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ABSTRACT

The paper presents research results on the influence of a regular perforation pattern on the modulus of elasticity
(Young’s modulus) and on the strength properties of EN AW-5754 aluminium alloy sheet. Square and hexagonal
array of cylindrical (in the plane of the sheet metal — round) holes was considered, maintaining a constant hole
diameter and pitch value. The reference material was solid sheet metal (without perforation) of the same grade and
thickness. It was found that hexagonal perforation pattern reduces the Young’s modulus and strength of the mate-
rial to a greater extent compared to square array of holes, while maintaining a higher uniformity of the distribution
of these parameters in the plane of the sheet metal. The comparative analysis of the elastic and strength properties
of sheet metal with straight and hexagonal perforation was also carried out accounting for mass loss ratio.

Keywords: effective modulus of elasticity (effective Young’s modulus), strength properties, perforated sheet metal,

aluminium alloy EN AW-5754.

INTRODUCTION

The combination of mechanical and func-
tional properties of perforated sheet metals
determines their wide range of applications in
various industries. These materials can consti-
tute an essential part or an element of a given
structure. The mechanical characteristics of
perforated sheet metals are determined by the
type of base material and perforation param-
eters. Therefore, in the context of the design re-
quirements related to the use and application of
perforated sheet metals, it is important to prop-
erly understand not only the mechanical prop-
erties of the base material (solid sheet metal)
but also the impact of the perforation itself on
these properties.

Numerous perforation variants related to the
hole shape, profile, and size, as well as their ar-
rangement in the sheet metal plane, require spe-
cial attention to the method of determining the

properties of these materials [1, 2]. In the case
of regular perforations, such as a square array
(straight perforation) or an equilateral triangu-
lar array (hexagonal perforation), it is possible
to distinguish characteristic directions with the
densest packing of holes and directions perpen-
dicular to them [3]. Knowing the parameters for
these directions significantly enhances the un-
derstanding of the mechanical characteristics of
perforated sheet metal. For an even more thor-
ough analysis, other orientations in the sheet
metal plane, not typical for the examined perfo-
ration, can also be considered. Adopting such a
methodology for determining specific properties
of perforated sheet metal seems appropriate, es-
pecially considering the practical aspect related
to the use of these materials.

In addition to their functional properties
(e.g., filtration, sound-absorbing, anti-slip, etc.),
perforated sheet metal as a construction mate-
rial, characterised by a certain amount of open
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area and mass loss, must meet certain require-
ments, including those regarding elastic and
strength properties. Hence, it is crucial to inves-
tigate the impact of a given perforation on the
change in the mechanical properties of the base
solid sheet metal. A specific array of holes not
only modifies selected parameters describing
the elasticity or strength of the sheet metal but
also determines their distribution in its plane to
some extent [4]. Therefore, it can be conclud-
ed that perforation allows, in a way, to control
the mechanical properties of the sheet metal,
but without exceeding their level for the base
material. Through perforation, it is possible to
shape the material properties to a certain extent
also in the elasticity area, influencing the value
of Young’s modulus (longitudinal modulus of
elasticity). As is known, this parameter depends
primarily on the type of bonds between atoms,
chemical composition and crystal structure [5,
6]. Therefore, if, for example, metal forming and
heat treatment do not change them, these meth-
ods are not efficient enough and are ineffective
in modifying this elasticity constant [7]. An im-
portant benefit resulting from perforation is the
reduced mass of the sheet metal compared to the
base material, which, combined with the right
stiffness and strength, determines the suitabil-
ity of this specific material in various types of
structures where, in addition to the required me-
chanical characteristics, the material must also
have specific functional properties. It is worth
adding that the versatility of uses of perforated
sheet metals also results from the possibility of
shaping them using metal forming [8, 9]. They
can also constitute the inner layer (core) of the
so-called composite materials [10, 11].

The study examined the influence of square
and hexagonal perforation (equilateral trian-
gular perforation, in production terms also
referred to as a staggered 60° array) on the
elastic and strength properties of EN AW-5754
aluminium alloy sheet. The distribution of the
considered parameters in the perforated sheet
metal plane is presented against the background
of the reference material (the base solid sheet
metal). The comparative analysis of both per-
forations was extended by taking into account
the mass loss of the sheet metal caused by a
grid of holes. The significant application im-
portance of perforated sheet metals in a square
and hexagonal array determined the selection
of this type of perforation for research.
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SCOPE AND METHODOLOGY
OF RESEARCH

The elastic and strength properties of EN AW-
5754 alloy sheet metal with a square and hexago-
nal array of cylindrical holes were determined by
considering the characteristic directions of the
tested perforations. The reference material was
solid sheet metal of the same grade and thickness.
When analysing the change (decrease) in the me-
chanical properties of sheet metal with a regular
array of holes, the loss of its mass caused by per-
foration was also taken into account.

