Product for a welded construction nade of Al Mgvh al | oy havi ng
i rproved mechani cal strength "Technical sphere The invention relates to
the sphere of rolled or extruded products such as sheets, profiles, wres
or tubes made of Al MgWh-type alum nium all oy containing nore than 3% by

wei ght of My, intended for wel ded consfructions having a high yield stress,
good resistance to fatigue and good toughness for structural applications
such as shi Frodudtistdr ad weldéd eSorétruction made of AlMgMn alloy

having improved mechanical strength

Technical sphere

The invention relates to the sphere of rolled or extruded
products such as sheets, profiles, wires or tubes made of
AlMgMn-type aluminium alloy containing more than 3% by weight
of Mg, intended for welded constructions having a high yield
stress, good resistance to fatigue and good toughness for
structural applications such as ships, industrial vehicles or
welded bicycle frames.

State of the art

The optimum dimensioning of welded structures made of
aluminium alloy leads to the use of 5,000 series AlMg alloys
according to the ‘Aluminium Association nomenclature, in the
cold-worked state (state H1l according to the standard NF-A-
02006) or partially softened state (state H2), or stabilized
state (state H3), while wmaintaining high resistance to
corrosion (state H116) rather than the annealed state (state
o). However, the improvement in the mechanical
characteristics relative to the state O does mnot wusually
remain after welding, and certifying and monitoring
organizations " generally = recommend that only the
characteristics in state O be taken into consideration for
welded structures. The resistance to fatigue and the fissure

propagation rate should also be taken into consideration for
dimensioning.

In this sphere, research has concentrated wmainly on the
implementation of fhe welding operation itself. There have
also been attempts to improve the corrosion resistance of the
article by appropriate thermomechanical treatments.

Japanese patent application JP 06-212373 proposes the use of an
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wel ded bi cycle franes. State of the art The optinmum dinmensioning of
wel ded structures made of alumniumalloy |eads to the use of 5,000
series AlMy alloys according to the Al um nium Associ ati on nonenclature, -in
the col d-worked state (state Hl according to the standard NF-A- 02006) or
partially softened state (state H2), o stabilized state (state H3), while
mai nt ai ni ng high resistance to corrosion (state H116) rather than the

anneal G&llﬁéﬁtéoﬁﬁé@ﬁﬂn@)l 0 to BRURVRE Mn,theo HdW.@semdiiMg idhd 1d8s

nechanl aI |st|cs relatlve to the st O dqes ot us al | renaln
after d$n§ OBeOi PTG éi-lﬁﬁ#ﬁéﬁﬁ P al
generaJéWrengthcdueemd waﬂﬂﬂng cmbweverthEhehasecbénaﬁnaiioylhﬁﬁﬁﬁgC)be

t aken i cQnsj at ru S ce, i gue
and t heé\%%és(u&r ehg%pa{ﬁ%%gésr%teeggﬁe tt f%%‘?)gbet gen | %’t gcglny Ec;‘er a}f‘%on
for .resistance to fatigue and in the toughness.

Object of the invention

The object of the invention is significantly to improve the
mechanical strength and fatigue resistance of welded structures
made of AlMgMn alloy, under predetermined welding conditions,
without unfavourable consequences for other parameters such as
toughness, corrosion resistance and cutting deformation, due to
internal stresses.

The invention relates to products for welded constructions made
of AlMgMn aluminium alloy composed of (% by weight):
3.0 < Mg < 5.0

0.5 <Mn < 1.0
Fe < 0.25
Si < 0.25
Zn < 0.40
optionally one or more of the elements Cr, Cu, Ti, Zr such that:
Cr < 0.25
Cu < 0.20
Ti < 0.20
Zr < 0.20
other elements < 0.05 each and < 0.15 in total, wherein Mn + 2Zn

> 0.75.
Description of the invention

Contrary to earlier research which concentrated on the welding
process and the thermomechanical treatments, the inventors have
found a particular range of composition for minor alloying
elements, in particular iron, manganese and zinc, leading to an
interesting set of properties combining static mechanical
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di mensi oni ng. In this sphere, research has concentrated mainly on the

i.npl enment ati on of the wel ding operation itself. There have al so been
attenpts to inprove the corrosion resistance of the arti.cle by appropriate
t her nonechani cal treatnents. Japanese patent application JP 06-212373
proposes the use of an 3 2

characteristics, toughness, resistance to fatigue, resistance to
corrosion and cutting deformation, this set of properties being
particularly well adapted to the use of these alloys for naval
construction, utility vehicles or the welded frames of bicycles.

