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Abstract: This paper presents the 3D model of a robotic prehension device driven by shape memory alloy elements,
starting from the constructive-functional scheme. The 3D models of the device components are shown first, and then the
device assembly in two variants: in open position, and in closed position.
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1. Introduction

The accelerated development of automated
processes has imposed the use of robots in various
industrial and service applications.

The interface between the robot and the physical
environment is the end effector, which can be a tool if the
robot processes parts, or a prehension device (or gripper)
if the robot manipulates objects.

The diversity of manipulation applications has led
to the emergence of a multitude of variants of gripping
devices, from solutions with classic drives (electric,
pneumatic, hydraulic) to advanced variants driven with
elements made of shape memory alloys (SMA) [12], [13],
dielectric elastomers (DEA) [9], [10], electroactive
polymers [9], etc.

To the prehension device proposed in this work,
the driving is achieved by using an actuator which
contains shape memory alloy (SMA) elements, a current
variant compared to the classic actuation - electric,
pneumatic or hydraulic.

Actuators with SMA elements have been studied
in[2], [5], [7], [22], [23].

The use of SMA actuators in driving robot grippers
has been analyzed in [1], [3], [4], [6]. [14], [15], [16], [17],
[18], [20]. SMA actuators find applications in cutting-
edge fields where high positioning accuracy is required,
such as biomedicine, aerospace and aviation, automobile
industry, etc. [11].

Special attention is paid to the control system of
actuators with SMA [8], evolving towards the use of
neural networks [19].

The driving with SMA elements presents
advantages such as [21]:

e constructive simplicity;
compact and lightweight design;
reduced overall dimensions;
low kinematical errors;
reduced power consumption;
usage in the structure of grasping devices.
This paper presents the constructive-functional
scheme, the operating principle and the 3D model of a
robotic prehension device with SMA elements.

2. The Constructive-Functional Scheme

In the analyzed prehension device configuration, the
conventional actuator (electric, pneumatic, etc.) is
replaced with an SMA actuator.

The constructive-functional scheme is presented in
figure 1.

The actuator is composed of the SMA element (1),
the driving elements (2) and (3), and the springs (4) and
(5). These components are assembled in a casing,
solidarized to the fixed element (0).

The SMA element (1), designed as a cylindrical
helicoidal spring, undergoes axial deformation (either
extension or contraction), according to a specified control
program. Thus, it generates the driving force and,
respectively, the grasping force of fingers (6) and (7).
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Fig. 1. The constructive-functional scheme of the ]
prehension device [20], [21]. e R

Fig. 4. The 3D model of the spring.

The SMA spring returning to its initial state, together
with the elastic forces of helicoidal springs (4) and (5),
determines the driving elements (2) and (3) to move back
to their original positions, alongside fingers (6) and (7).

For an improved grasping performance, the fingers
(6) and (7) are equipped with the jaws (8) and (9),
respectively.

The components are linked through the translational
kinematical joints A and B, the rototranslational
kinematical joints C and D, and the rotational kinematical
joints E, F, H, and J.

3. The 3D Model
Based on the constructive-functional scheme of the

prehension device, the 3D models of the main
components are designed and shown in figures 2 — 7.

Fig. 5. The 3D model of the finger.

Fig. 2. The 3D model of the SMA spring.

Fig. 6. The 3D model of the jaw.
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Fig. 7. The 3D model of the casing.

The 3D model of the device assembly is presented in
figures 8 and 9, in open position and in closed position,
respectively.

Fig. 8. The 3D model of device assembly,
in open position.

Fig. 9. The 3D model of device assembly,
in closed position.

The constructive design through 3D modeling
allows a great versatility, easily adaptable to other
dimensions of the model being possible.

4, Conclusions

In order to improve the driving systems of the
prehension devices, the paper presents a current variant,
with SMA elements, simple from the constructive and
functional point of view, with high reliability and
positional precision.

The constructive simplicity of the proposed
variant, with a reduced number of components,
determines low manufacturing and maintenance costs.

3D modeling allows an adaptation of the achieved
model to other dimensions and other positions of the
components, facilitating the obtaining of new 3D models
with different dimensions, equivalent from the functional
point of view.

As a future research direction, the accomplishment
of a physical model of the studied prehension device, in
order to achieve experimental functional analysis, is
proposed.
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