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Abstract: Shape memory alloys (SMAs) are smart materials. The unique characteristics of SMAs enable the production of large
force and displacement. Hence, SMAs can be used in many applications such as in actuators and active structural acoustic
controllers; the SMAs can also be used for dynamic tuning and shape control. A SMA torque tube actuator consisting of SMA
tubes and superelastic springs is proposed, and the behaviors of the actuator are investigated. From the results of heat transfer
analysis, it is proved that the SMA torque tube actuator with both resistive heating of SMA itself and a separate conventional
heating rod in the tube core has good performance. The behavior of an actuator system was analyzed by performing a contact
analysis, and the twisting motion was noticed when checking the actuation. 3D SMA nonlinear constitutive equations were
formulated numerically and implemented by performing a nonlinear analysis by using Abaqus UMAT.
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Fig. 1 Principle of a shape memory alloy torque tube
actuator
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Fig. 2 Schematics of a shape memory alloy torque
tube actuator
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Fig. 3 Finite element model of the shape memory alloy
tube for thermal analysis
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Fig. 4 Temperature distribution in the shape memory
alloy tube using a heating device at each node
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Table 1 Sizes of shape memory alloy tubes

Casel Case2 Case3
D1 (mm) 48 56 64
C1 (mm) 40 48 56
L1(mm) 600 600 600
Torque
(KNmm) 3840 4480 5120

Table 2 Max angles and shear stresses of SMA tubes

Max. angle | Max. shear |Plastic angle
(deg) stress (MPa) (deg)
Casel 323 397 15.5
Case2 29 293 15
Case3 26.6 289 14.7
L1
L2
ik @
o = ¥ [ |

Fig. 6 Drawing of a shape memory alloy tube and a

superelastic spring
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Table 3 Sizes of super elastic springs
Casel |Case2 |Case3 |Case4 |Case5 |Case6d
D2(mm) 38 38 46 46 54 54

C2(mm) 24 24 32 32 40 40

L2(mm) | 600 600 600 600 600 | 600
a=b(mm) 30 30 30 30 30 30

Torque

(KNmm) 3040 | 4560 | 3680 | 5520 |4320 |6480

Table 4 Angles and von Mises of each super elastic spring

Fig. 7 Torque-Angle curve of shape memory alloy tube
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Table 5 Max. Angles of the SMA torque tube actuator at

each step

Stepl

Step2

Step3

Step4

Tube (C) 52

52

18

52

Spring (C) 52

52

52

52

Tube (deg) 0

-3.67

-3.6

3.6

Spring (deg) | 17.5

13.83

10.23

13.83

* Constraint

2step

Torque

Contact constraint
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