Tested material

The tests were carried out on 1 mm thick EN
AW-5754 sheet metal. This alloy is highly sus-
ceptible to metal forming (especially in a soft
state O/H111, H112). It is characterised by very
good corrosion resistance (including in seawater
conditions), good weldability, and fatigue resis-
tance. It can be anodised. Moreover, the low den-
sity of aluminium-magnesium alloys (2.6 g/cm?),
combined with specific sheet metal perforation,
allows to minimise the mass of a given struc-
ture even further [12]. Compared to various steel
grades, aluminium alloys (including the 5XXX
series) are among the most frequently used mate-
rials for the production of perforated sheet metals.

A straight and hexagonal perforation system
was considered for a constant hole diameter of 2
mm and a pitch value twice that diameter. Thus,
the open area of the perforated sheet was 19.625%
for the square hole array (1) and 22.75% for the
hexagonal hole array (2), respectively.

P =0.785x & x 100% (1)

where: P — open area of sheet metal with straight
perforation, d — hole diameter [mm], s —
pitch [mm)].

dZ
P =091x 5 x 100% ()

where: P — open area of sheet metal with hexago-
nal perforation, d — hole diameter [mm],
s — pitch [mm)].

Therefore, it can be noted that for the assumed
mesh diameter and pitch value, greater open area
can be obtained in the case of a hexagonal hole
array compared to a square array of holes. The
consider perforations diagrams are shown in Fig-
ure 1 and Figure 2.
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Figure 1. Diagram of straight perforation (square
array of holes)

\

\

90°

600

b?J ;

N ) A
R0
VAN ¢
Al

Figure 2. Diagram of hexagonal perforation
(equilateral triangular array of holes)

For a straight perforation, the densest pack-
ing of holes occurs in the directions of 0° and
90° (Figure 1), while for a hexagonal system,
these are the directions of 0° and 60° (Fig. 2).
Periodicity is maintained for both perforations:
every 90° for straight perforation and every 60°
for hexagonal perforation. Characteristic direc-
tions also include those located perpendicular
to the directions with the densest perforation, as
well as a 45° diagonal orientation in the case of
a straight arrangement of holes (Fig. 1). It should
be noted that in the case of straight perforation,
the directions with the densest packing of holes
are perpendicular to each other.

Following the coding method adopted in
work [3], a sheet metal with a square and hexago-
nal array of cylindrical holes is marked as Po2s4
and Ho2s4, respectively, where P and H denote
the straight and hexagonal arrangements, 02 indi-
cates a round hole with a diameter d of 2 mm and
s4 denotes a pitch s of 4 mm.

Methodology

The ability of materials containing voids in
their structure (e.g. porous materials) to transfer
external loads depends on their active cross-sec-
tion, the surface of which does not include any
discontinuities in the medium. Similarly, in the
case of perforated sheet metals, the active and to-
tal cross-section (including voids in the form of
holes) can be considered.

When considering the practical aspect related
to the structural purpose of the considered materi-
als, often used in the form of a flat sheet or blank
of a specific shape, it is important to recognise
their elastic response and strength properties. In
this context, when defining the mechanical prop-
erties of perforated sheet metal, it is reasonable
and appropriate to use its entire cross-section.
Moreover, in numerous applications of materials
of this type, knowledge of their selected proper-
ties from a global (macroscopic) perspective is re-
quired. This results from the so-called equivalent
continuum approach (of equivalent solid materi-
al), according to which the perforated material is
considered as an equivalent solid material (with-
out perforations) with the same external dimen-
sions but with appropriately modified (effective)
properties compared to the base material [13, 14].