This set of properties is obtained by combining a low iron
content, < 0.25%, preferably < 0.20%, and even 0.15%, and a
manganese and 2zinc content such that Mn + 2Zn > 0.75%,
preferably > 0.8%. The Mn content should be > 0.5%,
preferably > 0.8%, to have adequate mechanical characteristics,
but should not exceed 1% if a deterioration in toughness and
fatigue resistance are to be avoided. The addition of =zinc
combined with manganese has been found to have a beneficial
effect on the mechanical characteristics of welded sheets and
joints. However, it is better not to exceed 0.4% because
problems can then be encountered in welding.

The magnesium is preferably kept > 4.3%, because it has a
favourable effect on the yield stress and fatigue resistance, but
beyond 5% the corrosion resistance is less good. The addition
of Cu and Cr are also favourable to the yield stress, but Cr is
preferably kept < 0.15% to maintain good resistance to fatigue.

The mechanical strength of the sheets depends both on the
magnesium content in solid solution and on the manganese
dispersoids. It has been found that the volumetric fraction of
these dispersoids, which is linked to the iron and manganese
contents, should preferably be kept above 1.2%. This volumetric
fraction is calculated from the average of the surface fractions
measured on polished cuts produced in three directions (length,
width and thickness) by scanning electron microscopy and image
analysis.

The products according to the invention can be rolled or extruded
products such as hot- or cold-rolled sheets, wires, profiles or

extruded and optionally drawn tubes. '*”““—---%-~\_‘

This Sheet K;

Wi



all oy containing 1.0 to 2.0%of M1, 3.0 to 6.0%of My and | ess than 0.15%
of iron to mnimze the reduction in the nechanical strength due to
wel di ng. However, the use of an alloy having such a high manganese content

| eads to a reduction in the resistance to fatigue and in the toughness.

Obj ect of the invention The object ¢f the invention is significantly to

i nprove the nechanical strength and fatigue resistance of wel ded structures

made ofrhal MH¥etH | &ycorddiey abetﬁeﬁeerlrﬂmm diwgi €Rndicki @@%emsltéw% '
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al um nirlé@i%[nl,o%. %%e&:_:?ésé ‘Vﬁ}?;’ wx\ﬁigﬂt z:én be at least 25 MPa higher
than that of a conventional alloy having the same magnesium
content, that is a gain of about 20%.

The width of the thermally affected. region is reduced by about
one third relative to a conventional 5083 alloy, and the hardness
of the welded Jjoint increases from about 75 Hv to more
than 80 Hv. The welded joints also have a tensile strength
exceeding the minimum imposed by organizations monitoring
unwelded cold-worked crude sheets.

The sheets according to the invention have fatigue resistance,
measured by plane bending with a stress ratio wherein R = 0.1 on
samples taken in the cross-longitudinal direction, higher than:

10° cycles with a méximum stress > 280 MPa

10¢ cycles with a maximum stress > 220 MPa

107 cycles with a maximum stress > 200 MPa.

The fissure propagation rate AK, measured when R = 0.1, is
> 22 MPa¥m when da/dN = 5 x 10°* mm/cycle and > 26 MPaVm when
da/dN = 1072 mm/cycle.

The sheets according to the invention usually have a thickness
greater than 1.5 mm. With thicknesses greater than 2.5 mm they
can be obtained directly by hot rolling, without the need for
subsequent cold rolling and, furthermore, these hot-rolled sheets
are less distorted on cutting than cold-rolled sheets.

The products according to the invention have corrosion resistance
which is as good as that of normal alloys having the same
magnesium content, for example 5083 of common composition, widely
used in naval construction.
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3.0-< M < 5.0 0.5 <M < 1.0
Si < 0.25 Zn < 0.40 optionally one or nore of the ehe
Cr, Cu, Ti, Zr such that: Cr < 0.25 This Sheet Has Been Re

0. 20 Ti < 0.20 Zr < 0. mwm ts <
0.05 each and < 0.15 in total, whereim Mh + 2Zn > 0. 75

the i nvention Contrary to earlier research which concentrated on the
wel di ngxampdess and the t hernonmechanical treatnents, the inventors have
found a particular range of conposition for mnor alloying

Thirteen samples of sheets were prepared by conventional semi-
continuous casting in the form of plates, were heated for 20 h
at a temperature > 500°C and were then cold-rolled to the final
thickness of 6 mm. The reference O corresponds to a conventional
5083 composition and reference 1 to a composition slightly
outside the invention. The 11 others (references 2 to 12) have
a composition according to the invention.

