[P———

PRELIMINARY STUDIES ON THE THERMO-MECHANICAL

CHARACTERISTICS OF INDIGENOUSLY DEVELOPED SHAPE MEMORY

ALLOY WIRES.

Lakshminamsima R* V. Arun Kimar™, Soumendu Jana** K_V Ramaiah’, §.K Bhaumik
*SRF, Propulsion Division, Netional Acrospace Labosatories, Bangalore
Scientist, Propalsion Divisios, National Aer 1ol fes, B ;
“Scientist, Material Sciencs, ﬂa&ml Acrospaos Lebomtonics, Bangdlots

ABSTRACT: Swmart materials have mmosived increasing sitention in socent years for their groat potential o
sevolntionise sapiscening appliations and design. The tochnnlopica] advaniages of nsing weart materiak over
traditeanal maienials anise from speoial capabhilities dug do meiqee wicvostrectural or molesslar proportios. Amesp
diffrent smrt waterials ke picroclesirie, electro-siriciive, magneto-strictive, magneto-theologics! ad cleciro-
rheplopical, shape mamory alloy seems 10 be a probable condidne for sesvi-active control of different strectural
mezsbers (rolating or otherwiss) in viow of the ot that if gonerates a mistively laps deformaestion and then meooner
upon henting. Shape wemory allovs ave defiwmed while in a b terperstore plrase and sach deforrmations conid
be in dhe form of bonding, twisling, condraction or sheiching, The so deformed shape memory alloys are e able
0 retumm to thetr origind size sud shape by undergoing mtemal phase tmasformation process through the inorease
of lemperature. This propesiy could be exploited for several useful applications like for cxample integration of
shape: memcsy alloy wircs with composits torque fraeswission tobes stilizing the additionsl preload to genstale an
andi-tevisl oo 5% io enhaece the torsions] siifitess A zach i beromes portand 1o panerate e quantiiative valoes
of thermosmechanical propentios of dovaloped shage memory alloy wires and more se for the iadinescusly
developed ones as this infrmmtion wodd be extremely wseful {or aerospace applications i neind  Tlewefore an
attompt has been made here o generate thermo-mochanical properties of shape memory alloy wires defined in
terms of defiemation seoovery ss 2 fovetion of ismperaiuee. The study has indicated that the deformation rogovery
becomes larger and larger 2z the peelood inorescrs which could be cxplotied for stmehieal applications whese on
ling stiffness change swould be benefices] fom dynamics poistof view,
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1 INTRODICTION

Shape memory alloys {(SMAs) are 3 spectal class of material and exhithit properties very different from
normal metals and alloys. They are characterized by shape memory effect and superelasticity also
called pseudoclasticity. Thoupgh SMAs mre kaown for about past four decades, the applications of
SMAs wore realized only in mid-cighties. During the last decade, oxdensive research has boer camied
out through out the world for the development of smarnt stuctures wherein SMAs are considered as the
smart element for sensimg and actuation.

Bushler and Wiley [11 of the 118 Naval ordnance Isboratory received a united states patent on 2 series
of engineering sllovs {nickel-Sianium) that possess a unigue mechanical memory The peneric name of
the series of alleys & 55-Nitimsl Matinol i derived from Mi{mickel), Ti{iitanam) and NOL(Maval
Ordnance Labomtories). The most common of the shape memoty alloys or transformation metals is a
Nickel-Titanium alloy known as Mitinol. C A, Ropess[2] etal showed experimentally that the shape
memory atloy componcnls enbedded or honded & streciures can be withizod w dwo differeat ways, the
first one is the active properly tuning wherein if is based on changes in the stiffness of shape memory
allovs and the second one is a technique called active stmin enetgy tuning wherein shape memosy alloy
are placed in a residust st shate generaiimng additvonal pre-load as well as changes w their steffhess.
The application of shape memory alloys with reference to rofor dynamics was frst studied by
. Magova{3]etal wherin the active control of 3 metsl shafl was done using shape memory alloy bearing
supports. They chserved that viliation due to whirling were contvolled by on/off heat contro! of shape
memory alloy beating supports. The response of the shaft under the loading caused by eccentricity of a
disk wos phiained analvtically and experimentally. T.Chen [4] exqmined the performance of a {flexible
teflon drive shafl activated by shape memory alloy wies inseried in sleeves both by analytically and
experimentally. A reduction of 30% m the dynamic response of a rotating flexible Teflon shaft with
shape memory activahion was achieved. A theoretical analysis of sound transmission/radiation of shape
memary alioy hybnd composite pancls was proseniad by € Liong of 21 ]5] wherein the new aoalyticad
technigue was introduced to study the effect of adaptively changing the mode shapes of shape memory
alloy hybnid composiie plates m order to create the medifications in the radiation efficiencies of modes.
They noticed that acoustically enoited shape memory slloy hybrid composite plates have the ability o
change the radiation efficiency, transmission loss and directivity pattems. An investipation of adaptive
bybrid composite cylindess utilizing sctive shape memory alloy composite layers for use in high
pressure vessel applications wes presented by Craig A Roger ot al  [6], wherein the medel for the
adaptive composite material cylinder and pammetdc studies were performed to demonstmte the uiility
of the adeptive composite cylinder concept for vanous composite matentials and pressure vessel
configuralions. Experimental resulis on the dynamicy of a beam constrained by shape memory wives
© are presented[7] Tt was obsarved that the damping incresses significantly when the shape memory
wites are siressed such that they lie within the psendoelastic hysteresis loop. Theorstical models of the
inmer hysterssis loop are considerad and modal gnalysis is used to obiain the dynanic response of the
system_ These results demonsirdts that pseudoelasticity of shape memory wires can be used to augment
passive damping significantly in sttuctuwsl systems.

