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(57) Abrege/Abstract:

he present invention relates to an automotive clad sheet product comprising a core Sayer and at least one clad layer wherein the
core comprises an alloy of the following composition in weight %: Mg 0.45-0,8, S1 0.45-0.7, Cu 0.05-0.25, Mn 0.05-0.2, Fe up to
0,35, other elements (or impurities) <0,05 each and <0.15 In total, balance aluminium; and the at least one clad layer comprises an
alloy of the following composition in weight %: Mg 0.3-0.7, S1 0,3-0.7, Mn up to 0,15, Fe up to 0.35, other elements (Impurities)
<0.05 each and <0.15 In total, balance aluminium. The clad automotive sheet product provides excellent hemmabtlity which does
not substantially change over time and yet also provides a good age-hardening response after bake hardening.
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(57) Abstract: The present invention relates to an automotive clad sheet product comprising a core Sayer and at least one clad lay-
er wherein the core comprises an alloy of the following composition m weight %: Mg 0.45-0,8, S1 0.45-0.7, Cu 0.05-0.25, Mn
0.05-0.2, Fe up to 0,35, other elements (or impurities) <0,05 each and <0.15 m total, balance aluminium; and the at least one clad

& layer comprises an alloy of the following composition in weight %: Mg 0.3-0.7, S1 0,3-0.7, Mn up to 0,15, Fe up to 0.35, other el -

S

W

ements (1mpurities) <0.05 each and <0.15 m total, balance alumimium. The clad automotive sheet product provides excellent
hemmabtlity which does not substantially change over time and yet also provides a good age-hardening response atter bake hard-
ening.
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Clad Automotive Sheet Product

this invention concerns a composite aluminium sheet primarily intended for use in
automotive applications. The sheet product comprises a core of a 6XXX series
aluminium alloy and at least one clad layer of another 6XXX series aluminium alloy.

The use of aluminium sheet materials in the production of automobiles has been
established for many years. A range of different alloys are used depending on the
particular requirements of the automobile designers for specific components. In
certain applications it is desirable that the material be of high strength. Yet other
applications require higher formability and, in such cases, strength may be
considered less important. There has also been a desire for materials that deform
easily under impact, for example in the event of collision with pedestrians and such '
materials may have even lower strengths.

ahinbe

Formability for automotive sheet users means two requirements. There is the
formability of the sheet through ifs thickness which generally relates to the bulk
shaping of sheet. The second is the extent to which the sheet can be bent around a
tight radius. This latter requirement is imporiant for some automotive parts where
the sheet I1s bent back on itself o create a means of attachment to underlying
support panels. This bending back is known as hemming and a sheet which is
capable of being bent round a tight radius in this way without cracking is said to
possess good hemmability,

Typically the aluminium alloys used for this purpose are from the 8XXX series of
alloys, namely those whose principal alloying elements are Mg and Si, or from the
OAXX series of alloys, where the principal alloying element is Mg. For an
understanding of the number designation system most commonly used in naming
and dentifying aluminium and its alfloys see “International Alloy Designations and
Chemical Composition Limits for Wrought Aluminum and Wrought Aluminum
Alloys”, published by The Aluminum Association, revised January 2001.

In many applications it is desirable that the material be readily formed and yet,
following a paint-bake treatment, develops sufficient mechanical strength. B6XXX
series alloys are particularly suitable for this because of their ageing response. A
significant amount of work has taken place over the last 15 to 20 years to
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understand the ageing processes in these alloys and various processes exist to
maximize the so-calied paint-bake response, (PBR), being the difference in tensile
properties from the as-supplied (hereafier T4) temper to the final (hereafterT8)
temper after forming and bake hardening.

it is well known that a lower T4 vyield strength and reduced Fe content will promote
improved formability, particularly hemming performance. A lower vyield strength
relates to the ease of deformation. That is, a lower yield strength means the sheet
can be shaped using lower working loads. Elongation reiates to the extent of
deformation. A low yield strength can be achieved by reducing the solute content of
the alloy but the lower solute content usually reduces the paint bake response, One
such alloy is marketed under the name Anticorodal®-170 (hereafter AC170).
Another alloy is known from £EP1685268, where the alloy is solution heat treated in
such a manner to avoid significant age hardening., Of these two, the alloy according
to EF 1685268 has a iower solule content and possesses excellent hemmabiiity,
AC170, (also having a relatively low solute content compared with high strength
alioys like AAG111), on the other hand, possesses slightly inferior hemmability
compared with the alloy from EP 10685268 but does age harden. On the other hand,
with AC170 the hemmability deteriorates over time as the alioy age hardens, in
particular when prestrained before hemming.