In order to determine the strength properties
and the Young’s modulus of the tested materials,
samples were taken from sheet metal with the
longitudinal axis oriented towards the direction of
the densest packing of holes (made by punching)
at angles of 0°, 45°, and 90° for straight perfora-
tion (Fig. 3a) and 0°, 30°, 45°, 60°, and 90° for
hexagonal perforation (Fig. 3b). In the case of the
reference material (sheet metal without perfora-
tions), samples were prepared for all mentioned
orientations (Fig. 3¢). The rolling direction (RD)
of the sheet metal was always consistent with
the direction of the densest perforation. Strips
of sheet metal were cut using the electric spark
method, preventing the material from strengthen-
ing at the separation surface. The measurement
base of each sample was 70 mm, but determining
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Figure 3. Examples of sets of specimens made of aluminium alloy EN AW-5754: a) with straight perforation
(Po2s4), b) with hexagonal perforation (Ho2s4), ¢) without perforation

the same width for the perforated sheet metal was
impossible due to the adopted principle that the
axis and side edges of the sample should pass
through the holes’ centre. While striving to ensure
that the width of perforated samples is as close as
possible to the width of solid sheet metal samples
(without perforation) of 20 mm, the following
values were set: 24 mm (0° and 90° orientation)
and 22.63 mm (45° orientation) for straight per-
foration, as well as 20.78 mm (0°, 45°, and 60°
orientation) and 20 mm (30° and 90° orientation)
for hexagonal perforation.

The examined properties of the tested materi-
als were determined based on a tensile testing on

Stress G

E=tga=g

an Instron 5566 universal testing machine with a
maximum pressure of 10 kN. The effective Young’s
modulus E* of perforated sheet metal and the anal-
ogous parameter for solid sheet metal were estab-
lished in the linear elastic range (Fig.4), determined
on the basis of preliminary tensile testing up to the
point of material rupture. Uniaxial stretching in the
area of reversible strains was carried out in three
cycles, each cycle including a stress and strain stage.

A biaxial Instron extensometer was used to
measure elastic longitudinal strain (Fig. 5). The
strain rate was 10~ s'. The measurement base was
12.5 mm, which corresponded to the extensom-
eter spacing. The obtained results allowed for the

¥
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Figure 4. Stress-strain relation within linear elastic range [7]
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Figure 5. Measurement of elongation of specimens: a) with straight perforation (Po2s4) and b) with hexagonal
perforation (Ho2s4) in elastic range on an Instron 5566 testing machine using an extensometer

preparation of graphs in 6— coordinates, which
were used to determine the longitudinal modulus
of elasticity. The yield strength R, and tensile
strength R were determined in a full uniaxial ten-
sile test (until the sample broke) with a strain rate
of 103s? (Fig. 6). The value of the longitudinal
strain was determined based on the displacement
of the testing machine crossbeam.

RESEARCH RESULTS

The analysis of the elastic and strength prop-
erties of the tested materials was carried out based
on the results presented, among other formats, in
the form of polar charts ranging from 0° to 90°,
visualising their distribution in the sheet metal
plane. The impact of straight and hexagonal per-
foration on the change in the considered param-
eters is presented against the background of the

base solid sheet metal, and also taking into ac-
count the mass (loss) ratio W_.

The average values of the examined charac-
teristics in the perforated sheet metal plane were
determined according to the following relation:

Xo + 2X. + X . .
x = =—=—2—2 for straight perforation (3)
_ Xg + X309 + X45 + Xgo + Xogg

5

perforation 4)

for hexagonal

where: x denotes the parameter under consider-
ation and the subscripts denote individual
directions in the sheet metal plane.

Mechanical properties and effective Young’s
modulus of Po2s4 and Ho2s4 perforated
sheet metal

Figure 7 shows example curves obtained in
a static uniaxial tensile test of perforated sheet

Figure 6. Examples of photographs of specimens after breaking with: a) straight perforation (Po2s4) and
b) hexagonal perforation (Ho2s4)
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Figure 7. Examples of tensile stress-strain curves for solid and perforated sheet metal (Po2s4 and Ho2s4)

metal (Po2s4 and Ho2s4) for the considered di-
rections in its plane, which were compared with
analogous curves for the reference material (solid
sheet metal). As a result of perforation, there was
a change in the nature of the material’s deforma-
tion. The stretching of perforated sheet metal oc-
curs not only at lower stress values but also with
lower obtainable strain values. However, in the
case of the diagonal direction (45°) of straight
perforation, the relative strain (elongation) is
relatively large and most similar to the strain of
solid sheet metal. Moreover, characteristic faults
may appear on the tensile curves of perforated
sheet metal, resulting from the propagation of
material cracks between the holes. The mechan-
ics (process) of perforated sheet metal cracking
in relation to straight and hexagonal perforation
is discussed in [3]. Regardless of the direction
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é_; 0,06 |  weeeees
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considered, a similar shape of the tensile curves
of solid sheet metal is observed, while perforated
sheet metal in a straight and hexagonal arrange-
ment shows greater variation in this respect. It
should be noted, however, that the curves for the
0° and 90° orientation of straight perforation and
the curves for the 0° and 60°, as well as for 30°
and 90° directions of hexagonal perforation have
a similar course.

