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HEAT TREATMENT OF ALUMINIUM-LITHIUM ALLOYS

This invention relates to the heat treatment

aluminium-lithium alloys and in particular to suc eat
treatment for the strengthening of such alloys for the

optimisation of such alloys' plane stp€ss fracture

toughness. Such alloys are known in partdcular for use in

aircraft skin construction, and mgfe particularly for
commercial aircraft fuselage, wing and empennage
construction. In this applicafion in particular the low
density, high stiffness and/excellent fatigue properties

of aluminium-lithium allgks enable weight savings to be

achieved to maximise prgfitability of the aircraft.

the time of the invention are as
of thermal exposure at 70°C on the
damage tolerant aluminium-lithium alloy
sheet." Febrfiary 1995. Reference DRA/SMC/WP952008 by.D.S.
McDarmaid;/ "Mechanical properties of 2024-T3 aluminium

alloy sheet. December 1991. Reference TR91071 by D.S.

McDa d, C.E. Thomas and C. Wheeler.

The aluminium-lithium (Al-Li) alloys registered
wi the ALUMINUM ASSOCIATION as AA8090 and AA2091
ereinafter referred to without the "AA* prefix) in
recrystallised sheet form and under-aged tempers have been

shown to possess attributes of *“Damage Tolerance® in that
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HEAT 'I'REA'I'MENT OF ALUMINIUM-LITHIUM ALLOYS

This invention relates to the heat treatment of
aluminium-lithium alloys and in particular to such heat
treatment for the strengthening of such alloys and for the
optimisation of such alloys' plane stress fracture
toughness. Such alloys are known in particular for use in
aircraft skin construction, and more particularly for
commercial . aircraft fuselage, wing and empennage
construction. In this application in particular the low
density, high stiffness and excellent fatigue properties
of aluminium-lithium alloys enable weight savings to be
achieved to maximise profitability of the aircraft.

Prior Art references which are relevant to this
invention known at the time of the invention are as

follows. "Effect of thermal exposure at 70°C on the
performance of damage tolerant aluminium-lithium alloy
sheet.* February 1995. Reference DRA/SMC/WP952008 by D.S.
McDarmaid; "Mechanical properties of 2024-T3 aluminium
alloy sheet. December 1991. Reference TR91071 by D.S.
McDarmaid, C.E. Thomas and C. Wheeler.

The aluminium-lithium (Al-Li) alloys registered
with the ALUMINUM ASSOCIATION as AA8090 and AA2091
(hereinafter referred to without the "AA* prefix) in

recrystallised sheet form and under-aged tempers have been

shown to possess attributes of "Damage Tolerance® in that
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fatigue crack growth rates are commendably slow coupled
with reasonably high levels of plane stress fracture
toﬁghness (Kéi. A such, both products have been
extensively investigated as potential alternatives to the
currently most widely used@ materials for civil aircraft
skin applications, in particular for fuselages eg alclad
2024 T3 and-2014A T4 sheet, where the density reduction
associated with the 1lithium-bearing alloys would enable
considerable amounts of weight to be saved. 8090 in plate
form has'also:been investigated for upper and lower wing
skin and empennage applications and may also be considered
for upper wing skins. _

In addition to the reguirement  for damage
tolerance there  are | several .other necessary
characteristics which any new skib material and
particularly fuselage wing and empennage skin materials
must possess. These. include adequate strength, good
corrosion ~resi5tanée and an often unstated but very
important requirement of long-term thermal stability, ie
the ability to withstand prolonged periods at moderately
elevated temperatures without- an appreciable or
unacceptable loss in any-of the key attributes. For a
sub-sonic civil aircraft fuselage the worst case from a
consideration of thermal instability involves on the
ground éxposures-to'the combined eﬁfects of high ambient

temperatures and intense solar radiation. It is generally
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accepted that in tropical conditions £fuselage skin

temperatures of up to 70-85°C can be achieved when the sun

is at or near its zenith. Over the life of an aircraft

this could, in the worst case, represent a cumulative high
temperature exposure of approximately 65000 hours (eg 6
hours per day for 30 years) although such an exposure
would only be achieved for aircraft either stored in
desert conditions or operated irregularly £rom tropical
bases. Thermal stability is also one aspect of concern
when considering the use of Al-Li alloys for wing and
empennage skin applications.

The 8090 and 2091 alloys have been primarily
investigated for fuselage skin applications in the T81 and
T84 conditions respectively. The T81 condition for 8090
is achieved by artificial age hardening ("ageing”) £from
the T31 condition (ie solution treated and controlled
stretched) for 24 hours at 150°C whilst the T84 condition
for 2091 is achieved by ageing from the T3 condition for
12 hours at 135°C following a slow ramp up from ambieqt to
135°C. These treatments are intended to produce products
which mimic the mechanical properties of alclad 2024 T3

{ie the lower limit for 0.2% Proof Stress has been set as
approximately 270 MPa) in order that substitutional
applications can more easily be considered. There is,

also, the widespread perception that Al-Li 3110ys require

static strengths at least equivalent to alclad 2024 T3 to
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be successful in the fuselage skin application. This is
not nedessarily 'so since the increase in Young's Modulus
aéSociated with the 1lithium content is capable of more
than off-setting any slight reduction in 'strengt:h. which
might now be seen to be -require'd in order to properly
satisfy a real re(;’uirefnent for wvery high fracture
.toughness and good impact resistance.

Despite the use of artificial ageing treatments,
both the Al-Li products referred to are known to lack
thermal stab_i'lity in the temperature range 70-85°C and an
increase in strength coupled with a disproportionately
laJ._"ge reduction in Kc._ results _af-ter relatively short
isothermal exposures  (ie a very significant éffe_ct after
1000 hours). This inverse relationship between strength
and Kc¢ for Al-Li alloys has been demonstrated on many
occasions. Given that the initial toughness levels for
both alloys aged to their respective prior art conditions
(ie T81 and T84 for 8090 and 2091 respectively) are
marginal for the intended application when compared to
alclad 2024 T3  (the current _.i.ndust:ry, standard) this
absence of thermal stability and the pernicious effect on
toughness of even -apparéntly véfy small increases in
strength is widely regarded as a majér contributory factor

accounting for the current lack of any significant civil

aircraft fuselage applications.
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The cause of thermal instability is attributed to
an on-going precipitation of 8 ' (Al,Li). The reason for

the continued precipitation of § ', and hence the thermal

instability, is that there is an inverse relationship

between the equilibrium volume fraction of §' and
temperature {ie the equilibrium volume fraction increases

as temperature is reduced). The high rate of diffusion of

lithium in aluminium ensures that the formation of &' is
not effectively diffusion rate controlled until the
temperature falls some considerable way below the exposure
temperature of concern. It therefore follows that even
extensive ageing at the stated prior art ageing

temperatures (ie 135-150°C) will never achieve anything

approaching a complete precipitation of 8 ' and a high
thermodynamic driving force for on-going precipitation,
coupled with adequate rates of lithium diffusion, will
exist at temperatufes_ at or close to (below) the maximum
thermal exposﬁre temperatures considered. Instead,
extensive ageing at these *higher* temperatures only
serves to increase the volume fraction of other phases

such as S! (Al,CuMg) leaving a structure overly high in

strength but relatively low in & '. Subseguent long-term

thermal exposure therefore results in a large increase in
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the & '.volume fraction, an increase in strength and
enlbrittlément.

To  illustrate t:hs; effect of on-going &
precipitation dupliéate sémples of a batch of (hereinafter
referred to as ‘Bétch 1* material) 8090 T8l were given_ a
range of thermal treatments prior to being exposed to an
elevated temperature for a conside_i'able. l'en_gth of time.
The composition in.weight percent of the Batch 1 material
was:

Li Cu . Mg Fe | zZr Al

2.23 1.14 0.79  0.045 0.06 Remainder

The trea;meﬁts chosen included a 10 minute
“:e\fersion' at 200°C from the T81 c_ondition (ie caﬁsing a
drop in 0.2% Proof Stress due to 6 ' dissolution),
followed by a re-age of 170°C for 4 hours (ie to achieve a
recovery to approximately the original ievel of T81 0.2%
Proof Stress and, finally, an éxtensive over-ageing
treatment of 220°C for 12 hours in addition to the T81
initial treatmeﬁt.

-After tensile testing one long trénsve_rse (LT)
oriented sample representative of each condition the
duplicate samples of all cpnditions includipg the T81
“Control" condition were then exposed for 920 hours at
100°C in order to crudely represent a lifetime's éxppsure

to tropical temperétures. The reSults of the mechanical
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propef:ty tests and electrical conductivity measurements
made are shown in Table 1.

