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Abstract  More attentions have been paid to Shape Memory Alloys (SMAs), which is a kind of excellent functional 

materials. In this work, a special device was designed for the test of the mechanical behaviors of SMAs, which includes 

three modules, separately: tension module, torsion module and temperature-controlled cabinet. In work, it will be 

assembled on Mechanical Testing & Simulation MTS-858. The typical thermal-mechanical properties of SMAs were 

investigated systematically, involving the responses and the heating-induced strain recovery under proportional and 

nonproportional tensile-torsional loadings at various temperatures. The results show that the response of the SMAs under 

pure tension is quite different from that under pure torsion. In the case of constrained heating-induced recovery stress, it is 

found that the recovery resistance increases with the increase of pre-deformation. Recovery stress at various recovery 

strains and the thermal-mechanical properties of the SMAs subjected to cyclic straining were investigated. 
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1. Introduction 

Shape memory alloys (SMAs) are composed of austenite 

and martensite, the forward and reverse thermo-elastic 

martensitic transformation determines the amazing 

properties of SMAs [1-3]. When a SMA is cooled down to 

below some critical temperature, it will mainly be composed 

of martensite and can be manipulated easily in a very large 

strain range [4-6]. When it is heated to above some critical 

temperature, it will change back to the austenite phase, the 

previous in-elastic deformation will be recovered and it will 

resume the shape it normally has at the higher temperature, 

this is shape memory effect (SME). At higher temperature, 

applied stress may cause martensitic transformation and a 

SMA may deform in-elastically, but the in-elastic 

deformation may be recovered as the applied stress is 

removed, which is referred to as pseudo-elasticity (PE) [7]. 

Because of these particular properties, SMAs have been 

widely used in various fields [8-12]. 

Compared with other SMAs, Ni47Ti44Nb9 has a greater 

transformation hysteretic loop and a high strain recovery rate 

[13-16]. Zhao and Zhang found that in SMA Ni47Ti44Nb9 

there exists a characteristic deformation temperature 

Ms+30°C and critical strain range 16%, at which deformation 
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can effectively increase inverse transformation temperature 

and transformation hysteretic loop while maintaining a high 

strain recovery rate [17]. Experimental studies about SMA 

Ni47Ti44Nb9 mainly focus on the uniaxial tensile l properties 

and corresponding heat recovery characteristics, but the 

works for the response characteristics under complex and 

pure torsional paths are seldom. In this work, a special device 

for the test of the mechanical behaviors of SMAs was 

designed, which includes three modules, separately, tension 

module, torsion module and temperature-controlled cabinet. 

Aiming to SMA specimen Ni47Ti44Nb9, the series of 

experimental were investigated, including: experimental 

methods, combined tension-torsion loading experiments, 

cooling experiments, low temperature experiments and 

heating experiments. 

2. Samples of Ni47Ti44Nb9 Alloys 

Samples of Ni47Ti44Nb9 alloys manufactured by Research 

Institutive for Nonferrous Metals located in Beijing are  

used in the test, and the composition provided by the 

manufacturer of the materials are shown in Table.1. 

Table 1.  Chemical compositions of testing material Wt% 

Ti Nb C O Ni 

36.5 14.5 <0.01 <0.04 remaining 

Thin-walled cylindrical specimens are adopted in the test, 

including a testing part located in the middle of sample, and a 

connection part on its both ends. Dimensions of specimens 

are shown in Fig.1. It can be seen from that, the diameter of 
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connection part is bigger than that of testing part, and an 

outer screw thread is provided in the surface of the former. In 

addition, each connection part is processed with two parallel 

step surfaces marked 3 as shown in Fig.1, which is parallel to 

the axis of sample. 

 

Figure 1.  Dimensions of specimen 

3. Experimental Testing Device 

The testing device is shown in Fig.2. The fixture is placed 

in the temperature-controlled cabinet, assemble this device 

on the MTS-858, the uniaxial tension, pure shearing, 

proportional loading and nonproportional  loading testing 

can be completed. 

 

Figure 2.  The testing device 

3.1. Specimen Fixture 

 

Figure 3.  Schematic diagram of the testing device 

The shape of fixture unit is cylindrical, one end with a 

coaxial flange marked as 4 in Fig.3, and the other end with a 

coaxial inner bore marked as 5 in Fig.3. The inner bore is 

processed with internal thread, in use，it will be matched with 

external thread in surface of the test specimen. In addition, 

there are two thread-holes located at opposite sides of 

cylindrical surface of fixture. The two bolts marked as 6 in 

Fig.3 are connected to the fixture by matching with them, 

and continue turn bolts, until its inside end firmly hold 

against parallel step surfaces marked as 3 in Fig.1, the later is 

perpendicular to the axis of the former. By this method, 

specimen can be fixed well on fixture, and its rotation can be 

prevented during test. 

3.2. Temperature-controlled Cabinet 

Temperature-controlled cabinet comprises temperature 

control box and the rails, one end of the later extending to the 

above of the worktable, and the former is fitted on the rail by 

roller, so it can be moved along the track. The top and bottom 

of the temperature control box are provided with a through 

hole, two clamps can pass through them, and respectively 

connected with the lower and the upper flanges of MTS-858. 

Making use of the temperature control box, the requirements 

for temperature change can be satisfied in test. 

3.3. Assemble 

In test, first mobilizable temperature control box puts  the 

top of worktable, then the fixture is bolted with the lower and 

the upper flange of MTS-858, and the test piece is fitted to 

fixture inside the temperature control box. When all of these 

mentioned above finish, together with tension-torsion testing 

system of MTS-858, then tension-torsion testing of SMAs 

can be completed according to the set program.  

