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exanpl e thogg. thasea DY JOTAT T e <

Further al | gifenttdlidg) @ Aefoinit y plike il QR ES diabedudly MET. . Resear ch
5 I nstig ut ebdovgmaﬂtpeefm’bthﬁsp 'uvat.l ons 'n the t her mal preco'ndl tiom ng
met hod of the w@m wg ), Oupteb __@rmammﬁergh%epmer%eﬂéﬂ pethépefore the

initial sl o % : .&eauent cool i ng,
the defomat fr@lﬂat e. i _--i'% g‘ﬁasamageousl y .10
bel ow M err by psh ﬁl b Ve the .ﬁ-pﬂa{aratabd e:mpeﬂttmeh musis be
borne in ni ch i ﬁ#} . & ehigh P%{?tefeasfollows
Preferably,- - ' et v BB e gterial, it is

quenched fr QX phay & héat-Rodvérsbl gg@ OGhe b6 kdsds OF i n some
cases, 2&s hlquncmg tﬁﬁﬂ.{clerabqvé;them may not‘ghe;s eoty siuduqhﬂhclb& preVextthe [e20r] or

sabst ant i al 1P PfeF\‘B‘ the,poapce abs mppuh ferred. quenchant 15 r om whi ch
it is quenclg A S éﬁé% ver ﬁéngm‘ﬁf ég‘?ﬁaﬂ tenperature
is preferred, ThéBatidgOate SJoﬁ\hhe’iloﬁf ntpesatil f) teﬁuap&aﬁtj Qﬁhna‘ﬁveiyer r]-phase

mat eri &1, | a Clowl’ ahemnal fatgyis  oné Grhich xisrepfi wtlzcs]spreto- wbswudbrdprg@lpper ~&@5um ni um

al | oys. rﬁwoﬂg‘ &‘de'tﬁ}‘ﬂg P d i i'lsevéti fmﬁk% Fampleat - recover abl e
properties, con.A‘ gﬁp“ﬁhove the Merr]
may not giva. m,rem draturé i ' 3 fmeﬁe' "_te, or-git fha@' I ] - phase
preci pP? at i gegblen Wﬂ@o.,onaﬂolaegt@ltmmwb%edhmm te!flihamprr whear r ed Yuenchant
terrperature‘ﬁ‘%---‘f'{ﬁ - AGEE- hecgverabl e

behavi our - anRgsuaieiamglds, el ] hErs Iwith IEAom Emkeral |y for

al l'oys with. nh@m ‘orjtining oditds 'j_rfﬁr cﬁnuoTbﬁftHeeadovangmat o exaﬁpié e lleow t enperature
martendfte ﬁ" %ﬂe&ﬁ% h‘!BBaPPWW&I;.si! oy datheng ra#be is one
which'is suffT gl&tt, S bealiiekath ey martensite
reversal to rigé ndisi® Higherd kb ‘ & larfy| thé SampeEaieur €. For
exanpl r atnesdedofor &mmmoM¥Mesmmnﬁltwm@mmmm @el i eved to be

sui tabl"e forbecemensapased ap e ; 'E‘ES ni n:_;alm niumzand/or silicdf. A
"fast" heat |cggté'e'§"" oy , A oL dﬁﬂ%ﬁ‘] m ture when
heat i- ng d| r for@éw(eiymfpoﬁﬂ Aluemanvap,abl es.

marteng e Present: ingéntion: # se }0 mmper ature when
30 it |s us ‘ ' oommLA.. Whil ghe lsbe u @d to
control. the—béleeav@ityth& e@% £ldbre fogh SH . of U

application n@!’eresttdmmnoemfehamhsofvheatrrerMy eot:l!p

opt i mumgy condFRentaacof dhe hysten -erEHP%P"%'eA OEcalisragtly . 'é‘k'arrpl e..as the
35  strain oot s PR HPHYe optt mum

response iIn_t. het is o be undebstobdl '-s,foﬁekéiﬁgeﬂﬂlt.A,. wxl- i ed BOthatTust be taken
into consi demtexam gtrwh;él tlmh@g@ -is riepmine e ,sSlm lmmlgma)r bnqg:anmdes t-o hi gher