It is clear from Table 1 that the on-going
precipitation at 100°C results in a considerable increase
in strength. The reverted material recovers to a higher
strength than is the case for the Control condition~
indicating the ineffectiveness of reversion as a means of
increasing the toughness of 8090 where consideration must
also be made of thermal instability effects since the
initial benefit of reversion is short-lived and the.
treatment can, ultimately, be expected to be harmful as it
reéults .in a higher final strength after thermal exposure.
The increase in strength of the reverted material over and
above the un-reverted material at the conclusion of the
thermal exposure is attributed to the additional S

. precipitated during the revers;'.on process. Similarly,
the additional increase in strength of the reverted and
re-aged material fdllowing thermal exposure compared with
either of the T8l and T84 plus reversion conditions is
attributed to the increased S' associated with 4 hours at
170°C.

Finally, the use of over-ageing is seen to be
compietely ineffective at achieving stability with a 48
MPa rise in 0.2% Proof Stress being apparent at the
conclusion of the 920 hour exposure. Similar results for

all starting conditions would be anticipated for exposure
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at, say, 70°C and an even higher equilibfium volume
fraction of §' would be realisable at this temperature than

at 100°C although the exposure time required to achieve
- gaturation would be that much greater at the lower

temperature due to t:hé reduced diffusion rates.
It should be noted that the Batch 1 8030 sheet had

a T81 LT 0.2% Proof Stress of 293 MPa and which then

réached Qhat is believed to be a § ' -saturated 0.2% Proof
Stress of 320 MPa lfollowing 950 hours thermal .exposu.re at
100°C , ie a rise of 27 MPa. -

Accordihg to the im:rention an in\prbvéd method  of
heat treating Aluminium-Lithium alloy includes .carrying
out a succession of at least .two artificiarl ageing steps,
the first such step being carried out Qithin a first
temperature range and at least oné further step being

carried out within a successively reduced temperature

range. |
The specific promotion of §' precipitation is thus
achieved and for appropriately selected temperature ranges

capping of the S' volume fraction is achieved in
conjunction with this to attain a condition of use with
adequate but not excessive initial strength which is
compatible with ~the requirement of high fracture
toughness, with the ability to retain adequate fracture
' toughness following long term exposure to moderately

elevated temperatures. Where other appropriate temperature

| R ——
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ranges are selected according to the invention it is

possible to combine the promotion of §' precipitation with
high levels of S' volume fraction thereby resulting in a

level of strength that is higher than otherwise would be
possible for an alloy of this composition for a given

total ageing treatment time.

The conclusion reached was that thermal stability

at, say, 70-85°C can only be achieved by the realisation
of an equilibrium volume fraction of 0* for this

temperature. The achievement of § ' saturation needs to

be achieved without realising too high a 0.2% Proof Stress
level which would otherwise be incompatible with the
omnipresent requirement for high fracture toughness.
Ageing trials according to the invention were then
conducted using an 8090 T31 starting condition material
which was arrived at by re-solution treatment and
controlled stretching of some Batch 1 8090 T81 material.

NB Re-solution treatment was carried out at 505°C to avoid

grain growth. Ageing commenced at 150°C but for a short
duration (very much less than the prior art 24 hours at
150°C) followed by progressive reductions in temperature

and increases in ageing time in order that the volume

fraction of S' and phases other than 3' could be capped

and a high volume fraction of J§' realised.
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In this way it is now believed that a condition with a
sﬁperior balance between 6* and S' p_récipitaté volume
fractions and precipitate size distribution can bé
achieved with a relativély low_'- level of 0.2% Proof Stress
(and, hence, high fracture toughness) and with 1limited

capacity for further  strengthening by on-going

precipitation of9% ‘.
The adoption of this form of retrogressive
step-wise (RS-W) ageing treatment accbrd:’.ng to  the
invention fully recognises the need to precipitate
sufficient S° t6 prevent what would_ ot:herwisé bé a plastic
deformation mechanism dominated by intense planar slip - a
deformation mechanism which would, if not properly
inhibited by the presence of S', then result in low levels
of ductility, particularly in the longitudinal direction.
During this initial work with re-solution treated
Batch 1 material a large number of temperature/time RS-W
ageing combinations were studied. Of particular note were
_ treatments based around a 4-step RS-W ageiﬁg seduence

commencing with either 1 hour or 3 hours at 150°C followed

by periods at 135°C, 120°C and 100°C as shown below:

1 hour/150 + 6/135 + 3/120 + 50/100°C (see_ Table 23)

1 hour/150 + 6/135 + 8/120 + 50/100°C (see Table 2B)
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1 hour/150 + 6/135 + 16/120 + 50/100°C (see Table 2C)

1 hour/150 + 12/135 + 6/120 + 50/100°C (see Table 2D)
1 hour/150 + 12/135 + 16/120 + 50/100°C(see Table 2E)

3 hours/150 + 12/135 + 6/120 + 50/100°C(see Table 2F)
3 hours/150 + 6/135 + 16/120 + 50/100°C (see Table 2G)

These treatments and the resulting mechanical
properties and electrical conductivity results, both
during the agéing sequence and as a result of various
periods of thermal exposure at 85°C and 70°C, are shown in
Tables 2A-2G.

Subsequently, a new batch of 8090 sheet was
obtained (hereinafter referred to as "Batch 2") which had
not been previously solution heat treated. This material
was used for solution heat treatment and ageing trials in

order to optimise the process of RS-W ageing. The

composition in weight percent of the Batch 2 sheet

material was:
Li Cu Mg Fe Zr Al
2.26 1.21 0.69 0.047 0.06 Remainder
From the results of the Batch 1 trials it was

realised that the 135°C step was apparently resulting in

excessive ageing of the non- 0' phases and so might be

discontinued. It was also recognised that if the fuselage

SUBSTITUTE SHEET (RULE 26)



WO 96/18752 PCT/GB95/02878

- 12 -
_ structure was to be adhesively bonded (ie the attachment
of stringers to skins) then either a 150°C or a 120°C
' curing resin system such as REDUX (registered trade mark)
775 (CIBA) or AF163-2 (3M), or.similar, would most likely
be used. In the case of REDUX 775 (150°C cure) the cure
cycle could be éombined with the 150°C RS-W ageing step and
all subsequent steps would then be applied to the bonded
skin/stringer assembly. In which case there would be an
economic advantage in reducing the temperature of the
second step'suéh'that the assembly would hot require an
oﬁér-pressure to protect the (phenolic)iadhesiﬁe. This
would be achieved by reducing the temperature of the
second step from 135°C to 125-120°C whereas the contiriued'
use of a 13.5°C' ageing step would necessitate that this
ageing step took place in an autoclave or bonding press.
If a 120°C cure resin system such as AF163-2 was to be used
then the cure cyc.le could be introduced after completion
of all ageing sltizeps of greater than 120°C. No
over-pressure "would be required for any selection of

ageing -tempera'ture equal to or less than 120°C.

A series of RS-W ageing trials was undertaken
using Batch 2 material which had been solution treated at

530°C and controlled stretched 1.75% : 0.25%. Of note are

the following RS-W ‘treatments:
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1 hour/150 + 6/135 + 8/120 + 50/120°C (included to

bench-mark Batch 2 material with Batch 1) (See Table 3A)

1 hour/150 + 8/120 + 24/105 + 24/95°C (See Table 3B)
1 hour/150 + 16/120 + 24/105 + 24/95°C {(See Table 3C)

1 hour/150 + 8/125 + 24/105 + 24/95°C (See Table 3D)
1 hour/150 + 16/125 + 24/105 + 24/95°C (See Table 3E)
1 hour/135 + 8/120 + 24/105 + 24/95°C (See Table 3F)
1 hour/135 + 16/120 + 247105 + 24/95°C (See Table 3G)
2 hour/120 + 32/105 + 24/95°C {see Table 3H)
8 hour/120 + 24/105 + 24/95°C (see Table 3J)

These trials showed that the 135°C step was
superfluous and that.: a direct -transition from about 150°C
to about 120°C (or 125°C) was preferable. The treatments
commencing at 135°C and 120°C had some merit but produced a
fully heat treated condition that was low in strength but
which ultimately, on thermal exposure, rose to levels
comparable with the treatments which commenced at 150°C and

so there was expected to be no benefit in terms of usable

toughness.
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On the basis of the tensile test data from-the
above tests the sequence lhour/150°C + 8/120°C + 24/105°C +
24/95°C was. selected for further investigation and
refineinent. This included ageing full-sized sheets to
enable v}ide panel fracture toughness testing to be carried
out. '

The result of the first .fracture toughness test
carried out on 19mm thick Batch 2 material aged 1
hour/150°C + 8.120°C + 24/105°C + 24/95°C is shown in Figure
1 in the form of a fracture resistance curve (R-curve).
The result is compared to R-curves applicable to prior ai‘t
8090 T81 and reverted 8090 T8l (Referen;:e 1), an unstable
condition previously shown to produce improvements in
toughness together with alclad 2024 T3 (Reference 2).