The compositions were as follows (% by weight):

Ref Mg Cu Mn Fe Cr Zn Ti Zx
0 4.40 | < O.bl 0.50 0.27‘ 0.09 0.01 0.01
1 4.68 | < 0.01 0.72 | 0.12 0.05 < 0.01]0.01
2 4.56 | < 0.01 0.83]|0.12 0.13 | 0.01 0.01
3 4.60 | < 0.01 0.85]|0.17 0.10 0.16 0.01
4 4.62 | < 0.01 0.96 | 0.10 0.05 0.02 0.01
5 4.8010.09 0.80{0.11 0.03 0.02 0.01
6 4.72 | < 0.01 0.87 | 0.13 0.03 .0.02 0.0110.11
7 4.88 | 0.05 0.78 1 0.16 0.02 0.01 0.08
8 4.92 10.06 0.94 | 0.08 0.02 0.19 0.0l
9 4,69 | < 0.01 0.72 | 0.07 0.02 0.10 0.01
10 4,71 | < 0.01 '|0.82]0.06 0.02 < 0.01]0.01
11 4.73 | < 0.01 0.95 | 0.17 0.03 < 0.01{0.01
12 4.70 | < 0.01 0.92 | 0.22 0.03 0.01 0.01

The samples all have, after rolling, a yield stress R, , > 220 MPa
in the L direction.

The mechanical strength of the joints welded from these sheets
was measured under the following conditions: continuous automatic
MIG butt welding with a symmetrical bevel having an inclination
of 45° to the vertical over a thickness of 4 mm and filler wire
of 5183 alloy.

The mechanical characteristics (tensile strength R,, yield



el ements, in particular iron, manganese and zinc, leading to an interesting
set of properties conbining static nechanical

3 characteristics, toughness, resistance to fatigue, resistance to
corrosion and cutting deformation, this set of properties being
“particularly well adapted to the use o these alloys for naval

construction, utility vehicles or the welded franmes of bicycles. Thi s set
of propdmesss Res,)onearanecbbyinedbbyi pgld ihgwovieon szmplerd | stad25dh zed

preferally chd- 2R%wiBdafvemdhitVPidd 8rganization DNV for naval
construction having a length of 140 mm and a width of 35 mm, the
weld bead with a width of 15 mm being in the centre and the
length of the narrow portion of the sample being 27 mm, that is
the sum of the width of the bead and twice the thickness (15 +
12 mm).

The volumetric fractions of manganese dispersoids was also
measured.

The results are as follows (in MPa for resistances and % for

fractions):
Ref. R, Ry 5 Fractions
0 285 141 0.62
h 1 292 144 1.2
I 2 302 150 1.4
3 300 146 1.6
4 310 -~ | 158 1.7
5 309 149 1.4
6 305 155 1.5
7 315 166 1.3
8 318 164 1.9
9 310 153 1.5
10 312 150 1.5
11 315 153 ' 1.6
12 315 151 1.5

The resistance to fatigue of unwelded sheets subjected to plane
bending wherein R = 0.1 was also measured for references 0 to 5,
while determining the maximum stress.(in MPa) corresponding to
10° and 10’ cycles respectively, as well as the fissure
propagation rate AK measured when da/dn = 5 x 10™* mm/cycle

(in MPaVm) . -
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manganese and zinc content such that Mh + 2Zn > 0.75% preferably > 0.8%
The WM content should be > 0.5% preferably > 0.8% to have adequate
mechani cal characteristics, but should not exceed 1%if a deterioration in
t oughness and fatigue resistance are to be avoi ded. The addition of zinc
conbi ned wi th manganese has been found;to have a beneficial effect on the
mechani cal characteristics of welded sheets and joints. However, it is

better i remidtaeasets 46 bESBLS®s probl ens can then be encountered in

wel din ao s proforably keopt > 4. 230% heocayse it has a
Favour glpee effect on the gpi gld18kr ess aagvfgﬁéggg_re5|shgnce but beydnhd 5%

t he coffrosromrrestrstante—t+s—tess—good—the—atdrtronr—of are— -ttt SO
favour §bl@ to the yiel 220 ess, but Cr|R9O0preferably kepe < 0.15%to
mai nt aifn good resistan¢g4z0 fatigue. The nechani cal Fength of the
sheet s ]ldepends both on Eg% nagnesiun1cagt%nt insolid So ution and on Jt he

mangangs
225 200 23
230 205 22
225 200 22
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di spersoids. It has been found that the volunetric t?%ﬁnffﬁ+{ﬁ\iiE§§iTTr
di spersoids, which is linked to the iron and nanganes shou
preferably be kept above 1.2% This volunetric fractiWﬂa ﬂm from
the average of the surface fractions nmeasured on polishe Ld in
three directions (length, width and tlg ckness) by scanning electron
m croscopy and i nmage anal ysi s. The products according to the invention
can bedalilmsd or extruded products such as hot- or cold-rolled sheets,
wires, profiles or extruded and optionally drawn tubes.
1. Product for a welded construction made of AlMgMn aluminium
alloy composed of (% by weight):
3.0 < Mg < 5.0
0.5 <Mn < 1.0
Fe < 0.25
Si < 0.25
Zn < 0.40
optionally one or more of the elements Cr, Cu, Ti, Zr such that:
Cr < 0.25
Cu < 0.20
Ti < 0.20
Zr < 0.20
other elements < 0.05 each and < 0.15 in total, wherein Mn + 2%n
> 0.75 and preferably > 0.8%. '

2. Product according to Claim 1, characterized in that Mg >
4.3%.
3. Product according to one of Claims 1 and 2, characterized

in that Mn > 0.8%.

