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This work was focused on the research of the different variability production deep-drawing sheets made
of AIMg3 alloy which could influence on their deep-drawing properties e.g. non alloying elements Fe,
Mn, heat treatment parameters and structure with aim to judge ascertained and analyzed properties of
the sheets. The mechanical properties, mainly the highest elongation, and the other parameters (grain
size, metallurgical purity), were measured due to they had had the main influence on the deep-drawing
properties of the sheets made of AIMg3 alloy. For this research work had been obtained 5 deep-drawing
sheets made of AlMg3 alloy with different production than chemical composition and heat treatment
with the aim to realized “complex analyze”, and to find up the best variant for production technology
with the high deep-drawing properties.
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1 Introduction The fundamental way with direct coherence influ-
enced on deep drawing is to obtain the highest plas-
ticity(elongation) of material. Quantitative evaluations
plasticity for given material is to obtain the most value
of elongation for examined material, where is direct
relation between elongation and deep-drawing where
is validity that the highest value of elongation repre-
sents better deep-drawing of material. The main goal
of this research work had been to obtain as high as is

The first test for evaluation the formability of sheet
metal was proposed by Erichsen [1]. The test consists
in stretching a sheet specimen by means of a hemi-
spherical punch until the occurrence of fracture, see
Fig. 1 [2]. The depth of the punch identification in the
specimen expressed in millimeters is so-called Erich-
sen index. This is most commonly used parameter for

expressing formability of sheet metals [3-9]. The index possible clongation for sheets made of AIMg3 alloy,

established usip g this method has a.low ac-cu.r.acy due and ascertained technological parameters production
to the small size of the tools, the impossibility of a for this aim [10-14]

sound fixing of the specimen and poor lubrication. Er-
ichsen test — it is technique which allow to obtain tech-
nological parameters of sheets according to CSN EN
ISO 20482, and their convenience for deep-drawing.
It also allows to obtain information about adhesion
and cohesion properties of coatings and layers.

There are a lot of factors which influenced on elon-
gation determined material, and we focused on, in this
research work on several basic material properties at
the sheets made of AlMg3 alloy which could be con-
trol with the aim to obtain the highest elongation.
Within the various technological parameters obtained
sheets made of AIMg3 alloy we had watched the fol-
lowing technological parameters on elongation and
properties.

e Influence of chemical composition mainly in-
fluence of allowed admixture chemical ele-
ments within the standard.

e Influence of heat treatment within produc-
tion of determined sheet (with/without be-
tween annealing, homogenization/without
homogenization of basic material).

e Influence of metallurgical cleanest of finally

produced sheet (evaluated on the fracture sur-

Fig. 1 Erichsen test with the fracture formation [2] face samples after static tensile test).
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e Influence of finally grain size (recommended
grain size is 10-20 nm for obtaining the best
elongation)

2 Identification of analyzed samples

The aim of this work had been reseatrch in the area
with the different variants of production sheets made
of AlMg3 alloy and had found up the best properties
of sheets from the point of view the highest elonga-
tion (and also the best deep-drawing). For this re-
search had been obtained 5 different variants of tech-
nologically product sheets made of AIMg3 alloy with
the thickness 1,8 mm with the aim to realize “complex
analyse” and found up optimal variant for technolog-
ically production of the sheets with the high elonga-
tion.

Designation of the sheet:

Sheetl — without between annealing, and without

homogenization with the highest content of Mn, Fe,
and Si

Sheet 2 — after homogenization with the very low
content of Mn, Fe, and Si.

Sheet 3 — after homogenization and between an-
nealing on the thickness 4 mm with the highest con-
tent of Mn, and higher content of Fe.

Sheet 4 — without homogenization, between an-
nealing on the thickness 4 mm with the higher content
of Mn.

Sheet 5 — without homogenization, without be-
tween annealing on the thickness 4 mm with very low
content of Mn, Fe, and Si.

For these analyses we obtained 5 sheets made of
AlMg3 alloy with the thickness 1,8 mm with the iden-
tification of forming direction. The Fig. 2 presented
one of the obtained sheets (sheet designation as sam-
ples 1) with the identification took in places for static
tensile test, microstructure analyses and spectral
chemical analyses. Designation of analyses samples.

-

Fig. 2 Sheet 1- sheet made of AIMg3 alloy with identification take in places for static tensile test, and microstructure
analyses and spectral chemical analyses

3 Chemical analyses

Chemical composition of individual sheet is given

Tab. 1 Chemical composition of sheets 1-5 [wt.%]

in the Tablel. Total reports from spectral chemical
analyses (realized by Q4 TASMAN) are given as ap-
pendix No. 3-7.