It can be seen that the application of the RS-W
treatment of the invention has produced a condition of
very Ihigh toughness and which _is comparabie to, or better
than, alclad 2024 T3. This is the first known reported
occurrence of 8090 sheet exceeding the toughness of alclad
2024 T3. A second 1.9mm thick 8090 sheet was given the
above RS-W treatment followed by 2000 hours thermal
exposure at between 70°C and 75°C. The R-curve for this
material is shown in_ Figure 2. together with the un-exposed
R-c;.urve. Also shown i_s' an R-curve for prior art 8090 T8l
material with and without 2000 hours thermal exposure at

roe (Reference 1). It can be seen thatealthough the RS-W
© UBSTITUTE SHEET (RULE26)
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mater_ial has suffered a reduction in toughness the
reduction (approximatély 6%) is very much less and from a
much higher starting level than was the case for prior art
8090 T81.

NB: The comparative data extracted in Qraphical form
from References 1 and 2 is presented for illustrative
purposes only and is not intended to limit the invention.

Trials were also conducted to determine
sensitivity to temperature and time variations for the
first ageing step and to determine whether the final step
of 24 hours/95°C could usefully be truncated. The results
of these trials are shown in Tables 4A, 4B and 4C for
Batch 2 material.

It was established that the first step could be
shortened to 0.75 hours or extended to 1.25 hours without
undue deleterious effects being apparent. It was also
found that the final step could be truncated to 8 hours
for material given' 1 hour/150°C or 1.25/150°C without a
significant effect on the final strength being apparent
and, for applications where strength is not critical, this
step can be omitted completely and/or the shorter 150°C
ageing treatment adopted. The preferred ageing treatment

identified as a result of this work is:

1 hour/150°C + 8/120°C + 24/105°C + 8/95°C
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The 4-step treatment has the advantage of
maximising the degree of Dbenign strengthening (ie
stréng_thening due to ' precipitaﬁion) withoﬁt requiring an
ovefly long ageing treatment which might be uneconomic.

The tréatment was found t:o'.' be reasonably
insen_sit:ive to agéing temperature within the range +5°C
(all steps) and to variations J.n the length of individual
treatments withih the rangé +25% of the stated time.

This pteferred ageing treatment was also found to
engender optim resistance to i’ntergramilar coirosibn as
measured by the ASTM G110 corrosion test with depth of
corrosion penetration. i_imited to approximately 150um and
w_ith a tendency to .formlloc_al_ised corrosiqu pits with very
lit.tl'e or virt_uaily no intergranular attack present.

This is in very marked contrast to 8090 T8l which often

 exhibits in excess of 250-300um of attack and which is
characterised by an extended network of intergranular
penetration. The forms of interg;'anular_ attack for the
RS-W and T81 conditions are shown in Figures 3 and 4
respectively.

| Several more full-sized sheets were then é‘iven thé
preferred ageing treatment of lhour/150 + 8/120 + 24/105 +
8/95°¢. These sheets were. intended to -establish the
initial toughness level for 1.61i|m sheet and to provide

specimens for long-term thermal exposure such that the
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R-curves of thermally sensitised material could be
determined. The results of an R-curve test on this
material in the fully heat treated condition are shown in
Figure 5. The R-curve is slightly lower than for the
1.9mm material and the difference is considered to be due
to the rolling schedule associated with 1.6mm gauge, to
differences in 1lithium depletion, to a thickness effect
per se, or to a combination of these effects.

A sheet of Batch 2 material sufficient for a large
number of tensile tests has been given the preferred
ageing treatment and has completed a 2000 hour thermal
exposure test at 70°C together with comparative Batch 2
material initially aged to the T81 condition. The results
are shown in Table 5 and plotted as 0.2% Proof Stress
versus Log,, Exposure Time in Figure 6.

It is apparent from Figure 6 that the T81l material
has undergone an incubation period from approximately the
100 hours exposure - point to somewhere slightly in excess
of the 1000 hour exposure point during which virtually no
change in 0.2% Proof Stress was apparent. There was then
a rapid increase in 0.2% Proof Stress. In contrast, the
RS-W aged material exhibited no such incubation effect and
a steady rise in 0.2% Proof Stress versus Log Exposure
Time is evidenced. It should@ be noted that the gradient

of the two curves (excluding the incubation period for

T81) appears almost identical thereby indicating that the
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*advantage* of lower strength in the RS-W material is
‘being maintained and extrapolation to the 65000 hours
point suggests that the T81 material would ultimately age
to a 0.2% Proof Stress of approximately 349 MPa whereas
that of the RS-W material would not exceed aﬁproximately
318 MPa. This represents an improvement in terms of
preventing a strength increase of approximately 31 MPa
that would otherwise occur.
However, this final predicted 0.2% Proof Stress
level for Batch 2 RS-W material is regarded as
'approximately 25-30 MPa above a value considered
compatible with a target of matching the plane stress
fracture toughness of alclad 2024 T3. To achieve a
further reduction in the level of the 8_‘ -saturated 0.2%
Proof Stress may require a compositional adjﬁstmef;t to be
made in combination i:ith the RS-W treatment. For the 8090
alloy it is believéd that the uxagnésium level should be
reduced £from the 0.69% level present in Batch 2 to
substantially the minimum level in the compositional
registration (ie 0.6%), or even to below this \}alue to as
low as substantially 0.4%. This will further restrict the
strengthening attributed to s' predipitation and will
increase the soiﬁbility limit of 1lithium in aluminium
thereby restricting the dégi'ee of 8' precipitation.

Similarly, the lithium 1level may also need to be
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maintained at or even below the 8090 compositional minimum
(ie 2.2%). Reducing the copper levels may be
counterproductive in terms of toughness and so further
dilution below the Batch 2 level may not be advisable.

To further illustrate the benefit of reducing the

ageing temperature according to the invention in order to
increase the volume fraction of the ' precipitate some

recrystallised 8090 T31 sheet was aged for 24 hours at

170°C in order to reach a medium strength condition and

then subsequently aged for 8 hours at 120°C. The

longitudinal tensile properties after ageing for 24 hours
at 170°C according to the prior art are shown below
together with the properties after the subsequent 8 hours
period of ageing at 120°C according to the invention. It
can be seen that a significant increase in strength
results from the inclusion of the relatively short ageing
step at the lower temperature and that the final strength
level attained is significantly higher than would have

resulted from, say, 32 ]:xours (ie 24 + 8 hours) at 170°C.

Ageing 0.2% Proof Tensile % Elongation
Treatment Stress (MPa) Strength (MPa)
24 hrs @ 170°C 374 468 7

24 hrs @ 170°C
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+ 406 499 - ' 8

8 hrs @ 120°C

The coricept of RS-W ageing accoéording to the
invention to combine ‘a prior art ageing step with a
further ageing step or steps at reduced temperature to the
initial ageing step to achieve a medium-to-high strengt_h-
condition can therefore be seen to be advantageous in
terms of maximising .the strength that can be ultimately
a_ttainé.d as well as achieving a given strength level in a
.shorter overall ageing time than would otherwise be
possible. = This type of processing is applicable to all
Al-Li alloys strengthened, in part, by the precipitation
of &' and is api)lica.ble to all product forms such as

plate, extrusions, forgings, tube etc. This particular
form of the ageing treatment according to the invention is
now termed High Strength Retrogressive Step-wis_e_ ageing
("HSRS-W") .
RANGE OF HEAT TREATMENTS
The nature of the heat treatment according to the RS-W
aspect of the invention is such that ‘there is a broad
rangé of treatments which achieve approximately the same
- final condition. A very broad range of RS-W treatment
intended to produce a condition of high plane stress
.. fracture toughness is therefore disclosed and then various

refinements culminating in a preferred range (RS-W Range
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4) which is particularly suited to the 8090 alloy and
ﬁhich achieves an optimum combination of initial strength,
toughness and thermal stability is disclosed.