4. Product according to one of Claims 1 to 3, characterized in
that Fe < 0.20%.

5. Product according to Claim 4, -characterized in that Fe <

0.15%.
6. Product according to one of Claims 1 to 5, characterized in

that the volumetric fraction of dispersoids is greater than 1.2%.

7. Sheetlaccording to one of Claims 1 to 6, characterized in
that it has a thickness > 2.5 mm and is merely hot rolled.

_—
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4 The sheets according to the invention, which—areassenbled by butt

wel ding by a MG or TIG process and with a be of 45% over
about 2/3 of the thickness have, in the wel degi“%“mmmmﬁﬁln stress
Rlerr] which can be at |east 25 MPa higher th at. of® a scofiventi onal

al l oy having the sanme magnesium conter®t, that is a gain of about 20% The
width of the thermally affected region is reduced by about one third

rel ati ®e t o Uawedidasht 8baat so8rding  tendmheonar ifes€latmehd webdet j oi nt
ave a o P Eﬁ‘?‘éidfi“;rB?%Q%tﬁ?“%’f%%i%%ﬂ%'deﬁ‘geég?‘?‘a‘% AN
rna)lx?t gPi %S‘%Ln%@%diég’ ol'H&RF ik d Kor (tle OS'Hee'[r‘éul. trlr*pﬁnecéflﬁ’e%qt'gl 4 Wipt o the
i nvent ddrehador,athigleer atisat ance, nmeasured by pl ane bending with a stress
ratio mhereh%sRc§c9e% %ith a maximum stress > 280 MPa

10° cycles with a maximum stress > 220 MPa

107 cycles with a maximum stress > 200 MPa.

9. Sheet according to any one of Claims 1 to 8, characterized
in that it has a fissure propagation rate AK, measured when
R = 0.1, higher than:
22 MPaVm when da/dn
26 MPaVm when da/dn

5 10"* mm/cycle
1072 mm/cycle

10. Use of a product according to one of Claims 1 to 9 in naval
construction.

11. Use of a product according to one of Claims 1 to 9 for the
construction of industrial wvehicles.

12. Use of extruded tubes according to one of Claims 1 to 6 for
the manufacture of welded bicycle frames.

13. Sheet according to one of Claims 1 to 9 welded by fusion and
having a hardness > 80 Hv in the welded zone.

-
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sanples taken in the cross-Ilongitudinal direction, higher than:

10[err] cycles with a maxi num stress > 280 MPa 10[err] cycles with a
maxi num stress > 220 MPa 10[err] cycles with a naxinun1stress > 200
MPa. The fissure propagatlon rate [err] K neasured when R = is > 22

MPal err /d 0 r ¢ I en.da/dN =
10[ err]iﬁéﬁggglg% I¥‘I’h é%tégéc% rTg‘:néﬁto e |nvgﬁ&5§% %%%%YMG AkAPE a
th|ckneéﬁpﬁﬁﬁaﬂepeﬁh&ﬁlfag g#¥remati t hi cknesses greater than 2.5 mmthey
can be obtained directly by hot rolling, wthout the need for subsequent

cold roj P Lihernmore, these hot-rolled sheets are |ess distorted
on cuttlégﬂgﬁgﬁgco ge | ed sheets. The products according to the
i nventi on have corrosion resistance which is as good as that of nornmal

al | oys Thei nihvdwet Sae relates to the sphere of rolled or extruded
products such as sheets, profiles, wires or tubes made of AlMgMn-
type aluminium alloy containing more than 3% by weight of Mg,
intended for welded constructions having a high yield stress,
good resistance to fatigue and good toughness for structural

applications such as ships, industrial vehicles or welded bicycle
frames.

State of the art

The optimum dimensioning of welded structures made of aluminium
alloy leads to the use of 5,000 series AlMg alloys according to
the Aluminium Association nomenclature, such as, for example, the
alloy 5083 of which the composition lodged at the Aluminium
Association is (% by weight):

Mg: 4.0 - 4.9
Mn: 0.4 - 1.0
Fe < 0.40

Si < 0.40

Zn < 0.25

Cu < 0.10

Cr: 0.05 - 0.25
Ti < 0.15

These alloys are used in the cold-worked state (state H1
according to the standard NF-EN-515) or partially softened state
(state H2), or stabilized state (state H3), while maintaining
high resistance to corrosion (state H116) rather than the
annealed state (state 0). However, the improvement in the
mechanical characteristics relative to the state O does not
usually remain after welding, and certifying and monitoring
organizations generally recommend that only the characteristics
in state O be taken into consideration for welded structures.

