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Abstract

Performance Analysis and Experimental Study on Automotive

Flexible Actuator of SMA

Electrification and intelligence are essential development trends in the modern
automobile industry. The motorization of the moving parts of the car is getting higher
and higher, and the car is gradually becoming a collection of drive motors. The
following problems are becoming more and more apparent: increased additional mass,
electromagnetic signal interference, high noise, and complex structure, all of which are
contrary to the development concept of the modern automobile of lightweight, green,
environmental protection, and comfort. The use of shape memory alloy intelligent
materials with high energy density, simple and reliable structure, no electromagnetic
interference, and the ability to sense changes in the external environment to achieve the
drive and control of moving parts in the vehicle provide a new approach and idea to
solve the above contradictions. The existing shape memory alloy flexible actuators are
supported mainly by PTFE or metal hoses, and the experimental and simulation
analyses of the actuators are mostly focused on the static output performance of the
actuators. In this paper, we use SMA actuator theory to design a flexible actuator with
a multilayer tubular structure composed of shape memory alloy wire, uniformly
arranged ceramic beads and rubber tube, using nickel-titanium shape memory alloy
wire as the driving element. Through theoretical analysis and numerical simulation, and
experimental research to optimize the structure of the actuator and parameter
optimization, the primary factors and critical parameters affecting the performance of
the actuator are obtained, the main contents of the paper.

Firstly, quasi-static tensile tests were conducted on SMA wires to obtain the
characteristic curves of shape memory alloy wires at different temperatures, tensile
amplitudes and rates, and resistance characteristic curves were obtained by building an
SMA oil bath test device. A multilayer tubular structure of ceramic bead grain and

rubber tube was selected to compare the mechanical and thermomechanical properties



of different kinds of flexible support structures. The bending of the flexible actuator
causes the loss of actuator travel. By establishing a simplified two-dimensional model
of ceramic beads and shape memory alloy wire, the gap caused by the change of bead
arrangement when SMA wire is bent is simulated, and the mathematical model with
bead size as a parameter and bending radius as a variable is calculated to select a more
suitable bead size, and the influence law of relevant geometric parameters on the loss
of actuator travel is obtained.

Then, using the intrinsic model of SMA phase change rate distribution, a numerical
model based on the intrinsic model and thermodynamic model can be designed to
predict the driving strain cycle frequency of SMA actuator by considering the factors
that significantly affect the driving performance of SMA actuator, i.e., thermal
convection heat transfer equation, non-constant bias load (spring parameter) and Joule
heat heating method, and the steady-state heat transfer equation of single-layer
infinitely long circular cylinder wall Based on the steady-state heat transfer equation of
a single-layer infinitely long cylindrical wall, a heat transfer model of the multilayer
tubular composite structure is established to analyze the structural parameters and
thermodynamic parameters of the multilayer composite structure on the heat dissipation
process generated by the SMA actuator, and to compare and analyze the material
parameters and optimize the calculation of the actuator parameters for the different
thermodynamic properties of the selected materials of each layer.

Finally, the relationship between the characteristic point of shape memory alloy
resistance change and temperature change is analyzed by using the phase change
detection analysis method of resistance behaviour characteristics, and the actuator
output force and displacement are collected, combined with the actuator shape memory
alloy wire resistance change during the driving process to verify the SMA actuator
strain cycle model based on the intrinsic structure model and thermodynamic model.
The numerical model is used to calculate the applicable operating current of the actuator,
to design the varying current under different scenarios, and then to analyze the
rationality of the design using experiments and to analyze the reasons for the occurrence

of errors. In addition to the factors affecting the actuator performance other than the

I\



current, the actuator dynamic and static experiments are conducted to analyze the SMA

flexible actuator output drive speed, displacement and cycle change patterns.

Keywords:
Shape memory alloys, Automotive Flexible Actuators, Flexible Supports, Strain
Cycle Models
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