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This paper focuses on the modelling and designing of a self activated actuator for the 
development of a snake robot. The actuator enables the snake robot to perform flexible 
motion. Snake robots have started receiving scientists’ interest since 1973, especially 
for its versatile motion capabilities which has got lots of critical applications in the 
industries. Traditional robots are made with rigid links and electrical motors which 
obstructs the versatility of the snake robot maneuver over different terrains. Therefore it 
is required to design such a snake robot with the non rigid actuators. Smart material is 
an option to design a non-rigid actuator. One of the self activated smart materials is 
known as electroactive polymer (EAP) that can be activated-deactivated by applying 
voltages across its ends. In this research, EAP is used for the modelling and designing 
the snake robot's actuator. The experimental result shows the flexible motion and large 
deflection of the developed actuator. 
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INTRODUCTION 

 In the last decades robotic researchers were interested on rigid linked robot design but the scenarios are 
changed nowadays. Heavy structured robot is not significant for light weighted robot design. Moreover bio-
inspired robots become more attractive to the researchers for the further study of the light weighted mobile 
robot. In line with this requirement, artificial muscles are now most significant actuator for the robot design. 
Therefore, Electroactive polymer (EAP) is one of the smart material artificial muscles that change its structure 
after applying electrical power. EAP actuator is designed for snake robot application is illustrated in this paper. 
Once the electric power applied on the actuator it performs bending operation due to the ionic actuation [1]. The 
maximum bending happens based on the particular applied voltages. This ionic EAP is a thin polymer that is 
wrapped by two electrodes around it. The polarity of the power supply is responsible for the direction of the 
bending of the EAP actuator. Though it is very flexible for actuation but it generates very low force for the 
actuation [2]. However, 
the optimization of the amount of polymer and the design of the actuator will be going to new era of soft 
robotics in near future. 
 A compliant actuator model is proposed for performing large deflection and experimentally verified at the 
first place. In line with the actuator model, an electroactive polymer based actuator fabrication procedure is 
illustrated in this paper. Finally a set of result is shown for the actuation of the EAP actuator which able to 
perform large deflection according to the proposed design. 

2. Modelling of the Compliant Actuator:

 The first behavior about the compliant actuator is that the bending configuration is symmetrical both at 
small and large deflections. For small deflections of a beam, often a linear relationship between angle, 
deflection, and force is enough to model the behavior, but with large deflections the problem clearly becomes 
nonlinear. For such nonlinear systems, finite element analysis is normally conducted. However, in this proposed 
model the pseudo-rigid-body modeling technique is chosen which was outlined by Howell [3]. 
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 A free body diagram is analyzed as shown in figure 1 to determine the loads and moments that are acting on 
the beam. The free body diagram of the model is shown in Fig. 3. Due to its symmetric nature it will orient the 
beam sideways so the left side would be symmetric to the right. 

Fig.1: Free body diagram. 

 The beam, therefore, is undergoing both compressive force as well as a moment. The forces on both sides 
will be the same, which will be exerted by the tension of the spring, while the moment will also be equivalent on 
both sides. This moment is determined by multiplying the tension of the cable by the perpendicular distance 
from the line of force to the end of the beam. The pseudo-rigid-body equivalent model for this configuration 
therefore is created by attaching three rigid beams with two springs and is shown in figure 2. 

Fig. 2: Pseudo-rigid-body model. 

 The motivation then of using this pseudo-rigid-body is to find the horizontal and vertical deflections of the 
beam given a desired angle between the two platforms. That is, going back to the original upright diagram, the 
model should be able to determine the x-y deflection of the center of the upper platform that will result in a 
desired angular deflection of that same platform. Likewise, the model should also determine the amount of force 
that shall achieve such a configuration. 
 To start the analysis, the contributions of moment and force must be separated. Moments cause a uniform 
circular curvature when applied to a beam, and hence the known moment component will create a particular 
curvature in the beam. This curvature is then referred to as the initial curvature, and the system is treated as if a 
force is acting upon an initially curved beam [4]. However, since the breakdown of the moment and force 
aspects are not known. From this initial guess of the curve, Кo, both guesses for the force and initial positions 
can be made. 