The resistance to fatigue and the fissure propagatlon rate should
also be taken 1nto consideration for dimensioni o
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magnesi um content, for exanple 5083 of common conposition, widely used in
naval construction. : _ 5 Exanple
Thirteen sanples of sheets were prepared by conventional sem - continuous
casting in the formof plates, were heated for 20 h at a tenperature >
500[err] C and were then cold-rolled to,the final thickness of 6 nm The
reference O corresponds to a conventional 5083 conposition and reference 1

to a copOotiHidN SPHS | Y research has concentrated mainly on the
implementation of the welding operation itself. There have also
been attempts to improve the corrosion resistance of the article
by appropriate thermomechanical treatments.

Japanesé patent application JP 06-212373 proposes the use of an
alloy containing 1.0 to 2.0% of Mn, 3.0 to 6.0% of Mg and less
than 0.15% of iron to minimize the reduction in the mechanical
strength due to welding. However, the use of an alloy having
such a high manganese content leads to ‘a reduction in the
resistance to fatigue and in the toughness.

Object of the invention

The object of the invention is significantly to improve the
mechanical strength and fatigue resistance of welded structures
made of AlMgMn alloy, under predetermined welding conditions,
without unfavourable consequences for other parameters such as
toughness, corrosion resistance and cutting deformation, due to
internal stresses. |

'An invention relates to products for welded constructions made
of AlMgMn aluminium-alloy composed of (% by weight):

3.0 < Mg < 5.0
0.5 < Mn < 1.0

containing Fe, 8i and Zn in a quantity such that:

Fe < 0.25
Si < 0.25
Zn < 0.40

6ptionally one or more of the elements Cr, Cu, Ti, Zr such that:

Cr < 0.25
Cu < 0.20

ri < o0.20  |REPLACEMENT SHEET

Zr < 0.20
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out'side the invention. The 11 others (referencF_.‘j v A e ch]l

conmposi tion according to the invention. The conpositions werd as fol | ows:
(% by wei ght): Ref My Cu Vvh Fe 102* SEP 199D Ti Zr
0 4.40 < 0.01 0.50 0.27 0.09 0.01 Ot 01 1 4.8} < 0.01
0.72 0.12 0. 05 < 0.01 0.01 2 4.56 <|O0t ~83U. 12 0.13
0,01 0.0l 3 460 <00l 0.85 0.17 {0.10 0.16 _ 01 4
4.62 <oPnh@t e18m@Ats0<18,05080h afd02 0.19 G o1, wheéddid: . 80
0 21 gohgt elfndResOsi8 050 den aflad 0 1t Eoty, vhetbit M 4 270 0
0.01 0%19-7%7  4.88 0.05 0.78 0.16 0.02 0.01 0.09 8

4.92 0.06 0.94 0.08 0.02 0.19 ~0.01 9 4.69 < 0.01 0.72
8- 8; Oﬁggarip@_iisﬂ of @n@l invkAtiont 71 < 0.01 0.82 0.06 0.02 <

Contrary to earlier research which concentrated on the welding
process and the thermomechanical treatments, the inventors have
found a particular range of composition for minor alloying
elements, in particular iron, manganese and zinc, leading to an
interesting set of properties combining static mechanical
characteristics, toughness, resistance to fatigue, resistance to
corrosion and cutting deformation, this set of properties being
particularly well adapted to the use of these alloys for naval
construction, utility vehicles or the welded frames of bicycles.

This set of properties is obtained by combining a low iron
content, < 0.25%, preferably < 0.20%, and even 0.15%, and a
manganese and zinc content such that Mn + 2Zn > 0.75%,
preferably > 0.8%. = The Mn content should be > 0.5%,
preferably > 0.8%, to have adequate mechanical characteristics,
but should not exceed 1% if a deterioration in toughness and
fatigue resistance are to be avoided. The addition of =zinc
combined with manganese has been found to have a beneficial
effect on the mechanical characteristics of welded sheets and
joints. However, it is better not to exceed 0.4% because
problems can then be encountered in welding.

The magnesium is preferably kept > 4.3%, because it has a
favourable effect on the yield stress and fatigue resistance, but
beyond 5% the corrosion resistance is less good. The addition
of Cu and Cr are also favourable to the yield stress, but Cr is
preferably kept < 0.15% to maintain good resistance to fatigue.