The HSRS-W ageing treatment according to the
invention combines the process of maximising the 8' volume
fraction with an ageing treatment intended to produce a
medium-to-high strength condition (ie high in S*' and §')
to result in an increased strength level which is higher
than would result from the initial prior art ageing
treatment alone or from an isothermal ageing treatment of
the same overall length which is solely carried out at the
higher temperature.

For *short" ageing steps (ie less than or equal to
substantially 3 hours) the time indicated may commence
when the temperature of the product as determined by a
contact-based temperature measuring device (thermocouple)
reaches a temperature within 5°C of :he nominal temperature

of the treatment. Typically, for a 150°C agéing step

applied to 1.6mm thick sheet and with the sheets loaded
into a pre-heated air circulation oven, a heat up time of

10 to 15 minutes has been found to be appropriate.

For ageing times longer than about 3 hours the lag

between the metal and oven air temperatures can be ignored

and the treatment time then commences when the oven air

temperature recovers to the set temperature.

SUBSTITUTE SHEET (RULE 26)
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FPor very short ageing treatments the use of an oil
bath or similar may be necessary in place of an air oven.
In'such cases appropriate 'adjustments' to the metal heat up

times will be needed.

Treatments below 90°C are considered to be
ineffective, according to the invention.

A continuous trénsition between the temperatures
shown in any pair of adjoining steps is considered as part

of the temperature ranges and time ranges specified.

RS=W TREATMENT - RANGE 1

Temperature Range _ Time Range
Step 1. ‘165 to 130°C 15 Minutes to. 24 Hours
Step 2 | 130 to 90°C 1 Hour to 72 Hours
RS-W TREATMENT - RANGE 2
Temperature Range Time Range
Step 1 160°C to 130°C 30 Minutes to 12 Hours
Step 2 130°C to 90°C 2 Hour;s to 72 Hours
RS-W TREATMENT - RANGE 3
Te;nperatui:e Range _ . 'I‘:.me Range
Step 1 150 # 5°¢ 45 Minutes to 75 Minutes
Step 2 120 £ 5°C 4 to 12 Hours
Step 3 105 % s°C 12 to 36 Hours

SUBSTITUTE SHEET (RULE 26)
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Step 4 95 £ 5°C .Zexo to 24 Hours
RS-W TREATMENT - RANGE 4

‘Temperature Range Time Range
Step 1 150 = 5°C 1 Hour £ 15 Minutes
Step 2 120 £ 5°C 8 + 2 Hours.
Step 3 105 ¢ 5°C 24 t* 6 Hours
Step 4 95 £ 5°C Zero to 8 Hours
HSRS-W

The HSRS-W treatment ranges are described either
as 2-step or as 3/4-step (ie 4-step treatment but with the

fourth step optional which, if omitted, thereby results in

a 3-step treatment).

Temperature Range Time Range
Step 1 1380 % 40°C 20 Minutes to 72 Hours
Step 2 120 £ 30°C 1 Hour to 48 Hours

Temperature Range Time Range
Step 1 170 £ 20°C 4 Hours to 48 Hours
Step 2 125 + 15°C 4 Hours to 36 Hours

SUBSTITUTE SHEET (RULE 26)
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Temperature Range . Time Range
Step 1 170 + 20°C 12 Hours to '36 Hours
Step 2 125 + 15°C 6 Hours to 24 Hours
- - 2-STEP
Temperature Range Time Range
Step 1 | 170 £ 10°C | 24 + 4 Hours
Step 2 125 + 10°C 8 £+ 2 Hours
- = 4
Température Range Time Range
Step 1 170 £ 20°C 4 Hours to 48 Hours
Step 2 - 125 % .15°C ~ 6 Hours to 24 Hours
Step 3 ' 105 £ 10°C 8 Hours to 30 Hours
Step 4 95 + 5°C Zero to 8 Hours
'remp'eratu;r:e Range ' mime Range
Step 1 170 £ 10°C 24 t 4 Hours
Step 2 125 = 10°C 8 + 4 Hours
Step 3 105 = 5°C | - 18 * 6 Hours
Step 4 95 % 5°C ' Zero to 8 Hours

In summary the use of the RS-W ageing method of
the invention provides a means of achieving a strength

level for-.aluminimn-lithium alloys such as 8090 which are

SUBST\TUTE SHEET (RULE 26)
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strengthened by the precipitation of 8' and S' which is
comparable with conventional aluminium-copper alloy
maferials whilst also restricting the degree of subsequent
and unwanted strengthening and associated loss in fracture
toughness which can take place due to prolonged exposure
to moderately elevated temperatures such as are
encountered by fuselage, wing and empennage skin
structures during on-the-ground exposures when relatively
high ambient temperatures exist and/or there is
significant heating due to solar radiation.

The use of the HSRS-W ageing method of the
invenﬁion provides a means of achieving a strength level

for aluminium-lithium alloys such as 8090 which are

strengthened by the precipitation of 8' and S' which is
- comparable with conventional aluminium-copper and also
aluminium-zinc alloy materials
The invention also provides a means of achieving
an improved level of toughness of all other
aluminium-lithium alloys whether in plate form, sheet
form, extruded form or otherwise primarily strengthened by
the precipitation of the &' (Al,Li) precipitate in
conjunction with other precipitates such as S' (Al,CuMg).
In addition the invention also provides an

improvement in the resistance of the 8090 alloy in

recrystallised sheet form to intergranular corrosion.

SUBSTITUTE SHEET (RULE 26)



(92 37n4) 133HS ILNLILSENS

INITIAL CONDITION AS-RECEIVED PROPERTIES ' PROPERTIES AFTER 920 HOURS @ 100°C
0.2X PROOF TENSILE ELONG. ELECT. 0.2X PROOF TENSILE ELONG. ELECT.
STRESS STRENGTH COND. STRESS STRENGTH COND.
MPa HPa X XIACS MPa HPa 4 - XIACS
T81 (T31 + 150°C/24 hours) 293 424 13.5 18.8 320 439 10.2 19.6
T81 + REVERSION : 260 379 14.8 17.6 324 - 451

10.5 19.8
(200°C/10 MINUTES) '

781 + 200°C/10 MINUTES + 295 46  13.6  18.6 339

4N 10.0 20.5
170°C/4 HOURS '
T81 + 220°C/12 HOURS 346 411 8.4 18.5 394 471 5.4 20.4
TABLE 1. ROOM TEMPERATURE MECHANICAL PROPERTIES AND ELECTRICAL

CONDUCTIVITY OF BATCH 1 8090 IN VARIOUS INITIAL CONDITIONS
AFTER 920 HOURS AT 100°C THERMAL EXPOSURE.

ISL8I/96 OM
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(92 37nY) 133HS 3LNLILSENS

AGEING TREATMENT
(HOURS AT TEMPERATURE)
150°C 135°C 120°C 100°C

1 - - -
1 6 - -
1 ) 3 -
1 6 3 50
1 6 3 50
1 6 3 30
1 6 3 50
TABLE 2A

70°c.

STARTING CONDITION: SOLUTION TRRATED 505°C AND CONTROLLED STRETCHED 2X + 0.5X IN LONGITUDINAL DIRECTION.

THERMAL
SENSITISATION
85°c 70°C
100 -
500 -
500 500

o. lx

HPa

205

249

256

255

274

282

284

PROOF STRESS
0.2% 0.5%
HPa MPa
216 238
260 284
267 291
m 303
285 310
294 318
294 319

TENSILE
STRENGTH

HPa

342

384

392

408

413

416

416

ELONGATION

X

20.0

15.8

15.8

15.8

13.9

14.3

13.5

17.5

18.2

18.6

19.0

19.3

19.4

19.6

ROON TEMP. ELECTRICAL
CONDUCTIVITY
XIACS

Lz

LONG TRANSVERSE TENSILE PROPERTIES AND BLECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 mm 8090 SHEET AT BACH
STAGE OF AGBING FOR AGEING SBQUENCE 1h/150°C + 6h/135°C + 3h/120°C + 50h/100°C AND APTER THERMAL RXPOSURE AT 85°C &

ISLBI96 OM
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(92 37NY) L33HS 3LNLILSENS

AGEING TREATHENT THERMAL PROOP STRESS TENSILE BLONGATION ROOM TEMP. ELECTRICAL -

(HOURS AT TEMPERATURE) SENSITISATION  0.1X  0.28  0.5¢  STRENGTH X CONDUCTIVITY
150°C. 135°C 120°C 100°C  85°C  70°C  MPa HPa MPa HPa ZIACS
1 - - - - - s 216 238 342 20.0 17.5

1 6 - - - - 249 260 284 384 15.8 18.2

16 s - | - - 252 269 294 393 14.9 18.6 8

16 8 . 50 - - 264 280 305 406 14.5 19.0

1 6 8 S50 100 - 27 287 m 415 145 .19.3

16 8 50 500 - 284 296 321 426 16.1 19.3

1 6 8 50 s0  sSe0 281 292 316 49 13.6 19.6

TABLE 2B LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MRASUREMENTS FOR BATCH 1 1.6 sam 8090 SHEET AT EACH

STAGE OF AGEING FOR AGEING SEQUENCE 1h/150°C + 6h/135°C + 8h/120°C + 50h/100°C AND AFTER THERMAL EXPOSURE AT 85°C &
70°C. :

STARTING CONDITION: SOLUTION TREATED 505°C AND CONTROLLED STRETCHED 2% + 0.5% IN LONGITUDINAL DIRECTION.