As mentioned above there is usually a compromise between mechanical strength
and hemmability. Although hemmability is the focus of this invention it is useful to
automotive designers if the material is capable of age hardening during paint baking
to some extent. This aliows the designer to optimize weight savings through gauge
reguctions. It is aiso desirable if the mechanical properties remain relatively stable
over time in sheet delivered to automotive manufacturers. This is because, after
delivery of sheet, there may be some delay before such sheet is used in production
of automotive body parts. [f, for example, the hemmability changes during that
period, (which can be for several months), the user of the sheet may find it less
conducive to their manufacturing methods, Alternatively, the sheet might be formed

into a panel or a hood at an earlier date but only joined o other components at a
later date. Where the joining method involves hemming, it is desirable that the
hemming performance change little over the intervening time period.
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Japanese patent application JP62-207642 published on 12 September, 198/
suggests cladding a 6XXX series alloy core with a 5XXX series alloy clad layer
although the composition range claimed for the clad layer encompasses or overiaps
with some BXXX series alloys. This publication teaches that a Si content above

0.5wt% in the clad layer is undesirable because it will reduce formability. The mix of
BXXX series and 5XXX series alloys in such a product makes it less favourable for
recycling. This publication says nothing about the hemming performance of the clad
sheet products.

The combination of 8XXX series alloys with 1XXX and 3XXX series alloys is
disclosed in US2006-0185816. In particular the combination of a core of
conventional composition alloy AA6111 was produced with clad layers of
conventional AA3003 or AA3104. The composite structure provided an
improvement in formability when compared with monolithic AAB111. Hemming
performance was not disclosed.

WQO07/128391 discloses a composiie product comprising the combination of 6 XXX
series alloys in the cora with 6XXX series alloys in the clad layer. Despite the broad
claims the description coniains only 2 examples where the core alloys are either
AABG16 or AAB111 and the clad layer is AABOOSA. The hemming performance of
the composite products was better than that of the monolithic core alloys alone,
although there is no report of how the hemming performance changes over time.

JP2000-129382 also discloses cladding a 6XXX series alloy containing Cu with
another layer of XXX series alloy without Cu. Formability is measured through
elongation — a measure of the extent of bulk formability, not hemmability.

None of these prior art disciosures suggest a combination of alloys in core and clad
layers that provide extremely good hemming characteristics also after prestraining,

hemmability which remains excelient after ageing, whilst also showing the ability to
be significantly age hardened during paint baking.

It is, therefore, an object of the invention to provide an aluminium alloy clad product
possessing excellent hemming performance, where the hemming performance
remains excellent after substantial periods of natural ageing and prestraining, and
which is capable of age hardening.
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1his object is achieved by the clad automotive sheet product comprising the
features of claim 1. Preferred embodiments of the invention are set out in the

dependent claims, respectively.

The term “sheel’, as herein broadiy used, Is intended to embrace gauges
sometimes referred to as “plate” or "foll” as well as sheet gauges intermediate plate
and foll.

The reasons for limiting the alloying constituents in a manner as realized in the
claims are given below. All values are in weight %.

Mg: The Mg content in the core layer is set to be 0.45 — 0.8. Preferably, the Mg
content 1s 0.5 = 0.7, most preferable about 0.6. The Mg content in the at least one
clad layer is set {o be 0.3 - 0.7. Preferably, the Mg content in the clad layer is 0.4 —
0.6, most preferably about 0.5

St: The Si content in both the core and clad layer is set to be 0.45 to 0.7. Preferably,
the St content in the core layer is 0.5 {6 0.7, most preferably about 0.6. The Si
content in the at ieast one clad fayer is between 0.3 — 0.7. Preferably, the Si content
in the at least one ciad layer is 0.4 — 0.6, most preferably about 0.5.

Mg and Si combine mostly as MgzSi, imparting strength improvement after age-
hardening. Too little of either Mg or Si and the age-hardening obtained is minimal
and this establishes the lower limit for each element of 0.45 for the core alloy
composition. The upper content of Mg and Si is limited, however, because excess
St is detrimental to formability in general, especially with respect to the minimum
crack-free pending radius of the sheet. The Mg and Si contents are, therefore,
balanced in a manner as to achieve the desired strengthening effect and to prevent
a high amount of excess Si in the material.

