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 Abstract 

Soft pneumatic actuators are essential in soft robotics; their bending behavior 
depends on the non-linear characteristics of hyperelastic materials. Analytical 
models often cannot predict this performance accurately; computational 
techniques are needed for reliable results. The finite element method was used 
to quantitatively assess soft pneumatic actuators made from Dragon Skin 10 
and Dragon Skin 30; both tested under the same pressurized loading. The 
research focused on understanding the trade-offs between achieving maximum 
bending and maintaining structural strength. Dragon Skin 10, which is more 
flexible, produced a maximum displacement of 0.161 m; Dragon Skin 30, 
which is stiffer, reached 0.092 m under identical conditions. Both materials 
experienced a peak von-Mises stress of about 1.37 x 10⁵ Pa, showing that the 
stress response was similar regardless of flexibility. However, the greater 
bending of Dragon Skin 10 came with a much higher maximum equivalent 
strain of 0.565, while Dragon Skin 30 stayed at 0.204. These results highlight 
that using softer materials can increase actuator motion but brings the 
material closer to its strain threshold, which could affect durability. 
Conversely, stiffer materials like Dragon Skin 30 provide more structural 
strength and a larger margin of safety, making them better for applications 
that demand accuracy and long-term use. The findings present a practical 
framework for material selection in soft pneumatic actuator design, allowing 
engineers to match material properties with specific performance needs and 
application requirements. The study supports informed decision-making for 
optimizing soft robotic systems. 
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INTRODUCTION 
Soft robotic systems have introduced a structural shift 
from rigid frameworks through improved compliance; 
adaptable deformation; and reduced physical risk 
during human-machine contact [1], [2]. Traditional 
rigid systems have been built using high-stiffness 
materials combined with discrete rotational joints; 
such designs frequently reduce mechanical flexibility 
and limit safe operation in sensitive or irregular 
environments. Soft robotic platforms instead employ 
materials that deform continuously; such materials 
support safer manipulation of fragile components and 

simplify access in confined or cluttered spaces [3], [4]. 
These mechanical benefits have expanded their usage 
into surgical tasks with low invasion levels [5]; 
biomedical tools for wearable or implantable 
functions [6]; and human-assisted assembly operations 
in shared workspaces [7] and remote operations in 
unstable or dangerous conditions [8]. Every system of 
this kind operates on a core element called the soft 
actuator; this element is responsible for producing 
force and displacement during motion [9], [10]. 
Among different actuation mechanisms, soft 
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pneumatic actuators (SPAs) have remained popular; 
they are favored due to high force-to-weight ratios; 
relatively low production cost; and simplified 
fabrication procedures [11], [12]. SPAs are pressurized 
through internal air-filled chambers embedded within 
a flexible body; as pressure increases, the actuator 
deforms in a programmable way through extension; 
torsion; or bending [13]. The actuator’s physical 
behavior is dependent on the mechanical 
characteristics of the elastomer used; hyperelastic 
materials such as silicone are widely applied due to 
their high stretch limits and adjustable stiffness 
properties [14], [15]. A key challenge lies in the 
material’s stress-strain relationship; this relationship 
behaves non-linearly under loading; such non-
linearity complicates design and analytical 
formulation [16]. Classical mechanics methods rarely 
provide agreement between theoretical models and 
actual test results; particularly during large 
deformations and high strain conditions [17]. For this 
reason, computational modeling tools such as the 
Finite Element Method (FEM) are used; these tools 
enable accurate representation of deformation 
responses across varying geometries and materials 
[18], [19]. FEM-based simulations provide high-
resolution prediction of shape changes under 
pressure; they also account for hyperelastic behavior 
not captured by simplified equations [20]. This 
research applies FEM simulations to evaluate two 
frequently used elastomers: Dragon Skin 10 and 
Dragon Skin 30; these materials differ mainly in 
stiffness. The objective is to quantify changes in 
actuator bending and mechanical strength as a 
function of material selection; results are intended to 
offer data-supported guidance during the SPA design 
process [21], [22]. 
 