t gnper g ur e

conplete re o fapid hehihs Ll 8 f

40 becaodm&hmttheemdfane presemrimﬁma rneeoueﬁu'm:h usefal

40 The effe : \fiﬁ il 1 & tﬁhcmmtgfee lE@é—nt i nventi on may
be to ebeat g.a, NS R <1 a0 Kl T (? I subs @ntially
al | .of the hadk bEGRY Fo clbigh, 1S lihdbic .Gﬂ&%ﬁ%p% | By ﬁeatl ng

for recover )coqymtpuwsmwandlytoeeupaﬁrmdnnyout\tdnﬂy &ftﬁmhﬁgmﬁndhh&ysﬂaﬁgd heat| ng

t r eat nent of P‘“Y‘W £ YiG8 7 \PT W%Wa‘!‘éef%a change i8 new Al err]
whil e regt ai AT °r ‘"’a A e ﬁ[f&f&l ﬂ?@‘tﬂee t hg
applicants are no to be 'ound o any partrcu’a‘r' heor'y of ~operati on of
their invention, it is believed that the retention of sone manifestation of
the normal A may result frominherent dom nance of the rate of heat
recovery at the slow heating rate over the expansion of the hysteresis | oop
at normal Alerr] or, alternatively, my be created I nten- 50 tionally

o, " o, - " M




tenperature at which slow heating is term nated. Sl ow heating, may be
term nated either by coollng or by |n|t|at|ng rapld heatlng Wnlch I f.
perfo . ' =
transforsng |on of all of the transforrrable 55 rrartensrte present at the
tinme, rapjét.heating is initiated. Thus it is contenplated by and within
the scope he present invention to create a new Alerr] at which useful
recovery ot—an article made froma netallic conposition so. treated can be
initiated. The configuration i'n either recoverable or recovered state of

articles preffared 60 .__according tol#Ms8bresent invention will depefid

upon the end use rE&veWﬁEe&Bex{t{?@ of Il dt%c%v%rable :ﬁ&aﬂ&rﬁu&eg st ditithe FRE. %&ﬁaﬁm e, ~/

cylindrical arti (Heepsovfimyw ' piea¢aécowdrySianh wh beevarieioovér saltandahlikhiss] | y

i nwardly or exparﬂin e Fadtl terseleme u.ratron change from *

twi sted to npn-twsh _, Ttgg":}m;gf m % change

ITR | engt h, gr thg‘é'tia h'%.mg %" umms;&& aﬁ@ nfé-- 3 ugtsmchavﬁS _
us, stated si danginggmepkrties) wervapdl ngolassdeforipation @ik >

controlli ng t her’r‘trlx , ‘and have a low Young’s moduilus, the'present invéntion a 55:?

6 recovery tgnperiphe REBiips cBa\V’EFatBTs% BRI rw&“dc’tr‘t'ei"clnrg‘s pseﬁ’e‘?t"yt hat fhe

article can be proviAdemscibel fin dopefidingSipplicki 6L 1 ¥OK1IBHOSVINAIfRM B preRE: Var i ed
over substanti al dpplmm }i;mrpih)y e, w@dm@dmgnlsﬂlw ¢$e€ft Pwenibiity tetveal ect ed

oL The P ok S enmt‘r rn;‘r B eld ehgver a

br oader t em 55 M= i ﬁ .A N t&aﬁg ne ' s of 15
conposi tion but T ‘accor di ng ‘to:

present invention. tl‘%“I‘I’Etl npi ng
prope es, are c E ﬁ%ﬁﬁ{e o) g ef orm
easily, and dave g ESatist n. g ictaRSWHH NdebdPiaation 6 sn avarzb-
able nmetallic corwlasqtallto)stesstmdr g Ve h:eﬂn agueoinemteml tedovee theineriginahshbipe; s
previously 10 aqoyeﬂ%p% present ‘invention - -also - provides’ arncles_ having an elongation to )
10 As described i SEnErh%H i fie Sprmnggition fas, g, i 2ndwhih 2F SPPE t he