Sheet Si Fe Cu Mn Mg Cr Ni Zn Ti Al
1 0.117 0.425 0.019 0.319 2.780 0.045 0.0058 0.027 0.032 96.14
2 0.074 0.192 <0.001 0.097 3.467 <0.002 0.005 0.008 0.008 96.09
3 0.118 0.716 0.018 0.214 3.109 0.155 0.051 0.027 0.019 95.51
4 0.125 0.710 0.018 0.214 3.198 0.160 0.049 0.029 0.019 95.42
5 0.069 0.231 <0.001 0.068 2.656 <0.002 <0.002 0.014 0.009 96.87
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Comments: The sheet 2 has visible lower content
of Fe and Mn against the sheets 1,3,4, summary 2-3
times lower. The sheet 3 and 4 have higher content of
Ct if we compare them with the rest sheets. The sheet
5 has the nearest chemical composition to sample 2
mainly in the content of admixture chemical elements
as Fe, Mn, Cr, and Si.

4 Static tensile test

Static tensile test had been realized by Inspect 100

equipment from Hegewald & Pesche firm at the pa-
rameters according to CSN EN 10002-1 (42 0310).
Static tensile test for the samples had been realized at
room temperature 20 = 2 °C. Sped of loading for all
samples had been 4 mm/min. Samples for static ten-
sile test had been took in from the sheets in two dif-

ferent rolling directions (in the rolling direction and in
the perpendicular to rolling direction). In the Figure 3
are shown samples distribution for static ensile test for
obtained sheet.

Samples perpendicular to rolling direction

Samples in the rolling direction I

Fig. 3 Distribution of the samples for static tensile test

Results from the static tensile test are given in the
Table 2. Samples made from perpendicular to rolling
direction had been took in after samples in the rolling
direction, and due to it had been impossible to pro-
duce more samples. As it is given in the Table 2 the
highest values of tensile strength had been obtained in

Tab. 2 Results from static tensile test.

both directions in the sheet 3 and 4. On the contrary
these sheets had the lowest values of elongation. The
highest values of elongation in the both directions had
been ascertained in the samples made of sheet 5, but
these samples showed the lower values of tensile
strength.

Sheet Direction Sample Rm [MPa] O Rm [MPa] A [%] O A %]
1-1 234 211
. L 1-2 246 22.5
1 Rolling direction 3 236 236 204 211
1-4 227 20.3
Perpendicular to rolling 1-1K 226 226 20.7 20.7
direction
2-1 236 26.3
. L 2-2 237 234
Rolling direction 23 237 237 751 24.7
2 2-4 237 23.8
Perpendicular to rolling | 1 223 223 239 | 241
direction
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31 259 243
3.2 259 20.5
Rolling direction 259 20.7
X 3.3 257 20.0
3.4 259 17.9
Perpendicular to rolling 31K 243 242 19.1 20.4
direction
4-1 260 203
4-2 260 20.8
Rolling direction 260 20.9
) 4-3 260 223
4-4 260 20.3
Perpendicular to rolling 41K 242 244 20.8 20.5
direction
5.1 219 338
5.2 217 342
Rolling direction 218 35.1
; 5.3 218 383
5.4 216 34.0
icul 1l
Perpendicular to rolling 51K 208 209 33.0 34.8
direction

5 Fracture surfaces EDS analyses.

Scanning electron microscope (SEM) Tescan
VEGA 3 with EDS analyzer Bruker was used for frac-
ture surface analyses. Fracture surface analyses had
been realized after static tensile test at chosen samples
(sample 1-4). Fractography analyses were focused on
presence brittle intermetallic particles on fracture sur-
faces, and on presence foreign particles which could
been the reason of fracture.

Sample 1-4

cps/eV.

c oN Na Al Si

keV

Fig. 5 Surface EDS analysis from visible area in Fig. 4

White particles which were presented on the
fracture surface at sample 1-4, one of them is marked
at Fig. 4 with the yellow square, had the higher content
of Na, Cl, and K, except basic elements fundamental
material. According to this fact could be supposed that
the presence of these elements is due to rest of refi-
ning salts in material what he says high content of oxy-
gen (45.88 wt.%) and aluminum (very fine oxides).

Pt g M gl - B | b AP A el
o I 7 i e, A, A h
I e e E

SEM 10 30,0 Y
o Dol 300 e
SEM MAG: 481 x| Deie{midy e DReain 4

WEGAY T SCAN

P T SO A RS LR

Fig. 4 Detail of fracture surface
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Tab. 3 Results of EDS analysis from the area visible in Fig. 4

= - S o T -
g g S S S &
5 3 £ 3 ¥ 5 2 7 3
Al K-series 33.70 31.67 19.90 5.20
(@) K-series 45.88 43.12 45.71 21.16
F K-series 1.35 1.27 1.14 1.91
Si K-series 0.46 0.43 0.26 0.19
Na K-series 0.32 0.30 0.22 0.20
C K-series 24.70 23.21 32.78 15.86

Total: 106.41 100.00 100.00

Sample 2-1 In the sample 2-1 it consists of many particles
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Fig. 6 Detail of fracture surface
Tab. 4 Results of EDS analysis from the area visible in Fig. 6

which were visible on the fracture surface, Fig. 6. EDS
analysis from the yellow square are presented in Fig.
7, and Table 4. EDS analysis proved the higher con-
tent of Na, Ca, and F. According to this fact could be
supposed that the presence of these elements is due to
rest of refining salts in material what he says high con-
tent of oxygen (32,19 wt.%) and aluminum (very fine

oxides).
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Fig. 7 Surface EDS analysis from visible area in Fig. 6