The wmechanical strength of the sheets depends both on the
magnesium content in solid solution and on the manganese
dispersoids. It has been found that the volumetric fraction of
these dispersoids, which is linked to the iron and manganese
contents, should preferably be kept above 1.2%. This volumetric
fraction is calculated from the average of the surface fractions
measured on polished cuts produced in three directions (length,



11 - 4.73 <001 0.95 0.17 0.03 <O 0 O AT 70 < 0.01
0.92 0.22 0.03 0.01 0.01 The sanpl es |alt—haves- Iling, a
yield stress Rlerr] > 220 MPa in the L directijop. . al strength
of the joints welded fromthese sheets was neas réH2§EE€W9Vhe.fo!lomnng
conditions: continuous automatic MG byt wel i etlri cal beve

having an inclination of 45[err] to the verti Kngss of 4 nm
and fil hados rendf cRi8RnébsPypy sEhAnTRghANEE
strengtgd§f§gﬂs.yleld

The products according to the invention can be rolled or extruded
products such as hot- or cold-rolled sheets, wires, profiles or
extruded and optionally drawn tubes.

The sheets according to the invention, which are assembled by
butt welding by a MIG or TIG process and with a bevel of the
order of 45% over about 2/3 of the thickness have, in the welded
region, a yield stress R, , which can be at least 25 MPa higher
than that of a conventional alloy having the same magnesium
content, that is a gain of about 20%.

The width of the thermally affected region is reduced by about
one third relative to a conventional 5083 alloy, and the hardness.
of the welded joint increases from about 75 Hv to more
than 80 Hv. The welded joints also have a tensile strength
exceeding the minimum imposed by organizations monitoring
unwelded cold-worked crude sheets.

The sheets according to the invention have fatigue resistance,
measured by plane bending with a stress ratio wherein R = 0.1 on
samples taken in the cross-longitudinal direction, higher than:

10° cycles with a maximum stress > 280 MPa
10° cycles with a maximum stress > 220 MPa
107 cycles with a maximum stress > 200 MPa.

The fissure propagation rate AK, measured when R = 0.1, is
> 22 MPaVm when da/dN = 5 x 10™* mm/cycle and > 26 MPaVm when
da/dN = 10°* mm/cycle.

The sheets according to the invention usually have. a thickness
greater than 1.5 mm. With thicknesses greater than 2.5 mm they
can be obtained directly by hot rolling, without the need for
subsequent coldfrolling'and, furthermore, these hot-rolled sheets
are less distorted on cutting than cold-rolled sheets.
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frﬁlctlonsg as good as that of normal alloys having the same
magnesium content, for example 5083 of common composition, widely
used in naval construction.

Example

Thirteen samples of sheets were prepared by conventional semi-
continuous casting in the form of plates, were heated for 20 h
at a temperature > 500°C and were then cold-rolled to the final
thickness of 6 mm. The reference O corresponds to a conventional
5083 composition and reference 1 to a composition slightly
outside the invention. The 11 others (references 2 to 12) have
a composition according to the invention.

The compositions were as follows (% by weight):

Ref Mg Cu Mn Fe Cr Zn Ti Zxr 1
0 4,40 | < 0.01 0.50 ] 0.27 0.09 0.01 0.01
1 4.68 | < 0.01 0.72 ] 0.12 0.05 < 0.01]0.01
2 4.56 | < 0.01 0.83]10.12 0.13 0.01 0.01 .
3 4.60 | < 0.01 0.85 ] 0.17 0.10 0.16 0.01 “
4 4.62 | < 0,01 0.96 10.10 0.05 0.02 0.01
5 4.8010.09 0.801]0.11 0.03 J0.02 0.01
6 4,72 | < 0.01 0.8710.13 0.03 0.02 0.01{0.11
7 4.88 | 0.05 0.78 | 0.16 0.02 0.01 0.09
8 4.92 | 0.06 0.294 10.08 0.02 0.19 0.01
9 4.69 | < 0.01 0.72 | 0.07 0.02 0.10 0.01
10 4.71 | < 0.01 0.82]0.06 0.02 < 0.01]0.01
11 4.73 | < 0.01 0.95 | 0.17 0.03 < 0.01]0.01 ’
12 4.70 | < 0,01 0.92 1 0.22 0.03 0.01 0.01 I

The samples all have, after rolling, a yield stress R02 > 220 MPa
in the L direction. :

way di zed by the

| spersoi ds

tanegs and



Ref ..
285
1.2
146
309
1.5
164
10

153

Rlerr] Rl err] Fractions O

141 0.62 1 ‘ n 144
2 302 150 REPLACERIENT SHEET

1.6 4 310 158 1.7

149 1.4 (.g 1 239EP 1997 155
7 315 16 1.3 8

The mechanichl Strength of thélqoints Yel%fdjﬁg?m thesefshee TS

was measure und:eLE the fol owingéfgnditions: con}&iludﬁ's""'é‘ﬁtomatlg 5

The redIst e meXdinguel i arspeimke srktlseveb)Bavbugt anpiacdibending
wher ei R 45 0.t afe a}s: 1maB Wk fOre ki 8l 1oh€H§65f Oa t@mSand filler wire

of 5183 alloy.