present appliscat i on 'I‘Hehﬂbﬁngwn :mrsmtetdeﬂveauo’mt hed in inhibiting loss2ef .
reversibility betvveen the martenltlc and austenitic states. innmetallic
articles which revergal. 4 MM rm f Ve L

hol di ng the art i CaBous loomnobiloht ¥ £ 4 G efma

while in the aust«hﬂnntngorosetsmfehxi y ﬁonmkusannidsmeeatfmmmﬂsm toss of
15 reversibiPty. mWé’flc?PB'c‘faF'P‘i’th’cﬁ'_ hagrolled

the present |nvenfef S, 0 PRI j) : st
reversibility acced Hgfﬂ,g doné Gor : € eveﬁt’:'a%leeg R
at 23[err]C, thelagerps‘!éluﬂi defp by bending i rh7a‘ﬁﬁtq¢n98etaoomer fibre ¢
transform fr¥mt higras, &%nﬁf‘?‘éeft’ s,' ﬁ%’tﬂef‘pe‘%g%ﬂséd Wdt‘?F‘%l &) deserpine 5.
def ormati on when ‘m;ﬁa S T:Tal f EREP T eni ti
state and recover- theift ofi glnal shape |s rrrpr oved:- the pr ese ~invention

al so provides articl@s _pjdin by énpoasion: Qﬂaﬂl‘ml@fe
whi ch the cqgposi tion” l spred "_;: , ,‘t.. eoqereg

The follow ng Exanpl espg - Heddriv ﬁ&ﬂreeove of stras occurred.
25 EXAMPLE 1 A seri'€g) cslowlp«pmd rrhtsom degg;lpetnmnimtmmletm?@rmem‘ﬁb der ee

of response of vari ous rpertpr ? %%ﬁﬁg%ﬁéﬁl es

the thermal grecon- ditg ' tm ggg‘%?aééy S’ o copper, zinc, and eit

cast fromnelts haV|ngrd; ratios
silicon or alum ni un®) 'Iﬁmed:as@). e ttberﬂ;e $lot heptig raseiwas JQleg: ﬂmf%tmw, cut
into speci mens about * 37t %035 dg P =MF®n © Al| speci nens were heat ed .

until they entered tﬁ@ﬁwﬁeﬁf&@%s%m@n&s et jon B&NoGe@RENEd i Nt O
wat er. Half sohe sefng feoveryenp .* ) éd’h(}xfaﬂ{smé. mmﬁt&hgretdm&yot heso

hal f were not ageﬂbcurﬂ!lga vhe 55l r%&ﬁ?m%’g[e”]c s
to cause an outer ;“g‘% Spe “ . m T ® sanpl es
were rel eased and rrea ur to de erm ne. . - st’ral n-was retai ned.

Speci mens fromthe aged and unaged foreamwp atwee §- then heategychbmordl ng to one

by

of the three follow ng methods: (1) #8Gtidovlagi ary heoCiemidioh in I'i quid
at 40[err]C, cool Edpfg&er&%&{-ef& raltgr f'""" sured 10 -Geter ne -how much
strain was recovered, -t hen heated 40 : .fl¥_~c~ rapldly by imrersion in
liquid at 200[err] C: and againt.ur| ed to roomte - 40" perature to

det er ni ne ho much_.a W‘;‘;‘%"e spially sufsb “&?‘&%I By
heated at a rate SToop HECHE flenhwia < “ﬁﬂf"e ?r’co"‘r’r’%npa?’?fge i lerric,
cooled to roomtenperature, neasured to determ ne how nmuch strain was
recovered, then heated rapidly by imersion in liquid at 200[err]C, cool ed

45 : to room tenperature and neasured to determine how much
addrtronal 45 recovery. occurred or (3) treat ed as (2), except

" " I T . .



