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Abstract: For years, plants have tried to adapt to the environmental changes caused by time, improving and 
developing their biological structures. Many of these structural and functional properties of plants have great 
potential for the development of concepts in the field of biomimetics. Recent previous studies have shown 
that the movement of Mimosa pudica L. is caused by the variation of turgor pressure within the cells of organs 
motor, that is, the influx and efflux of water by osmosis, generating reversible changes in the shape of the 
plant. Thus, this article sought, through research and literature references, to carry out a survey of studies 
related to the seismonastic movements of the plant and its applications in the design of technological 
innovations. In addition, it presents the development of a pneumatic actuator based on the abstraction of the 
morphology of the primary pulvinus of the plant and the concept of bioinspired design of the theoretical model 
based on the technology of soft robots. As a result, the bioinspired actuator model of the plant movement is 
described. In addition, with a simulation, it was possible to observe that the flexible modules are capable of 
generating the proposed movement and allow movement of the actuator. With the study, it was possible to 
understand that the movement of the plant appears as an embryo for the projection of technologies, and that 
the proposed study appears as the basis for research with pneumatic actuators. 

Keywords: Mimosa pudica L.; bioinspiration; biomimetics; pneumatics; soft robots. 

HIGHLIGHTS 
 

 The movement of Mimosa pudica L. has potential for the use in formulation of actuators. 

 The developed actuator has the potential to be used in the automation area. 

 Using simple materials is an interesting proposal to be explored in bioinspired actuators. 
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INTRODUCTION 

Plants have developed a multitude of mechanisms for the action and movement of their organs to such 
an extent that knowledge related to biological mechanisms is based on inputs for the projection of adaptive 
structures and intelligent materials [1, 2]. The field of intelligent botanical structures is an area of interest to 
be explored [3] because nature, for thousands of years, has sought to improve the functioning of its structures 
amid complex and competitive conditions [2]. Thus, their movements emerge as derivable models for 
conception [4] in biomimetic applications in order to allow the construction of effective technological 
innovations. 

In the midst of a wide field of biological varieties, the authors find a species capable of performing a 
specific movement conditioned by external mechanical stimuli, Mimosa pudica L., popularly known as 
nonsense or no-me-touch [5]. It is a plant belonging to the legume family [6], capable of responding with rapid 
movements, which can be divided into three stages: perception of the stimulus, transmission of electrical 
signals and mechanical, hydrodynamic and biochemical induction [7]. 

One of the characteristics responsible for allowing the movement of the plant is the turgor mechanism. 
This phenomenon is triggered by the variation of the turgor pressure within the cells of the pulvinus of Mimosa 
pudica L., that is, the pressure caused by the entry of water into the cell by osmosis. This allows balance with 
the hydrostatic pressure that is exerted on the cell wall [8]. 

In this article, the main focus is on a description of the structures integrating the Mimosa pudica L. plant 
and the mechanism involved in the seismonastic movement, summarizing current concepts and recent 
discoveries about their reaction to external mechanical stimuli. Furthermore, a model of pneumatic actuator 
modeled in the SolidWorks software is presented. This model was obtained through the abstraction of the 
concepts used in the movement and the morphological structures of the plant, in addition to the application 
of studies related to soft robots. The first part of the article provides an insight into the theoretical fundaments 
of the main structural components of the plant and its movement mechanism on top of some technological 
applications that employ studies related to Mimosa pudica L. The second part describes the methodology 
and materials used in the development of the actuator as well presenting the abstraction process used for 
the conception of bioinspired design and the studies that served as a basis and inspiration for the projection 
of the pneumatic actuator model. The final part is dedicated to discussing the results obtained in this research 
describing the final conception and simulation of the theoretical model. 