TSLB1/96 OM
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(92 31n4) 133HS 3LNLILSENS

AGEING TREATHENT -

(HOURS AT TEMPERATURE)

150°C 135°C

1 -
1 6
1 6
1 6
1 6
1 6
1 6
TABLE 2C

120°C

16

16

16

16

16

100°C

THERMAL
SENSITISATION
8s°c  70°C
100 -
500 -
500 500

0.1X
HPa

205

249

265

25

276

283

283

PROOF STRRSS
0.2 0.5
NPa MPa
216 238
260 284
213 30i
280 306
287 312
295 320
294 9

TENSILB
STRENGTH
NPa

u2
384
403
407
413
425

420

BLONGATION

4

20.0

15.8

15.4

15.8

14.9

13.3

12.2

17.5

18.2

18.7

19.1

19.3

19.4

19.7

ROOM TEMP. BLECTRICAL
CONDUCTIVITY
XIACS

6C

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 ma 8090 SHEET AT EACH
STAGE OF AGEING POR AGEING SBQUENCE 1h/150°C + 6h/135°C + 16h/120°C + 50h/100°C AND AFTER THERMAL EXPOSURE AT 85°C,

7°.c.
STARTING CONDITION: SOLUTION TREATED 505°C AND CONTROLLED STRETCHED 2X + 0.5% IN LONGITUDINAL DIRECTION.

TSL8I/96 OM
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(92 37NY) L33HS 3LNLILSANS

AGEING TREATHENT |
(HOURS AT TEMPERATURE).

150°C 135°C 120°C 100°C

1 - - -
1 12 - -
1 12 6 -
1 12 6 50
1 12 6 50
1 12 6 50
1 12 6 50
TABLE 2D

THERMAL
SENSITISATION
85°C 70°C
100 -
500 -
500 500

PROOP STRESS TENSILE ELONGATION ROOM TEMP. BLECTRICAL
01X  0.28%  0.5%  STRENGTH 2 CONDUCTIVITY
MPa HPa NPa MPa XIACS
205 26 28 a2 20.0 17.5
260 270 295 393 14.7 18.5
269 278 302 405 14.7 18.8
272 287 312 an 14.1 19.1
274 29 316 420 14.8 19.4 "
202 301 125 432 16.8 19.5

289 300 325 428 13.3 19.7

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 am 8090 SHEET AT EACH

STAGE OF AGEING FOR AGEING SEQUENCE 1h/150°C + 12h/135°C/ + 6h/120°C + S0h/100°C AND APTER THERMAL BXPOSURE AT 85°C

& 70°C.

STARTING CONDITION: SOLUTION TREATED 505°C AND CONTROLLED STRETCHED Zi + 0.5X IN LONGITUDINAL DiRBC'l'ION.

TSLBI/96 OM
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(82 314} L33HS 3unLILSENS

AGEING TREATNENT
(HOURS AT TEMPERATURE)

150°C 1353°C

1 -
1 12
1 12
1 12
1 12
1 12
1 12
TABLE 2B

THERMAL PROOP STRESS TENSILE BLONGATION  ROOM TEMP. ELECTRICAL
SENSITISATION  0.1% 0.2% 0.5% STRENGTH X CONDUCTIVITY
120°c  100°C 85°c 70°C NPa MPa MPa " MPa XIACS
- - - - 208 216 238 342 20.0 12.5
- - - - . 20 270 295 393 14.7 18.5
16 - - - 274 284 309 410 15.5 18.9
16 50 . - 274 289 N4 a1 13.6 19.2 w
16 50 1100 - 283 295 319 422 12.8 19.5
16 50 500 - 290 299 324 427 11.8 19.6
16 50 500 500 292 302 327 427 12.5 19.8

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 mm 8090 SHEET AT EACH

STAGE OF AGRING POR AGEING SEBQUENCE
& 70°c.

1h/150°C + 12h/135°C + 16h/120°C + 50h/100°C AND AFTER THERMAL EXPOSURE AT 85°C

STARTING CONDITION: SOLUTION TREATED 505°C AND CONTROLLED STRETCHED 2X + 0.5X IN LONGITUDINAL DIRECTION.

ISLBI/96 OM
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(92 31nY) 1331s LniiLsans

AGEING TREATMENT . 'THEBMAL. : PROOP STRESS . TENSILR BLONGATION ROOM TENP. BLECTRICAL
(HOURS AT TEMPERATURE) SENSITISATION 0.1% 0.2% 0.5% STRENGTH 4 CONDUCTIVITY
150°C 135°C 120°C 100°C 85°C 70°C MPs NPa MPa " uPa LIACS
3 - - - - - 237 247 270 372 16.0 17.9
3 12 - - - - 266 279 304 406 15.0 18.7
3 12 6 - - - 277 287 31 415 17.4 19.0
3 12 6 50 - - 264 293 - %8 421 14.3 19.3
. | “
3 12 . 6 50 100 - 285 - 296 322 423 13.3 19.6
3 12 6 50 500 - 291 301 325 429 13.6 19.7
3 12 6 50 S00 500 291 302 326 429 4.1 19.9

CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 mm 8090 SHEET AT BACH

TABLE 2F LONG TRANSVERSE TENSILE PROPERTIES AND BLECTRICAL
35°C + 6h/120°C + 50h/100°C AND AFTER THERMAL EXPOSURE AT 85°C &

STAGE OF AGEING POR AGRING SEQUENCE 3h/150°C + 12h/1
STARTING CONDITION: SOLUTION TREATED 505°C AND CONTROLLED STRETCHED 2X + 0.5X IN LONGITUDINAL DIRBCTION.

I5L81/96 OM
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(92 31nY) 133HS 3LNLILSANS

AGBING TREATMENT THERMAL PROOF STRRSS : TENSILE ELONGATION ROON TENMP. smcmcu.
(HOURS AT TEMPERATURE) SENSITISATION 0.1X 0.2% 0.5% STRENGTH 4 CONDUCTIVITY
150°C 135°C 120°C 100°C 85°C 70°C NPa NPa MPa ) MPa XIACS
3 - - - - - 237 247 270 mn 16.0 17.9
3 12 - - - - 6 279 304 406 15.0 18.7
3 12 16 - - - 280 291 316 422 16.5 19.1
I 12 16 50 - - 275 291 317 418 13.3 19.4
3 12 16 50 100 - 2 298 324 426 12.3 19.6 ~
3 12 16 50 ‘soo - 294 303 328 434 12.6 19.7
312 16 50 500 500 294 306 )| 436 11.8 20.0
TABLE 26 LONG TRANSVERSE TENSILE PROPERTIES AND BI;BCTRICAL CONDUCTIVITY MEASURBMENTS FOR BATCH 1 1.6 mm 8090 SHERT AT EBACH

STAGE OF AGEING FOR AGEING SEQUENCE 3h/150°C + 12h/135°C + 16h/120°C + 50h/100°C AND AFTER THERMAL EXPOSURE AT 85°C

STARTING CONDITION: SOLUTION TRRATED 505°C AND CONTROLLED STRETCHED 2% + 0.5X IN LONGITUDINAL DIRECTION.