I nstead of 0.25 deg. C per m nute. "figure of nerit" or the

responsi veness of each conposition tested to control * 50 of the
sing as a percent the

recovery 50 occurring above 40[err]C for slow y-heated specinens, .] ess the

recovery above 400C for rapidly-heated specinens, divided by 5% (wy=s

the ideal recovery after the elastic springback which acconpanies |

of the bending stress) i.e., [err] Figure of Merit=100x 55 '

Conposi tions found especialtly suitable for use in the invention will now be
des- 557cribed in_ _greater detail w4561

drawings, in V\,hF M¥a is a snfall part of the copper-zmc silicon system, for unaged samples, 1, 490, 181

7 Fig. -:ﬁ_a- is-a Ergmlblns oonll ofthhsamc orzagﬁd@aluﬂlds,l con system for unaged

safipl es, Fi g 35’8|43! P“‘ﬁg‘ wéd@ane Slowt begringt gates SN sanples, Fig

4. is asgrapft ok f&é‘iﬂt reddfﬁéi?e&tvaryﬁggwwg ratsgs on

t he sane systf@mvog‘aaplemmasﬁ@ -and unaged sanpl es Fig. 5 '

i ndi cat es them etf"fgeglz amtﬁbtmeesp@dguﬁes & anki3p jbut forythe mpwngﬂwg%es of strain,

5 for two sa b %Q‘"\t Figs. 3a and

3b but figr thg:%pper gt?anécxg %{hﬁﬁg{?‘gﬁ#& %PH(%&?OGC | F’ustrabes t he
-ineﬁeapbnhdtversuk @ompositichQ0[ err] C.

10 Referring in Figuren3 ‘j"‘;:f Yo thg longayes of the 286501 t ed ver sus

conposition i ' = neral ly, the

| ong axgs of . Rfnsfirmd -- - e By tmlrt abietnaaﬁgaale] al tois

i so-transfor rﬁm:mrbpﬁ owi 27 8ing6. it H7. Swer

transformati with

gos
b aher trans%%Pﬂané':ama? % Pt‘:om?é‘}l%ﬁhﬁéﬁﬁfengme A

15 distizct OpintatidaRecye lieCdbove ot gattiglyl dbové +40°CHat fravillj be 3 p&crated that/ Si ,2066.2 to

67«5 Cu, bal aﬁmoznhemmdmsmm@&u etaﬂPY%f onagi ng 10
central
ie ieat i ng

m nutes at 1GB¥%¥ OIS th M eavya
poi nt. The arﬁjsfs tg‘: . t%ﬁ%@

f A abmbmh&cmual trans- o formatlon 25ange
gye S EBRIP Wt ed that 20
RS ém jﬁﬂf;‘; HE ity for use
'pn - { ocuriel Cmpoile BABLET 1] C Shoul d
be choseM.- thmnshasueuo 44@@:@&&& iaas ﬁenéd xgxro smwhéauﬂg)ne t¥ cl ose

toward the himss vp msﬁomhd ?ab}esfihé@r %htgzpﬂ‘ Alloys in
t he | over ﬁf‘ ’t"% gg oy
i'nvention,. &f strain of the tests above was o

25 Sensi 33 vi tgxplotfedh a:upsosm.ro,atze, 1566 vel %vahﬂdﬁﬁ«ng Waé5

expl ored by t@stgﬁ %e?naol‘o PP?EWPGZQWNQEW"S%’“ accondingg “\wt . 9 Zn,
1.96 wt. % @v M S&J 9§§€ .f-".~., d at. a range
of di fferent 112 0 fe;ﬂ@,heatl ng

through the tdhp@plas m:re mmdiyehﬂmﬂ t@&zomcfArﬁgurerﬁf epminetiOfoer r | C¥er sus

heating rate’ g&%&%@f& % n{ :Se“lil mﬁ"(‘%s up to

about 1 deg. - - C per mnute
lead to- a pr eCu,c0l8ewts o anemp wtlipg &gxt paggmmdbcamm at about 2

deg. C p#& mi M\et PocZn, | QS mqoré% .ow' heati ng hi s &
Sensitivity o; al tﬁ'm %Eélg test s above
vl by

was 35 |,m9§d % Zn, 1. 96
w. %Si nd &én@gedsﬁnﬂtts,F@drﬁaﬂmBﬂm&eued,%gzn % Si. One gr ogg
train

sanpl es Ras trea g W‘“@Hé‘ B t‘se‘l RelEst 120
was introduce ‘algmq:% m??gy e”em m e ameegﬁ'éegy but with