Figure 8 presents example lines illustrating
the dependence of stress ¢ on strain ¢ (relative
elongation) in the linear elastic range for the test-
ed materials. Based on these lines, the values of
the effective Young’s modulus of perforated sheet
metals (Po2s4 and Ho2s4) were determined, and
an analogous parameter was determined for sheet
metals without perforations. The slope of the lines
clearly indicates a higher value of the analysed
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Figure 8. Examples of stress-strain lines in the elastic range for solid and perforated sheet metal
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elastic constant in the case of solid sheet metal.
The distribution of elastic and strength properties
in a sheet metal plane with straight and hexago-
nal perforation, compared to the base solid sheet,
is shown in Figure 9 and Figure 10 based on the
results in Table 1 and Table 2.

The EN AW-5754 solid sheet metal shows
high uniformity in the considered properties (es-
pecially the longitudinal modulus of elasticity). As
a result of perforation, their anisotropy increased.

90°
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Straight perforation caused a decrease in the aver-
age value of Young’s modulus in the sheet metal
plane by 42%, while for hexagonal perforation it
was 48%. The greatest reduction in the analysed
elastic constant was recorded for the 30° and 90°
directions of the hexagonal hole system (by 52%
and 53%, respectively). The smallest reduction
was for the 0° and 90° directions of straight per-
foration (by 38%). In the remaining cases, the de-
crease in Young’s modulus was as follows: 40%
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Figure 9. Distribution of effective Young’s modulus of sheet metal with straight (Po2s4) and hexagonal (Ho2s4)
perforation on the background of solid sheet metal
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Figure 10. Distributions of strength properties of sheet metal with straight (Po2s4) and hexagonal (Ho2s4)

perforation against the background of solid sheet metal
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Table 1. Young’s modulus of sheet metal EN AW-5754 — perforated and without perforation

Young’s modulus E, GPa Effective Young’s modulus E*, GPa
Direction o_f the sample axis in Perforated sheet metal
relation to the RD Solid sheet metal
Po2s4 Ho2s4
0° 71 44 38
30° 69 - 33
45° 69 37 41
60° 69 - 36
90° 71 44 34
Average value 70 40 36
Table 2. Strength properties of sheet metal EN AW-5754 — perforated and without perforation
Strength properties, MPa
Direction of the Perforated sheet metal
sample axis in Solid sheet metal
relation to the RD Po2s4 Ho2s4
R, R, R R.* Ro.* R.*
0° 173 221 95 110 86 108
30° 162 215 - - 90 101
45° 160 21 80 110 82 92
60° 160 212 - - 81 102
90° 163 215 94 111 92 106
Average value 164 215 87 110 86 102

(45° direction of hexagonal perforation), 46%
(0° direction of hexagonal perforation, and 45°
direction of straight perforation), and 48% (60°
direction of hexagonal perforation). For straight
perforation, the effective Young’s modulus in
the diagonal direction (45°) constitutes approxi-
mately 84% of the parameter obtained for the
directions with the densest hole packing (0° and
90°). Perforated sheet metal in a hexagonal array
is characterised by a fairly uniform distribution
of the effective longitudinal modulus of elasticity,
although for the intermediate direction (45°), its
value was slightly higher in relation to the other
considered orientations of this array. Comparing
corresponding directions of both perforations, i.e.
those that form the same angle with the direction
of the densest packing of holes, it should be con-
cluded that for 0° and 90° orientations, a straight
array of holes reduces the Young’s modulus of the
sheet to a lesser extent (by 8% and 15%, respec-
tively), while in the 45° direction, a smaller de-
crease in the considered parameter was recorded
for hexagonal perforation (by 6%).