Theoretical fundaments 

Morphological structures 

Before understanding the mechanism and functioning of Mimosa pudica L., it is important to observe and 
analyze its biological structures. The plant is characterized as a small and prostrate shrub, reaching a height 
of one meter and more than two meters in horizontal extension [5]. Its roots are cylindrical in a brownish-gray 
tone, with a thickness varying up to 2 cm in length [9]. Its stems are cylindrical (up to 2,5 cm in diameter), 
reddish-brown and sparsely or densely armed with curved spines - which have branches called petioles that 
are connected to the stems utilizing the primary or main pulvinus [5, 9, 10]. At the other end, between the 
spines (thin and flexible branches) and the petiole, the authors find the sub-pulvinus (secondary pulvinus), 
which commonly controls the orientation of the leaves towards the source of irradiating light and supports 
one or two pairs of rachis, which house - by means of the tertiary pulvinus (or pulvinulo) - between fifteen to 
twenty-five pairs of oblong leaflets from three to twelve millimeters in length in a bi-pin pattern [5, 10, 11, 12]. 
During the day, the leaves are spread out, and during the night they curve downward. In addition, when 
stimulated by external factors, their leaflets bend and their petiole curves, reclining their initial positions after 
about 30 minutes [11]. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Figure 1. Representation of the morphological structure of Mimosa pudica L. (Adapted from [2]). 

Cell organization 

Anatomically, the pulvinus of Mimosa pudica L. are characterized by the presence of specialized motor 
organs. Such organs allow descending (primary and secondary pulvinus) and ascending (tertiary pulvinus) 
movements in the plant's structures [11, 13]. Three vascular bundles of the stem join at the entrance of the 
primary pulvinus to form a single median bundle surrounded by about 12 layers of cells in the cortical 
parenchyma [10]. This nucleus is surrounded by three regions of cells, the first being characterized by cells 
of the endodermis, which do not interfere in the pulvinar movement, only assist in the perception of gravity. 
The second region consists of cortical parenchymal cells. These cells have vacuole and cytoplasm. The third 
layer is formed by all the cells in the cortical parenchyma - diametrically larger than those in the second 
region. These cells have vacuoles and thin cytoplasmic walls, abundant cytoplasm, vacuoles and intercellular 
gaps [11, 13]. In general, the sensor-motor parenchyma can be divided into two regions, the upper cortex 
(adaxial) and the lower cortex (abaxial). Such regions undergo pressure variation within the cells and cause 
the petiole to deflect [14, 15]. 

Movement mechanism 

A striking feature of the plant refers to the behavior of its rapid movement when stimulated by external 
mechanisms such as touch, wind, light or vibration. These stimuli drive the mechanism of opening and closing 
the leaves and folding the pulvinus, which is sufficiently flexible and capable of moving the petiole 
omnidirectionally [16]. Responsive movements are generated by the alteration of turgor in the cortical cells 
of the primary pulvinus, secondary pulvinus and tertiary pulvinus, which are responsible, respectively, for the 
movement and orientation of the petiole, leaves and leaflets [17, 18]. Thus, the hydraulic movement of 
Mimosa pudica L., which is more efficient in relation to other plants, gives it an important and necessary 
characteristic for the movement of its organs [12]. 

The mechanism of action caused by the variation of turgor occurs by the change of pressure within the 
cells of the Mimosa pudica L. pulvinus [8]. This pressure is caused by the entry of water into the cell by 
osmosis and allows balance with the hydrostatic pressure that is exerted on the cell wall [8]. Anatomically, 
the pulvinus consist of water-conducting vessels (xylem). These have thick and lignified cell walls, surrounded 
by thin-walled motor cells that can suffer visible swelling and shrinkage [3, 12]. 

Water is transported axially through xylem vessels over long distances and is distributed radially between 
adjacent tissues [12]. When stimulated, the plant redistributes the water flow between the cells of the primary 
pulvinus, allowing the movement of the leaves to occur due to an increase in pressure in the upper (adaxial) 
cells, and the sudden decrease or loss of turgor in the lower motor cells (abaxial), where the vacuoles contract 
due to stimulation - presumably caused by the loss of salts in the cell, and the expansion or recovery is 
caused by the absorption of fluid rich in salts by the vacuole.  