zero strain bebping at Ratoud. ausn’:hema@dmple lipeutns :gm ahdmgopﬁ:hanunstral ned
sanpl es ﬁere Hesrpatalie ¢ t.bﬂt%lfgg ﬁbcbm %htfw!)efr , expefyiech toayard compogjtigns sanpLes were
rapi dly Reate e Rt F%'H@Fésrﬂf’%d“for 40
each by the sanp '- g,ggme% lrugags 210%: lla@l,cggumed | deal
recovery for m%vsthmngt \ nm°Cnbdthhe mcmpiatdid notaithnerap;iabam Ythe The results
are illug rat :?ﬁ wéueessf\mllpeem wrsﬂalﬁtetwthems&kuappbeﬁs togpe
beyond op i mu (ST %&Md It grves
better responsﬁ 6 tec{ﬁ wy&%um‘ﬁégd‘“&“ &ﬁcﬁfﬁ Si than O
or 6% strai n. periods and oondmons result in’ different. compositions havmg the saffe ql\hw%gogr aphi cal

pr esent atgson mp‘% ff@%@%‘% VF:;,;?r ‘s?%ﬂ'ﬂl em agpear s
in Figure 6. Agaln, he con ant O zones 11é" parallel to the

i so-transformation contours. A nore distinct opti mum region was defined by
t he unaged sanples, Figure 6a than for the aged, Fig. 6b. 50 Five

al l oy conpositions having a-normal. Alerr] at or above 40[err]C were used to
test ~ 50




the nobility of the recovery range at hi gher tenperatures. Again, the sane
general test procedure was used, but slow heating was continued to +
100[ err] C rather than stop

" appear ip-Figure 6¢; the new optr mum lies parallel to that in Fig. 6b, but
shifted uld be expected toward conpositions 55 wi t h hi gher
transfor yon tenperature. Al though the recover range is nobile in 55
CuznAl, Xhe/ nobility seens nore limted than in CuZnSi. As the unaged
CuznAl sampjes | ost ther r.menory properties as a consequence of slow
heatrng t -804 he ageg _-.n“t 1did not Lt .is apparent t pat the
agi ng treatnent thes:rcxesscfakesihuhud- nprﬂresp&sent iﬁ@nﬁ@\aedbﬁunb Ipkokrides@fedtalbgs, = ./
transformation iP by agel as desqribediabe sl allq ,yps’@}'#b‘?mz%g bybe |-

appreci ated t hag, '&iﬁd gl _pn 2 B G Rl LB OFRgs. “3b and
6b result i certaghe pepReO S {his Bm "'ﬁ(,,aag dehat ¢ her

agi ng peri ods andec@dmdvenmd@qude ub chamdtsﬁdseﬂaniples".._"_.-___'_'_"__"f. wilbshew awi ng t

sanme or broadly® ‘ﬁ‘? ] oveTpens. ofy Aecrees) dor tien t he -
areas bounded byl §=)als e g%féo in Fig.
6b are novel, and are especrall “sui ted for [ 181 .

8 the procé@;s of-.:t-he: nvent. s on, and. EKéMrBLEslent s nvent i-on:-accor di ngly 10
provi des aged aIuLeg% gy S o s%g(@%%g%w id %o by | “alloys.

The unaged al | O)‘sﬁan’@w 1 B8% 7 _ g. 3a and
smramﬂva anchgacm' mh_gl'gﬁﬁﬁr&écpmemnt y

lines 20, 40 andhﬂﬁ mmﬁad\__'._'jbed

‘stdaifl 6 - Afrox
show how char ac tte abost- MSRW
recovery r&?}ge férc'the ca’s ' YAPOS
opti mum range of"'E bk Ey ( thlu]

el ectri cal condmot(l:,\andggéd) 3 [ARY33 fjoscambmﬁ&heﬁm&tedw._ -50°C. and deformed. '
Samples wpre then hea to 75°C ‘at. the :same . slow_.rate" as. lg(ﬁxmlaBJ gyl L .