2 T T ¢ 5 53
= 7 £ 2 g 2 & 22
(0] K-series 32.19 36.29 46.94 23.61
Ca K-series 24.49 27.61 14.26 2.39
S K-seties 16.01 18.05 11.65 1.96
Al K-series 3.67 4.13 3.17 0.77
C K-series 12.35 13.92 23.98 14.01
Total: 88.71 100.00 100.00
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Sample 4-4 In Fig. 8 on the fracture surface foreign particle is
presented, taking the area is marked with the yellow
square. Results of this analysis is given in Fig. 9 and
Table 5. Analyzed particle had the higher content of
Na, Cl, K and S except basic elements. According to
this fact could be supposed that the presence of these
elements is due to trest of refining salts in material.
Such particles were identified in all samples of analy-
zed sheets 1-5.
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Fig. 8 Detail of fracture surface Fig. 9 Surface EDS analysis from area visible in Fig. §
Tab. 5 Results of EDS analysis from the area visible in Fig. 8
= - O — o T -
5 g OF : 2 S ES
: : : 2 £ : 2 7 3
o K-series 34.87 30.08 26.22 24.17
Al K-series 3.23 2.78 1.44 0.69
Cl K-series 2.49 2.15 0.84 0.42
Na K-series 2.94 2.54 1.54 0.93
K K-series 1.99 1.72 0.01 0.35
S K-series 1.24 1.07 0.46 0.29
C K-series 68.63 59.19 68.72 37.30
Ca K-series 0.56 0.48 0.17 0.20
Total: 115.95 100.00 100.00

6 Analysis of grain size

For this part of analysis had been used optical
microscopy Olympus BX 51 M for observation of
microstructure all samples in polarized light. Samples
which were prepared from the rolling direction had
been brushed and polished. After polishing the
samples had been etched by anodic oxidation accor-
ding to Barker method. Reason for such preparing of
samples had been possibility color observation
microstructure in polarized light. Documentary of all
samples had been made at one hundred magnification.
Sheet 5 had the lowest grain size in the contrary to the
sheet 3 and 4 which had had the larger grain size. Fig. 10 Sheet 1. Grain size 10-20 um
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Fig. 11 Sheet 2. Grain size 20-30 um

7 Conclusion

After chemical analysis of the sheets and compari-
son obtained results it was stated that the sheets 1, 3
and 4 had higher content admixture chemical elements
Si, Mn and Fe. Content of these elements was 2-3 ti-
mes higher as had sheet 2. Presence of these elements
was reason production of intermetallic particles which
had been observed by microstructural analysis. Such a
way amount intermetallic particle was higher, and were
reason the lower plasticity of materials and deep-dra-
wing properties. Sheet 1 had 0.425 wt.% Fe, sheet 3
had 0.718 wt.% Fe, and sheet 4 had 0.710 wt.% Fe.
More over the sheets 3 and 4 had higher content Cr
(in average 0.157 wt.%) against the other sheets. We
recommend summary content of Fe + Mn to be ma-
ximum 0.30 wt.%, content of Si 0.1% wt.%, and Cr
0.01 wt.% maximum. This is chemical composition of
the sheets 2, 5.

Thanks to increased content of Fe, Mn and Si at
sheets 1,3 and 4 we found out in microstructure these
sheets a lot of intermetallic particles rich with these
clements. These particles had even distribution, and
had higher size. The sheet 2 had intermedia phase type
Al-Fe-Mg-Mn-(Ni) without presence of Si to a less ex-
tent, and their morphology were finer (phase expelled
in the rectangular morphology). In the microstructure
of sheet 5, thanks to lower content of Mn and Si, the
presence of intermedia phase on base Al-Fe-Mg (wit-
hout presence Mn and Si elements) was observed.

Influence of chemical composition on elongation
as one of the most important parameters (higher value
of elongation guaranteed higher deep-drawing value at
produced sheets) having influence on deep-drawing
sheets proved obtained values of elongation, where
the highest values had been found at samples made of
sheet 5. These samples had elongation in rolling di-
rection 35.1%, and in perpendicular to rolling di-
rection 34.8%. Compared with sheets 1,3 and 4 and
also sheet 2 it proved higher elongation as in rolling
direction 24.7% as in perpendicular to rolling direction
24.1%. We recommend for the good deep-drawing to
obtain minimum elongation on the level 24-25%
(sheet 2, 5) at sheets made of AlMg3 alloy.

According to the EDS analysis of foreign particles
we observed higher content of Ca, Na, K, Cl respecti-
vely S and F on fracture surfaces at all samples from
the sheets 1-5. Based on this fact the presence of men-
tion elements is likely to be the rest of refining or
covered salts. It is proved by high value of oxygen and
aluminium, and morphology these particles (fine white
oxides). From this point of view it is necessary to state
that the presence these foreign particles (intrusions)
has negative influence on deep-drawing, and is ne-
cessary elimination of their presence in material. We
recommend to lower amount of refining and covered
salts in the smelting and casting process this material.
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