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In shape r:'Iemory alloys a 6iffusionless transformatio n 
occurs ..... hen austeni t e , the high temperature phase of the 
allov, is coolec, and transfo::ms into a different crystalline 
structure, martensite. \\'hen cieformed in the martensitic state, 
shape memory alloys re,:urn t o their initial shape when they 
are ~ea~ec to ill critical elevated temperature. This effect 
is callec "mechanical memory". Besioes this unique effect 
memorv allovs have some interesting properties like super
elasd.citv anc 1I high ::'arn?ing ca?acity depending on the 
structure~ The paper deals with the pr operties and possible 
a::rolications of NiTi , Cu -Zn-.t.l and Cu-AI-Nl shape memory 
aiioys . The temperature depencing mechanical memory can be 
usee in a large varie ty of temperature sensing switchinq 
devices. The superelasticity of t.hese alloys can be utili-
zed :or contact springs ... ·i th a very high bending and fatigue 
strength. Contact bouncing rr,ay be decreased by the use of 
alloys .... 'ith high camping capacity. 

INTRODUCTION 

In t.he last vears considerable 
at t ention has been-devotee. to a special 
group of alloys, ..... hich e"hibit t.he so
calleo shape memory effect. If a shape 
memory alloy undergoes a certain ?erma
nent deformation at 10-..' temperature it 
reverts to its original shape on heating 
to some higher temperature. 

The shape memory effect is based on 
a thermoe lastic martensitic transforma
tion, at which the high temperature phase 
(austenite) transforms into the 10 ..... tem
perature phase (martensite) ane. vice 
versa by a shear-like mec~anism. A ther
moelastic martensitic transformation is 
realized when martensite plates form and 
grow continuously as the temperature is 
lowered and disappear by the reverse way 
as temperature is raised. There always 
exists a balance between the chemical 
free-energy difference between the two 
phases as a driving force and some non
chemica l opposing energy terms like the 
elastic strain energy built up around t he 
martensite crystallites. 

When cooled shape memory alloys 
consist of groups of self-accomodating 
martensite plates, which themselves are 
interna l ly twinned or faulted. Thus the 
elastic strains developed during the 
phase transformation are effectively 

accomoe.ated and so there is no irrever
sible deformation bv dislocation move
ment. which could reduce the reversibi 
litv of the transformation :1 . 

- Below a critical value the defor 
mation of a martensitic specimen is a 
reversible one and occurs by the movement 
of highly mobile boundaries like marten
site/martensi te interfaces or twin boun
daries ..... ithin the martensite p l ates . If 
the deformed specimen is heated to a 
critical temperature austenite crystal
lites with the initia l orientation are 
formed and a shaoe recovery takes place. 

The mechanism of the shape memory 
effect is sho .... 'n in a very simplified 
manner in Fig . 1, .... 'here (a) represents a 
single crystal of a shage memory alloy in 
the hiqh temperature phase, which upon 
cooling transforms into a twinned marten
sitic ohase with no macroscopic shape 
change- (b ) . When stress is applied, de
formation occurs by the migration of twin 
boundaries (c). On heating above a cer 
tain temperature the deformed specimen 
reverts to its origina l shape (dl by the 
virtue of the crystallographic revers i 
bi l itv of the thermoelastic martensitic 
transformation ~ 2 ~ . 

In addition to the shape memory 
effect per se shape memory alloys exhibit 
other interesting properties like super -
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Fig. Schematic illustration of the shape memory e f fect using a single crys t al 

elastic behaviour and very high damping 
capacity under cer ta in conditions, In the 
fol l owing sections these orooert ies will 
be discussed in more detall . 'Onti l now 
only a few practical applications of 
shape memory a lloys have been realized 
and cherefore this paper deals mainly 
with some possible applications . 