EXAMPLE 2 - "
cont ai ni ng* 4. 548 "'Fs _'jf°"ti’§ﬂeﬁﬁér WSV\H? use® in
this Exanple. 10 ' '];_:_C -and _hormal |y about

75% of any heat "rec'ov

I'amaeodaeat
treat ed and _ ...rn th%", e _

g drageor

about 5 nminu 8 bel ow _
Merr] . to g7 1.8
degr ee C per (0. bel ow
: --.__eﬂor;-ned -to “idf0art 8%
strain at, -50[erfr~]l-_.- 3 on. st ajl nowas o
recover ed gn he"" ' g, X .ﬁg}ett aki rg

aI | oy used in A Sitiny- wiiE [qiend
aged for 2 days: L
def or ned. @arrpl §

Exampl e 2, and tedatl A5
stored for drffelb',._ tt@ﬂﬁriiﬁdﬁ

(i.e., rap dIy) Sguipleckieatedbslowdy; 0.4
the all oys)" may l?é‘tﬂeﬂa 3

35 EXAMPLE 7 Th Thig

martensitic at thr s~ stage
i nt r oduced50 One "'déAok

degrees C per hot%®
10 degrees C peru,

def or med s8mpl el ;
Lk 7%/9 of.-.t he

+30[err]C. At t 513 ! g -
def or rati on was shdiesk dodagilily, REGHHE L conlete 026‘@ tetin P ‘-‘:J&Fgﬂtﬁred by
80[err]C. In t hehecheifion Mok Hacrpl e heat ed'r'aprdl"y f'tom.-70[err] C" recovery
started at about -46[err]C and” aII" def or mation was recovered by -10[err]C.
Thus, defornmation and heating rate¢ both affect Alerr]. 50 A
copper-zinc alloy containing 1% sillicon and having a basic Merr] of
Oferr]C,_Alerr] of l 50 A sanpl e was quenched from
85[err]C [ nto water at 20[err]C and then transferred to aI cohol at

—— L o " [ 1 o AT T o~




55 rapidly reheated to +40[err]C. No recovery of deformation took
pl ace on rapid reheatr ng. 55 To effect

thesarrpl e was agar n cool ed to -40[err]C def or rred and heat ed rapr dIy
Recovery was conplete by 20[err] behaviour consistent with the orig | A,
of 12[err]C. 9 1, 490, 18,

9 EXAMPLE 9 Si xt een. sanpl es of (80.8 wt. % Cu, 10.5 wt. %A, 8.7 % Mh)
wer e btatrzed at 800[err]C or 9001[,@55 C for 3 m nut es or 6 m nutges then
guenchee—n i Pet-e . < + ' mere—aged—For 10

m Rut es . at 100 err]C the othersEXMﬁ sanpl es were
def or méd. by, foff g wﬁ'tﬁ/en sgcgrdelﬁ %‘g n of 5 6%

t ien t he stmsm@ ff mERRP b€ S0V, Be rel £t 100[err] C at
1/ 4 deg. C ged bendingratt -€ ernagmra outehmnehaatoéd rapsdly t
200[ err] C. yﬁe‘hgtﬁ'e 1“91{#43 Phtéateeaamp Cd"-b'cool ed to room
t énper at ure ytmm wpi d heating
was greater 2doh@r1r id Heatid® Wvas ghehtell than 1 deg Cpermmute e conditions are
sumarldzed as Tielwsoeesditions are summarized as follows: 10 Bet ati zawi on
Post - quench Hea Rat e Sanpl e y Ti,m Tr eat nent
to 100[err] c kmp,etﬂ‘gﬁp Tma min g;-“::'?&?ﬁ ‘% c fast 2.
800 ¢ 1. 800 ¢ 3 min aged . - aged . sl 0\9639.5 ’ 3.

800 c 3 m n 2.- 800 c BQinaged aged -fast  slow . 15 4.
800 ci3 3 nmn 3. 800 ¢  3mym- aged  nonaged s| ow Sast - 800 ¢ 16 mn
aged - f4§tst 6800 ¢ "@G‘H“c 6 m n““’““‘g“‘l f:stw . aged

sfow?7.  800F - pgiH-.omm - " n- aged dow fast 20

8. 800 c 76 MBOc 6 min nomnagsad fast'S| ow - '