When mounting the specimen, the connection part of the 

sample is screwed into the hole of the fixture , then two bolts 

on opposite sides of fixture is crewed  tightly against the 

step surface in the connecting portion of the specimen, which 

can prevent rotation of the specimen very well and satisfy the 

specimen mounting and fixing. The testing machine and 

temperature control chamber are shown in Fig.4. 

 

Figure 4.  The testing machine and temperature control chamber 

The tests are conducted on Electro-hydraulic servo low 

cycle fatigue tension-torsion testing machine MTS-858. The 

ranges of axial load and torque loads are ±15kN and 

±100N∙m. Test temperature is controlled by temperature 

control chamber, and its change range is -70°C to 150°C. 

The fluctuation of temperature during operation is less than ± 

0.5°C, and the temperature uniformity is ± 2°C. During the 

test, axial loading is applied by displacement, and torsional 

loading is controlled by torsion angle. The test is quasi-static 
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loading, loading velocity is designed as 1.310-4s-1, 

temperature change rate is about 2°C/min. 

4. Result and discussion 

4.1. Combined Tension-torsion Loading Experiment 

Because of SMAs' unique properties, the experiments of 

uniaxial tension and torsion are necessary, and the 

tension-torsion simultaneous experiments are essential.  

The strain and stress curves of specimen Ni47Ti44Nb9 

experiments are shown in Fig.5, respectively, in -20°C and 

-60°C. The pseudo-elasticity of SMAs is fully reflected. 

from the experiment results, we verified same special 

temperature ranges: the start temperature of the forward 

transformation before deformation is Ms =-90°C±10°C, and 

the start temperature of the reverse transformation before 

deformation is As=-65°C±10°C, and the finish temperature 

of the reverse transformation before deformation is 

Aft=-25°C±10°C. 

 

Figure 5.  Combined tension-torsion loading experiment 

4.2. Cooling Experiment 

As we all know, SMAs are relatively sensitive to 

temperature, especially the temperature reduced gradually is 

essential to SMAs. However, the SMA experiments 

involving cooling are very seldom. Therefore, the special 

device was designed for SMA experiment research. Through 

the SMA specimen Ni47Ti44Nb9 experimental results, we 

found that the strain curve of specimen Ni47Ti4 was gradually 

increased with the decrease of temperature as shown in Fig.6. 

Furthermore, through the specimen Ni47Ti44Nb9 martensitic 

temperature -20°C, we performed cyclic temperature loading 

on the specimen; the experimental results reflected the 

pseudo-elasticity. The start temperature of the forward 

transformation before deformation is Ms =-90°C±10°C, and 

the start temperature of the reverse transformation before 

deformation is As=-65°C±10°C, and the finish temperature 

of the reverse transformation before deformation is 

Aft=-25°C±10°C. 

 

Figure 6.  Cooling experiment 

4.3. Low Temperature Experiment 

SMAs are very sensitive to temperature changes, 

especially the low temperatures. Form the last section, we 

know that the start temperature of the reverse transformation 

before deformation is As=-65°C±10°C. In -60°C, the strain 

and stress curves of specimen Ni47Ti44Nb9 experiments, 

respectively, uniaxial tension experiment, torsion 

experiment and tension-torsion experiment are shown in 

Fig.7. The mechanical properties of SMAs are significantly 

different on the three kinds of loading methods. In the same 

strain of 16%, the stress of tension-torsion experiment is the 

lowest than the ones of uniaxial tension experiment and 

torsion experiment. 

 

Figure 7.  Experiments of different loading methods in -60°C 

4.4. Heating Experiment 

From the last section, we know that SMAs are very 

sensitive to cooling progress. However, the performance of 

the cooling progress can not be used to predict the one of the 

heating progress, because of the unique composition and 

structure of SMAs. The heating experiment study must be 

carried out as shown in Fig.8. The torsion angle of specimen 

Ni47Ti44Nb9 recovers slowly with the increase of experiment 

temperature, yet the angle recovers sharply in the start 

temperature of the martensitic transformation 65°C. When 
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the end to martensitic temperature is 90°C, The torsion angle 

of specimen recovers almost no longer with the increase of 

experiment temperature. Shape memory effect is fully 

reflected. 

 

Figure 8.  Heating experiment 

When SMA specimen Ni47Ti44Nb9 was subjected to tensile 

strain of 16%, the austenite transformation start temperature 

As and the austenite transformation finish temperature Aft 

could increase from -65°C and -25°C to, respectively, over 

40°C and around 70°C. With this property, the deformed 

parts made of Ni47Ti44Nb9 at low temperature can be stored at 

room temperature, instead of being stored at a low 

temperature, before assembled and recovered by heating, 

which is of significant importance for the application of this 

alloy in the practical application. 

5. Conclusions 

We introduced the special testing device of SMAs 

concerned with many factors and mainly include three parts, 

which were tension module, shearing module, and 

temperature-controlled cabinet, respectively. In work, it was 

assembled on MTS-858. The typical thermal-mechanical 

properties of SMAs were investigated systematically, 

involving the responses and the heating-induced strain 

recovery under proportional and non-proportional 

tensile-torsion loadings at various temperatures with SMA 

specimen Ni47Ti44Nb9. There were main four kind 

experiments, including: combined tension-torsion loading 

experiments, cooling experiments, low temperature 

experiments and heating experiments. In addition, Recovery 

stress at various recovery strains and the thermal-mechanical 

properties of the alloy subjected to cyclic straining were 

investigated. We hope that this work can promote the further 

development of SMAs. 
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