Genenlly, in application, SMAs undergo thermo-mechanical oycling for farge number of cycles. The
behaviour and response of the matenial are guils different Gom that when tested individually for
thenmal and mechasical properties. | is, thersfore, appropriate that the thermo-mechanical bebaviour of
the material is well understood before desipning the siructure, which makes use of the thermo-physical
andfor thesmo-mechanical properties of SMAs | tius sespect, the mformation available in the
literatura does not appear tp be adequate The present rescarch deals with the study of thenno-



machanical response of NETHSa%Ce shape memory alloy wire Experimental resulis in terms of
contraction as a fonction of goometry, load and teaperatare yre discussed m this paper.

2 EXPERIMENTATION
To investigate the themo-mechanical properties of shape memory alloy wires, expesiments were
. conducted i which the effecis of various paremeters viz., predoad, temperature, geometry of the wireon
the shape memory properties such a3 recovery stress and recovery strain were studied. The sbove study
necessitated the development of two test rigs, which were designed, fabricated and instrumented at the
labomatory. In the first set vp, ope end of the shape memory wite was held rigidly and the other end was
connacted 40 a spring. A defined prelosd -was applied to the shape memory alloy wire by pulling and
fixing the other end of the spring to a predetermmed position. Experiments were conducted for 1% and
2% elongaton: and the shave recovery of the wire {contraction) mader 2 predetermined constant load
was obtained as a fimetion of tempemiure. The photograph of the test rig used for these experniments is
shown in figure 1.

In the second set up, the shape memosy alloy wire was mounted vertically whesein one end of the wire
was held ngrdly to 2 Axed plate and the sther end to a plate which could be loaded. The cxperiment was
conducted at vanious loads, and shape recovery {contraction) as a function of tempemture was noted,
The photopraph of the test rig used is shown in figure 2. Both the rigs were instrumented as required
and the shape memoty alloy chamcterstics lile contmaction in length as a function of tempemture, load
were noted. The main difference between the fwo rigs is that while any defined preloadfextension could
be obtained in first rip, the catenary effects were toially eliminated in the second.

The shape memory alloy wires used in the experiments were indigenously developed in the laboratory
and fested in the rigs designed and fabricated in the labomicry. A Ni-Ti-5at%Cs alloy was chosen for
the study. The SMA wires of dismeter 0.5 and 0.3mem wore processed from vacem arc melied cast
ingot by forging, hot and cold rolling followed by wire drawing The wires vsed in the present study
had a cold deformation of 30% and were heat treated af 450°C for 30min.

3 RESULTS & DISCUSSIONS '
The shape memory alloy wire in&gﬁm@dﬁvﬂﬂpﬁémmmﬁwngsdmgwdandﬁbacawdﬁr
the purpose. The varicus paremetors sffecting thermo-mechanical characieristics s discussed in the

following:

M—ex&mmdﬂmme&ﬂ’w#mﬁ%ﬁaﬁkm@w
- In order to undersiand the behaviour of shape memory alloy wire {0.5mm dia in this case) at martensitic
temperature, the wite was tested 1 5 Instron universal teasile testing set up. Figute 3 shows a plot of the
h&dmb&mrefsh@pemaﬂaymmmmemﬂmsﬁepﬂse The load-extension
curve exhibits four distingt repions 25 indicated in figure 3. The first vegion is classical in nature
showing a linear behaviour wherein the extensions are abmost proportional 4o loads and that the matedal
is completely olastic In the second region, the martensite deforms shmost st constant steess by
detwinning. Followed by this, there is a thind region, which is linear but not necessarily purely elastic.
Thersfore, upon removal of load at the thind siage of deformation may not maks the matesial © come
back to the end of second stage. The defonmation mechenism in this stage is & micture of elastic of
deiwinned martensite, together with formation of new onentation of manensite. The fourth region is
where the plastic deformation, as i the case of vielding of all conventional metals and sloys, takes
place. Thus theoretically, the nuwinumn amount of recovenble strain or memory steain can be oltained
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ap to the end of second stage. However, the mepdniom recoverable stain that can be witlized in gyelic
applications 15 rauch less than this and 1 sormally hmited to 2% as agaiost possible about 6% maximum
recoverable strain w ME-Ti-5m% 0 ShAS wires Figare 4 shows the simsler resulis chiamed for 0 3mum

dizmeter wire.