The mechanical characteristics (tensile strength R,, yield
stress R,,) were obtained by pulling over samples standardized
by the Norwegian monitoring organization DNV for naval
construction having a length of 140 mm and a width of 35 mm, the
weld bead with a width of 15 mm being in the centre and the
length of the narrow portion of the sample being 27 mm, that is

the sum of the width of the bead and twice the thickness (15 +
12 mm). '

The wvolumetric fractions of " manganese disperscids was also
measured.

The results are as follows (in MPa for resistances and % for
fractions) :

Ref. Ry R, 2 Fractions “
0 285 141 0.62
1 292 144 1.2
2 302 150 1.4
3 300 146 1.6
4 310 158 1.7 I
5 309 149 1.4
6 305 155 1.5
7 315 166 1.3
8 318 164 1.9
9 310 153 1.5
10 312 150 1.5
11 315 153 1.6
12 | 315 151 1.5

The resistance to fatigue of unwelded sheets subjected to plane
bending wherein R = 0.1 was also measured for references 0 to 5,
while determining the maximum stress (in MPa) corresponding to

300
5

318



whi | e determ ning the maxi rumstress (in MPa) corresponding to 106 and

10[err] cycles respectively, as well as the fissure propagation rate

[err] K neasured when da/dn = 5 x 10[err] mmicycle (in MPa[ferr]m.

7 The results were as follows: Ref. 10[err] cycles 10[ err]

cycles J[err]K O 220 200 22 1

235 205 22 Z 230 200

23 10° and 10’ cycles respectively, as well as the fissure
propagation rate AK measured when da/dn = 5 x 10™® mm/cycle
(in MPaVm) . '

The results were as follows:

lLRef. 10° cycles 107 cycles AK "
0 220 200 22
1 235 205 22
2 230 200 23
3 225 200 23
4 230 205 22
5 225 200 22

REPLACEMENT SHEET
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225 200 23 230

et TULE NP

29 '“5p A mi 225 M
8 Cainms 1. QSE%T,@ M‘\TQS}\IEEL d construction ma mﬂl n| um
al | oy composed of {( ob%/ 3.0 <My < “ﬁ \“ ‘ \ \
Claims
1. Product for a welded construction made of AlMgMn aluminium

alloy composed of (% by weight):

w
o

< Mg < 5.0
0.5_ < Mn < 1.0

containing Fe, Si and Zn in a quantity such that:

Fe < 0.25
Si < 0.25
Zn < 0.40

optionally one or more of the.elements Cr, Cu, Ti, Zr such that:

Cr < 0.25
Cu < 0.20
Ti < 0.20
Zr < 0.20

other elements < 0.05 each and < 0.15 in total, wherein Mn + 2%n
> 0.75 and preferably > 0.8%, said product having a volumetric
fraction of dispersoids greater than 1.2%

2. Product according to Claim 1, characterized in that Mg >
4.3%.
3. Product according to Claim 1 or Claim 2, characterized in

that Mn > 0.8%.

4. Product according to one of Claims 1 to 3, characterized in
that Fe < 0.20%.

5. Product according to Claim 4, characterized in that Fe <
0.15%.
6. Sheet according to one of Claims 1 to 5, characterized in

that it has a thickness > 2.5 mm and is merely hot rolled.



Fe < 0.25 Si < 0.25 Zm—<—0-40-optional | y

81.n<2350r rrpre of the el arreztgl g{) Cu, Ti, Zr such thF'MHZWLe“I“"IlIIH“l Cr ;r

< 0.20 other elenents < 0.05 each and < 0.1 rewns Zn >
0.75 and preferably > 0.8% 2. Pr oguct accord| ng to daiml,
characterized in that Mg > 4. 3% 3. Product according to one of C ains

1 and 27. charsetef i Z askddudthaicddrdinly 8% one of Claims 1 to 6 in naval
construction.

8. Use of a product according to one of Claims 1 to 6 for the
construction of industrial wvehicles.

9. Use of extruded tubes according to one of Claims 1 to 5 for
the manufacture of welded bicycle frames.

10. Unwelded product made of AIMgMn aluminium alloy composed of
(¥ by weight):

w
o

< Mg < 5.0
0.5 < Mn < 1.0

containing Fe, Si and 2Zn in a quantity such that:

Fe < 0.25
Si < 0.25
Zn < 0.40

optionally one or more of the elements Cr, Cu, Ti, Zr such that:

Cr < 0.25
Cu < 0.20
Ti < 0.20
Zr < 0.20

other elements < 0.05 each and < 0.15 in total, wherein Mn + 2Zn
> 0.75 and preferably > 0.8, having fatigue resistance, measured
by plane bending wherein R = 0.1 in the cross-longitudinal

direction, higher than: REDLACE@&@Q SHEET

e AL 1 SIS e N g A S iy
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10° cycles with a maximum stress > 280 MPa
10° cycles with a maximum stress > 220 MPa
107 cycles with a maximum stress > 200 MPat

11. Sheet according to Claim 10, characterized in that Mg is >



4. .Product ‘according to one of Clains 1 to 3 n that Fe <
0..20% 5. Product according to Claim4, ch ﬂ ﬁlﬂ Et Fe <
0.15% 6. Product according to one of Cains rlzed in

that the volunetric fraction of dispersoids is greater than 1. 2%
Sheet according to one of Clains 1 to §g characterized in that it has a
thickness > 2.5 mand is nerely hot rolled.