The motion mechanism in SPAs operates based on 
the strain behavior of hyperelastic elastomers; such 
materials allow elastic stretch beyond typical limits 
without residual damage or permanent deformation 
[23], [24]. FEM simulations require specific strain 
energy density models to describe this behavior; 
commonly applied examples include the Neo-
Hookean; Mooney-Rivlin; and Ogden models [25], 
[26]. These models are critical when simulating the 
curved deformation of SPAs under pneumatic 
loading. Bending deformation is introduced by design 
features such as embedded passive layers or geometric 
asymmetry; these techniques control where expansion 
occurs during actuation [27], [28]. When internal air 

chambers are filled, stiffer or restricted regions resist 
expansion; surrounding material then expands 
disproportionately; this imbalance creates bending 
forces that deflect the actuator [29], [30]. The level of 
bending observed is driven by internal pressure; 
geometry of the actuator; and material elasticity 
properties; key among these is Young’s modulus and 
the hyperelastic parameters defining the constitutive 
model [31]. Softer materials tend to deflect more 
under the same pressure; this leads to higher bending 
angles but also increases internal stress levels. These 
stress levels may push the material close to rupture or 
yield thresholds; such outcomes negatively affect 
performance consistency and long-term reliability 
[32]. Achieving an optimal design therefore involves 
balancing flexibility against mechanical endurance; 
this relationship is governed by the selected elastomer 
and geometric form [33]. 
 
Research in soft pneumatic actuator design has 
progressed across several areas; early investigations 
demonstrated actuator motion through air-driven 
inflation of elastomer chambers; these studies 
introduced the foundational concept of controllable 
deformation in soft bodies [34], [35]. Later studies 
expanded actuator design ranges by implementing 
geometric constraints such as fibers; these fibers 
restricted radial swelling while permitting axial 
elongation and increased curvature [36]. Other 
designs included bellow-type actuators; these units 
enabled translational motion with defined stroke 
limits and reduced lateral drift [37]. FEM became a 
widely used approach across many such studies; it was 
applied to determine optimal structural shapes; 
improve actuator force output predictions; and 
correlate numerical models with laboratory testing 
[38], [39], [40]. Investigations have also analyzed 
different elastomeric material types; comparisons 
have included silicone blends and hydrogel 
compounds; in some cases, materials were chosen for 
specialty functions including biocompatibility or 
repairability [41], [42]. Much of this work has 
emphasized custom-built actuator models; efforts have 
focused on novel structure geometries and unique 
material chemistries [43], [44]. A clear shortage 
remains in studies that directly compare commercial 
silicone materials using the same actuator geometry; 
few publications present side-by-side data on widely 
available options such as Dragon Skin products. 
Specific differences in Shore hardness, such as the 
variation between grades 10A and 30A, have not 
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been well characterized under standardized tests [45]. 
Bending response and peak strain are not often 
measured together in existing studies; this omission 
limits data-driven decisions regarding elastomer trade-
offs during design. Therefore, comparative studies 
focusing on commercially accessible materials and 
controlled design parameters are needed; these can 
clarify how material selection affects performance 
metrics including bend angle and strain risk over 
repeated cycles. 
 
Material selection remains the main challenge during 
soft pneumatic actuator (SPA) design; engineers must 
weigh opposing requirements that influence function 
and durability [46]. Softer elastomers such as Dragon 
Skin 10 offer a greater range of motion and increased 
bending angles under relatively low internal 
pressures; these features benefit robotic tasks that 
demand adaptability and fine control [47]. Stiffer 
materials such as Dragon Skin 30 provide higher load 
capacity and improved shape retention; these 
characteristics support repeatable positioning and 
prevent unwanted bulging or rupture under pressure 
[48]. Existing design procedures are often guided by 
past experience or time-consuming iterative testing; 
direct data comparing these two elastomers within the 
same actuator geometry remain uncommon in 
published research [49]. Well-established hyperelastic 
models already exist to represent silicone-based 
elastomers under large strain; examples include the 
Mooney-Rivlin and Neo-Hookean formulations [50]. 
Still, these models have not yet been widely applied to 
generate practical engineering comparisons between 
common grades of off-the-shelf silicone rubber using 
unified FEM simulation [51]. This research therefore 
focuses on a key question: How does the change in 
stiffness between Dragon Skin 10 and Dragon Skin 
30 influence maximum bending displacement, 
internal von Mises stress, and equivalent strain in a 
soft pneumatic actuator exposed to the same input 
pressure? Addressing this question will provide a 
structured method to support actuator material 
decisions based on required performance outcomes 
rather than informal selection rules [52]. 
 
This study aims to deliver a direct and measurable 
comparison between Dragon Skin 10 and Dragon 
Skin 30 used in the same SPA configuration. The first 
objective is to generate high-accuracy finite element 

models using non-linear solvers; these models will be 
based on identical actuator geometries and 
incorporate verified hyperelastic material parameters. 
The second task is to conduct simulations that apply 
progressive pneumatic pressure; internal deformation 
responses will be tracked under matching load steps. 
The third goal is to extract and compare three major 
metrics from both models; the output will include 
maximum bending angles, von Mises stress 
distribution maps, and principal equivalent strain 
values. The final objective is to compile these results 
into a visual and written comparison that engineers 
can reference; this framework will describe 
mechanical trade-offs based on stiffness and provide 
evidence to support the elastomer selection in similar 
applications. 
 
