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TREATMVENT @Fo sdrighdaNl UM LI THE UM ALLOYS Thi s invention rel at es pig/dgsongat
treatment of alumniumlithiumalloys-add-< n particular to such heat
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optim sation .such alloys' plane stress fracture toughness.
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optimisation of such alloys' plane stp€ss fracture

toughness. Such alloys are known in parg cular 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 allgfs enable weight savings to be
aehieved to maximise prgffitability of the aircraft.

| eferences which are relevant to this
the time of the invention are as

of thermal exposure at 70°C on the

)@ McDarmaid;/ "Mechanical properties of 2024-T3 aluminium
alloy sheet. December 1991. Reference TR91071 by D.S.

McDarmgid, 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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Decenber 1R8bensmeeference TRO1071 by D.S. McDarnmaid, C E. @éqﬁ&z’lc
Wheel er. The alumniumlithium (A -Li=) 1 aloys registered wt

ALUM NUM ASSOCI ATION as AA8090 and AA2091 (hereinafter referred to

w thout the "AA" prefix) in recrystallised sheet form and under-aged
“Danage Tol erance” in that

tenpers have been s ossess attributes of
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relates to the heat treatnent of alum niumlithi um alloys and in particular
to such heat treat t for t Strengt henin of aI I oys and for the
lorbl Ifdates, . treatment of

opti m sation
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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t oughness.

the l'ow density, high stiffness and excellent fatigue properties of

alum niumlithiumalloys enable weight savings to be achieved to nmaxim se
profitability of the aircraft. Prior Art references which are relevant to
t hi s i nvenfdtuigueonraek tdrovwtherateshareveommendabdyassIsw | eonpleff f ect

of thermal exposure at 70[err] on the performance of damage tol erant

al um ni umwiithhi weasidmablyhedtigh Fdevedsy d¥95plRaker steesBRAESHELUFR52008
by D.S. MDarnmaid; "Mechanical properties of 2024-T3 alum nium all oy sheet.
Decenber Xibhrieafscr e(Ke) TRO10AL byudh S.  boblr nprdducts Thewes BeEnC.

The alumniumlithium (A -Li) alloys registered with the ALUM NUM

ASSOC! AT| @ittensit@l90 imdestiditied has eposkneialefaltexthatiwed hooit thée " AA

Wheel er .

prefix)

I n -
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 a‘mountis 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 ski';'z material and
particularly fuselage wing and empennage skin materials
must possess. These. include adequate strength, good
corrosion ~resi5tanc.:e and an often unstated but very
important requirement of long-tem thermal stability, ie
the ability to withstand prolonged periods at moderately
elevated teirtperatures without- an appreciable or
unacceptable loss :.n 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 e‘_ffects of high ambient

temperatures and intense solar rad.j'La_ti_on. It is generally
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recrystallised sheet form and under-aged tenpers have been shown to possess
attributes efooddrsoe Tol erance” in that WO 96/ 18752 JGB95/0287

PECT/ GB95/ 02878 -2- fatigue crack grow h-rates are commendabl y ow coupl ed
wi th reasonably high | evels of plane stress fracture toughness (Kc). A

such, both products have been extensively investigated as potenti al
civil aircraft

alternatives tot’l;'ne curcently ﬁ:wde used terlals for

skin appl i cRAFOMRE® ﬁéﬁtl cu‘?’ér ti9R3 adfu584a98 o fKIM14A

T4 sheet, re the denS|t red ct OCI at h th t hi um bear| ng
m%ﬁe EXEFR| 0b UB) EoaMIIAoe of e sheceaexsg when the

al | oys wou
plate form h,asI %ahso been iny st | %9& forﬂgg nql.:.foeméfw ng asllgcr}:aafntd

enpennage ap’rﬁ t PSS

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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for upper wing skins. In addition to the requirement for damage

t ol erance 9t her e are sever al ot her necessary ch%aglt erjpstics
whi ch amp W2 skin materi al andgparticularly fusel 3&3 % 8283 d .
enpennage skin materials nust possess. . These include adequate

strength, good corrosion resistance and an often unstated but very

i nportant requirement of long-termthermal stability, ie the abili ty to

wi t hst and peolswepesgfal ois thenfusedagey shiqyaepplicathprs at (Mhdss 1isi t hout
an appreciable - or unacceptable loss in any of the key attributes.

For a sub- Dok aesiegsarilywregt sinse| &he tircyRAse dnsdounghsa Medslweration
of thermal instability involves on the ground exposures to the conbined

ef fects of agsgRiakBfewitlenpbeatlihivmd comtente 38| fanakiient P6n.moxe | s

general |y SUBSTI TUTE SHEET (RULE 26) _ . .
than off-setting any slight reduction in strength 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
large reduction in Kc._ results after 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 1levels 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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that in tropheghsyeendi tions fusel age skin tenperatures of UppEPchoshaie! ]
can be achieved when the sun is at or nedy 4ts zenith, Over the life of
an aircraft this could, in the worst case, represent a cunul ative high

tenperature exposure of approximately 65000 hours (eg 6 hours per day for

30 years) al though ch an exposur vvoub)d .onl.y.he .achieved for. ajrgraft
either stored in de g’ﬁ B L7 n§g8FmB eﬁf&éﬁ%&&ul%ﬁl?tﬁ'bﬂ???‘gpf%al
bases. Thermal stability is also one asgect of concern when consi dering

the use of AR l9n<IeiNE PrecipagasadnepfefnhgdAdidi) appMheatFeason Ther8090
and 2091 all oys have been primarily investigated for fusel age skin

appl i cati ongpign é&i%:ﬁ“ﬂrl@ﬁgﬁ@&éi&ﬁ?% FeSPe%&V?Je‘a‘r_ce the {fe

condition for 8090 i1s achieved by artificial age hardening ("agel ng" lfrom

the T31 Conghghggxﬁ.'l%ys, ol EE' O@héﬁeaél?&é"nqsco%rokhggrse 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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stretched) for 24 hours at 150[err] whilst the T84 condition for 2091 is

achieved
f ol | owi ngW@

i ntended to produce products which mimc the nmechani cal

al cl ad 20

gé{clel ng fromthe T3 condition for 12 hours at 135[err]C
2ranp up from anbi ent_tg 135[err]. These tP

re
properties of

24 T3 (ie the lower limt for 0.2% Proof Stress has been set as

approxi mately 270 MPa) in order that substitutional applications can

easily be
Al -Li al

to SUBSTI
PCT/ GB95/
necessari
l'ithiumc

aadsigler eGoiumbeERactiof), SOant NEndEdes! a3l RRKERRHON ahRat

oys require static strengths at |east equivalent to alcla

T §E%! ULE 26) WD 96/ 18752 _ 4
Cég%" e successful in the fuselage skin-application.  This
ly so since the _.increase in Young f?f l\/bdul us_associ at ed w th

ontent | Focapahlyshrahs e th ect of on-going o
precipitation dupliéate sémples of a batch of (hereinafter
referred to as ‘Betch 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 lchosen included a 10 minute
“ife\fersion' at 200°C from the T81 c_ondition (ie ceusing a
drop in 0.2% Proof Stress due to 8§ dissolution),

followed by a re-age of 170°C for 4 hours (ie to achieve a
recovery to approximately the original level of T81 0.2%