12. Sheet according to Claim 10 or Claim 11, characterized in

that Mn is > 0.8%.

13. Sheet according to one of Claims_lo to 12, characterized in
the Fe is < 0.20% and preferably < 0.15%.

14. Sheet according to one of Claims 10 to 13, characterized in
that its thickness is > 2.5 mm and it is merely hot rolled.

15. Use of a sheet according to one of Claims 10 to 14 in naval
construction.

16. Use of a sheet according to one of Claims 10 to 14 for the
construction of industrial vehicles.

17. Sheet for a welded construction made of AlMgMn alloy
composed of (% by weight):

3.0 < Mg < 5.0
0.5 < Mn < 1.0

containing Fe, Si and Zn in a quantity such that:
Fe < 0.25
Si < 0.25

Zn < 0.40

optionally one or more of the elements Cr, Cu, Ti, Zr such that:

Cr < 0.25
Cu < 0.20
Ti < 0.20
Zr < 0.20

‘other elements < 0.05 each and < 0.15 in total, wherein Mn + 2Zn
> 0.75 and preferably > 0.8, having a fissure propagation rate

AK, measured when R = 0.1, higher than: . _ it
- REPLACEMENT SHE

T
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9 8. Unwel ded sheet according to any one of O ai s 1 10 7, character zed

in that it has fatigue resistance, neasured by pl ane di Leen R =
0.1 in the cross-longitudinal direction, higher tha,l‘ﬂﬂ'ﬂ""ﬁ"ﬂﬁﬂﬂmgyd €s
Wi th a maxi num stress > 280 MPa 10[err] cycles wi*thcta maxa ress >
220 MPa 10[err] cycles with a magijmum stress > 200 Mra. 9. Sheet .
according to any one of Clains 1 to 8, characterized in that it has a
fissure propagaubavimr ahen| dayB, =neasumed cpede .R = 0.1, higher than:
22 MPa[err] mwhen da/dn = 5 10[err] nm cycle 26 MPa[err] m when da/dn =
10[ err] rmlcgcle . ) . )

18. heet according to Claim 17, characterized in that Mg is >

4.3%.

19. Sheet according to Claim 17 or Claim 18, characterized in
that Mn is > 0.8%.

20. Sheet according to one of Claims 17 to'19, characterized in
that Fe is <« 0.20 and preferably < 0.15%.

21. Sheet according to one of Claims 17 to 20, characterized in
that its thickness is > 2.5 mm and that it is merely hot rolled.

22. Use of a sheet according to one of Claims 17 to 21 in naval
construction.

23. Use of a sheet according to one of Claims 17 to 21 for the
construction of industrial vehicles.

24, Sheet for a welded construction made of AlMgMn aluminium
alloy composed of (% by weight):

w
o

< Mg < 5.0
0.5 < Mn < 1.0

|REPLACEMENT SHEET

containing Fe, Si and Zn in a quantity such that:
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Fe < 0.25
Si < 0.25
Zn < 0.40

optionally one or more of the elements Cr, Cu, Ti, Zr such that:

Cr
Cu
Ti
Zr

0.25
0.20
0.20
0.20

A A AN A

other elements < 0.05 each and < 0.15 in total, wherein Mn + 2Zn



10. .Use of a product accor di ng to one of lainms 1 to 9 in naval

construction. 11. Use of a product accordi ng to um m {]1 9 for
t he construction of industrial vehicles. ?ﬂm VI Hml mgs
according to one of ains 1 to 6 for the nanufacturb df el 8ed® bitycl e
frames. 13. Sheet according to one ak Claims 1 to 9 welded by fusion and

havi ng a hardness > 80 Hv in the wel ded zone.
> 0.75 and preferably > 0.8, welded by fusion and having a

hardness > 80 Hv in the welded =zone.

25. Sheet according to Claim 24, characterized in that Mg >
4.3%.

26. Sheet according to Claim 24 or Claim 25, characterized in
that Mn is > 0.8%.

27. Sheet according to one of Claims 24 to 26, characterized in
that Fe is < 0.20% and preferably < 0.15%.

28. Sheet according to one of Claims 24 to 27, characterized in
that its thickness is > 2.5 mm and it is merely hot rolled.

29. Use of a sheet according to one of Claims 24 to 28 in naval
construction.

30. Use of a sheet according to one of Claims 24 to 28 for the
construction of industrial wvehicles.

REPLACEMENT SHEET
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