This work introduces a structured reference that 
connects material stiffness with actuator function 
using clear numerical evidence. Engineers designing 
soft robots will benefit from reduced reliance on 
manual testing; design loops will shorten because 
predicted deformation and stress results will support 
direct elastomer choices [53], [54]. The relationship 
between flexibility, bending, and strain will be 
presented in practical terms; these results will allow 
robotic designs to meet safety and motion 
requirements while maintaining strength and stability 
[55]. Application domains including assistive devices 
and human-safe interfaces will benefit directly; these 
areas often demand both soft contact and long 
operational life [56]. The proposed data-based 
workflow supports faster decision-making during 
material selection and increases confidence during 
design optimization for future soft robotic systems 
[57]. 

I. 3D CAD MODEL OF SOFT PNEMUMATIC ACTUATOR 

The soft pneumatic actuator was designed using 
SolidWorks, a design and CAD software. The 
dimensions of the actuator, including its length, 
width, and height, were taken from the literature [58]. 
However, the chambers were designed with the aim 
of achieving optimal bending and minimizing stress 
level at low pressure. Figure 1 presents different views 
of the corrugated soft actuator, which displays various 
perspectives of the actuator, including its top view 
and isometric view.  
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Figure 1.  3D Model of Soft Pneumatic Actuator. 

 
Table 1. The parameters listed below are important in determining the performance of the soft actuator. 

Parameters Explanation  Dimensions(mm) 
Length of soft actuator (L) The distance between the two ends of the soft actuator. 

This determines the extent to which the actuator can 
extend and contract. 

120 

Height of soft actuator (H) The height of the rectangular shape of the actuator. 19 
Width of soft actuator (W) The width of the actuator, which determines the amount 

of force it can exert. 
20 

Length of air pipe  The length of the pipe that supplies air to the actuator. 116 
Width of air pipe  The diameter of the pipe that supplies air to the 

actuator. 
2 

.
II. SELECTION OF MATERIAL 
The choice of silicone rubber as the actuator material 
was based on several factors, including its low cost, 
ease of molding into various shapes, and desirable 
properties for the actuator. It is crucial to select a 
material with reasonable stiffness that provides an 
adequate bending angle and blocking force for 
performing grasping tasks for soft robotic gripper 
applications. Furthermore, the potential for 
pneumatic channels should be considered when 
selecting materials. Various methods can be employed 
for evaluating the mechanical measurement of soft 
materials. Sylgard 184; Smooth-Sil 950; and Ecoflex 
00-30 were previously measured to evaluate their 
material properties in soft robotic systems [59]. Soft 

actuators refer to elastomeric materials that deform 
and change shape under external forces such as 
electric; magnetic; or pneumatic pressure. These 
deformable materials are used in several engineering 
systems; including prosthetics; wearable electronics; 
and robotic devices. Dragon Skin 10 [60]; and 
Dragon Skin 30 [21]; are commercially available 
silicone rubbers that may serve as candidate materials 
for soft actuator construction. The present study 
conducts a comparative material evaluation between 
Dragon Skin 10 and Dragon Skin 30 for 
deformation-based applications. Dragon Skin 10 is 
often selected where high compliance is required due 
to its lower Shore A hardness value of 10. This lower 
hardness improves the actuator’s ability to deform 
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under minimal applied stress; which supports its use 
in wearable or assistive applications. The material's 
flowability; low viscosity; and simple mixing ratio 
allow for precise mold filling; particularly in cases 
involving detailed and miniaturized parts. Dragon 
Skin 30 provides improved stiffness and mechanical 
stability; but Dragon Skin 10 remains the preferred 
choice where greater flexibility and ease of fabrication 
are required [10]. Dragon Skin 10 also displays 
favorable mechanical performance through high 
elongation at break and strong tear resistance, which 
supports its resistance to shape loss under repeated 
cyclic deformation. These characteristics make it a 
dependable candidate in devices requiring long-term 
mechanical endurance and repeatable motion 
performance. 
  

