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Shape-Memory Alloys

Ifone of these new alloys has been formed into shape at a cerrain

temperature and Is then deformed ar another temperature, [t can

“remember” the original shape. The effect has man y applications

ctals ere characterized by such
M physical qualities as tensile
strength, ductility, matleability

and conductivity. To these, in the case of
a new family of alloys, one can now add
the anthropomorphic qualities of mem.-
ory and trainability. The new alloys ex-
hibit what is called the shape-memory
effect. If such alloys are plastically de-
{ormed at ooe temperature, they will
completely recover their original shape
on being raised to a higher temperature,
In recovering their shape the slloys can
produce & displacement or a force, or 8
combination of the two, a3 a function of
temperature. Because of these novel and
temarkablé properties shape-memory
alloys are helping to solve a wide va.
riety of problems, In one well-devel.
oped application shape-memory alloys
Pprovide simple and virtually leakproof
couplings for pneumatic and hydraulic
Tines. They are niso serving as tight seals
and couplings in electronic assemblies,
Most recently the alloys have been ex.
ploited in mechanical and electrome-
chanical control systems to provide, for
example, & precise mechanical response
0 small and repcated temperalure
changes, Several promising applications

SPONTANEOUS UNFOLDING of & wire hemisphere that conld
mam-mmlxlmhmmh&hnqmcol
lmmmmhnﬁndnm;nfnkidmﬂh-
nlum (NHinol) that exhibiy the shape-memory cffect. In the phote-

T4

by L. McDonald Schetky

are being tested in medicine. More re-
smote, but nonetheless tantalizing, is the
possibility of harnessing shape-memory
alloys to convert low-grade heat (such
as the heat of water at the surface of the
ocean) into mechanical energy.

In order for an alloy to exhibit the
shape-memory effect it must have a
crystal structure that can shift into
the configuration known as martensite
when it is subjected to a certain temper~
ature of stresz and then ahift out of it In
# simple example a wire of shape-mem-
ory alioy might be bent at room temper-
alure into the form of a four-leaf clover.
Then the wite is heated. until jts crystat
slructure assumes a high-temperature
configuration called the beta or parent
phase, Next the wire is rapidly cooled 20
that the atoms in the metal rearrange
therselves into the crystal form of mar-
tensite. One can new bend or twist the
wire into any other form. If the wire is
later heated to a temperature above that
at which the martentite reverts to the
parent phase, there is an orderly shift of
large groups of atoms that restores Lhe
origingl cloverleaf form. Since the mar-
tensite transformation is essential for
the shape-memory effect, altoys that ex-

B oy 7]

i
hibit memory arc also known as mar.
mem alloys.

The shape-memory effect had been
noted as early as {938, when Alden B.
Greninger of Harvard University and v,
G. Mooradian of the Massachusetts fn.
stitute of Technology showed that the
martensite phase in brass (an alloy of
copper and zing) could be made to {orm
and diseppear with a change in tempera-
ture. At about the same time G. V. Kur-
dyumov, 2 Russian metallurgist noted
for his zariy work on the crystallogra-
phy of martensites, partieularly in steel,
studied the phase relations in brass be.
tween the high-temperature beta phase
and the martensite formed by rapid
cooling. Later Thomas A. Read and his
associates at the University of Hlinois
investigated the shape-memory effeet in
gold-cadmium alloys and demonstrat-
ed the forces that could be developed
by the phase transitions. Aloys as di-
verse as jron-platinum, indium-cadmi-
um, iron-nickel, nickel-zluminum and
stainless steel have been observed to ex-
hibit shape memory in Varying degrees.

It was not untif 1962, however, that
the phenomenon came 1o worldwide at-
tention with the announcement of shape

gnpkat(hel:tlﬁaehny!nmdntmuhubm:rmhddmm
mmm-ﬂ;ﬁ!hﬂlﬂ&uﬂvecuﬁmdmammﬁe
femperntare of the muss of wrire ks | d the ani pradoaliy
unfolds, When the temperatore resches 77 degrees Celsing, the stroc-
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ture s original configuration {top right). The dlameter of which bas = almp), strocts 1 h
Al a = dimpler crystal Tha aystallographic histocy of
mm»un: o about 28 ceatimeds. The roration of the the scquence b linstrated on the nert page. The txtenns was destpaod
s ohape colocd disapp of erystals of mar- by the Goodycar Aercspace Corporation. Although H has mever seen
tentile In the nnd thelr repk t by crystals of scstenite, -:wxmkgltmﬁlydmmluﬂapwﬂﬂndmmop
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Laniom, The alloy was discoversd by tail the phenomenon itself, the condi. method, which s the one most common. %
William J. Buchler of the 1S, Naval ilons of temperaturs and stress needed Iy applied, the mentensite structure ap. .3
Qrdnance Laboratory (since renamed o give rise to it and the crystallography pears spontancously through a shearing -
the Naval Surface Weapons Center} in that vnderlies it. The martensite erystal  motion of the atoms m the alloy or
Silver Spring, Md, Buehlep's alloy was  structure that Is essential for the cllect through a process of nucleation and
dubbed Nitinol {for nickel-titaniun Na- can be produced in two general ways: by crystal growth. In each case the shift ~
val Ordsance Laboratory). subjecting an alloy to a stress whose ia clazsed ay a “diffusiontess transfor.