In other words, ionic salt exchanges occur between the intracellular and extracellular medium under 
stimulation [5, 12, 14]. According to the research presented in [3], the lifting of the leaves is triggered by an 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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increase in the pressure and volume of the motor cells due to the absorption of K+ ions in the extending cells, 
so that when the K+ channels in the extending cells close, the channels in the flexor cells open and release 
the pressure from the turgor, causing the joint to lose its stiffness and let the leaf fall. 

Examples of biomimetic applications of the plant 

The plant's ability to respond with rapid movements when subjected to external stimuli has attracted the 
interest of researchers and engineers for the biomimetic conception in the construction of bioinspired 
structures [18]. Mimosa pudica L., in addition to having simple movements and geometrically measurable 
motor organs, has a great exploitable potential that supports research and studies on the development of 
biological actuators in biomechanical systems [19, 20]. 

Among the fields of application of the principles of plant movement, the authors have the development 
of "soft materials", materials whose properties are related to a strong reaction to weak stimuli, self-assembly 
and non-linear responses [20]. Thus, an applicable example of these principles is the “Mimosa origami”, a 
nanostructured regime capable of self-organizing from a small stimulus, based on the rational design and 
self-organization of Mimosa pudica L. [22]. In the ”Mimosa origami”, the polymeric material, consisting of 
layers of paper, PVP (Polyvinylpyrrolidone), PCL (Polycaprolactone) and PVC (Polyvinyl chloride), has two 
regions - one hydrophilic and the other hydrophobic - which react in different ways in contact with the water, 
so that, when stimulated by a drop, it transforms surface energy into directional kinetic and elastic energy 
[22]. 

Similarly, polymeric microactuators with microfluidic channels triggered by swelling have been developed 
and implanted in structures that seek, for example, to mimic the movement of the plant. These microactuators 
were manufactured using projection micro-stereolithography (3D micro-fabrication technique) - of photo-
curable polymers that respond with swelling of specific regions to provide the movement of the structure [23]. 

Another example of the application of sensory principles can be seen in paper actuators, the Printed 
Paper Actuator. It is a composition formed by a substrate (paper, plastic films, among others) and a 
thermoplastic layer (e.g. graphene-based PLA), built at a 3D modeling printer (FDM) and which responds 
with flexible movements due to the heating system effect by electric current in the PLA [24]. Thus, the material 
contracts and relaxes, causing the system to move. Among the possible applications is the artificial control 
of the movement of Mimosa pudica L., which responds with a sequential activation of the folding of the leaves 
when touched, one after the other [24]. 

Thus, the plant has a characteristic movement that has inspired work in the most diverse interdisciplinary 
areas within the scope of science. Such examples show the various possibilities of applying bioinspired 
concepts in the construction of new technologies. Similarly, this article sought in the various scientific 
examples based on the movement of the plant, to formulate the construction of a bioinspired technology 
related to the area of pneumatic actuators. For that, it also used the concepts of soft robots and technologies 
developed based on this interdisciplinary science. 

Soft robots and Mimosa pudica L. 

Soft robots appear as an innovation for the development of a control mechanism capable of dealing with 
unexpected situations in unstructured environments. It is a soft robotics that seeks to enable robots with 
resilient, low-cost and maneuverable mechanisms, which are not based on control systems, but on the 
properties of the material and on the morphology of their body structures, in order to explore their own 
"mechanical intelligence" of soft materials [25, 26]. An application example is the development of OctArms - 
robots that seek to imitate the complexity of the movement of cephalopods (squid, octopus). Thus, they use 
pneumatic muscles to move their structures - composed of silicone elastomers - through pressurization of air 
or fluid [25]. 

The importance of soft components in natural organisms seems to have great relevance to reducing the 
complexity of controlling their structures. Several organisms perform their actions based on soft systems and 
materials, such as caterpillars, octopuses, birds and plants [27]. Among the advantages, soft robots are able 
to adapt to uncertain and complex environments and interact more safely in operations with human beings 
[28, 29]. 