   (1) 
 where l = original length of compliant beam, w = length of the platform, and θ = desired angular 
deflection of the platform. 

(2) 

(3) 
The pseudo-rigid angle associated with the initial curve is then given by 

(4) 
 The parameter γ determined by the value of the initial curvature [4], and is used also to determine the 
characteristic length m. 

 (5) 
 The second parameter, ρ, is determined by the initial positions and parameter γ, which in turn determines 
characteristic length s. 
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 (6) 

 (7) 

Using these values, the final pseudo-positions are determined. 

(8) 

 (9) 
 As mentioned earlier the pseudo-rigid angle is related to the true angle by a parameter known as c, the 
parametric angle coefficient [5]. 

(10) 
 From here we continue to solve the problem using the stiffness coefficient, which is in fact a behavior 
dependent upon the initial curve [6]. 

(11) 
The effective spring constants of the two springs are therefore determined from the stiffness coefficient. 

   (12) 
Finally, from this, the effective force and the maximum stress are determined. 

(13) 

(14) 
 In this particular problem with a beam of rectangular cross-section, A would be the cross-sectional area, 
while c would be half of the cross-sectional beam height. 

3. Design and Development of EAP Based Actuator:
 The EAP cantilever beam model is developed in this research. The EAP beam is subjected to be deformed 
by the applied voltage. The designed model is indeed a single actuator model of snake robot. The design process 
started with different models and architecture. Most of the designs that initially developed seemed too specific; 
that is, only applicable for the particular task in question. Hence, the developing modular design would provide 
the building blocks for more complicated structures. In fact, a simpler design is easy to fabricate and mass 
produce, and hence a more attractive alternative. The design is based on the cross-section of an I-beam as shown 
in figure 3, where the upper and lower portions of the “I” would be relatively thick to maintain rigidity while the 
central vertical column would be much thinner to enable compliance. From the upper platform to the lower, an 
actuator would be added. In the smart material actuator application this could possibly be a perfect selection of 
actuator design. Furthermore, the single unit of the mechanism can be linked to form a chain to achieve a wider 
range of motions, especially for snake robot application. The modular units can also be linked in an orthogonal 
configuration such that two or more units can be put together to traverse a surface. 
 Two metallic electrodes either platinum or gold are responsible to attached by the two sides of the polymer 
which is known as Electroactive polymer (EAP). The Nafion polymer membrane substrate is used in the EAP 
actuator. This substrate will activate once the electrical charge applied on it, the ion will dope to perform the 
shape changing of the EAP. Several steps are required to fabricate the EAP which is time overwhelming 
procedures. The general process is depicted in figure 4. The EAP-based actuators are fabricated from 1mm thick 
Nafion polymer membrane. The thickness is chosen based on the better actuation force and perfect bending 
operation. There are three divisions for the ionic EAP fabrication procedure. At first the procedure will start by 
polymer sample cleaning. Then the electrodes will attach with the membrane like a sandwich and keep the EAP 
actuator in the sulfuric acid solution. Finally clean the EAP and mix it with salt solution for ionic exchange. 

RESULTS AND DISCUSSIONS 

 In the MATLAB environment, to achieve an error rate of 0.1% only nine iterations were performed to find 
the simulation of the EAP actuator. The proposed algorithm is used to find the full range of motion of the 
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compliant beam of the actuator. Calculations are done based on the proposed model, where the length of the 
Though the iterative method for solving the non-linear behavior at high-deflections gave positive results, the 
results were off for smaller deflections. In figure 5 a comparison of the linear and non-linear solutions is shown 
for the range of motion. Figure 6 shows the solid model of the EAP that performs the bending in both directions. 