Before going into the various waysthe msgritude is related 10 femperature of  mation” resulting from the coordinated
shape-memory ¢fect can be exploited by rapidly quenching a suitablc alloy to  movement of large blocks of atomns,

The establishment of a thermody-
zamic equilibrium between the parent
phase and the martensite phese depends 4
on the composition of the alloy, the tem.
perature and the internad stzess, The pu. %
cleation and growth of martsosite arc
contralled by shear strains that develop
between adjscent martensite regions ag
the zlloy is eooled oy stressed, The bal. 3
ancing of such internal siraing and any %
external siress causes the meriensite re. ?
gions to grow us an array of self-aceom.
modating plates. The oricatation of a
plate with respect to the srientation of
4 itsncighbor isthe one thatizenergetical-
Iy stablest in thet particular sirain field,
Whether the field results from 2n ap-
plicd stressor from g ¢hange in tempera-
ture, in the material asawholethe plates I
assume & variely of orieniations and g
range of sizea. )

P -

! memory in an alloy of nickel and ti- 1 shall deacribe in somewhat more de- some aiﬂultcmpmhn'e.lnmeswoud
i

!

t

Ithough the structure of the parent f
phase and of the martensite varies

in detait with cach alloy, the typical ele-
vated-temperatore phase is & disordered
body-centered-cubic one {where the at-
G AUSTEMITE STARYSTOFORM 14,  oms form a cubic fattice with onc atom
in the center of each cube of cight other <6
atoms). As the temperature is Jowered 3
that phase shifts into a strocture that v~ -
cither an ordered body-centered-cubip
ont or a superlattice. In the ordered
structure atoms of one specics in the al-
loy take up preferred sites in the cubjc {P
lattice with respect to the atoms of the
other species. The superlattice cen be
visualized as interpenetrating cells in
which the unit cell of the crystel, the
smallest vnit that when repeated and ex- -

tended in all dircctions defines the crys- ,’,L
tal structure, consists of several dozen .
atoms or more. This complexity of crys-
tal structure mates it difficult to de-
5 ANTENRA DEFORMED scribe the relative movements of atoms
that result in the martensite transfor-

# mation. Often invoked to describe the

i 4 ANTENNA FADRICATED movements are terms such as shuffling é
H and shear, In the marmem alloy of cop-
CRYST RAPEIC HISTORY of the sparecratt antcuna shoms the rols of femperature ST, Zi0¢.and aluminum for variants of
h&.-:ﬁﬁiu, effect, Ths comiraction matertal, Nitaol oo oo large coll, b saeed fo  DTTEASt form aut of the parent beta
& tzmperaturs of 630 degrees . asd ks siabilized 5o that the erystal shructaes of G, matecial s phase, cach with a crystal orientation
extieely in tha bets, or “paresi® phase (/) This phase ls oflen the crprod strocters anstentts, dispiaczd by 60 degrees from the others,
The wire s mow cooled. At fhe temperatore M, (60 degrees C) the new crystal phass martens. The strain associated with one variant
He starks to form, replacing the beta phase (2 At My (52 degrees) the transtormation fo mar- compensates the strain in the other vari-
temeite It ndahed (3) While the Nitinol vrire fs beld st & temperntore below M, it s cot [nto rats, 50 1hatthegrowulo{multipleself-

TEMPERATURE ~—>

x

T 2 MARTENSITE STARTS TO FORM

Ml 3 MARTENSITE TRANSFORMATION
COMPLETE

by dath S i nsi
Where the segmimis croms one asother they sre bastemed by tack welding. One can now ook latcs is ;:lmcsﬁcglell;ifa\?or.e:ln:c:r Lht:

ﬂonlmhhhmlvolml(s).hwiuhredmﬂuoﬂ;hﬂ:hpcﬂaumhddrndwe p it l:gal late. The bouedders
hmuumj.maw)wuu,munm.mmmmrm growth of 2 single plate. The boundaries
g 4, (77 degroes) the nateana has wafoldod completely (7). by tais particnlar case what the  O¢tWeen the adjacent plates are, how-
gxery alloy “remembess™ b wot the acton] configuration of the nafenns bit the geatle  CVED, quite mobile and move readily un-
cmrves of thy collod wirs from which the eatenva rms constrncted. As the wire trdes to stralght.  dor the influence of ag applicd stress. As
€8 Haelt s comstrained tn the shape of & bow! by ths multiple vrelds at the cromorer poiztl. @ result 4 specimen can be deformed not
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