ONE - I<lP.Y AND TWO-WAY SHAPE 

~E:-tORY EFFECT 

As mentioned above, if a specimen 
of a me=tensitic shaoe memory allo'l is 
deformed in the rang e ~elow a critical 
value only re-"ersible deformation. takes 
place by t he movement of highly mobile 
bounda:-ies. Upon heating the s oecimen 
austenite cryscallites with th~ init ial 
orientacion are formed and so the speCi 
me n reverts to its original sha;>e _ 8e 
cause no additional shaoe chance occur s 
on subsequent cooling, this ef fect is 
called one- wav shaoe memer-' effect . 

The one:""ay effecj: can be repeated
ly induced by de f cr ~ing again the s~eci 

men in the mar tens itic state. Upon hea
ting a scecime!1 '''itn an one - wav ·:!ffect 
there is-no movement at :irs~_'The shace 
change scar-:s at the so-cal l ed As - temp~· 
rature and is completed in a small t em
perature range of e . g . 10 to 20 K. The 
As-temperature can be sec evervwhe:-e bet
ween acout - 150°C and "'1 50"C by corre 
s?oncing selec~ion o f the c ~emical com
position of t2.e alloy . Guiding values for 
the maximal As -temoerac>.lres and on02-'''av 
effect of tec!1.nically suitable shaoe -
me:no ry alloys are lis ted in Tabl~ r. 

If the deformation of a specimen in 
the martensit ic state exceeds a critical 
',a1ue, then in addition to the rever
sible martensite de formation also irre
versible deformation by the movement of 
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TE ~PERATURE 

Displacement-temperature curve of a shape 
memory element ''' ith a two-way ef fec t 

temperature at which on heating 
the shape change starts and is 
completed respectively 

temperature a t wh ic!"'. on cooling 
th e s hape change star ts and is 
completed respectively 
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d i slocations occu rs, which cannot be 
r e c overed upon heating. However the 
irre versible deformation i nduces a cer
tain dislocation structure. On heating 
the s ::Jec imen .. ·i11 mov e ~oward its origi 
nal s hape but on cooling the pre-existing 

marten site plates will accomodate the 
s tres s fi e ld of the i n6uced dislocation 
st r ucture ane ~he spe cime n will partially 
move t oward the defo r med state of marten
s ite . In this way the specimen remembers 

=>.".lty !S I ~ r..·) 

both a high temperature and a low t em
perature shape. This effect holds over a 
large number of temperature cycles an~_ 
is called two- way shape memory effect)_ . 

The displaceme nt-temperature curv<!: 
of a specimen with a two-way memory 
effect is schematically shown in Fig. 2. 
Similar to the one- way effect upon 
heating a specimen with a two-way effect 
the shape change starts at the As - tempe
rature and is completed in a small tem

perature range (e . g . 10 to 20 KJ. The 
d isplace ment - tempera ture curve shows a 
hysteresis, which can be influenced by 

different wayS. , 
Fig. 3 shows a helical compression 

spring and a bending strip with a two-way 
effect. Speqimens with a two - way effect 
must not be overheated too much (see 
·'f a ble I I because it would give rise to 
d eterioration of the shape memory effect. 

The prototypical shape memory alloy 
is the near l y equiatomic NiTi alloy, 
which has been d e ve loped about 20 years 
ago in the USA [3'; . As a s econd gene ra
tion in the last years the copper - based 
s hape memory a l loys Cu-Zn-Al have been 
developed, which are relatively inexpen
sive but show a smaller memory effect and 
are less corrosion-resistant ~]. About 
three years ago the copper-based alloys 
eu - AI - Ni have been developed for the 
temperature range above tha t of NiTi and 
Cu - Zn-Al (5]. Some physical and mechani
cal pro~erties and the shape memory data 
of these th r ee technical l y sui table 
groups of alloys are shown in Table I. 
The l i sted properties depend on d ifferent 
p arameters and therefore they are given 
as ranges or maximal values. 