A straight perforation system resulted in a re-
duction in the average values of yield strength and
tensile strength in the sheet metal plane by 47%
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and 49%, respectively. In the case of hexagonal
perforation, the average values of these param-
eters were lower by 47% and 52%, respectively,
compared to the reference material. The greatest
decrease of 50% in yield strength occurred for the
45° direction of straight perforation and for the
0° and 60° directions of hexagonal perforation,
with the 45° direction showing a slightly smaller
decrease in this parameter (49%). In the remain-
ing cases, the value of yield stress was reduced by
45% and 42%, respectively, for the 0° and 90° di-
rections of the square array of holes, and by 45%
and 44%, respectively, for the 30° and 90° direc-
tions of the hexagonal array. The average value
of tensile strength of the perforated sheet metal
was reduced relative to the base material by 49%
for straight perforation and by 52% for hexagonal
perforation. For the 0°, 45°, and 90° directions of
the square array of holes, the decrease in this pa-
rameter was 50%, 48%, and 48%, respectively,
while for each considered hexagonal perforation
direction it exceeded 50%, being the highest for
the 45° orientation (56%). Moreover, it can be
generally stated that perforated sheet metal in a
square array of holes is characterised by slight-
ly higher strength properties compared to sheet
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metal with a hexagonal array of holes (except for
the 45° orientation). Considering the character-
istic directions of both perforations, a fairly uni-
form distribution of tensile strength in the sheet
metal plane is observed, while in the case of yield
strength it is less uniform, especially for a straight
perforation.

Effective Young’s modulus and strength
properties of perforated sheet metal, taking
into account the mass loss ratio

An important aspect often considered in
the design of a structure is ensuring its suffi-
ciently low mass while maintaining the required
strength. In this case, it is worth referring to the
so-called specific strength, which expresses the
ratio of strength to material density. To minimise
the mass of the structure, a higher value of this
parameter is more beneficial. However, for perfo-
rated sheet metals, it is difficult to determine this
type of material density and, consequently, to use
the concept of specific strength in relation to these
materials. In this context, when considering the
structural purpose of perforated sheet metal, the
so-called mass loss ratio W_ (5), clearly defined
in [4], can be used. This ratio expresses relation
between the perforated sheet metal mass m, and
the base solid sheet metal mass m:

W =72 )

In the case of perforated and solid sheet met-
als made of the same material (the same density

100
|
1
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Young's modulus, GPa
50
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of material) and the same thickness, the mass loss
ratio W_ can be expressed as follows:
Wn=1-P (6)
where: P - open area, i.e. the ratio of the area with
holes to the total surface of the sheet met-
al covered by perforation. The argument
coming from the general definition (5) to
the dependency (6) is presented in [4].

As follows from Equation 6, the mass loss ra-
tio W_ for solid sheet metal with zero open area
(P =0) is 1, while for perforated sheet metal it is in
the range: 0 < W _< 1. This ratio helps to account for
the impact of mass loss caused by perforation on the
change in mechanical properties of the sheet metal.

Moreover, the mass loss ratio W compensates
for the selected parameters adequately to the open
area value, according to the exemplary relation:
E*/W , which allows for a more effective compar-
ison for different perforations, assuming the same
type and thickness of the base sheet metal. Thus,
perforated sheet metal characterised by a higher
value of a given parameter, which takes into ac-
count the mass loss ratio, transfers external loads
more effectively. In Figure 11 and Figure 12, based
on the results presented in Table 3 and Table 4, the
distribution of the effective Young’s modulus and
strength properties of perforated sheet metal in a
square and hexagonal array is presented, taking
into account the mass loss ratio W _ through the
relation: E"/W _, Rpo2/Wh, and Rpy/Wr,. With suf-
ficient accuracy, it can be assumed that for sheet

- @- solid sheet metal
-[J- Po2s4

-O- Ho2s4

- Po2sa (E1w,,)
-@- Ho2s4 (ETW,,)

45°
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50
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Figure 11. Distribution of effective Young’s modulus accounting for the mass loss ratio _in comparison to the
distributions for solid and perforated (Po2s4 and Ho2s4) sheet metal
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Figure 12. Distributions of strength properties accounting for the mass loss ratio _in comparison to the
distributions for solid and perforated (Po2s4 and Ho2s4) sheet metal

Table 3. Young’s modulus of sheet metal EN AW-5754 — perforated and without perforation accounting for mass
loss ratio W

Young’s modulus E, GPa Effective Young’s modulus E*/W,_, GPa
D|rect||?er;a(:ifot:<:os;r2%e[)ams n Solid sheet metal Perforated sheet metal

Po2s4 Ho2s4

0° 71 54 50

30° 69 - 43

45° 69 46 54

60° 69 - 46

90° 71 55 44

Average value 70 50 47

Table 4. Strength properties of sheet metal EN AW-5754 — perforated and without perforation, accounting for the
mass loss ratio W

Strength properties, MPa
Direction of the Perforated sheet metal
sample axis in relation Solid sheet metal
to the RD Po2s4 Ho2s4
R, R, R, W, R *IW,_ R, W, R *IW,_

0° 173 221 118 136 111 140
30° 162 215 - - 116 131
45° 160 211 99 137 106 120
60° 160 212 - - 104 132
90° 163 215 117 139 119 138

Average value 164 215 108 137 111 132

metal with straight perforation W_ = 0.80, and for strength parameters of the perforated sheet “in-
sheet metal with hexagonal perforation W_=0.77. creased” in accordance with its open area (by approx.