Fig. 3: Mechanism of "I" shape snake actuator for self generated bending application. 

Fig. 4: EAP fabrication steps. 

Fig. 5: Comparison of Linear and nonlinear solutions. 

Fig. 6: Bending actuation of the EAP actuation in different direction. 

 An experiment was conducted after successfully simulated the proposed model. The mechanical parameters 
of the EAP are stated in the Table 1. The alignment of the EAP actuator is fixed at 0, 0 to the x-axis. Room 
temperature was set for the experiment. Fig. 6 shows the EAP model for the experiment. MATLAB was used to 
perform the input-output parameters of the EAP actuator. The amplified signal generator controller was used to 
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perform this operation. The EAP actuator's position was monitored by the kinect video system, which allows for 
32 frames per second. The operated frequency is shown in Fig. 7 which was used in the controller for large 
deformation. 
 In the actuation system of a snake actuator, a 30 mm long, 5mm wide, and 1mm thick EAP is developed for 
the actuation because the primary concern in the design is actuation and the bending response. However, the 
actuation system should be able to produce a desired deflecting angle for a successful bending device. A flexible 
bending actuation system is shown in Fig. 7. Fig. 8 shows the operating frequency of the controller used in the 
experiment. A simulation result of the EAP deflection is shown in Fig. 9 for 3 seconds in positive direction 
alone the y axis and the negative direction for another 3 seconds from the origin. 
 The actuation system is applied to the attached rigid frame system. By attaching the actuator in series 
configuration, it may perform sinusoidal wave to mimic snake locomotion. Finally a series of implementation 
and verification of the EAP actuator has been performed for 60 seconds. Fig. 10 shows the bending performance 
of the EAP where each of the snap is depicted in 0 sec and 3 sec. In the Fig. 10, a large deflection is observed 
for EAP actuator which is compliant with the snake robot actuation system. Fig. 11 shows the results of EAP's 
experimental bending application, where the deflection lines are captured using image frame. 

Fig. 7: Large deflection experimental setup for EAP. 

Table 1: Illustration of the operating signal. 

Fig. 8: Frequency operated in the controller. 

 Using the image processing system, the bending deflection measurement was conducted for EAP actuator 
[7]. The displacement they achieved is 20 mm by applying 5V, though they were performed more bending 
displacement by applying more voltage. As shown in Fig. 11, the maximum of 5V was applied and 23 mm of 
displacement was achieved. However, the flexible four-bar mechanism with EAP patches was designed [8]. The 
deflection deviation was found about 1 mm in coupler paths occurred due to backlash in joints of prototype, 
These devices can be used in the form of prosthetic, skeletal and artificial muscles devices [9-11]. Also, we need 
to consider the mechanical design issues such as lightweight and small size with flexible behaviour etc [12-13]. 
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Fig. 9: Simulated results for EAP when 5-volts are applied uniformly. 

Fig. 10: Bending of the EAP actuator for the validation of the simulation model. 

Fig. 11: Experimental results for EAP when 5-volts are applied uniformly. 

Conclusions: 

A unique method of modelling and designing of an EAP-based actuator has been shown in this research. 
The results from the simulation and actual experiment validate the efficacy of the proposed method. At first a 
compliant mechanism has been developed to model a compliant actuator. A detail modelling has been 
demonstrated to fabricate an EAP actuator. The actuator has shown the large deflection by applying the 
maximum voltage of 5V. Furthermore, when it comes to the specific EAP actuator design presented in this 
paper, final studies need to be conducted regarding the structure. Such studies would only truly be conclusive 
for snake actuator mechanisms. Some of the characteristics that would have to be determined would be the 
maximum force delivered by the proposed actuator so as to determine the maximum achievable deflection for 
EAP actuator application. The main contribution is to show that the EAP actuator design enable the simplest 
way of robot modelling. 
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