III.  SELECTION OF HYPER ELASTIC 
MATERIAL MODEL  
 Hyperelastic material models have been applied to 
describe elastomers that can tolerate large 
deformation without undergoing permanent shape 
change or material failure. Linear elastic models are 
not suitable when materials experience high strain 
levels beyond their elastic limit. Hyperelastic models 
define stress-strain responses that are nonlinear and 
commonly assume material incompressibility during 
deformation [40]. Neo-Hookean; Mooney-Rivlin; 
Ogden; and Yeoh models have been widely accepted 
for predicting the behavior of incompressible and 
elastic materials. Material constants in these models 
are usually obtained through curve fitting of 
experimental stress-strain data recorded from uniaxial 
or multiaxial tests. The Yeoh model has been used 
effectively for high-strain simulations where strain 
magnitudes exceed 400% and can extend to 1000% 
[40], [61]. The model shows strong predictive 
capability for multiple deformation types using only 
uniaxial test data as input. This feature has made the 
Yeoh model practical for modeling elastomers in 
various mechanical setups involving high stretch. In 
this study Dragon Skin 10 [40], [61] and Dragon Skin 
30 have been evaluated using the Yeoh formulation. 
The Yeoh model remains a frequently selected option 
among hyperelastic formulations due to its high 
accuracy across different modes of loading. Its 
polynomial structure allows flexible stress-strain curve 
fitting across both linear and nonlinear strain ranges 
with reliable accuracy [40], [61], [62], [63], [64]. 
 

A. MATHEMATICAL MODELING 
The bending behavior of the segmented actuator can 
be approximated by a simplified thin wall bending 
model is given by equation -1. 

𝑢(𝑥) ≈
𝑃.𝑅2

𝐸𝑒𝑓𝑓.𝑡
                                (1) 

Where, u(x) represents the actuator’s displacement at 
a given point; P is the applied internal pressure; R is 
the characteristic radius of the actuator; Eeff is the 
effective Young’s modulus of the actuator material, 
reflecting its stiffness; and t is the wall 
thickness. Equation 1 serves as a practical guideline to 
quickly estimate how changes in pressure, geometry, 
or material properties will influence actuator 
displacement, supporting rapid prototyping and 
material selection in soft robotics applications. The 
equation 2 expresses the fundamental linear 
relationship between stress and strain in an elastic 
material.  

σ=Eeff⋅ε     (2) 
where, σ denotes the stress applied to the material 
(Pa); Eeff represents the tangent modulus and ε is the 
strain.  
Equation 3 is von Mises stress, and a scalar value used 
to predict yielding of ductile materials under complex 
loading conditions by combining the three principal 
stresses into a single equivalent stress. It simplifies 
complex stress states into a single value that can be 
directly compared with known material limits, 
facilitating safer and more efficient designs. 

𝜎𝑣 = √
1

2
[(𝜎1 − 𝜎2)

2 + (𝜎2 − 𝜎3)
2 + (𝜎3 − 𝜎1)

2   

(3) 
The mathematical representation of the Yeoh model 
is expressed by the strain energy density function, 
which is given by equation 4:  
𝑊 = 𝐶1(𝐼1 − 3) + 𝐶2(𝐼2 − 3)2 + 𝐶3(𝐼3 − 3)3       
(4) 
where 

𝐼1 = 𝜆1
2 + 𝜆2

2 + 𝜆3
2                          (5) 

 𝐼2 = 𝜆1
2𝜆2

2 + 𝜆2
2𝜆3

2 + 𝜆3
2𝜆1

2              (6) 
𝐼3 = 𝜆1

2𝜆2
2𝜆3

2 = 𝐽2       .                   (7) 
W is strain energy density function and incorporates 
materials, parameters, C1, C2, and C3, along with the 
invariants of the right Cauchy-Green deformation 
tensor, I1, I2, and I3. J is the is the Jacobian 
determinant, which equals to 1 for incompressible 
materials. 

𝐽 = 𝜆1𝜆2𝜆3 = 1                            (8) 
In the Yeoh model, the strain energy function 
depends solely on the first invariant 𝐼1, which is 
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defined as the sum of squares of the principal stretch 
ratios. This choice assumes material incompressibility 
(𝐼3=1) and reduces computational complexity, making 
it suitable for modeling silicone elastomers such as 
Dragon Skin 10 and 30." The Yeoh model was 

selected to simulate large strain behavior of the 
elastomeric skins due to its capability of accurately 
capturing the non-linear response under deformation, 
with parameters C1, C2, C3 tuned separately for 
Dragon Skin 10 and 30. 

 
Table 2. Material constants of hyper elastic model of the soft actuator. 