In: order to study the effect of hesting and costing eycle, one end of the shape memory altoy wire was
held rigidly and another end connected 1o one end of 2 floating calibasted spring which would provide a
defined preload o shape momory alloy wire while the sther end of the said spring is pulled =nd fived,
The shape memory alloy wire was heated and contraction at different temperature intervals wore noted
down. Figures 5 and 6 show the plot of lenpth of the shape memory alloy wire a5 a2 funchion of
temperatare for tao valees of constant loads reguired for 1% olongation and 2% slongation. I 15 very
clear from the plot that there = & hysieresis betwoen heating and cooling of the shape memory atloy wire
which is relatively low at martensite and austenite temperatures and litfle higher at fempenatures
between, Detaik related to marensiie sianl, marensite finish, austenie start and susienite finish
tempenatores are depictad very cleasty in the figures. A simple comparizon made between fignres 5 and
& show that the hysteresis is much Jower when the inifial constant Ioad is higher. However this factor

needs o be verified af lipgher elongation levels.

Effect of martensitic lond on contraction levels of the shape seemory alfoy wire:
In order i shudy the effect of nmnensitic load levels on contraction of the shape memory siloy ware
when heaied shove austenitic fnish temperature, the wire was mounied vertically wherein one end of
the wire is held rigidly to a fixed plate and the other end to 2 plate which could be loaded.  Imitially
loading was dovs 0 2 partientar bevel and loading, unloading cycles weore repeated for this load in ondes
to eliminate possible hysteresis dos to varions teasons. Afler this loading and unioading oycles, the
tempemiure was increased 1o ghove austenitic finish in onder to obiain the contraction. Later on the wire
was cooled 1o find out whether the wire has come back o original length The heating and cooling
cycles were repeated af this constant load and regron Al B shows the range of condraction in length of
the shape memory alloy wive The wiee was seatn loaded when atpostiton Bi{martensite temperature
lovels) and the extension oheorved is shown i Sewre 7{02) A this point the wire was heated oabove
austenite finish temperatnre and cooled o mariensite to obtain the level of conimaciion and exiension ©
which o come hack to original position. This heating and cooling cycles were repeated for a nundher of
tivees and fhe contraction lenoth varation is shivem in rogion APR2. The whole process was repeatest for
varous martensitic load levels as shown in fgurs 7. A closs Jook at Bgure 7 suggest that the contraetion
length variation increases as mattensitic load levels increpses. This indicates that higher lovel of work
© fRCOvVery can be realized at higher martensitic boads. This is alen evident from the widening pap hefween
the lines joining al! the zustenitic finsh temperature pomis and martensite finish temperature pomts. The
ahove dats s more cleady depitted in Hpure & wherein shsolote contraotion {defined as the total
contraction realised at any load fevels when the temperature was mized from masensite finish to
austenite finish) is plotted a3 a function of mantensitic load levels indicates the noreased contracted

length.

Stiffness at martensite finish arnd austenite finish:

The effact of tempemture transformation on stiffiess has also been obtamned. The stiffness is calculated
as fvad per vt exiension st the mariensite finish and above austenite finish temperatore. The varmtion
of stiffness both af martensite finish and sbove sustenite finish 23 3 function of murtensitic load yvels is




shown in Sgure 9. The genesa! conclusion that can be dawm is Himt while swstenite stiffness is lugher
than mastensite stiffoess, both these values show a slight reduction as martensitic load level incvesses. A
deeper sindy however is required in this area.

4 CONCLUSIONS

An zttempt has been mmde v get some mitaml exposure and experience of Thermo-mechamical
cﬁmﬁdsﬁﬁafﬁ&igmﬂﬁlydm@hmdﬁmpememﬁgaﬂwmwﬁﬁhwmmeﬁﬂm
mﬁmmmmmmmﬁmmm@ Thermo-mechameal
charactenistios ﬁh@mﬁsﬂiﬁtﬁmﬁéﬁt&m@%m@da&dmﬂﬁg%@ﬁs&gﬁm
wﬂdb&ma&&r&etﬁweﬁﬁidaigﬁsndmﬁsammwﬁmﬁemmsﬁﬁaﬁ
any struchugal corponends.
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