Thus, based on systems of soft robots, seismonastic movements of Mimosa pudica L. could be 
structured in order to make fluid pressurization technology compatible with the variation of turgor within the 
pulvinus motor cells. Thus, taking as an example the tetrapods - robots built from lithography, soft materials 
and which move from pneumatic actuation [30] - it is possible to develop an actuator design based on the 
plant's movements from fluid channels that interact with the system. In addition, studies based on the actuator 
in honeycomb pneumatic networks (HPN) and the caterpillar movements serve as great inspiration for the 
design of an actuator design, as detailed in section materials and methods.  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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MATERIALS AND METHODS 

Considering the morphological structures and the movement of Mimosa pudica L., and also using the 
concepts used by soft robots, the procedures for the construction of a theoretical actuator were carried out. 
The model used the concepts of biomimetics so that its movement could be controlled with pneumatic 
technology from the modification of soft materials. Therefore, for the construction of the model, bioinspired 
designs were used as materials for the methodology to enable the simulation of the plant's movement. The 
models were built in 3D using the SolidWorks software, with the final design presented in the results. Design 
studies are presented below: 

Modeling process of the pneumatic actuator  

From an analysis of the morphological structure of the organ responsible for the movement in the plant 
(primary pulvinus), the authors used an abstraction process to recreate it in technological applications. The 
main aspects considered were related to the movement of the structure based on the plant's capacity to 
undergo the process of turgor of its motor cells. Firstly, the behavior of the plant and the morphological 
structure of its primary pulvinus were observed, and from the analysis, the procedure for building drawings 
was initiated to simplify the structural pattern when the movement of the plant modifies the organization of its 
motor organ cells. 

Based on the studies, it was observed that the behavior of the structure, when undergoing the curvature 
process, could be simplified as a rule of geometric shapes. Thus, the first process to abstract the concept 
used by the plant was through a rectangle pattern. When curved, they could be characterized as triangles 
centered with one of its vertices in the center of a circumference (Figure 2 A). As the pulvinus is characterized 
by motor cells of the cortical parenchyma and by vessels conducting water (xylem and phloem), it is possible 
to perceive that its morphological organization is established in a junction of spheres that, under a growth 
process, trigger propagation of forces that displace the other spheres, characterizing the curvature of the 
plant structure. Therefore, the addition of spheres that simulate the observed behavior was used in the 
established pattern (Figure 2 B). In the obtained structure, the spheres perform the function of changing their 
volume to generate the curvature movement. In this way, the pattern for the composition of spheres was 
simplified, eliminating the other geometric shapes (Figure 2 C). 

The purpose of this model is to use the concept that the spheres, when increasing their volumes, as they 
are organized close to each other, are able to flex the base in a curvature movement. In this way, a first 
model of spheres was constructed in a circular pattern that relates to the cells of the motor organ of Mimosa 
pudica L. (Figure 2 D). At the center of the structure, two distinct regions would be responsible for conducting 
the flow of fluid (relating to the conducting vessels). With the pressurized vessels, the fluid would flow to the 
internal regions of the spheres, causing them to swell and expand. Thus, it would trigger the pressing of the 
spheres against each other and the structure would curve downwards or upwards (depending on the 
pressurized region). Using the abstracted model, the study was oriented towards the development of an 
actuator that could, in addition to simulating the plant's behavior, present a technological application centered 
on biomimetic aspects. In this way, the structure of a model was built using the SolidWorks modeling software. 
The obtained resource can be better visualized according to Figure 2 E. 
 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Figure 2. Process of abstraction of the morphological structure of the plant during its movement (A-C) and model 
obtained from the drawings in the modeling step (D-E). (A) Pattern of geometric shapes according to the abstraction of 
the concept used by the plant. (B) Pattern of geometric shapes with the addition of spheres. (C) Pattern obtained after 
the structure simplification process. (D) Sphere pattern in a circular arrangement. (E) 3D representation of the model of 
the first actuator developed in SolidWorks. 