Proof Stress and, finally, an extensive over-ageing

nor e
2024 T3

i s not
t he

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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than of f-setti ng any slight reduction in strength which m ght now be seen

to be requi‘{,§g6,'i§}59rder to properly satisfy a real requirgssEbhesid28ss
very high racture toughness and good-i mpact resistance. Despite the use
of artificial ageing treatnents, both the A -Li products referred to are
known to | ack thermal stability in the tenperature range 70-85[err] and an

increase in strength coupled with a di spr;gort lonately, |l arge reduction in
Kc results oRFEPeFEYatheals SRG telestRirmdl SIPARGEEELLY o measysements
significant effect after 1000 hours). This inverse rel ati onship between

strength and™&@efare ssboyn oin Tabifsl heen denonstrated on many occasi ons.
Gven that the initial toughness levels for both_alloys aged to their

respective prior artTfontf tioHRAY| LT8R JRAPF84 for 8880 20%-going
ol ad | 202 PTeRiD{THELOR URF e 00 nBSLFS StaiaFaRs i SRFEPLBs SREE ST

ther mal Stab:ii.xlziégrgggtltat]e F’)ﬁ'lreniz%x(r)gzs'tg fglgttegr:].al 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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toughness of even appareptly=7e fal | increases in strength is widely
tor accounting for the current |ack of

any si gniwpoi8752 a_g% appl i cations. sUBGHERS B I8T

(RULE 26) - WO 9%L18F52 _
PCT/ GB95/ 02878 Th ause of thermal instability is attributed to an

on-goi ng preciprtation of [err] " [err] The reason for the continued
preci pi t atyiegn @fayl,er 7jo°t, and hanceevér thighet iegtibibrigm ivolume there
is an inverse relationship between the equilibrium volume fraction of

[err] ang temmeraly s (&%%é%é%éiﬂm VR UER § T i @a S-S CRISAE as

teﬁrsrﬁ(rarezt%et'l s reduced) . high rate of di ffusi on of Tithiumin alumnium
control | e&%u n‘i& (f“é ﬁ%f?ﬁé&gh()ft}l[eerg:poé&rgottﬂef epddyftda dickf Usdpilevdt €
- saturation would be that much greater at the lower
temperature due to the reduced diffusion rates.
It should be noted that the Batch 1 8090 sheet had

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

réached what 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

eep | '-f= 3lag

| ——
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tenperature falls sone considerable way bel ow the exposure tenperature of
concern. wdodeesefore follows that even extensive agei ng patGBdshas?s

stated prior art ageing tenperatures ?ié 135-150[err]) will
achi eve anyt hi ng approaching a conplete precipitation of [err] and a

hi gh thernodynam ¢ driving force for on-going precipitation,

c

never

oupled with

adequate r
to (bel ow)

ered.

g@f 14101 WRAILAS| QoolidingPXies! Bhe! CIRGEALYLRS & s Cl OSE
2 5

€~ maxli num t her ma exposure ‘“tenperatures consi

I nst ead, expessiblkeagei ogmbinehehe birogbedont erfpdrapuressipuitiat iser weisth o
7 uctur e ovidy IRPBRS P4 FengeRunhy PARRIRGE SRy =pBRLFhG SRR D
Sobr SUTE LSRR of BB EELE" £ BUNEE 'dheth | BLAEALRSLCURA1E" be

SUBSTI TUTE

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 d ' 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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volume fraction, an increase in strength and embrittlienent. To
i1l ustratWO96HE®2 effect of on-goix@ -[err] precipit aPFHGBYINMBIE at e

sanpl es of a batch of (hereinafter referred to as "Batch 1"

mat eri al )

8090

T81 were given a range of thermal treatnents prior to being exposed to an
el evated tenperature for a considerable Iength of time. The conposition in

wei ght percent of the Batch 1 material was: Li Cu My Fe
Zr Al 2. 23 1.14 0.79 0. 045 0. 06 Remai nder The

treat rfent.SIQ &) wapcliwdeds powlbelidéd thaver$i aondatidAOwaigd &rom
the T81 con |t|on (|e causmgadrop |n 0.2%. Proof Stress due to

[err] dissolution),

achi eve a PERETEPT tl?)ag?b?%m aaefrte h %ﬁdl;{' [ eé\%%f:g'gﬁ' t$§%o%§%)$‘b§ oof

Stress and, finall an extensive over-agei
fractions Yy ‘and precfp:s.tate s%.ze g -ngtr:.but:.on

can be

achieved with a relatively low level of 0.2% Proof Stress

(and, hence, high fracture toughness) and with 1limited

capacity for  further  strengthening by

precipitation of9% ‘.

The adoption of this form of retrogressive

step-wise (RS-W) ageing ‘treatment according

on-going

to  the

invention fully recognises the need to precipitate

sufficient S° t6 prevent what would_ otherwise be a plastic

deformation mechanism dominated by intense planar slip - a

deformation mechanism which would, if not

properly

inhibited by the preéence' 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 ageing

sequence

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)

SUBSTITUTE SHEET (RULE 26)
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treatment of 220[err] for 12 hours in addition to the T81 initial

treatnment. Adegnghensile testing one |long transverse (LT) or |ﬁqt,€% | e
representative of each condition the duplixate sanples of all conditions

including the T81 "Control" condition were then exposed for 920 hours at

100[err] in order to crudely represent alifetine's exposure to tropical
The results of the nechanical SUBSTI TUTE SHEET (RULE 26)

t enper at ur es,
sayl I?‘B‘E’éﬂ?oahdséﬁév‘énlﬁ(b%@r"'eégf’]‘-PQrQ utfes|Takde faCict i on of

- 8- at,
woul d be realisable at this tenperature than at 100[err] although the

exposure time required to achieve saturation would be that much greater at
the | ower te{n:ieratuie due to the reduced diffusion rate
our/15 12/135 + 6/120 + 50/100°C (see 'rable 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 ageing 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
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It should be noted that the Batch 1 8090 sheet had a T81 LT 0. 2% Proof
Stress of 293 MPa and which then reached what is believed t ﬁ&s '

- sat ur at SHOB86/18J5Pr oof Stress of 320 _I\/P%Df_ol | owi ng 920 hour"s&i’ ﬁﬁ-’s
exposure at 100[err], ie a rise of 27 a. According to the invention an

| nproved net hod of heat treating an Alum niumLithium alloy not
substantially strengthened by the precipitation of [err] includes carrying
out a sucgessiceiral wils | €8Sbet Wihwdividlyt dborxded ngiet gie atwadhment such
step being carried out within a first tenperature range and at |east one

further shep Yerigérsritrd skinght htlern sithessi aeldls0°cdueed a edpof@it ure
range. The specific pronotion of precipitation is thus achieved