TSLRI96 OM
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(92 31nY) L33HS 3LNLILSENS

AGEING TREATHENT THERMAL PROOP STRESS ~  TENSILE  ELONGATION  ROON TEMP. BLECTRICAL

_ (HOURS AT TEMPERATURE) SENSITISATION  0.1% 0.2  0.5%  STRENGTH X CONDUCTIVITY
150°C 135°C  120°C  100°C  85°C  70°C  MPa HPa NPa L | XIACS

1 - - - - - 2.2 232.0 2543 356.3 20.6 16.4

1 6 - - S - a3 208 398.2 18.5 17.5

L 8 - - - 215.4 2834 3079 414.3 14.4 17.9

1 6 8 50 - . w2 asa 32 430.0 16.8 18.3

1 6 8 50 100 - 288.7  296.5  320.9  429.8 .2 18.5 £

1 6 .a 50 %0 - 290.5  298.0  322.1 429.3 14.6 1.6

1 6 8 50 250 500  297.3  309.7  328.3 s 12 18.8

1 6 8 50 - - (301.7) (307.3) (320.6)  (415.2) (12.8) (18.3)

TABLE 34 LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 mm 8090 SHEET AT EACH

STAGE OF AGEING FOR AGEING SEQUENCE 1h/150°C + 6h/133°C + 8h/120°C + 50h/100°C AND AFTER THERMAL zxrosm AT 85°C &
70°C. (LONGITUDINAL RESULTS SHOUN IN PARENTHESIS).

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED S‘I'RBTCII!D. 2% + 0.5X IN LONGITUDINAL DIRBC‘I‘I(‘)“.

TSLSL/96 OM

8L8T0/S64D/10d




(92 31nY) 133Hs 3LnLILSANS

AGEING TREATMENT

(HOURS AT TEMPERATURR)

150°C 120°C
1 -
1 8
1 8
1 8
1 8
1 8
1 8
1 8
1 8
TABLE 38

105°c 95°C
24 ~
24 24
25 24
24 24
24 25
24 24
24 24

THRRMAL
SENSITISATION
85°C 10%C
100 -
250 -
250 500
250 - 500

0.1X
HPa
224.2
253.7

268.1

274.1

277.4

283.2

208.5

287.9

(268.7)

PROOF STRESS TENSILE BLONGATION ROOM TENP. ELECTRICAL
0.2X 0.5% STRENGTH X CONDUCTIVITY
NPa NPa HPa XIACS
232.0 254.3 366.3 20.6 16.4
260.9 203.3 394.3 18.3 17.4
275.5 299.2 409.7 18.0 17.8
261.8 306.2 413.6 19.1 12.9
284.7 3os.4 416.3 14.7 18.2

: &
291.0 315.8 422.4 17.7 18.3
296.1 320.5 427.0 16.8 18.4
294.7 3172.7 426.9 19.5 18.4
(293.5) (305.9) (402.5) (13.9) (17.9)

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 am 8090 SHEET AT EACH
STAGE OF AGEING FOR AGEING SRQUENCE 1h/150°C + 8h/120°C + 24h/105%C + 24h/95°C AND AFTER THERMAL EXPOSURE AT 85°C,
(LOUNGLTUDINAL RESULTS SHOUN IR PARENTHESIS).

10°C.

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5% IN LONGITUDINAL DIRECTION.

TSL81/96 OM
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(92 31NY) 133HS 3LNLIISENS

AGEING TREATMENT THERMAL

PROOF STRESS TENSILE _zmncaubu ROOM TEMP. ELECTRICAL

(HOURS AT TEMPERATURE) SENSITISATION - 0.1X 0.2 0.5% STRENGTR X CONDUCTIVITY .
150°C 120°C 105°C 95°C  85°C  70°C  HPa MPa HPa MPa XIACS

1 - - - - - 202 232.0  254.3 366.3 20.6 16.4

1 6 - - - - . %644 221 295.1 405.7 18.5 17.5

1 16w - - - 274.1 2819  305.7 415.6 19.0 10

1 16 % u . - 269 2045 9.1 419.7 16.4 18.1 w
1 16 % 24 100 - 248 282.5  306.1 417.7 1.6 18.3

L 6w 250 - 205.8  293.6 w19 a5 14.4 18.4

116 2 2% 050 207 284 32 436 | 17.6 18.6

1 16 2% 2% - - (299.4)  (304.7) (316.3)  (405.7) (12.6) (18.1)

TABLE 3C LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 mm 8090 SHB-BT AT EACH

STAGE OF AGEING FOR AGEING SEQUENCE 1h/150°C + 16h/120°C + 24h/105°C + 24h/95°C AND AFTER THERMAL EXPOSURE AT 85°C,
70°C.. (LONGITUDINAI RESULTS SHOUN IN PARENTHESIS),

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2X + 0.5% IN LONGITUDINAL DIRECTION.

ISL81/96 OM
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(92 3Iny) 133HS 3LnLILSENS

AGEING TREATHENT

(HOURS AT TEMPERATURRE)

150°C 125°c 105°C
1 - -

1 8 -
1 8 24
1 8 24
1 8 24
1 8 25
1 8 24
1 8 24
1 a8 24
TABLE 3D

95°C

24

24

24

24

24

25

THERMAL
SENSITISATION
85 70%c
100 -
250 -
250 500
250 500

0.1%
NPa
224.2
254.5
269.8
275.6
282.0
286.6
287.3

286.0

(293.7)

PROOP STRESS

0.2% 0.52

NPa MPa

232.0 254.3
263.2 286.4
277.7 300.7
282.9 306.6
289.3 312.3
294.1 318.0
294.8 318.7
293.1 316.5
(299.6) (312.1)

(LONGITUDINAL RESULTS SHOUN IN PARBNTHESIS).

TENSILR

STRENGTH

166.3
398.2
410.8

a12.4
423.8
428.3
424.9

424.6

(403.2)

RLONGATION
4

20.6

18.7

14.1

172.7

17.1

16.5

17.1

16.3

(12.7)

ROOM TEMP. ELERCTRICAL
CONDUCTIVITY
XIACS
16.4
17.4

17.9

18.1

LE

18.3

18.4

18.5

18.5

(18.0)

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASURENENTS FOR BATCH 2 1.9 am 8090 SHEET AT EACH
STAGE OF AGEING POR AGEING SEQUENCE 1h/150°C + 8h/125°C +
70~c.

24h/105°C + 24h/95°C AND AFTER THERMAL EXPOSURE AT 85°c,-

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5X IN LONGITUDINAL DIRECTION.

TSL81/96 O
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(92 TINY) L33HS ALNLLLSEANS

AGEING TREATMENT

(HOURS AT TEMPERATURE)

150°C 125°C

1 16
1 16
1 16
1 16
1 16
1 16
1 16
TABLE 3B

105°C

24
2
24
24
24

24

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL
STAGE OF AGEING FOR AGEING SEQUENCE 1h/150°C + 16h

7o°c'

95°C

24

24

24

25

24

(LONGITUDINAL RESULTS SHOWN IN PARENTHESIS).

THERMAL

PROOF STRESS TENSILE
SENSITISATION 0.12 0.2% 0.5% STRENGTH
85°c 70°C MPa NPa HPa MPa
- - 224.2 232.0 254.3 366.3
- - 267.1 274.9 298.8 406.9
- - 219.6  287.4 1.6 420.6
- - 285.1 292.7  317.0 425.6
100 - 287.9 295.4 319.2 428.0
250 - 291.5 299.4 32.7 435.7
250 500 . 293.2 300.5 324.0 433.9

- - (301.4) (¢306.8) (318.7) (410.2)

/1259

ELONGATION
4

20.6

17.6

20.1

14.9

-14.8

15.9

- 15.8

(12.4)

ROOM TEMP. ELECTRICAL

CONDUCTIVITY

XIACS

16.4

17.6

. 18.1

18.2

18.4

18.5

18.7

(18.2)

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5X IN LONGITUDINAL DIRECTION.

8¢t

CONDUCTIVITY MEASUREMENTS POR BATCH 2 1.9 mm 8090 SHEET AT EACH
C + 24h/105°C + 24h/95°C AND AFTER THERMAL BXPOSURE AT 85°C,

TSL8I/96 O
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(92 37nY) 133HS 3LNLIESENS

AGEING TREATMENT
(HOURS AT TEMPERATURE)

135°C 120°c

1 8
1 8
1 8
1 8
1 8
1 8
1 8
1 8
TABLE 3F

105°C

24

24

24

24

24

24

24

LONG TRANSVERSE TENSILE PROPERT

95°C

24

24

24

24

24

24

THERMAL PROOF STRESS
SENSITISATION 0.1X 0.2% 0.5%
85°C 70°C MPa MPa MPa
- - 198.4 205.9 225.8
- - 232.2 239.4 260.6
- - 252.1 259.5 282.1
- - 256.6 264.2 286.5
100 - 267.3 274.9 298.3
250 - 278.2 285.6 309.3
250 500 279.4 286.6 309.4
250 1250 283.8 290.5 313.0
- - (273.9)  (278.3)  (290.8)

(LUNGITUDINAL RESULTS SHOWN IN PARENTHESIS).
STARTING CONDITION:

TENSILE

STRENGTH

MPa

341.6

374.4

399.3

399.0

412.8

418.3

420.3

425.4

(386.9)

IES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS

STAGE OF AGEING FOR AGEING SEQUENCE 1h/135°C + 8h/120°C + 24h/105°C + 24h/95
70“c.