However, due to the complexity of construction in equipment such as 3D printers, it was necessary to 
reevaluate the structure and look for simpler and moldable patterns. Analyzing the first actuator, an interesting 
feature observed is that the movement of the structure was related to specific regions - as can also be seen 
in the behavior of Mimosa pudica L. Therefore, these regions were separated by means of rectangles, which 
allowed the formulation of a new construction of the model. The use of rectangles was chosen because it is 
a simple way of dividing the structure and taking advantage of the two regions of action for the flexion and 
deflection movement. The procedure can be seen in Figure 3 A. 

Based on the separation, one of the aspects observed is that the structure could be better used and it 
would also be easier to build an actuator if it was possible to structure it with plug-in modules. Therefore, the 
research was oriented towards the construction of a simpler model that could be assembled with different 
parts and built modularly. For that, the Reconfigurable Omnidirectional Soft Robot presented in [29] was used 
as inspiration in soft robots. These soft omnidirectional robots - inspired by the locomotion of caterpillars - 
are structured in a pneumatically reconfigurable mechanism - which is composed of nine modules arranged 
in a 3x3 matrix and capable of moving in three degrees of freedom in one plane, being reassembled and 
exploring non-standard environments structured [29]. Such a robot is able to move from the pressurization 
and depressurization of its modules, responding with different types of movement from a pneumatic control. 

One of the characteristics of the soft robot is its construction based on a modularization strategy. This 
aspect has advantages over structures built continuously, such as, for example, lower financial costs (only 
defective modules must be replaced), lower time costs (new features can be achieved by combining 
materials, sizes and structures) and better adaptability (grouping modules for different environments and 
tasks) [29]. Thus, the robot can recombine with other modules from a system of neodymium magnets and 
with correct orientation. 

Based on the modular concept, the actuator employed these characteristics in order to allow the 
construction of a structure that could be developed separately and joined by fitting parts, ensuring flexibility 
in the construction of the system and allowing replacement of parts in case of damage or component failures. 
The model presented in [29], by using the features of soft robotics and being structured with plug-in modules, 
allows flexibility to build each feature that makes up the robot separately.  

This aspect applied to the proposed actuator model, in addition to facilitating the construction process 
through the 3D printer, also allows for simpler adjustments without the need to remodel the entire structure. 
For this, the geometric shapes that represent the new actuator model were used. Analyzing the prototype, 
two regions were defined (above and below of the square in Figure 3 A - regions in blue), which are related 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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to the active components that suffer from the swelling process. The square provides stability in the structure 
(in yellow in Figure 3 A). The central rectangles (in green in Figure 3 A) refer to the flow-conducting vessels. 
With the separate modules, it was possible to build a new actuator model from the junction of the other 
modules. One aspect of the model is that the inflatable chambers, when undergoing the swelling process, 
force the other modules to move away, triggering a process of propagation of movement (as the cells of the 
plant force each other). The schematic of the model is shown in Figure 3 B. The fluid channels and inflatable 
chambers are indicated in the Figure 3 by the blue arrows.  

 

 

 
Figure 3. Simplification process of the initial structure (A) and representation of models for the composition of the new 
actuator (B). (A) Division of the regions active in the movement process and the new model obtained from the 
simplification. The square (in yellow) represents the support structure. The green rectangles are the pressurized air 
transport channels and the regions above and below the structure (in blue) are the structures that act to trigger the 
movement. (B) Representation of the junction of the modules, indicating the position inflatable chambers and fluid 
channels (blue arrows). 

Moreover, the construction of chambers could be improved so that it could undergo elastic deformation 
and guarantee stability in the structure. With this in mind, studies of the soft manipulator based on honeycomb 
pneumatic networks (HPN) developed by the research presented in [28] were used. It is a soft structure 
capable of achieving a balance between flexibility and load capacity, maintaining its strength even under 
collision or pressure [28]. Honeycomb pneumatic networks use an incorporated pneumatic mesh capable of 
deforming the structure, allowing it to present properties such as elongation rate and crush resistance [28]. 
Structurally, the manipulator is made up of hexagonal chambers whose geometric shape is modified from the 
internal pneumatic network in the form of air pockets, which, when inflated, allow the movement of the 
structure without losing structural resistance and stability [28]. 