Fe: The Fe content in both the core and the at least one clad layer is set to be less
than 0.35. The Fe content is known to have a significant effect on minimum crack-
free pending radius. Fe is usually not soluble in aluminium but is present as second
phase constituents, e.g. an AlFe(Mn)5i phase, frequently located at grain
poundaries. Upon bending, cracking initiates at constituent interfaces and
propagates. I is therefore believed that low Fe content and preferably a fine
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distribution of the iron-bearing phases improves the bending characteristics of the
sheet product.

Cu: The Cu content in the core layer is set {o be 0.05 — 0.25. An addition of Cu
within this range provides additional strengthening beyond that obtained simply from
Mg.51 precipitation. Too much Cu in the at least one clad layer is undesirable
because it lowers the hemming performance and worsens the corrosion behaviour,
especially filliform corrosion. The Cu content in the at least ,one'ciad layer is up o
0.20, but preferably there is no addition of Cu to the clad layers such that the

amount is, therefore, commensurate with that of an impurity.

Mn: The Mn content in the core layer is set to be 0.05 - 0.3. The Mn content in the
at least one clad layer is set {o be less than 0.15. Preferably, the Mn content in the
at least one clad layer is less than 0.10. Manganese in the core alloy contributes to
the bake hardening strength, and assists in controlling the grain size and the
toughness of the heat-treated sheet. Excessive amounts in the at least one clad
layer, however, increase the size of the Fe-containing particles with which Mn is
associated n an undesired manner, thus adversely affecting bendability of the sheet
product according 10 the invention.

Other elements such as, but not limited to, Zn, Ni, Ti, B, Cr and V may be present in
both the core layer and the at least one clad layer in the form of trace elements or
impurities, or in the case of Ti and B through addition in the form of grain refiners.
Fach such trace element or impurity is present in an amount less than 0.05 each
and less than 0.15 in total. The balance of the alloys is aluminium.

In a preferred embodiment of the invention, the clad automotive sheet product has a
bending factor r/t measured according to ASTM E290 of less than 0.3 after 6
months natural ageing. In a more preferred embodiment the bending factor remains
below 0.3 after 12 months natural ageing. Even more preferred, the bending factor
is less than 0.25 after 6 months natural ageing and most preferably the bending
factor is less than 0.25 after 12 months natural ageing.

In a further preferred embodiment the Inventive product has a paint bake response
of greater than 75MPa.
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The combination of core and clad layers according to the invention achieves a better
hemming performance than a monolithic alloy containing the alloying elements of
the core layer, retains the ability {0 age harden and, during and after age hardening,
does not see a significant change in hemming performance.

in the following, the invention will be described in more detail by referring to the
attached Figures which show the resulls of tests conducted on an embodiment of
the claimed invention. Neither the detailed description nor the Figures are intended
to limit the scope of protection which is defined by the appending claims.

Fig. 1 is a plot of the variation of bending factor over time for the inventive and
comparison products in the 14 state, zero presirain before bending..

Fig. 2 is a plot of the variation of bending facior over time for the inventive and
comparison products in the T4 state, 5% prestrain before bending.

Fig. 3 is a plot of the variation of bending factor over fime for the inventive and
combparison products in the 14 state, 10% prestrain before hending.

Fig. 4 is a plot of the variation of bending factor over time for the inventive and
comparison products in the T4 state, 15% prestrain before bending.

Examples:
a) Sample preparation:

Composite ingots according to the invention were cast using the process described
in WO 04/112892. The composite ingot had two identical composition clad layers,
one each on etther side of the core layer.

For comparison purposes, composite ingots were also cast using the casting
process described in WO04/112932 to provide samples according to WO07/128391
and JP62-207642. In the case of the sample according to WOQ07/128391 the core
layer was a 6016 alloy and the two clad layers were low solute BXXX series alloys.
In the case of the sample according to JP62-207642 the core layer was also a 6016
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alloy and the two clad layers were of the same composition being a composition
based on AAD00S.

Further, established monolithic automotive sheet alloys AC170, AABO16 and the
alloy according to EP1685268 were produced through conventional DC casting

roufes.

The chemical composition of the various samples tested is shown in Table 1.

In every case ingots having a thickness of 560mm were cast and then scalped to
remove Zbmm from each sige. (n the case of the clad products this resuited in
sheets where the two clad layers represented 10% of the total ingot thickness.