~and for appeeAal Fewin SRi<tunedsuchpes aREDUX! dregd stamedn ¢ rade aaxley r ]
vol une fraction is achieved in conjunction with this to attain a condition
of use wi ghsadereahe JHIAFKE3-€XCE3M) yveornstimilast r sogild wtsth 1ikelnpati bl e
with the requirenment of high fracture toughness, with the ability to

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 'su'ch ‘that the assembly would riot require an

oﬁer-pressure to protect the (phenolic) .-adhesive. 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 cydle 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.l25%. 0f note are

the following RS-W ‘treatments:
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retain adequate fracture toughness following long term exposure

noder at el y @logosagesd tenperatures. Where ot her appropriate ég@ﬁ
PCT/ GB95/ 0 %say,
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70[err] and an even higher equilibriumvolume fraction of [err] would be

realisable at this tenperature than at 100[err] although the exposure tine
eve _saturation_would be that nuch greater at the | ower

required to acg
OuE/AR0 r &#dubéd38i f Tt uS /AT artes SOWL280Gul d Uamaiardad t fkat t he

tenperatureldu
sheet had a T81 LT 0.2% Proof Stress of 293 MPa and whi ch t hen

Batch 1 809

reached whatePSHHTRRTE Eatch 7 matexnial with Bahchy 1. 208e% Rablst (3%)s of 320
MPa follow ng 920 hours thermal exposure at 100[err] , ie a rise of 27 Mra.
According to the invention an inproved nethod of

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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heat treat]i ng Alum niumLithiumalloy includes carrying out a succession of
at | east Lficial ageing steps, the first such step g ' | ed out
within a#vlwrigﬁgisgnperature range and-ajg4least one further %98@%@
carried out within a successively reduced tenperature range. The specific

pronmotion of [err] precipitation is thus achieved and for appropriately.

sel ected tenperature ranges cappi ng of the S volune fraction is
achi eved in conjOnctthen bash<t ¥ theattensile ctesitt i dataf forom whé

adequat e but not excessive initial strength which is conpatible wth t he
requi r eneabovef tesitgh thef reaguence ckhpursE50°Gi t+h 8132036 #i 8¢4/265%@tai n
adequate fracture toughness followi ng long termexposure to noderately

el evat ed 24vp&fGit uwes. \electedier fogpr oburther t cdp¥estigation and

refinement. 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

'iodc (Reference i) . It can be seen thatealtho‘;gh the RS-W
© UBSTITUTE SHEET (RULE26)



WO 96/ 18752 -9- PCT/ GB95/ 02878 r anges

are sel ect edygogpires Ng to the invention it is possible to co
pronotion of [err] precipitation with highslevels of S vol u%&&g%{)(ﬁw

thereby resulting in a level of strength that is higher than otherw se

woul d be possible for an alloy of this conmposition for a given total ageing
say,

treatnment tine, The,conclusion reached was that ,thernmal stability at,

70-85[err] cg'ﬁtgﬁllﬁlbeqﬁsni eﬁ)‘b‘#?ﬂfc?hear eZPARUSEABR ofR artouginessri the

volunme fractign..,of err] .for .this tenperature. . The achi evenent of

[err]' sat ur%ﬁagﬁtﬁg’é’dé%gr é"'ﬁ‘@ﬁ'ie&yem tHouYeF€aPBchndesso andyrErem. 29,

Proof Stress el .which uld otherw,se . be inconpatible with the

ommi pr esent rr"“l‘e“g%éi ir'%ﬁgﬁf Fggrhilﬁﬁ EFX\é\@uE@af‘oﬂ@ﬁn ' CARS fP% REder art
6&6 'giention were then conducted using an 8090 T31 starting

according to
condi tion ma?erla Whi ch was arrived at by re-solution treatnent and

controlled sggetchi "he f cgﬁ)\pngraBg:‘i%Q Jaaq:OaQOelg%_ag‘gggr Ii%l 'graphical 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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NB Re-solution treatnent was carried out at 505[err] to avoid grain growh.

Agei ng comrenced at 150[err] but for a short duration (very nmuch | ess than
the pri orW@P¢/18782 hours at 150[err]) ftilrgeomed by progressi \RCHGBRSOR$78ns i n
tenperature and increases in ageing ti in order that the volune fraction
of S and phases other than [err] could be capped and a hi gh vol une
fraction of [err] realised. WO 96/ 18752 - 10 -

PCT/ GB95/ 02878 | nphdi S qaddedy | Era8q¥mbRti evadh t hghed Cadvhhtade W UE a
superior bal ance between J[err] and S precipitate volune fractions and
preci pi t ahgxifigengdi HHd bubiegheeCarnt be bagligay edstt-étigehémimg i Vali | ow

| evel of 0.2% Proof Stress (and, hence, high fracture toughness) and with -

limted C%P@&A%gnf%ff% .'duL. UEL'3S pre2ibRALIBH) "ditnBhe rQ%IiRY an

preci pitatron
overly long ageing treatment which might be uneconomic.

The tréatment was found to 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
with a tendency to form localised corrosion pits with very
little or virtually 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°C. These sheets were intended to establish the
initial toughness 1level for 1l.6mm sheet and to provide

specimens for long-term thermal exposure such that the

SUBSTITUTE SHEET (RULE 26)
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The adoption of this form of retrogressive step-wse (RS-W ageing
treatment we9gigisng to the invention fully recognises pofcrIGRETs t O
precipitate sufficient S to prevent wkatl7weul d otherwi se be a plastic

def ormati on nechani sm dom nated by intense planar slip - a deformation
mechani sm which would, if not properly i nhi bited by the presence of

S, thenresult in |ow Level s of ductilit rticularly in the
| ongi t udi naR-GEWYES onof pukheFlY | nFem gﬁ? } wmatrerdads (€eekdt r Bt ed
Batch 1 material g | arge nunber of tenperature/tinme RS-W ageing

conbi nati on i ed. T8RP pEPERLEFarOhot wdtFHTERL rﬁﬁﬁ'-'s l?é’se&héﬁound

1 hour or 3 -hours at

T50[or 1] foPF6RE3 Dy 3o Humis fuf 1Y SBEAE ] Sapaics e'é%%% 3= s=BowRniBel ow
1 hour/150 +,6/ 135 + 3/1 0 + 50/100[err] bl e 2A our/150 + 6/ 135
+ 8/120 + 5BAFYBE (Rre TEBPe BT %LJBS* BT %H'E%T ?RU?E th
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 T81 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 (excludiné the incubation period for

T81) appears almost identical thereby indicating that the
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WD 96/ 18752 PCT/ GB95/ 02878 -

hour/ 150 + 6/135 + 16/120 + 50/ 100[err]

+ 6/ 120 WO@6/18782err] (see Table 2D) 1¥Qour/150 + 12/135

50/ 100[ err] (see Table 2E) 3 hours/ 150

Tabl e 2F)

sol ution hesing rasgesktd hthatnthei aiglVataterddlf afouwld Ukleimaeelyt agat nent