IHT1 Cu - Zn-,\l Cu-,I,l - N1 

6,4-6,~ 7.8-8,0 7 ,1- 7 ,2 

t l .:' ~ l~.l :c," ~U:t h· lq · !::I / 11I1U1l '1 I - I, 5 8-13 ,., 
UI t. tlnl. 1t~.nS ttl Ir; 1::1.", ' ) aoo- IOOO 'OO-iOO 100 - ' 00 

D ... n ll :t )· 

'" 
4O- 50 10-15 ... 

:.:.xi",. 1 AI - t .... ?~.t U ~. ! ' C) '" '" '" 
tI."1 .... 1 O "·-~· Y • ~~.et '" 0 • , 
K ... ;. ... l t WO - v . y .r~CCt '" 
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o-.·Cf!\la tab lc ,. I ' CI '" '" 30' 

Table I Propertie s of technica ~ ly suitable shape memor y alloy s 
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Shape memory elements can exhibit 
the one-way or the two - way effect depen
ding on the application. The pa rticulari
ties of these elements are: 

- high mechanical work per unit volume 

performance of the complete mechani 
ca l work in a selected and relati 
vely narrow temperature range 

possibility to exhibit different 
types of shape change (elongation, 
contraction, bending, torsion) 

- the shape memory effect can be 
restricted to certain parts of 
the element 

Fig. 4 shows a few examples of 
possible types of shape memory elements. 

The ear l iest applications of shape 
memory alloys were based on the one-way 
effect. This type of element is used for 
instance in the area of self - actuating 
fasteners, like heat - shrinkable couplings 
and c l amps. In the last years a certain 
number of possible applications based on 
the two-way effect have been disclosed 
in the literature, l ike thermally 
actuated switches, thermostatic radiator 
valves, cooling fan c l utches for automo 
b i les, excess diesel fuel devices : ) ~ . 

Fig. 5 schematically shows t he 
appl i cation of the two-way effect for an 
electrical connector. It is a so-called 
Cryocon connector, which exhibits both 
the fea t ures of permanent connections 
and of make-break connectors [7]. The 

t ines of the socket consist of an usual 
material and are opened to some extend . 
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Fig. 4 

Examples of possible types of sh a~e 

memory elements 
(the represented parts are so - called 
MEMOTAL-Elements from G. RAU GrnhP. 3 Co , 
Pforzheim, West German y ) 

, 
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They are surrounded by a ring of a shape 
memory alloy with a two-way effect, which 
closes or opens the socket, when it is 
warmed or cooled. 

Another application of the two-way 
effect is in the field of thermal pro
tection devices, which open an electrical 
circuit in case of overheating or short 
circuit. F igs. 6a and b schematically 
show such a device. A shape memory ele
ment works as a contact carr i er and an 
elastic spring provides a certain contact 
pressure. In case of overheating the 
shape memory element bends away and opens 
the circuit, while the circuit is c l osed 
again , when the disturbance is removed 
temperature is low. Fig. 6c shows a con-
cept in which the shape memory element 
and the spring are integra ced into one 
part. 

Fig. 6d shol'ls a thermal protection 
device with a two- way memory s?ring, 
which opens, when heated by the ambient 
temperature. Due to t~e great displace
ment of the shape me~ory element in a 
narrow and well - defined temperature range 
no adjusting is necessary. Such a device 
can be used for instance in an electric 
tea kettle providing switch-off, when 
the water boils ~ ·6 ~ . 

Further temperature i ndicators with 
shape memory springs have been discussed, 
which e.g. can be mounted on high current 
contacts and optically indicate abnorma'l 
temperature increase for e x . due to 
increase of contact resistance. 

SUPERE!.ASTICIT'! 

iHth respect to t!le::-moelastic mar
t e nsitic transformation s t ~ ere are Simi
l ar rol e s =or temge r a cu re and s t ress. 
Thus ',.rhe n stress is ap!?lie c t o a speci
men in t he auste nitic stac ~ , martensi t e 
plates for~ and grow cont~nuousl y with 
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Fig . 6 Thermal protection devices based on sha;:>e memory elements 

rising stress a nd disappear by the revers 
way as the stress 15 lowered (1). 