The ingots were then homogenized, hot and cold rolled using conventional practices
fo a final gauge of 1.0mm,

The cold rolled sheet for all samples, (except the sample according to EP1685268),
was then solution heat treated in a continuous solution heat treatment line to provide
neak metal temperatures around 565°C for 30 seconds. After solution heat
treatment (SHT) the sheet was quenched and subjected to a pre-aging practice
followed by slow cooling to room temperature.

Sheet according to composition B from Table 1 was solution heat treated at a lower
temperature of 500°C for 20 seconds, in accordance with the teaching of
EP1686268. This sample was not given a pre-ageing treatment because, with this
freatment, it is designed not {o age-harden significantly.

All samples were allowed to artificially age for several days at room temperature to
provide a delivery state of T4.

10 assess age-hardening response after bake hardening (T8 temper), samples were
subjected to the following cold forming and ageing treatment; 2% strain plus 185°C
for 20 minutes.

samples of the T4 material were also subjected to different amounts of pre-strain to
simutate the kind of forming used in the industry when making shaped parts. The
amounts of additional pre-strain were 5, 10 and 15%. Bendability tests were used to
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measure hemming performance over periods up to 12 months, where the T4 sheet
was left to age harden naturally, then pre-strained, then tested for bendability.
Bendability was measured according to the procedure set out in the standard ASTM

E290.

Table 1: composition of samples, all values in weight %.

|

B S‘a_mpleA Core CQ@pdsitiop (té_eilwance Al and impurities)
- Mg S - Cu ~Mn Fe
invention 0.6 06 | 0.14 0.1 0.2
A , 06 | 05 | 01 | 015 | 02
B | 04 | 04 0.08 0.0 7
E . | 04 | 008 | 007 | 047
. C | 055 i1 | 008 | 007 | 021
D | o085 | 11 | 008 | 007 | 021
. E 0.55 | 1.1 0.08 | 007 | 021
1 |

| - Clad composition (balance Al and impurities) |
" Invention | 05 l 0.5 b l 0.1 J 02

A | B Fth"c;fad layer - monolithic |
B | _No clad layer - monolithic |
| C ] L Md layer - monolithic L
| D.., - 0.72 ’ 0115 - 0.01 0.02 Q.j8
_E | 04 | 04 | 008 | 007 | 017

Comparative example A is a composition otherwise known as AC170 and is a
monolithic composition very similar to the core layer composition of the invention.
Comparative exampie B is a monolithic alloy according to EP1685268.

Comparative example C is a monolithic alloy falling within the range of the
estiablished automotive sheet alloy AAGO16.

Comparative exampie D is a clad product with a 6016 alloy core and 5XXX series
alloy clad layers according to JP62-207642.

Comparative example E is a clad product with a 6016 alloy core and 8XXX series
alloy clad layer similar to those described in WO07/128381.

h} Tensile Properties:
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The tensile properties of all the samples were measured using a Zwick test machine
£050.

Table 2 below shows the tensile test daia, vield strength and ultimate tensile
5 strength for the as-delivered T4 state and after bake hardening according to the
conditions specified above. (All values in MPa).

Table 2.
I Rt — E
? UTS | PBR é
;invenﬁon 95 194 ;175 238 380
A 95 200 E217 265 S322
TB é7o 120 |04 149 |24
C 115 225 |245 205 | 130
» 100 205 :190 235 ?90 g
E 105 205 5190 230 ¥85

10 It can be seen that the paint bake response (PBR) of the inventive product is
reasonable at a level of around 80MPa, Although this response is a little lower than
samples A or C, it is significantly higher than sample B and remains useful for
automotive designers. Furthermore, it is comparable to the level of paint bake
response obtained with prior art clad products.

15
in addition the yield strength in the T4 condition is lower than the yield strengths of
the comparative clad sampies D and E which means the inventive product provides
better bulk formability than these products too.

20 ¢} Bending Properties:

The bending behaviour is presented in the attached Figures 1 o 4.
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The bending factor of the inventive product remains relatively constant over a 12
month period and remains at a level well below 0.3. It does not matter, either, If the
amount of prestrain before testing was varied.