11 -

(see Table 2C) 1 hour/150 + 12/ 135
Wp2878
12/135 + 6/ 120 + 50/100[err](see

3 hours/150 + 6/ 135 + 16/ 120 + 50/ 100[err] (see Table 2G) These
treatnents and the resulting nechanical properties and el ectri cal
conduct i vidtaavffidde B h1owetrnGidenggei 1f SEHeeRS-WNthaterdalestkt of
various periods of thermal exposure at 85[err] and 70[err], are shown in

Tabl es 2ARdinuUhaddi¢ained andeveketaPolatBOR0 tsdeathe\as5000ai Redrs
(hereinafter referred to as "Batch 2") which had not been previously

and ageing trials in

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‘-saturat'ed 0.2%
Proof Stress may requ:.re a compositional adJustment to be
made in combination w:.th 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 value to as
low as substantially 0.4%. This will further restrict the
strengthening attributed to s' predipitatiorx 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

SUBSTITUTE SHEET (RULE 26)
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order to optimse the process of RS-W ageing. The conposition in

wei ght per cgigf he Batch 2 sheet material was: Li Cu
Fe Zr 96%7/3% 2.26  1.21 D460 _ 0.047 0.06 PcrGRss Oy

Fromthe results of the Batch 1 trials it was realised that the 135[err]
step was apparently resulting in excessive ageing of the non- [err] phases

and so mght be discontinued. It was also recognised that if the fusel age
WO 96/ 18752 maintained at or even below the 8090 cpraoposEtionzd’sinibfim

structure was, to be adhesively bonded (ie the attachment of stringers to
skins) then €€ her2e2%50[ erRedweing 120ther] €oPPRY r edeMed$st emayuch bes

REDUX (registered trade nmark) 775 (CIBA) or AF163-2 (3M, or simlar, would
nost | i kel ycounterproductlve 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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be used. In the case of REDUX 775 (150[err] cure) the cure cycle could be
conbined with the 150[err] RS-Wageing step and all subsequent steps would
t hen be awplosmahseo t he bonded skin/stringer assenbly. 1n PEI/GBIYREB t here
woul d be an econonmic advantage in T RfcT ng the tenperature of the
second step such that the assenbly would not require an over-pressure to
protect the (phénolic) adhesive. This woul d be achi eved by reducing the
temperature of thg second stepghpom 135[err] 44 125-120[errp whereas the
continued use of a 135[err] ageling step vvoulgl necessitate that this ageing
step took %I ES Ign ?Wé“t ocl ave or bonding press. If a 120[err] cure resin
system such as Alglé' -2 was to be used then the cure cycle could be _
i ntroduced after conpletion of all ageing steps of greater than
120[err]. No over-pressure would be required for any selection
of ageing ! enper agne gaHREpkO B | §EEY Naelz Crddeodity | s Of e W

ageing trials was underta using Batch 2 material whic had been sol ution
treated aipyention 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 strgngt_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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530[err] and controlled stretched 1.75% 0.25% O note are the follow ng
RS- W t r eat saéig7$UBSTI TUTE SHEET ( RULE 26) WO 96/ 18752  periGR9SI02878
PCT/ GB95/ 02878 - 13 - 1 hour/150 + &/ %35- + 8/120 + 50/120[err]
(included to bench-mark Batch 2 material with Batch 1) (See Table 3A) 1
hour/ 150 + 8/ 120 + 24/105 + 24/95[err] (See Table 3B) 1 hour/150 +
16/ 120 + 24/105 + 24/ 95[err] (See Table 3C) 1 hour/150 + 8/125 + 24/105
+ 24/ 95[ errq) which gig maxtiapanlnosuitsd +tae/the 8034/ 19blay 246 err]

(See Table 3E) .1 hoquy/ 135 + 8/120 + 24/105 + 24/ 95%err] (See Tabl e

3F) 1 hour Migsh. achiexes 3n, qpbimum rombipation p s&rengkbur / 120
+ 32/ 105 + 24/ 95[err] (see Table 3H). 8 hour/120 + 24/ 105 +

24/ 95C toughness a(lgcgethmael @gabn.lzty is disclosed.
The HSRS-W ageing treatment according to the

invent_ion 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 t_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.
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These trials showed that the 135[err] step was superfluous and that
a direct transition fromabout 150[err] to about 120[err] (or 125[err]) was
pref er ab|VeQ 96/18782 treat nents conmenci ng.at 135[err] and 1XfEEBISREE sone
merit but produced a fully heat treaf'egch)ndition that was low in strength
but which ultimtely, on thermal exposure, rose to | evels conparable with
the treatnents Wwhich conmenced at 150[err] and so there was expected to be

no benefit in ter g0k diSAUHRAO UHEEERS  treatrdd 1S use of an oil
PCT/ GB95/ 02878 - 14 - On"the basis of the tensile test data fromthe above

el ected Tar Fur TR D B e et Bkl "
agei ng fulfdy 8 SE&S Sagpropriate adjustments to the metal heat up
times will be needed. |
'I_‘reatménts below 90°C are considered to . be
ineffective, ai:coi‘d.ing to the invention.

A continuyous transition 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 Hours to 72 Hours
Temperature 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 + 5°C 12 to 36 Hours -
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enabl e wi de panel fracture toughness testing to be carried out. The result
of the firsiwodsagisgr € toughness test carried out on 1. 9mnthiﬁ,,%’1gsﬁ?”§
material aged 1 hour/150[err] + 8.120[er2B + 24/105[err] + 24/ 95[err]| is
shown in Figure 1 in the formof a fracture resistance curve (R-curve). The
result is conpared to R-curves applicable to prior art 8090 T81 and
reverted 8090 T81 (Reference 1), an unstable condition previously shown to
produce i nprf&ehts in tou@édsS Foget herPhd FaIdd HPUR$H4 T3 (Ref erence
2). It can be seen that the application of the RS-Wtreatnment of the

I nvention has produced a condition of very high toughness and which is
conparable to, or hetter than,__alclad 2024 T3. This is the first known
reported ocdtHHeReiBboTdWatti-& ceedi ng t he toughness of alclad 2024
T3. A second 1.9nmthick 8090 sheet was given the_gbove RS-Wtreatnent
fol |l owed by 2000 hour s TEAREFALUERBENEE at bet weenT#BEeRAPIENd 75C. The

R-curve for this
sttep 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
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material is shown in Figure 2 together with the un-exposed R-curve. Also
shown is an R-curve for prior art 8090 T81 material wth ] 2000
hours t héWVR&F1®¥Rposure at 70[err] (Refgfence 1). It can ﬁgg’g@%wgt

al t hough the RS-W WD 96/ 18752 '