Thus, the integration of the concepts involved with the abstraction of the cellular structure of the cortical 
parenchyma of the plant and of the HPN allows the formulation of a mechanism that employs the concepts 
of flexibility and resistance, in addition to allowing the movement of the structure in a controlled manner. 
Thus, the inflatable chamber of the actuator developed in this study was based on both concepts, integrating 
the behavior of the plant and structuring the chamber in closed hexagonal networks, capable of undergoing 
non-destructive deformation and allowing the movement of the actuator. With that, an internal structure of 
the inflatable chamber was developed as can be seen in Figure 4. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Figure 4. Representation of the internal structure of the inflatable chamber obtained from the bioinspiration of the 
morphology of the primary pulvinus of the plant and of the concepts presented in honeycomb pneumatic networks 
(HPN). Following, the process of contraction and relaxation of the chamber. 

The inflatable chamber plays the role of the cells that undergo turgor in the plant. Each hexagon 
represents a cell that, when swelled, triggers a reaction that forces each to expand or contract. It was 
preferred to work with hexagons instead of spheres not only for the ease of designing the model, but also for 
the aspects of resistance and stability, as shown in honeycomb structures [28]. 

Construction of the new model 

Considering the study of the bioinspiration design process, a new model was built in SolidWorks. The 
model is organized in modular structures, which can be done using 3D printing and casting with soft materials, 
such as Smooth-On Ecoflex silicone and Wacker Chemie Elastosil M4601 silicone [31]. Regarding the flexible 
module, its movement occurs from the pressurization of chambers in hexagonal format capable of altering 
its geometric shape without causing major deformations that wear out the material. In addition, the actuator 
structure is composed as a support for the flexible module and the air conducting tubes. 

All parts were developed using the SolidWorks software. They were modeled with the modular design 
as a goal, enabling their easy assembly and possible replacements in case of damage to one of the parts. 
The main structures developed are the flexible modules inspired by the cellular organization of the plant and 
the concepts involved with HPN. As a way of connecting the structures, easy-fit pins were designed. They 
are pieces capable of connecting both the pipes and the supports and the inflatable chambers. They are 
inserted into the holes in the soft material structure and connect the components in order to prevent certain 
regions from suffering possible leaks. 

The pins are different due to their positions in the structure. The open pins are responsible for connecting 
the pipes to the respective flexible modules. Therefore, there is a need for channels for fluid air transport. 
However, the closed pins are used only to connect the inflatable chamber to the support, and thus allow the 
structure to interact together. In addition, as its function is to connect the structures, its materials are not soft, 
that is, they could be made from hard polymers such as polylactic acid (PLA), ABS or other 3D printing 
materials. Finally, the support was designed to allow the connection with the inflatable chambers and the 
passage of the pipes to organize the channels. 

Figure 5 shows the design of the developed concept, where it is possible to visualize the side view of the 
actuator (A), the side view in section (B) and the 3D representation (C). In Figure 5 C, the black arrows 
indicate the parts of the actuator. The pins are the structures in blue, the brackets with holes for fitting the 
pipes and actuators the parts in gray, and the flexible module the structure in white. For the full-scale 
projection, it was necessary to remodel the pieces with their respective sizes. Therefore, based on the second 
model, the structure for a full-scale projection was developed, so that the parts were dimensioned according 
to the construction of a prototype that could simulate the behavior and be made using 3D printing and soft 
materials. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Figure 5. Actuator model designed in full scale. (A) Side view. (B) Sectional view. (C) 3D representation with black 
arrows indicating the actuator components. 