Fig . 7 schematically shows t he 
stress- strain curves at r oom temperature 
of a shape memory alloy in the austeni 
tic state and for an usual alloy, " .. hich 
doesn't exhibit a t hermoelastic marten 
sitie transformation. While the usua l 
alloy exhibit s an elastic strain of 
about 0,2\, the shape memory al l oy 
strained to abou t 1,5\ in the austenitic 
state revert s to i ts origina l, pre-de
formation geometry, when the stress is 
removed . Af ter linear elastic deforma
tion of the austen i tic phase fo l lo .... 's a 
non-linear elastic behaviour based on 
t he stress-induced phase transformation. 
This behaviour is called pseudoelasti 
city o r superelast icity. It can be ob

tained not on l y by stress - induced marten
site formation but also by reorientation 
of martensite in a martensitic sample due 
to a n applied stress. 

The stress - strain dependence of the 
s uperelastic alloy s hown in Fig. 7 is 
characterized by a hys t eresis. Moreover 
the stres s-stra in curves a r e strongly 
temperature-dependent because o f the 
interchangeability of stress a nd tempera 
ture as variables affecting the the rmo
e lastic martensitic transformation. 

when a shape memory al l oy is cycled 
with stra in amplitudes of e.g . 1\ , defor
mation occurs by reversibl e phase trans 
f ormation or martensite reorientation and 
nearly no dislocation movement takes 
place , so tha t in push-pull o r bending 

tests very good fatigue pro~e rties are 
obtained compared wi th corresponding 
materials without the rmoelastic rr.arten 
sitic transformation [4]. 

Superelasticity naturall~ ' should be 
used in applications, where ve:-y high 
elasti c strains are requiree. For in
stance superelast ic alloys could be usee 
for contact s?rin~s wi t h minimizee dimen
sions . 
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TEMPERATURE 

Impact noise as a function of tempera
ture for a Cu - Zn-Al-p!ate 
(Ms; temperature at which martensite 
formation starts on cooling an auste 
nitic al l oy) 

DA11PING 

As already mentioned, in alloys 
which exhibit a thermoelastic martensitic 
transformation there are different highly 
mobile defects, like austenite/martensite 
and martensite/martensite interfaces or 
twin boundaries within the martensite 
plates . ~he migrat ion of these defects 
unde~ alternating strain causes a high 
internal friction and a high damping 
!'8S;J8cti'lely . 

The most important parameter which 
influences the damping behaviour of shape 
~emory alloys is the temperature. Fig. a 
schematically shows the impact noise as 
a function of temperature for a plate of 
a shape memory alloy which is hit for 
instance by a metallic sphere . In the 
austenitic state the damping is a low one 
and it is produced by the movement of . 
dislocations. ·Upon cooling near the so 
called Ms-temperat '.lce stress-induced 
~ar t ensite wi t h highly mobile boundaries 
f orms and the damping capacity strongly 
i nc::-eases. On further cooling just below 
t he :·Is-tem;?erature maximum damping occurs 
a nd f ar below this temperature damoing is 
s::ill hiqh : 8~. . . 

3esides the temperature the ampli
tude also stronc;ly influence s the dampir'g 
oehaviour, however there is oracticallv 
no frequency de?endence.· . 

Due t o the very high damping capa
c ity s ha~e m e~or y alloys can be used to 
res>.lc e de ~ r i mental Vibrations and noise. 
It should be possible to lise these alloys 
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Scheme of a switch using an elastic 
spring plated \.;ith a damping memory 
alloy 

for mountings or other parts of electri 
cal devices and switches. Fig . 9 schema
tically shows a switch with a contact 
spring plated with a suitable shape 
memory al loy in order to diminish contact 
bouncing. Further the contact support or 
spring themselves could be made out of a 
shape memory alloy . Moreover the concep
tion in Fig. 9 could be used to reduce 
the noise produced by high-current 
switches, which in many cases show high 
contact acceleration and im9act . 
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