20 9. 20 900 c 8 3 BOnc - 6min® agm-aged o, Jdew fast 10. 20 900 c
3 mn ; '13: - aged ;:ﬂ: sl ow" %@ 9@:& 3 mn

non- aged : 11 T asgo &2 3 imin - 900 C  non n -~ non-aged

skow 25 12. 13900 ¢ 336 C '6 nponFaged - - slow- - aged

fast 2 - 18 205¢ 146 min 900’ ¢ '_.. nmn fi‘;:v .. agés

sl ow 15. 90(% frinSmn aged fat  fast 16. 900c
6 mn : nmageg_-'min' anaI ¥ow s’ Of - the strain which
was recovered durr ng rapr d heatj ng to 200[err]C 30 ' "EHRS). versus the
contro | t‘hl ng to
100[ erT S ﬁ§£§ fﬁ@,@rae?“mg Méﬁéﬁ "5%‘ 'Sﬁ'ﬂd e ¥

non- pr econdipietoddifiéhed.er sUS precondrtroned eraged Effects Percent strain
‘Recovered Above 100[err]C"35- Averaged Effe . Past. Heat ed!

0. 39%  Percent: steain R ‘ﬂ;oeecmsbtroned 1. 89% The

experisgent was repeat ed ON BfRe Bkdedy CONt AigRHHQ9. " 80. 49 wt . percent Gg, 10.5
wt. percent ‘Al, 9.01 wt. pePeeadiiddd Anal use% of the strar n whi ch was.
recovered duri ng rapi d heatr ng to. 200 degrees’ C versus the -controlled
vari abl es showed B grpetimen t4;@s tepeawdan@eahoyrm@gmmﬁ rvsusrqw %r ng and for

non- pr econdjd: T DETGEIL '_ {s: Percent
St r ai ngoReco %@g@g&% amme o uoned 0. 15 4\ged

0. 36 Precondi tioned 1. In the descrrptrons ‘above, enphasis
has been placed on shape rrermr;Avanagtd Eﬁecm 45 sinple recovery. QO her

nmodi fi cati ons made possi Fewseny "@‘hrwff'iﬁﬁe‘ﬂ’f"feowo‘fqtcl ude such techni ques as
fast heating to give park‘g%&erl \%Sg erh WS§5 by sl ow heating to set an
el evat ed recovery range, Il o B‘B‘FWFB lihe o ow- t enper at ure
struct re range, en re def orm }n &ﬁg Y}ﬁ%‘ oduct V\/nm&:h ?n rapi d
neat i 1 @?g cipton, r’%a Bl ol AR o e

begi nn| ng OtecHniyGe3 Ve8I ast aEhuﬁgam vel) E’egove wed b9 Ql‘heﬁilgmd sefg at the
el evat ed rew)ww;dmmg!eran@ ol bshwp @0 hWBenmtg iﬂ?ﬁ ed with a
ﬁ

succesg |on m ?ﬁe i coversy ranges.
Li kevvi se, lat Yhe Clbbarhi reBEH6LG rh

shion on
heat i ng. Thﬁpplmlveidt ncsnccessiun bbﬂmeduaﬁsuqastte(givmaqudu lmy dxteamay ng t he range

of the | ow rBSs. leewﬁemﬁfga%h dge%?g& Pr'gptg B es. This can

gi ve %5' oys eratures. This can give alloys w1th high fatigue 55
resistance to strains of about 10%, good damping properties, unusual colour, or any -
other characteristic which accompanies the low-temperature structure.

é’e



resi stance to strains of about 10% good danpi ng properties, unusual
col our, or any other characteristic which acconpanies the | owtenperature
-Structure 1490181

10 WHAT WVE CLAIM1S: 1. A heat-recoverable article nade froma netallic
corrposit_ whi ch exhibits an expanded M/A. hysteresis loop, its Alerr]

being hilghgr than the Alerr] of ja nmateri al of t on as
formed into the austenitic state. "I“mmlﬂlr“@” tlcle

initiall

conpri si ng . metallic corrposi tion whichyg b| ts+anc expamde 510
Merr]/A ' '

mat eri al of the samﬂc'b 16 Sas- | n|t|al I forrred into the austenltlc\/
state the article icle o, 3.4 The
article of clai e bgg g%'es‘s m mg ?ﬂ%r'ﬁ'ﬁ )
4. The artiscle of el an mmet@inbcbsino:ﬁ axﬁxhlﬁrhnmtianaedl\/[ errjg