- PCT/ GB95/ 02878 -15- material has suffered a reduction in toughness the
reduction (approximately 69 is very nuch |ess and froma nuch higher
starting | evel than pespebatuaecRangeprior art 8Dixfe TRANgS\B: The
conparative data extracted in graphical formfrom References 1 and 2 is
present edstep il ustrati ve7putp28%s onl 2 difcurs vot36 Mewxied to limt the

I nvention. Trials were al so conduct ed to determ ne sensitivity to

t enper at useepng tine vari B2$5ohslstr t heé 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
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first ageing step and to determ ne whether the final step of 24
are

hour s/ 95[ er usefully be truncated. The results of these trials
shown in Tagqoes l’Aﬂ' 4B and 4C for Batch 2 erial. It was e&é%??gs"f%ﬁst hat

the first step could be shortened to 0.75 hours or extended to 1.25 hours
wi t hout undue del eterious effects being apparent. It was al so found that
the final step could be truncated to 8 hours for material given 1 -

hour/ 150[ er r §tPéndtRENQOS/ r theV phaklipd eaicdbhnf i S8NG efal}g:t%oingﬁ.‘ggthf i nal

strength bei ng apparent and, for applications where strengt

gei ng 1 ot rem Saeee o AR | G L YRl SR Al

agei ng treatnent adopted. pr
' /eggl[ t rﬂ b 0Tdad Synd1 g%{%é%%&&]uét%&%‘ér Gegted oY ddqubnt
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.
Thg use of the HSRS-W ageing method of the

invention 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.
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WD 96/ 18752 PCT/ GB95/ 02878 - 16 -
The 4-step treatnent has the advantage of maximsing the degree of
beni gn Woesg™2Nni ng (ie strengthening due to [err] pre®REVEBINISB .
w t hout requiring an overly |ong ageing treatnent which m ght be

uneconom c. The treatnent was foygd to be reasonably insensitive to
ageing tenperature within the range 5[err] (all steps) and to variations in
the length of individual treatnents within the range 25% of ghe st at ed
time. This preferred ageing treatnment was al so found to engefder optinum
resi stance to |nter ranul ar corrosion as rreasured by the ASTHE G110

corrosion test BM dept h ﬁf cor roszon penet gat ion |i gl ted tg approximtely
tende-ncy to formlocaliSed corroSion pi I,,s with very

150 [err]
little or rtual y no intergranul ar attack present. This |s=| n very marked
contrast t@ 8090 T81 which often =
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E L2 _ ~ " < - 2}
g 3 = g g X g
e ™ o
o~
- >
a8 =
g 2B, . - . s 4
E g8¢ @ g g 5 g
| [~
v - 0 |-
=] -
g§ 8 B ¢
B [ [
<
g * 8% w o < e 5 -
. [ o Q
o wm -
| 4
[
>
=y
B
g
" » 3 (-] ‘; LT -] lf! 8
8¢ 8 < S g E 3
QO g
2]
. ol
§ 3 »~ d 3 g s 8
Be a3
[=] wnw
o MmO
B - B
. - = ¢
g g ' g5
fead o - [ -4 -t B od
g5 2 g g < = 3 3 £2
O &2 Qs
B & 1 B8
{ S=
a [ - o
< =]
=] Z2e
] [~
B O - =]
2 g = g 2 $ g
g E g z ™~ o~ (4] ==
o & & 0
=1
_—
2 . 52
2 4] =
7] 20\
= ~ 1771 (=) o x .
[=] (3] (] = = 8:
B o EE o . o~ 29
[ n -4 - N -t
= + ﬁ = 9 (=) 9
8 > o 8 = ] .
vt e ™~
: : +* 08 +* 9 +* 5
-
-t - -t - O -t -]
& e g < g5 e =

SUBSTITUTE SHEET (RULE 26)



exhibits in excess of 250-300[err] of attack and which is characterised by

an extended network of intergranular penetration. The forns of

i nt er gr anuVY948¥&ck for the RS-Wand T81 conditions are sh@®CA/GBISRRETAr es 3

and 4 respectively. Several nore full-sized sheets were then given the

preferred ageing treatnment of |hour/150 + 8/ 120 + 24/105 + 8/95[err].

These sheets werg intended to establish the initial toughness | evel for

1. 6nm sheet and & provi de speci mens foR7l ong-termthernal expd8& e such

t hat the SUBSTI T@E, SHEET ( RULE 26) WD 96/ 18752 ~

PCT/ GB95/ 02878 - - Rcurves of thermally sensitised mateg&al could

be determ ned.. ey results of an R-curve test on this ﬂg
[~}

ROOM TEMP. BLECTRI

- .
& a8 e o 2 o« e B
5 8 8 & & g g oF E
= 3
S
™ = g
13 S
£ £
o B
g -8 E
=t
| ] o L] -] «© -] L4 n HE
" S 8 & 4 8 = 9 g< £
B g, =
e ® e
wy
a8 8
-t (=]
= ES
E . o~ - o~ o o~y ° ot zg ':|
[ [ < xR N Q -t [ [ond En o~
E = [g] Lg o -~ - - < m# a
} g2 8
£ &
[l =
g o [ - by [a] Q « o] :ﬁ i
s By o -] -] Q -y -y =l +* [}
o = ~ o~ ™~ (] Lg ] " [2g] 3
v o
g g 2
& 5 F
=28g = 8 = R 8 § % s o
o= ~N ~ ~ ~ ~ ~ -t & g
£ Es
- Q
23 5
‘e B8 2 8% 8 = 8 8 gf =&
o = o~ o~ o~ o~ ~N o~ ~ P~ s
v =
HE 3
[ (=4
g8 o0 0 0 . 8 88 2
R g0 &
3 £2 E
K E 5
E8B oo 8 8§ 8 B85 3
Pt
¥g E
=t a
o ﬁﬂ =
® ] [=3
o 8 ' 't 8 8.8 8 2= g
g Fe. E
EEy £28 2
E a e~ t 1 Lz [} [ ] ™ (g ] 3%'\ w0
5§ °"
EE
2% 5
gg :.! ! o © o L - L - L - :
g 3

SUBSTITUTE SHEET (RULE 26)



material in the fully heat treated condition are shown in Figure 5. The
R-curve is slightly lower than for the 1.9nm material and the difference is
consi dewj%hg.,ge due to the rolling schedul e associ at ed wcrfcEbsAreT8 gauge,
to differences in lithiumdepletion, to a thickness effect per se, or to a
conmbi nation of these effects. A sheet of Batch 2 material sufficient for a
| ar ge nunber of ‘tensile tests has been given the preferred agei®g treatnent
and has conpl etgd a 2000 hour thern@s exposure test at 70[err]g$oget her
with conparativ& Batch 2 material initially aged to the T81 c@®ition. The
results are shoér n Table 5 and plotted as 0.2% Proof Stresseygrsus [err]