In this actuator model, the main characteristic related to its movement is the joint performance of the 
other flexible and inflatable modules. In this way, when one of the actuators is pressurized, a horizontal 
expansion movement is generated, which propels the wall of the solid structure of the actuator and 
consequently causes the modules that are depressurized to contract. In this way, the individual performance 
of each module generates the joint performance of the structure, allowing flexibility in movement in different 
directions. In the scheme illustrated in Figure 6 below, only two flexible modules are presented to exemplify 
how the dynamics of movement occur with the joint performance of the other flexible structures. However, 
the main feature of the model is that it can generate movements in other directions depending on how the 
actuators are activated. The movement scheme can be better visualized according to Figure 6. 

 

 

Figure 6. Movement scheme of the bioinspired actuator. The green regions indicate the position of two actuators as 
examples, so that when the upper actuator is pressurized, the lower actuator retracts (which is depressurized), causing 
a bending movement. A) Actuator before pressurization. B) Actuator after pressurizing one of the modules. 

Before prototyping in a real model, a study on the dynamics of movement was performed on the 
Simulation Xpress platform of SolidWorks. The objective of this study was to perform a linear static simulation 
and understand how the internal pressure inside the flexible module walls can generate a horizontal 
expansion/retraction movement, generating a displacement that makes the actuator achieve its movements. 

For the simulation, a pressure of 22,9𝑃𝑎 was used on the internal walls of the model, as well as the 
material chosen was natural rubber from the library of the software and which approaches the study with soft 
materials). The material and the applied pressure value were defined to analyze the displacements and the 
stress distribution in the structure and allow evaluating its performance. The chosen material features a 
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10𝑘𝑃𝑎 elastic modulus, 𝑃𝑜𝑖𝑠𝑠𝑜𝑛’𝑠𝑟𝑎𝑡𝑖𝑜0,45, a specific mass of 960
𝑘𝑔

𝑚3 and a tensile strength of 20𝑀𝑃𝑎. The 

results obtained with simulation are presented in the results section.  
In the flexible module, as a way to understand the dynamics of movement from a simpler analysis, a 

study was made with only one of the inflatable chambers. In this structure, one side of the wall in a rectangular 
shape was fixed (left side of the shape shown in Figure 7). Internally, pressure was applied to the structure's 
walls to analyze the expansion and retraction movement. The sidewall opposite the fixation point was built 
with a greater thickness (value of 2,00𝑚𝑚). This aspect was necessary so that the wall opposite the fixation 
point would not suffer from deformations, since the purpose of the simulation was to analyze the displacement 
of the structure horizontally on the x-axis, that is, the result of the displacement from the internal 
pressurization of the model.  

To observe the dimensions used for the simulation, Figure 7 is shown below. Since the loads used were 
constant pressures, the depth of the presented design provides no extra information, since the authors aim 
to demonstrate a short section and how it deforms to achieve the movement desired. 

 

 
Figure 7. Dimension values of the flexible module chamber. Values shown in millimeters (mm). 

RESULTS 

From the simulation, the results of two displacements were obtained. The first result is related to the 
application of pressure on the internal walls in order to expand the structure. The second result is related to 
the retraction movement so that the direction of the applied pressure was reversed. In this simulation, a 
qualitative study of a linear static simulation was performed to obtain a displacement of approximately 10% 
of the total value of the length of the chamber (8,80𝑚𝑚), that is, a displacement of 0,88𝑚𝑚. For this, it was 

necessary to readjust the internal pressure values. Thus, the application of a pressure of 22,9𝑃𝑎 obtained 
better approximations of the desired result. As a result of the simulation, a maximum resulting displacement 
(URES) of 0,8797𝑚𝑚 (regions in red shown in Figure 8) and an average displacement of 0,5865𝑚𝑚 (regions 
in green shown in Figure 8) was obtained. The results obtained with the simulation are shown in Figure 8. 
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Figure 8. Linear static simulation of the flexible module chamber in SolidWorks. The green arrows indicate the fixing 
point. The red arrows are the pressure points. Arrows in the outward direction of the structure indicate positive pressure 
and arrows in the inward direction of structure the negative pressure. In the structure, the average displacements are 
indicated by the regions in green, while the regions in red indicate the maximum displacements. (A) Simulation of the 
expansion movement. (B) Simulation of the retraction movement. 

