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1. Introduction

Shape-memory aloys (SMAS) have played alealing pat in reseach into anart materias. The
main charaderistics of SMAs aretheshgpememory effed (SME) and supaelasticity (SE). Usingthe
torsiond deformation of a TiNi SMA tube twist in the blades of rotor aircraft was investigated in
order to improve the flight paformance In pradicd applicaions making use of SMA thin strips
torsiond deformation can be obtained simply by gripping both endswithoutany mechanicd process
In the present study, thetorsiond deformation propeties of a TiNi SMA thin strip are investigated.
The charaderistics of energy storage, disspaed work and fatigue are dso investigated.

2. Relationship between torque and angle of twist

The relationship between torque M and angle of twist per unit length 8 for the hed-treaed
material as obtained fromthetorsiontest isshown in Fig.1.Ascan beseen fromFig.1(a), M increases
withanincreasein €. At roomtemperature, alargeresidud ang e of twist per unitlength appeas after
unloading, giving evidence of the SME. At T = 333K, sinceT isAs < T < A; and therefore there isa
patia effed of supeelasticity in which the reverse tranformation does not completely ocaur, a
residud angle of twist appeas after unloading. At temperatures above 343K, the ange of twist
recvers during unloading and no residud angle of twist appeas. As can be seen from the
relationship beween torque and temperature in the loading process shown in Fig.1(b), torque M
increases in propottion to temperature rise T-Ms for the same angdle of twist per unit length 6 at
temperatures aboveAs. Thedopeincreases in propottion © 6.
| shall next discusstherelationship between torque M and angl e of twist gbased on the evidence of
the elastic deformation dueto torsion. In the case of torsionin a ba of redangular crosssedion of
width w andthicknesst, theangle of twist per unitlength fis expressby usng modulusof rigidity G.
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Fig.1. Results of torsion test for hea-treaed material.
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Conddeing the fad tha the M-8 and M-(T-Mg) curves in the loading process are close to straight
lines, therelation beomes

(1) M =amt’GO(T - M)

wherethefador a degpends ontheratio w/t. Thevalues of G at temperatures aboveand bd ow As differ
inaratio of about3: 1. By takingtheaveragevalue G = 20GPaanda = 1.61 X 10°K ™, thecaculated
results can befound & shown bythe solid linesin Fig.1(b).

3. Energy dorageand disdpation

The areaunde the loading curve of the relation beween the torque and the ange of twist
correspondsto work dore during loading. The areaunde the unloading curve correspondsto the
recoverable strain energy E;. The area indde the hysteresis loop during loading and unloading
correspondsto the disgpated work W.

Therelationsbetween E; and Wy and temperature T at 8= 78.5kd-mi* (total angle of twist =
m) for the hed-treaed materials are shown in Fig.2. As can be see, E; increases markedly in
propottion to T as the torque during unloading increases with increasing temperature. The relation
between E; and T is expressed by alinea equaion: E,=b(T-A) for b=3.6anJ-K™*, where As denotes
thereverse trandormation garting temperature under no gressand A=29%K.

On the other hand, & can beseen in Fig.2, the disspated work Wy degeases gradudly with an
increase in temperature T. Therate of deaeasein Wy issmall and Wy isonly slightly dependenton T.

4. Torsion fatigue properties

The relations between amplitude of the twisting angle per unit length &, and the number of
cyclesto failure Ns for theas-recaved and hed-treaed materials obtained from thetorsion fatiguetest
are shown in Fig.3, expressed on alogaithmic scade.

As can be seen in Fig.3, the nunber of cycles to failure Ny deaeases with an increase in the
amplitudeof thetwisting angle per unit length &,.. Thisrelationis approximated by a straightlineon
the logaithmic graph. The fatiguelife curve in the region of low-cycle fatigue seams therefore to be
expressble in an equaion similar to tha alrealy obtained for the fatiguelife curve of TiNi SMA
wires unde bending. This can beseen in E.(2)

2 O:N,” =a for B=0.20,0 =580rad [In™* : Hed - treated
) B =0.15a = 280rad (™ : As- recéved

where a and [ represent &, where N; = 1 and the slope of the logé.-logN; curve, respedively. The
cdculated results obtained from Eq.(2) are shown by solid linesin FHg.3.
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Fig.2. Dependenceof E, and Wy ontemperature at Fig.3. Fatiguelife curves of SMA

6=78.5d-m™ (p=T) for hed-treated material thin grip for torsion.