10°C
500

THERNAL
SENSITISATION

Exposure Tine i re 6. It is apparent fromFigure 6 that T81
materi al has unde %e an i“ncubgtion period from apprgxi mat el he 30O
hours exposure @ightito sofiewhege sﬁi ghtf_ty I8 exegess Q&f the 1 ho
exposure poi nt ng whi c vi rfual Py nd* chafige i™h 0.2% Pr oof res®| was
appar ent. Ther§wasthen - =
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a rapid increase in 0.2% Proof Stress. In contrast, the RS-Waged
mat eri al i §7§ no such i ncubation effect and a steady rise in 0.2%
Proof Stress versus Log Exposure Tine is evidenced. It sRGUCPIHR28I}t oq |
that the gradient of the two curves (excluding the incubation period for
T81) appears al nost identical thereby indicating that the SUBSTI TUTE SHEET
(RULE 26) 2WO 96/ 18752 29 s
PCT/ GB95/ 02848 - 18 - advantage of |ower strength in the R%@Vmaterlal S
bei ng nai nt @nBd and extrapol ation to the 65000 hours poini, Buggests that
the T81 mat i§| would ultimately age to a 0.2% Proof Stre of
appr oxi mat el 4@ MPa whereas that of the RS-Wnateri al WOE not: exceed
appr oxi matel% glﬂ MPa. 2 Thf“-s re@res@nts"&n |ﬁpr0\7émant i n&&r s Kof
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preventing a strength increase of approximtely 31 MPa that woul d ot herw se
occur. However, this final predicted 0.2% Proof Stress |level for Batch
2 RS-Wwowdifnsnl is regarded as approximtely 25-30 POWGBSER®8e a

val ue considered conpatible with a target of matching the plane stress

fracture toughness of alclad 2024 T3. To achieve a further reduction
in the leyel of "the [err]-saturated 0.2% Proof Stress ma@require a

conposi ti énal adj ust ment to be made i rr-conbi nation with&®e RS-Wtreatnent.
For the 8890 alloy it is believed that the magnesiuml|e shoul d be
reduced fgogﬂ the 0.69% | evel present in Batch 2 to subs tially-the

m ni mum | @vl

v N the conpositional registration (ie 0.6%g or .even to bel ow
this valug Boshs | ow,as sybst@ntial ly &. 4% This will E&theB restrict the
strengt hefii Bg* attriduted toms S & pregi pi gati @ and vvigﬁ | nggr ease the

sol ubilitg inmt of Tithilumin al um ni um t her eby restrigéi ngche degree

of [err] @precipitation.
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Simlarly, the lithiumlevel nmay al so need to be SUBSTI TUTE SHEET (RULE 26)
WD 96/ 18752 PCT/ GB95/ 02878 - 19 -

mai nt ai neVQ6/BW75%kyven bel ow t he 8090 conpositional mi ni nrumRCHGBIS029TR
Reduci ng t he copper | evel s may be counterproductive in terns of
t oughness and so further dilution below the Batch 2 | evel may not be

advi sable. To further illustrate the benefit of reducing the ggeing
tenperature ag@ording to the i nvention3tn order to increase B vol ume
fraction of t err] precipitate some recrystallised 8090 Tﬁg sheet was
aged for 24 hgurid at 170[err] in order to reach a nmedium strgggth condition

and then sub tly aged for 8 hours at 120[err]. Emhe .
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at 170[err] according to the prior art are shown bel ow together with the
properties after the subsequent 8 hours period of ageing at 120C according
to the iWu9kid7ey. |t can be seen that a significant incrpciyeBssn2818 ength
results fromthe inclusion of the relatively short ageing step at the | ower
tenperature and that the final strength |level attained is significantly

hi gher than would have resulted from say, 32 hours (ie 24w+ 8 hours) at

170[err]. ?ei ng 0. 2% Pr oof 32 Tensil e % &! ongati on
Tr eat ment Stress (MPa) Strength (MPa) 24 hrs @ 1@8err] 374
468 7 24 hrs @170[err] SUBSTI TUTE SHEET (RULE&26) e}
96/ 18752 é PCT/ GB95/ 0278 - 20 -
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+ 406 499 8 8 hrs @120[err] The concept
of RS-W agein according to the invention to conbine a prior art

agei ng st MOWPS2 further ageing step or steps at reduced PCHEBISA2EBTR t o
the initial ageing step to achieve a nmediumto-high strength condition can
t herefore be seen to be advantageous in terns of maxim sing the strength
that can be ultimately attained as well as achieving a gi vq‘ﬁ strength | evel
in a shorteg overall ageing tinme than W@ul d otherw se be si bl e. Thi s
type of prgeési ng is applicable to all Al-Li alloys stre hened, in part,
by the pre@mtation of [err] and is applicable to all prq%ct forms such
as plate, t&uai ons, forgings, tube etc. This partic r formof the
agei ng tregs Bn® accorging.to the igventjon is nQw termedagAh @trength

Ret r ogr essig S!‘ep-st aggi ngé" HSESV\@ Pf\NGEg.‘OZ HEAT TV\gNTS
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THERMAL

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

STAGE OF AGEING FOR AGEING SEQUENCE 3h/150°C + 12h/135°C + 16h/7120°C + 50h/100°C AND AFTER THERMAL

LONG TRANSVERSE TENSILE PROPERTIES AND BLECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 1 1.6 mm 8090
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The nature of the heat treatnent according to the RS-Waspect of the

I nvention is such that there is a broad range of treatnents which achieve
appr oxi nwomsnsshe sane final condition. A very broad rarge/GBbs/EsTs\V
treatment intended to produce a condition of high plane stress fracture
toughness is therefore disclosed and then various refinenments cul mnating
in a preferred range (RS-W Range SUBSTI TUTE SHEET (RULE 26) « WD 96/ 18752
"PCT/ GB95/82878 - 21 - 4) which is parficularly suited to thggOQO'al | oy and
whi ch ac es an optimum conbi nation of initial strength, ghness and

t her mal ility is disclosed. The HSRS-W agei ng treatnment g&cording to
the invermi®man
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fraction with an ageing treatnent intended to produce a nmedi umto-high
strength condition (ie highin S and [err]) to result in an_.incr d
strengt h WOASM18%Ri ch i s higher than would result fromthe i%”l{%ﬁ’ﬁor art
ageing treatnent alone or froman isothermal ageing treatnent of the sanme
overall length which is solely carried out at the higher tenperature. For
"short" agehng steps (ie less than or equal to substantially 3 _hqurs) the
time indicaled may comrence when the tenpgyature of the produc fs

determ ned fby,.a cont act-based tenperature measuring device (th&%ocoupl e)
reaches a t erature within 5[err] of the nominal tenperature%® the
treatnment. @ "ygically, for a 150[err] ageing step applied to 6mm.t hi ck
sheet and witf She sheets lkoadedl i N0 aepre-heated ai cibtul aé%n ofen, a
heat up tife Bf 10 to 45 niinutes has be@ fognd @ beZappfopr i Fir
agei ng ti mas Ponger than about 3 hours the |ag between th& net g:andgoven

air t'errperaEures can be ignored =§ 3
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strengthened by the precipitation of [err] and S which is conparable
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restricting the degree of subsequent and unwanted strengthening and
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exposure to °der__ately el evated tenperatures such as &e

encount ered & fusel age, wing and enpennage skin strucﬁgﬁeé during
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exi st and/ o?'f r-t§ere is significant heating due to solar rg&dsati on. The
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36 [err] WO 96/ 18752