As can be seen in the simulation, the result of linear displacement in the direction of the x-axis is greater 
on the side opposite the fixation point. This demonstrates that when internal pressure is applied in both the 
expansion and retraction directions, it is possible to obtain a linear movement. Thus, in the simulation the 
structure is capable of carrying out the proposed movement, so that the observed behavior for a chamber 
can be extended to obtain a greater range of linear displacement when combining other segments of the 
same structure. In other words, the flexible module proposed in this study, with n internal chambers would 
be able to perform a linear movement, and when combined with other flexible modules, it could allow the 
actuator to move in several directions. 

In order to understand the combination of parts and observe the assembly of the actuator, the prototyping 
of the model proposal in real size was also carried out. For its construction, a mold (in software and in real 
scale) was modeled and printed for the stiffening of the flexible modules. The printed parts were made with 
ABS material. The full-scale project has dimensions of a total length (structure printed next to the flexible 
module) of 152 mm, width of 48 mm and height of 48 mm. The full-scale prototype was built as a way to 
analyze the proposal of bioinspired design and to understand aspects that are not possible to predict only 
with simulations (fitting the parts, difficulty and ease of assembly, among others). Finally, the final result 
obtained both in the SolidWorks software and in the project printed in 3D and modeled in full scale are 
presented in Figure 9. 

 

 
 
Figure 9. Final results of the modeling and the printed actuator. (A) Sectional view of the flexible module obtained from 
simplifying the structure in several chambers in the shape of hexagons; (B) Final actuator model designed in real sizes 
in SolidWorks; (C) Photo of the final actuator obtained in real size and printed on a 3D printer. 
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DISCUSSION 

Since the focus of the present study was to demonstrate the possibility of a design methodology, not 
considering the development of a specific product, and also to present the proposal for the construction of a 
prototype for a pneumatic actuator, inspired by the movement of Mimosa pudica L., specific tests and 
simulations were not carried out. However, with the concepts developed in this study it is possible to base 
future work on this research for the improvement of pneumatic actuators that use resources such as 
biomimetics, soft robots and 3D printing, so that we provide insights for improvements and optimizations in 
this model and other bio-inspired innovations in different areas of technology. 

Furthermore, regarding studies of the Mimosa pudica L., there is a lack of studies regarding modeling 
and simulations from an engineering point of view to support the project in depth. Therefore, the present 
study was established in the field of biomimetic considering an analysis of the behavior of the plant for the 
design of structures abstracted from the original shape of the pulvino. The authors’ main goal was to 
characterize the concept used in the movement of the plant (migration of water flow through the xylem vessels 
and swelling of the cells of the motor organ) and integrate it using engineering concepts. It was achieved 
through the formulation of conceptual design presented with pneumatic vessels capable of migrating the 
airflow to the flexible actuator modules (related to the abstraction of the main pulvino) delivering 
omnidirectional movement to the structure. 

CONCLUSION 

Mimosa pudica L., despite the different studies related to the understanding of the functioning of its 
movement mechanism, presents a behavior capable of acting as an embryo in the projection of new 
technologies in the field of biomimetics. However, further studies are still necessary for a correct 
understanding of its functioning, in order to subsidize research for other fields of scientific interest, such as 
sensing devices and bioinspired materials. In addition, areas such as soft robotics may benefit from such 
studies, since, by employing fluidic systems and exhibiting properties of soft materials, such as plant tissues, 
they are capable of being applied in the context of new technologies and applications as areas of automation, 
robotics and materials science. 

Here, the authors presented a conceptual design of an actuator, considering the whole bioinspired design 
process and its iterations. The final concept could still be improved based on the application it is aimed in 
future work. Possible improvements would consider the use of fluid control mechanisms with a pneumatic 
system that works with higher pressures and under more precise controls for the movement of the model. In 
addition, robotic systems and claw mechanisms could be implemented in the structure in order to develop 
new actuators made of low-cost materials capable of handling objects in production lines or other means. 
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