In contrast, the bending factor for sample A (the monolithic alloy with the same
composition as the core alloy layer of the invention) at 0% prestrain was also at a
low value and reasonably constant over time with 0% prestrain, (a slight increase
may be detected), However, once the prestrain increases, the tendency is for the
hending factor to be higher and to see more of an increase over time. Even after
5% prestrain there is a significant change over time in the bending factor value such
that the value is above 0.3 afier 6 months ageing. At 10% prestrain after 6 months
ageing the bending factor was 0.36 but this increased over the next 6 months to a
value of 0.5, '

Sample B, being the sample with a low paint bake response as seen above, has,
ike the inventive product, an excellent bendability that remains stable over time,
regardless of prestrain.

Sample C, the moderately high strength monolithic 6016 alloy, has a relafively poor
hending factor valug, being around 0.5 or well above this value.

Sample D, being the 6016 alloy core with 5XXX series clad layers had a bending
factor after 0% prestrain and 3 months ageing of 0.33 but this increased slightly to a
value of 0.4 after 6 months ageing. More significant changes in the bending factor
were observed when the sample was subjected to prestrains of 5, 10 and 15% such
that the bending factor rose to vaiues within the range of 0.5 to 0.65.

Sample k&, being the 6016 alloy core with low solute 6XXX series clad layers
generally had lower bending factors than sample D, Indeed at 0% prestrain and 3
months ageing the bending factor was very low at 0.16. However the bending factor
increased over fime, and the rate of change was relatively steep compared with
some of ihe other sampies tested, such that after 6 months ageing and regardless of
the amount of prestrain, the bending factor was always at or above 0.4,

In conclusion, the analysis of the tensile date in combination with the bending data
shows that the inventive product provides excellent hemmability which remains
relatively constant over time, regardless of the amount of prestrain before bending,

10
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and yet is able to provide a reasonable level of bake hardenability. None of the prior
art samples {ested offered this combination of properties. Once formed, a sheet
product of the invention can be hardened during baking freatments whereas
monolithic alloys with the same bending behaviour may not.

The product according o the invention is ideally suited for use in automotive
structures.

11
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We Claim:

1. An automotive clad sheet product comprising a core layer and at least one clad layer

wherein the core comprises an alloy of the following composition in weight %:
Mg 0.45-0.8

Si0.45-0.7

Cu 0.05-0.25

Mn 0.05-0.2

Fe up to 0.35
other elements (or impurities) < 0.05 each and < 0.15 in total balance aluminium and
the at least one clad layer comprises an alloy of the following composition in weight %:

Mg 0.3-0.7

S10.3-0.7

Mn up to 0.15

Fe up to 0.35

other elements (impurities) < 0.05 each and < 0.15 in total balance aluminium.

2. The clad sheet product according to claim 1, wherein the product comprises two clad

layers with one clad layer on each side of the core layer.

3. The clad sheet product according to claim 2, wherein the two clad layers are of the
same composition.

4. The clad sheet product according to claim 1, wherein the Mg content in the at least
one clad layeris 0.4 - 0.6.

5. The clad sheet product according to claim 1. wherein the Mg content in the at least
one clad layer is about 0.5.

6. The clad sheet product according to claim 1, wherein the Si content in the at least
one clad layeris 0.4 - 0.6.

12
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/. The clad sheet product according to claim 1, wherein the Si content in the at least
one clad layer is about 0.5.

8. The clad sheet product according to any one of claims 1 to 7, wherein the Mg content
In the core layeris 0.5-0.7.

9. The clad sheet product according to any one of claims 1 to 8, wherein the Mg content
In the core layer is about 0.6.

10. The clad sheet product according to any one of claims 1 to 9, wherein the Si content
In the core layeris 0.5-0.7.

11. The clad sheet product according to any one of claims 1 to 10, wherein the Si
content in the core layer is about 0.6.

12. The clad sheet product according to any one of claims 1 to 11, wherein the bending

factor, as measured by ASTM 290C is below 0.3 after 6 months natural ageing.

13. The clad sheet product according to any one of claims 1 to 12, wherein the bending

factor, as measured by ASTM 290C is below 0.3 after 12 months natural ageing.

14. The clad sheet product according to any one of claims 1 to 13, wherein the bending

factor, as measured by ASTM 290C is below 0.25 after 6 months natural ageing.

15. The clad sheet product according to any one of claims 1 to 14, wherein the bending

factor, as measured by ASTM 290C is below 0.25 after 12 months natural ageing.

16. The clad sheet product according to any one of claims 1 to 15, wherein the paint

bake response is greater than 75MPa.
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17. The clad sheet product according to claim 1, wherein the product is for use in an
automotive structure.

18. The clad sheet product according to claim 17, wherein the automotive structure is a
panel or a hood.
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