PCT/ GB95/ 02878 37 [err] WD 96/ 18752
PCT/ GB95/WQ9%/88738 [err | WD 96/ 18752 - PCT/GB95/02878
PCT/ GB95/ 02878 : 46
THERMAL EXPOSURE  STARTING 0.2% PROOF  TENSILE ELONGATION
HOURS @ 70°C ' CONDITION STRESS ' STRENGTH |
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 PROPERIIES FOR BATCH 2
1.6 mm 8090 SEEET 70°C THERMAL EXPOSURE TRIAL INVOLVING T81 AND

MATERIAL AGED TO THE PREFERRED RS-W 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 mean and
2.5 MPa below the mean.
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39 [err] WO 96/ 18752
PCT/ GB95/ 02%66firsher I ] WO 96/ 18752 PCT/GB95/02878
PCT/ GB95/ 02878 41 |err] WD 96/ 18752 - 47 -
PCT/ GB9502878This Sheet Has Been Replaced — _

i THIS SHEET HAS BEEN

Wy .. e

1. A method of heat treating an aluminium-lithium

for o o

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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42 [err] WO 96/ 18752

PCT/ GB95/ 02878 43 [err] WD 96/ 18752
PCT/ GB95Wa8a8782 [err ] WD 96/ 18752 PCT/GB95/02878
PCT/GBQS/02878 - 48 -

'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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45 [err] 47 CLAI MS 1. A nmethod of heat treating an alum niumlithium
all oy incl ugppgngmsryi ng out a succession of at |east two arpchicBogbasagei ng
steps, the first such step being carriedd®ut- within a first tenperature
range of substantially 230[err] and bel ow and at |east one further step
being carried out within a succe55| vely reduced tenperature range of

substantlallg/ 150[err and be E A nethod as.in Cl |m1|nclud|ng
carryi ng outS%he®f FES ndaFFF'F'FE:FéP ageing ssepps “g(?ﬁéf‘é"l’rﬁi A¥ FiEHime,
e oo ot o00ed SoLene) b SR cChle 20 SBLERLL ALY sl
artificial 20809 Sigd 1 ‘i?oséé‘”éé %8 hoidd! "
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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a tenperature range 130[err] to 90[err] and substantially within a tine
range of 1 hour to 72 hours. 3. A nmethod as in Caim21_ includi n%

carryi ng BOOO®S2t i rst  artificial _ s eing step subsPEHEBNZ)

W t hin a tenperature range 160[err] 130[err] and substantially within
atinme range of 30 mnutes to 12 hours and thereafter carrying out a second
artificial ageing step substantially within a tenperature range ‘130[err] to

90[err] ancempérdniteé atdngeVi1d0°C 2ol iITV°CaaHe ShbsthALially witheHra. 4.
A nethod as in aim1l including carrying out the first artificial ageing

step substiiné atdnge\ 4 hhoudst esPEBAHGURE S, angferda fifdd asddrying46her a] and
substantially within a tinme range of 45 mnutes.- to 75 mnutes, thereafter

carrying cidcond Wi flitia)l ageing step substantially within a

PCT/ GB95/ 02878 - 47 - . _ '
temperature range 140°C to 110°C and substantially within a
time range 6 hours to 24 hours, thereafter carrving out a
third artificial j_:'ageing' ‘step substartially 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 cai'rying out
a fourth artif:‘_.ci;al 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
t:eméerat:ure range 180°C to 160°C and substantially within a
time range 20 hours to 28 hours and thereaf.ter 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 'to 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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CLAI M5 1. A nmethod of heat treating an alumniumlithiumalloy

I ncl udi ng | out a succession of at least two artifici t?ﬁb%i

st eps, thegftlséésﬁtsggzuch step being carriedgpw wthin a first I{Hg{rperg urse
range and at | east one further step being carried out within a successively
reduced tenperature range. 2. A method as in Caim1 including
carrying out the first artificial ageing step substantially within the

t enper at ur eof arwhialss[comgrises 3elamininmt 14gbdvmnt a3loy, wi tie n metthiadk
range of 15 mnutes to 24 hours and thereafter carrying out a second
said artifintindingethg steps sfbsierming |§ prehture aespwbivupé rtirege
130[err] to 90[err] and substantially within a tinme range of 1 hour to 72
hours. 3. componentsdans | adbesivel and| heaty sxeafing othe t lassembly
artificial ageing step substantially within a tenperature range 160ngr] to
130[err] arRfF nght t8l | §hey method 195eClaife lof Wherabviuttes ¢wra2 theurs

and thereafter | \ L. .
adhesive during at 1least 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.

-
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carrying out a second artificial ageing step substantially within a
terrperatur 30[err] to 90[err] agggsubstantially wthj ange
2 hoursp“t’%%)gé 2(’L)urs ) A et hod gss in Cdaim1l incl udil,%legg%%#ng

out the first artificial agel ng step substantially within a tine range of
155[err] to 145[err] and substantially within a tine range of 45 minutes to
75 mnutes, thereafter carrying out WO 96/ 18752

PCT/ GB95/ 02878 - 48 - a second artificial ageing step substantially within
a tenperature range 125[err] to 115[err] and substantially within a tine
range 4 hours to 12 hours, thereafteFa’fgr:l)i ng out a third artificial
ageing step substantially wthin eénpérature range 110[err] to
100[err] and substantially within a time range 12 hours to 36 hours and
t her eaf t er 220 7Tymg

—
— 7
] 8090 RS-W ,.e-""/o-/
200- \,.o"'c /\
] o
o PRIOR ART
P 2024 T3
._o;‘.
-o.
2150: a".g,/
5 e
2 /p-—-PRIOR ART (8090 T81+R)
(3] s
£ 1 i <
2100 ;gfX T PRIOR ART

8090 T81

501

00 20 40 60 80 100 120 140 160 180 200 220 240 260 280
CHANGE IN CRACK LENGTH (DELTA A EFFECTIVE mm)

~o- 8090 RS-W BATCH 2-1.9mm (W=2000mm)

-~ ALCLAD 2024 T3-1.6mm REF 2 (W=200mm)