After taking into account the mass loss ratio 20% and approx. 23%, respectively, for a square
W, the effective Young’s modulus values and the and hexagonal array of holes), while the nature of
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the distribution of the analysed properties in the
sheet metal plane has been maintained. Obviously,
the considered parameters of perforated sheet metal
have become closer to the analogous characteristics
of solid sheet metal. In this respect, the increase in
the average values of the effective Young’s modu-
lus, yield strength, and tensile strength compared to
the reference material was 14%, 13%, and 13% for
straight perforation, and 15%, 15%, and 14% for
hexagonal perforation, respectively. Nevertheless,
the obtained values of the analysed parameters,
resulting from the adopted method of taking into
account the sheet metal mass loss caused by per-
foration (using the W _ ratio), should be considered
mainly in the context of a direct comparative anal-
ysis of the mechanical properties of the tested per-
forated sheet metals (with different arrays of holes
and open area). It can therefore be concluded that
among the perforations discussed the sheet metal
with a square array of holes transfers loads slightly
more effectively in the elastic region, as proved by
higher (in this case) values of the effective Young’s
modulus for the 0° and 90° directions, as well as
the average value of this parameter. By taking into
account the mass ratio W _ the strength properties
of sheet metal with straigﬁt and hexagonal perfo-
rations became very similar (except for the 45° ori-
entation). In this case, it is more difficult to clearly
indicate which of the considered regular hole arrays
shows higher strength properties.

CONCLUSIONS

Perforated sheet metals are a specific type of
engineering materials with a wide characteristics
profile. Favourable mechanical properties com-
bined with suitable functional features, obtained
through the appropriate selection of the raw ma-
terial and perforation parameters, determine the
broad application significance of these materi-
als. Perforated sheets made of aluminium and
its alloys are used, among others, in architecture
and building construction as facade panels. They
can also be a structural element of acoustic or
photovoltaic panels. Despite a certain decrease
in elastic or strength properties compared to the
base material, perforated sheet metal can still be
an attractive construction material, characterised
by, among other things: reduced mass — an im-
portant criterion in many engineering solutions
— and specific open area, enabling controlled
flow of various substances.

Considering the multitude of parameter
variants related to perforation, the method of
determining the properties of perforated sheet
metal requires special attention. In the case of
a regular perforation system, characteristic di-
rections can be distinguished such as directions
with the densest packing of holes and the di-
rections perpendicular to them. This approach
was incorporated into the research methodolo-
gy of this study when analysing the impact of
straight and hexagonal perforation on the elastic
and strength properties of EN AW-5754 sheet
metal. Based on the results obtained, it can be
concluded that for a constant hole diameter
(2 mm) and pitch value (4 mm), a sheet with
a straight array of holes shows slightly higher
elastic and strength properties compared to the
hexagonal array. However, it should be noted
that this does not apply to the diagonal direction
(45°) of straight perforation, for which a notice-
ably lower value of the effective Young’s mod-
ulus and yield strength was recorded compared
to the 0° and 90° directions of this system of
holes. Moreover, considering the characteristic
directions of the discussed perforations, a fairly
high uniformity in the distribution of the ana-
lysed parameters in the perforated sheet metal
plane in a hexagonal arrangement is observed.
After accounting for the mass loss caused by
perforation, the considered characteristics were
compensated to some extent, and as a result, the
tested properties, especially strength ones, of
sheet metals with straight and hexagonal per-
foration are very similar, although the nature of
their distribution remained unchanged.

To conclude, as a result of perforation, the
elastic and strength properties of the EN AW-
5754 aluminium alloy sheet metal decreased,
and this decrease varied depending on an array
of holes and the considered direction in the sheet
metal plane. The average value of the effective
Young’s modulus, yield strength and tensile
strength decreased by 42%, 47%, and 49%, re-
spectively, for straight perforation, and by 48%,
47%., and 52%, respectively, in the case of hex-
agonal perforation. The conducted research al-
lows us to conclude that the analysed mechani-
cal properties and their distribution in the perfo-
rated sheet metal plane strongly depend on the
geometric features of the hole grid.
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