ELONGATION ROOM TEMP. ELECTRICAL

4 CONDUCTIVITY
ZIACS

22.4 15.9

19.3 16.8

20.3 17.4

20.3 ' 17.5
W
0

19.5 17.9

15.5 18.0

16.3 18.2

17.2 18.2

(10.5) (12.5)

FOR BATCH 2 1.9 wm 8090 SHEET AT EACH
°C AND AFTER THERMAL EXPOSURE AT 85° &

SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5Y IN LONGITUDINAL DIRECTION.

ZSLBI/96 OM

8L8T0/S6HD/1Dd




(92 31nY) 133HS 3LNLILSENS

AGEING TREATHENT ‘THERMAL PROOF STRBSS TENSILE ELONGATION  ROOM TEMP. ELECTRICAL
(HOURS AT TEHPERATURE)  SENSITISATION  0.1% 0.2% 0.5  STRENGTH X CONDUCTIVITY
135°C 120°C 105°C  95°C 85°C  70°C  MPa NPa Pa HPa | XIACS
1 - - - - - - 198.4  205.9 258 341.6 22.4 15.9
1 16 - - - - . U5.3  252.7 27s.8 387.5 22.8 17.2
1 16 24 - - - zsa.s' 266.2  288.8 400.0 19.0 17.5
1 16 % 2% - - 261.8  269.6  292.5  395.5 16.4 17.8 -
o
1 16 24 2 100 - 0.2 2.2 299.5 A14.8 18.1 18.0
1 16 4 2 250 - 280.2  287.9  311.9 420.6 15.9 18.1
1 16 24 2 250 500 m.@ #8.9 1.6 a6 16.7 18.3
1 16 % 24 250 1250 289.2  296.5 | 319.7 425.8 14.9 18.4
1 16 % 2% - - (286.6) (292.0) (303.8)  (399.5) (11.8) (17.8)
TABLE 3G LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2°1.9 mm 8090 SHEET AT EACH

STAGE OF AGEING FOR AGEING SEQUENCE 1h/135°C + 16h/120°C + 24h/105°C + 24h/95°C AND AFTER THERMAL BXPOSURE AT 85'0,'

70“C. (LONGITUDINAL RESULTS SHOUN IN PARENTHESIS).

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5X% IN LONGITUDINAL DIRECTION.

ISL8I/96 OM

8.870/S64D/1.D0d




(92 31NY) 133HS 3LNLILSANS

AGEING TREATHMENT THERMAL

PROOF STRESS TENSILE ELONGATION ROOM TEMP. ELECTRICAL
(HOURS AT TEMPERATURE) SENSITISATION 0.1X 0.2% 0.5 STRENGTH ‘ X CONDUCTIVITY
135°C 120°C 105°¢ 95°C 85°c 70°C MPa MPa MPa MPa XIACS
- 2 - - - - 189.5 196.2 213.5 336.1 20.7 15.7
- 2 32 - - - 235.2 242.2 263.5 375.5 21.4 16.8
- 2 32 24 - - 242.7 249.9 271.3 386.7 18.6 17.1
- 2 32 24 100 - 256.2 263.6 286.2 403.7 19.3 17.5 B
- 2 l32 24 -250 - 267.7 274.9 297.2 | 411.9 16.9 17.7
- 2 32 -26 250 500 272.4 279.2 301.3 414.3 15.8 18.0
- 2 32 24 250 1250 276.1 283.5 306.5 412.5 17.1 18.0
- 2 32 24 - - (260.0)  (263.8) (274.8) (377.4) (16.6) (17.1)
TABLE 3H

STAGE OF AGEING FOR AGEING SEQUENCE 2h/120°C + 32h/120°C + 24h/95°C
(LONGYTUDINAL RESULTS SHOUN IN PARENTHESIS).

STARTING COMDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.35Z IN LONGITUDINAL DIRECTION.

TISL8I/96 OM

8L870/S649/1LDd




(92 31NY) L33HS 3LNLILSENS

AGEING TREATHENT
(HOURS AT TEMPERATURE)

135°C  120°C

TABLE 3J

105°C

24

24

24

24

24

24

24

95°C

24

24

24

24

24

24

_THERMAL
SENSITISATION
85°c  70°C
100 -

" 250 -
250 500
25 1250

0.1X
HPa

217.8

240.6

249.5

262.6

211.9

271.3

279.0

(265.2)

PROOF STRESS
0.2% 0.5%
MPa NPa
224.9 2448
247.5  268.4
256.7  279.1
269.6  291.0
278.6  300.9
278.6  300.7
286.0  308.7

(269.8)  (281.1)

TENSILE

STRENGTH

HPa

364.1

389.9

388.?

408.8

415.9

413.1

416.4

(384.1)

ELONGATION
X

21.5

18.6

18.3

16.5

19.1

20.5

17.0

(167.6

ROOM TENP. BLECTRICAL

CONDUCTIVITY

XIACS

16.4

17.1

17.4

17.6

(44

17.8

18.1

18.1

(17.3)

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 ua 8090 SHEET AT RACH
STAGE OF AGRING FOR AGEING SEQUENCE 8h/120°C + 24h/120°C + 24h/95°C AND APTER THERMAL EXPOSURE AT 85°C & 70°C.

(LONGITUDINAL RBSULTS SHOVUN IN PARENTHBSIS).

STARTING CONDITION: SOLUTION TRBAT!D 530°C AND CONTROLLED STRETCHED 2X + 0.5 IN LONGITUDINAL DIRECTION.

TSL81/96 OM

8L8T0/5649/1.0d




(92 31nY) L33HS 3Ln1L1LSENS

AGEING TREATMENT THERMAL PROOF STRESS TENSILE ELONGATION ROOM TEMP. ELECTRICAL

(HOURS AT TEMPERATURE) SENSITISATION 0.1 0.2% 0.5% STRENGTH 4 CONDUCTIVITY
150°C 120°C 105°C  95°C 85°c 70°%C MPs HPa HPa NPa YIACS
0.7 8 - - - - 241.6 248.7 271.3 189.4 20.7 17.6
0075 ﬂ 2‘ bt - - 2‘106 260.5 2910‘ 40502 2001 18-0

&

0.75 8 24 8 - - 262.5 270.2 294.4 406.3 18.6 18.2
0.75 8 24 2 - - 268.3 276.1 300.6 417.5 19.6 18.2

TABLE 4A LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY NBASUREMENTS FOR BATCH 2 1.6 mm 8090 SHEET AT EACH

STAGE OF AGEING FOR AGEING SEQUENCB 0.75h/150°C + 8h/120°C + 24h/105°C + 8h/95°C OR 24h/95°C.
STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 1.75% + 0.25% IN LONGITUDINAL DIRECTION.

ZSLBI/96 OM

8L8T0/S68D/1LOd




(92 31NY) 133HS 3LNLILSENS

AGEING TREATMENT

(HOURS AT TEMPERATURE)

150°C 120°C

1.00 8
1.00 8
1.00 8

TABLE 4B

105°C

24

24

24

LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREM
STAGE OF AGEING FOR AGEBING SEQUENCE 1h/150°C + 8h/120°C + 24h/105°C + 8h/9

95°C

24

THERMAL

SENSITISATION

85°C

0.1%

250.1

266.7

272.1

213.6

PROOP STRESS
0.2% 0.5%
HPa MPa
258.2 283.4
274.8  299.7
280.2 305.8
281.5 306.3

TENSILE

STRENGTH
HPa
394.4
411.3
421.0

415.8

ELONGATION ROOM TEMP. ELECTRICAL
R 4 CONDUCTIVITY
XIACS
18.3 - 17.8
19.3 18.1
18.1 18.3
&
16.2 18.3

ENTS FOR BATCH 2 1.6 mm 8090 SHEET AT EACH
5°C OR 24h/95°C.