-0 8090 T81+R BATCH L0346 REF.1(W=760mm)
-»- 8080 T81 BATCH L0346-1.6mm REF (W=760 mm)
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out a fourth artificial ageing step substantially within a terrperature
range 100[ O[err] and substantlzﬂlBy wthin atine ra to
24 hours g‘?vb]gﬁ&ﬂgnet hod as in Caim1l inc|luding carrying oggft% @dl}é
artificial ageing step substantially within a tenperature range 155/ err] to
145[err] and substantially within a time range 45 nminutes to 75 m nutes,
thereafter carrying out a second artificial ageing step substantially
within a tenperature range 125[err] to 115[err] and substantially within a
time range 6 hours to 10 hours, therfg %arryl ng out a third artificial
agei ng step substantlally W|th|n at m’ a te range 110[err] to 100[err]

and subst anpbgh

carrying out af fourt h art |f i Ci aI agelngstep substant [ aI ly wi t hi
tenperature rafjge 100[err] to 90[err] and substantially within a tinme rapge
O hours to 8 hqurs. 6. A method as in Cdaim1l including carrying out
the first artificial ageing step substantially within a
] 8090 RS-W
. \o
200 o
] o ® R
o .
Lo A
o ~* 8090 RS-W
q o +2000 HRS @ 70°C
) 2
150- T
£ e
S o
x
-—PRIOR ART
g AN L
<100- f
x -
1 9
Bﬂnﬁ"‘*PRlOR ART
,[ 8090181
+2000HRS @ 70°C
50

O 20 40 60 80 100 120 140 160 180 200 220 240 260 280
CHANGE IN CRACK LENGTH (DELTA A EFFECTIVE mm)

o 8090 RS-W UNEXPQOSED-1.9mm (W= 2000mm)

-o— 8090 RS-W+2000 @ 70DEGC-1.9mm (W= 2000mm)

-e- 8090 T81 BCH. L0346+2000 @ 70DEGC REF.1(W=760mm)
-x— 8090 T81 BCH. L0346-1.6mmREF.1 (W=760mm)

‘SUBSTITUTE SHEET (RULE 26)



fenperature range 230[err] to 150[err] and substantially within a tine
fter carrying SUBSTI TUTE SHEET ( RULE

range 20 m 72 hours and therea

26) . o 9P PRI 3/3 PRGBS G 5 -
49 - out a second artificial ageing step substantially within a tenperature
range 150[err] to 90[err] and substantially within a time range 1 hour to
48 hours. 7. A nethod as in daim1l including carrying out the first
artificial ageing step substantially within a tenperature range 190[err] to
150[ err] and substantially within a F#ne Lange 4 hours to 48 hours and
thereafter carrying out a second art IS?. ,ageing step substantially
within a tenperature range 140[err] to T110[err] and substantially within a

time range 4 hours

DEPTH OF
PENETRATION
(=130um)

ST

100 um

Fig.4.

PRIOR ART

-l
i

DEPTH OF PENETRATION
(=295um)

ey
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. 8. A nmethod as in daim1l including carrying out the f R@LP&QEWN&&EET

ageing step substantially within a tenperature range 190[efr} to 150[err]
and substantially within a tinme range 12 hours to 36 hoursjahd % heyigatdvgr

carrying out a second artificial ageinggstep substantiallyjwthin a

tenperature range 140[err] to 110[err] and substantially wWtRk——at+ne
range 6 hqur Ln

| ) 24,0R0 . 29 . o] S,.n CGaiml ihcluding carrying.
out the fi rsfsaé?t i T gi gf’aaagi N St éﬁggégsggﬁtliléﬁrﬁw 151 “?'T%W%’Ur‘g_"
range 180[err] to.160[err] .and substantially within a time range 20 hours

to 28 hours a‘%ﬁﬂufﬂeg’e%ftr l«:’}ﬁ‘ar@i%ga ut YBIEedhmPeratyrei dhaayephg L067F
substantially within a tenperature range 135[err] to 115[err] and

subst ant isdi4ipugh hithea expestegetémpourequired hoor sachikve saturetthiash as

in CGaim2l including carrying out the first artificial ageing step
subst ant iwdul}d e Nilaw GBS TdFedte SHEETEHEULEWE®) temperature due to the

reduced diffusion rates.

It should be noted that the Batch 1 8090 sheet had a
T81 LT 0.2% Proof Stress of 293 MPa and ‘;lhich then reached
what is believed to be a ' -saturated 0.2% Proof Stress of
320 MPa following 920 hours thermal exposure at 100°C , ie a
rise of 27 ﬁPa. |

According to the invention an improved method of heat
trea;tiné an  Aluminium-Lithium alloy not substantially
strengthened by tir.xe precipitation of Al,zr includes carrying
out 'a succesgsion of at least two artificial ag\e.in.g steps, t';l;e
first such step being carried out within a first tempe.rature
rangke and at least one further step being carried out within a
successively reduced temperature range.

The specific promoﬁion of - ©precipitation is thus
achieved and for appropriately selected temperature ranges
capping of the S' volume fraction is achieved in conjuncti.on
with this to attain a condition of use with adequate but not
exce;ssive 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

apprppriate temperature
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terrp‘erafure rangelﬂﬂ “ H'E llerr] and substanti al | ywmﬁm
range 4 hours to ter eéiffying out a second a2rt|f

agei ng step substantlally wthin a tenperature range 140fetkr ﬂdﬂkﬁgggrr
and substantially within a time range 6 hours to 24 hour$, jthereafter
carrying S IME third artificial ageing step substantially within a
tenperature range 115[err] to 95 err] and substantially Ww-thia-—a—i

8 hours to 30 hours and thereafter carrying out a fourth artificial ageing
step substantially within a tenperature range 100[err] to 90[err] and

subst antilal |y wi $himeghed mefr gt Otheatingoad Mmlmsinium-litivwet kddogs in

Claim1 including carrying out the first artificial eing step . . .
subst ant .%q%ﬁ%%.qﬁ%%f%e% @R esv%%@%sa%[%# rFte ae%ee[ Ewp] ahdficial

substantigld yh M Lfife @ the first such step being carried out within a

first temperature range of substantially 230°C and below and at
least one further step being carried out within a successively
reduced temperature range of substantially 150°C and below.

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 temperature
range of 155°C to 145°C and substantially within a time range

of 45 minutes to 75 minutes, thereafter carrying out
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artificial agéi) step substanti al | wiiehiBress t enperature range135[err] to
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range 1 24 hours and thenédf ' ourt Tidi gkl
ageilngstep substantially within alten ﬁ);ﬁ@yﬁaﬂ%@%ﬁ&ﬂgu] &g%&%ﬁ%&%)
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(54) Titlee HEAT TREATMENT OF ALUMINIUM-LITHIUM ALLOYS /
(57)-Abstract '
A method of heat treating an aluminium-lithium alloy is provided. The method includes carrying out a succession of at least two

artificial ageing steps. The first such step is carried out within a first temperature range and one or more further steps are carried out within
successively reduced temperature ranges to promote the precipitation of the 6’ phase of the alloy.
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of which conprises alumniumlithiumalloy, the method including the steps
of formng a pre-cure assenmbly of the conponents and adhesive and heat
treating the assenbly according to the nethod of Caim1l whereby to cure

t he adhesive during at |east one of the artificial ageing steps and so form
‘the adhesively bonded heat treated structure. 13.° A nmet hod of heat
treating an alumniumlithiumalloy substantially as herein described. 14.

A nmethod of formng an adhesively bonded heat treated structure
substantially as herein described.
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