and the deformation
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of the thickness of the wall @3 . starting from the
crown halo towards the hole, are steadily increasing
in absolute value. While the radial deformation ¢,
from the crown halo increases up to the diameter

d =70 mm, and then decreases until it reaches zero
on the hole surface.
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Figure 5 shows the change of the effective
stress o, and stresses o} and 5. From the dia-
gram means that starting from the crown halo, and
in direction of the hole, the effective stress o, in-
creases, stress oy increases, and stress o starting
from the crown in the direction of the hole in-
creases slowly, and then decreases so that it reaches
zero on the hole surface.
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6. CONCLUSION

— Holes derived in the initial material produce
deterioration of the workability of cold-rolled metal
sheet by drawing.

— The quality of the hole surface derived in the
initial material has impact on the utilization of the
plastic properties of the sheet metal while process-
ing cold-rolled sheets by drawing.

— With holes derived in the initial material by
piercing with presser tools the workability, in other
words the utilization of the plastic properties of the
material during the drawing process, is the worst.
The placement of the initial material has also influ-
ence. Better results are obtained if the entrance side
of the puncher tool after the drawing is on the side
of the wall whose surface fibres are exposed to
higher tension.

— The holes in the initial material made by
grinding increase the workability of cold-rolled
metal sheets by drawing.

— The holes in the initial material made by un-
screwing allow best utilization of the plastic proper-
ties of cold-rolled metal sheets.

— If in the technological process of manufac-
turing parts with punctured holes in the initial mate-
rial cracks appear at the hole for some reason in the
drawing process, with additional processing, such
as unscrewing of the holes in the initial material can
significantly improve the process of drawing and
overcome the problems.
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