bel ow room 10 Mg r highet élall)thecA-atif twhbpfe ¢e nmetallic
conposi tion has $HE “pﬁoq‘ﬂ‘lf'izg? ﬂ’é"rfhleﬁbs“f“(?c s "PFO‘F?% s loop - *
when heated to a errgﬁra w&cﬁw,agt&@dnﬁh&gmer ature of the

expanded hyéteresi 4. T@pﬂdﬁofclamzwherexﬁthemmtwmﬂoamnshaeh M, oeow reotmai m 10

formed froma c nc:a \ copper - 15 a.Iu nlumallo havi ng an
expanded hysteretg,,;e E . %E? _%CB e alloy

contains a hird ei e.in__ mp, ni um nganese I con, and
tin. 8. Thé5art i cI [2 ésamhlan 4drin el @mﬂm:mppmmahnomyrcapm ns als

third netal m““ haxt \ E88 dOP.gj | on .d2|
20 9. A conp05|t ﬁfn é’ﬁmﬁmé"ny E’"f;s @g 6a, 6b

the Alerr] 2f a%ﬂéﬁm&lmae;aﬂqsh S|t|on '_|n|t|aII forrred i 2% 0
the austenitic sk , R Anesy et 'ﬁy scri bed
in any one of E&mﬂaﬁ,s e 2 f&h,gdﬁﬁ' 3¢dnite sl exﬁan ed
hysteresis | oop. 10. An alloy composm nsubstanﬂallyasdwcnbedmanyoneofﬁﬁmi:lkszﬁmt hOd

corrprlsmgz?reat‘?‘f?ql’a A, of th c com
! g{i&egl (bove the

posi tion conpri Sioggons S :
nor mal A[err] taolnﬂ]ih&rﬁzmw €t @Feﬁf}d,tohenﬁjﬁﬁ:iﬁaﬁﬁgtheﬁle&h& 0 as

Alerr], rl[)n natdng WQIW Paau'hmthp icle fs deformedwbileitsiepa- bel ow-
Alerr], é’elnm& m %h??:@mge‘gl m&)QfItIO#IS
in the martensi tdoauétate to lrrpa t hea Fecoverabl

30 12..-A method as 18] A Ainiethad s icladh lmlmwm the tsloe haduﬂg\dmaminﬁtgib;s

t er m nat ed yco‘allﬂﬂ‘l ting. 1 3 hd, .cl d ip claimili, in the
sl ow heatiff 8 ] AS TS?‘S ‘E‘mmp"s‘mﬂs t hod3%s
clainmed in cl al m 1hs, IMiﬂﬂﬁst ey ﬁ@HﬁQﬂL%b@&n&Soﬂﬂfn@ﬁdﬁﬂﬂmﬁormedt@5 before
sl ow heating. 15the man@slm)datasftecl ofireew a temperanirerbddw Auhed dienrticleds themposi ti on

i s transforged t‘@?f%’%@-rra ensi st fter ool 9 ature, bel o
Alerr] and The %&mgh@ “h'gaeﬁ’ i s“‘%%ﬁf ed:fscnttlsha Eﬁ'&% %
conposi tion subshserial of corggiitignl e

havi ng an expanded hysterels Ioo ;ét ue of |ts haV| ng an A[err] h| gher
aNorthne ﬁ

than a material- of the same corrp' aInyorrredlntothe -
austenitic state. ABEL & | NRAY C Agents Nor t hunber | and-
House, 303-306 Hi gh Hol born, Lont{jam—mmglﬂﬂblbotﬂrl nted for Her Mpjesty's S
tationery Office, by the Couri er}Pleder; YeBRHB¢ on Spa 1977 Published by

The Patent O fice }Emﬁoutﬁaam?& gEbHe abiria€) 6y, thd Coadto dn’S¥s, 1977 om whi ch -

B ed by The Patent Office, 25 Southdmpton Buildings, Londen A 1AY, from
COpI es my be obt ai ﬁgﬂ’ Y which copies ma‘; be obtamegcl