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 1.75% + 0.25X IN LONGITUDINAL DIRECTION.

ISLS1/96 OM

8L870/564D/1Dd




(93,_ 3InY) 133HS 3LNLILSANS

AGEING TREATMENT
(HOURS AT TEMPERATURE)

150°C 120°C
1.25 8
1.25 8
1.25 8
1.2 8
TABLE 4C

105°C

24

24

24

95¢c

2%

THERMAL
SENSITISATION
85¢c 10%c

0.1X

247.8

220.7

272.9

272.2

PROOF STRRSS
0.2% 0.5%
NPa HPa
255.1 278.6
278.9 304.5
260.9 306.2
279.4 303.4

TENSILE

NPa

391.4
415.2
419.7

416.8

BLONGATION
X

18.9

16.8

16.8

18.0

ROOM TEMP. ELECTRICAL

CONDUCTIVITY

XIACS

17.9

18.2

18.3

1 4

18.4

LONG TRANSVERSR TENSILE PROPERTIRS AND ELECTRICAL CONDUCTIVITY MEASUREMENTS POR BATCH 2 1.6 mam 8090 SHEET AT BACH
STAGE OF AGEING FOR AGEING SEQUENCE 1.25h/150°C + 8h/120°C + 24h/105°C + 8h/95°C OR 24h/95°C.

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 1.75% s+ 0.25X IN LONGITUDINAL DIRECTION.

TSLSI/96 OM

8L8T0/S6ED/1L.Od
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THERMAL EXPOSURE  STARTING 0.2% PROOF  TENSILE ELONGATION

HOURS @ 70°C ' CONDITION STRESS - STRENGTE '
MPa  ‘Mpa X

- (CONTROL) 781 309.4' 41,30 13.3

- (CONTROL) RS-V 279.0° . 413.7° 16.6°

100 T81 © 314.5 4494 13.9

100 ' RS-V 284.9" ' 416.7" 16.8"

200 81 315.5 ' 446.1 14.2

200 k RS-V 286.7" 422.3" 17.3"
500 81 314.2 ' 451.9 13.3

500 | RS-V 201.2' 431.7° 1s.8'
1000 T81 ' 316.4 454.3 11.1

. 1000 RS-V 297.7" 440.4" 16.1"

2000 181 330.7 466.3' 12.6'

2000 | RS-V 300.8" © 436.9" 15.7"

TABLE 5  ROOM TEMPERATURE LONG TRANSVERSE TENSILE PROPERTIES FOR BATCH 2
1.6 om 8090 SHEET 70°C THERMAL EXPOSURE TRIAL INVOLVING T81 AND
MATERTAL AGED TO THE PREFERRED RS-V CONDITION (i.e. 1h/150°C +
8h/120°C + 24h/105°C + 8h/95°C).

Average of 2 tests.

: Average of 16 tests. The extreme highest and lovest values of 0.2X Proof

Stress for the RS-V "Control™ tests vere 2.3 MPa above the nean and
2.5 MPa below the mean.
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1. A method of heat treating an aluminium-lithium

alloy including carrying out a succession of at least two
artificial ageing steps, the first such step being carried
out within a first temperature range and at least one
further step being carried out within a successively
reduced temperature range.

2. A method as in Claim 1 including carrying out the
first artificial ageing step substantially within the
temperature range 165°C to 130°C and substantially within a
time range of 15 minutes to 24 hours and thereafter
carrying out a second said artificial ageing step
substantially within a temperature range 130°C to 90°C and
substantially within a time range of 1 hour to 72 hours.

3. A method as in Claim 1 including carrying out the
first artificial ageing step substantially within a
temperature range 160°C to 130°C and substantially within a
time range of 30 minutes to 12 hours and thereafter
carrying out a second artificial ageing step substantially
within a temperature range 130°C to 90°C and substantially
within a time range of 2 hours to 72 hours.'

4. A method as in Claim 1 including carrying out the
first artificial ageing step substantially within a time
range of 155°C to 145°C and substantially within a time

range of 45 minutes to 75 minutes, thereafter carrying out

SUBSTITUTE SHEET (RULE 26) —
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'a second 1artificial ageing Qtép substantially within a

temperature range 125°C to 115°C and substantially within a

timé.range 4 hours ;o 12 hours, thereafter carrying out a

third artificial ;geing step substantially within a

temperature range 110°C to 100°C and substantially withiﬂ a’
time rénge 12 hours to 36 hduis and thereafter carrying

out a fourth artificial ageing step substantially within a

temperature range 100°C to 90°C and substantially within a

time range 0 hours to 24 hours. : -‘I
5. .A method as in_Claim 1 including'carrying out the
first artificial ageing step substantially within a
temperature range 155°C to 145°C and substantially within a
time range 45 ndnﬁtes.to 75 minutes, thereafter carrying
out # second artificial ageing step substantially within a
temperature range 125°C to 115°C and substantially within a
time range_G hours to 10 hours, thereafter carrying out a
third artificial ageing step- substantially within a
temperature range 110°C to 100°C and substan_tially within a
time range 18 hours to 30 hours and thereafter carrying
out a fourth artificial ageing step suﬁstantially within a
temperature range 100°C to 90°C and substantially within a
time range 0 hours to 8 hours.

6. A method as in Claim 1 including carrying out the
first artificial ageing step substantially within a
temperéture range 230°C to 150°C and substantially within a

time range 20 minutes to 72 hours and thereafter carrying

* [ L M H *
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out a second artificial ageing step su.b_stantiall} within a
temperature range 150°C to 90°C and éubst_.ant:ially within a
time range 1 hour to 48 hours. |
7. A method as in Claim 1 including carrying out the
first artificial ageing step substanti'ally within a
temperature range 190°C to 150°C and substantially within a
time range 4 hours to 48 hours and thereafter carrying out
a second artificial ageing step substantially within a
temperature range 140°C to 110°C and substantially within a
time range 4 hours to 36 hours.
8. A method as in Claim_ 1 including carrying out the
first artificial ageing step substantially within a
temperature range 190°C to 150°C and substantially within a
time range 12 hours to 36 hours and thereafter carrying
out a second artificial ageing step substantially within a
temperature range 140°C to 110°C and substantially within a
time range 6 hours to 24 hours.
9. A method as. in Claim 1 including carrying out the
first artificial ageing step substantially within a
temperature range 180°C to 160°C and substantially within a
time range 20 hours to 28 hours and thereafter carrying
out a second artificial ageing step substantially within a
t:emperatufe range 135°C to 115°C and substantially within a
time range 6 hours to 10 hours.
10. A method as in Claim 1 including carrying out the

first artificial ageing step substantially within a

SUBSTITUTE SHEET (RULE 26) —_—
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temperature range 190°C to 150°C and substantially within a
time range 4 hours to 48 hours, thereafter carrying out a
second artificial agéing step Subﬁtantially witﬁin a
temperature range 140°C to 110°C and substantially within a
time range 6 hours to 24 hours, thereafter carrving out a
third artificial ;hgeing"Step- substaritially within a
temperature range 115°C to 95°C and '-subé't'a'ntially within a
time range 8 hours to 30 hours and thereafter caﬁrying out
a fourth artificial ageing step substantially within a
temperature range 100°C to 90°C and substantially within a
time range 0 hours to 8 hours. |

11; A method as in Claim 1 including carrying out the
first artificial ageing step substantially within a
temberature range 180°C to 160°C and substantially within a
time range 20 hours to 28 hours and thereafter carrying
out a second artificial ageing step substanﬁially within a
temperature range 135°C to 115°C and substantially within a
time range 4 hours fo 12 hours, thereafter carrying out a
third artificial ageing step substantially within a
temperature range 110°C to 100°C and substantially within a
time rénge 12 hours to 24 hours and thereafter carrying
out a fourth artificial ageing step substantially within a
temperature range 100°C to 90°C and sﬁbstantially within a
time range 0 hours to 8 hours.

12. A method Of. forming an adhesively bonded heat

treated structure of at least two components at least one

SUBSTITUTE SHEET (RULE 26)
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of which comprises aluminium-lithium alloy, the method
including the steps of forming a pre-cure assembly of the
components and adhesive and heat treating the assembly
according to the method of Claim 1 whereby to cure the
adhesive during at least one of the artificial ageing
steps and so form the adhesively bonded heat treated
structure.

13. A method of heat treating an aluminium-lithium
alloy substantially as herein described.

14, A method of forming an adhesively bonded heat

treated structure substantially as herein described.

-
(L

* c L
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