Soft Material Hyper elastic Model Material Constants 
Dragon 10[21] Yeoh Model C1=36kpa 

C2= 0.25kpa 
C3 =0.023kpa 

Dragon 30[21]  Yeoh Model C1 = 114.88kpa 
C2= 0.126kpa 

B. FINITE ELEMENT ANALYSIS 
The bending behavior of the segmented actuator In 
this research, a finite element analysis was performed 
to predict the behavior of a CAD model. The analysis 
was performed using the Static Structural analysis 
type, to analyze the behavior of Dragon 10 and 
Dragon 30, the materials were subjected to same loads 
and boundary conditions. To model the material 
behavior, a hyper elastic material Yeoh model was 
employed, and the materials constants are presented 
in Table:3. A quadratic order type element with a size 
of 0.3m was utilized to perform a nonlinear 
mechanical analysis. To enhance the accuracy of the 
simulation outcomes, proximity capture was enabled 
for faces and edge elements. The resulting mesh is 
depicted in Figure 2 showing the details of the 

element distribution and the overall quality of the 
mesh. By using a quadratic order type element, a more 
precise representation of the mechanical behavior of 
the system was achieved. For this study, specific load 
and boundary conditions were applied to the 
pneumatic actuator. To ensure a stable system, a fixed 
support was applied at one end of the actuator. 
Additionally, pressure of 30kpa was introduced into 
the channels on the inner walls of the arm to simulate 
the pneumatic pressure. To further simulate real-world 
conditions, standard earth gravity of 9.806 m/s2 was 
applied in the negative Y direction. These load and 
boundary conditions are crucial in accurately 
representing the system's behavior under various 
operating conditions. 

 

 
 

Figure 2. Meshing Configuration. 
 
 

Table 3. Meshing Configuration. 
Number 
of Nodes 

Number of 
Elements 

23357  13782 
IV. RESULS AND DISCUSSION 

The research paper describes the analysis of two 
different hyper elastic materials: Dragon 10 and 
Dragon 30 by using FEM-based. The analysis involves 
actuating two distinct soft actuators that were 

subjected to an actuating pressure of 30 kPa. This 
evaluation between Figure 3 and Figure 4 compares 
total deformation for the "Dragon 10" and "Dragon 
30" skin models under equal boundary conditions 
and identical loading. The horizontal axis represents 
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spatial position along the actuator length; all 
distances are expressed in meters (m). The 
deformation magnitude is depicted using a 
continuous color scale; this scale also uses meters (m) 
as the unit. For both configurations, deformation 
starts from zero at the fixed left boundary; the value 
increases gradually toward the right free end of the 
model. A measurable difference is seen in the final 
deformation values; Dragon 10 shows a peak 
deformation of 0.161 m while Dragon 30 reaches 
only 0.092 m. This outcome confirms that Dragon 10 

has a more flexible structure; its material and 
geometry allow greater deflection. In contrast, the 
Dragon 30 model responds with reduced 
displacement; this indicates its structure offers more 
resistance to deformation under the same applied 
force. The "Dragon 10 skin" has a larger bending 
angle than the "Dragon 30 skin." This is evident 
because its tip has deformed (moved) a greater 
distance, resulting in a tighter and more significant 
bend. 
 

 
Table 4. Bending angle and Stress Distribution 

Material 
Max 
Deformation 
(m) 

Max 
Strain 

Max von 
Mises Stress 
(Pa) 

Bending 
Angle 
(°) 

Dragon 10  0.161 0.565 1.369 × 10⁵ 36° 
Dragon 30 0.092 0.204 1.371 × 10⁵ 24° 

 
Figure 3. Dragon 10 skin total deformation 

 
Figure 4. Dragon 30 skin total deformation 

 
Figure 5 and Figure 6 compare Equivalent von-Mises 
Stress in the two actuator configurations under 
identical boundary conditions and similar mesh 
resolution. The horizontal axis indicates spatial length 
in meters (m); the vertical contour scale shows stress 

in Pascals (Pa). Stress is not spread evenly along either 
geometry; instead, it peaks at the inner arc near the 
fixed left boundary where the "Max" label appears. 
Stress gradually decreases toward the right end; this 
area is free of constraint and shows lower intensity. 
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Maximum values are close in magnitude for both 
models; Dragon 10 reaches 1.369 × 10⁵ Pa while 
Dragon 30 peaks at 1.371 × 10⁵ Pa. Though their 

structural compliance varies, both geometries guide 
load similarly; stress becomes focused at the same 
constrained zone near the base. 

 
Figure – 5. Dragon 10 skin total stress 

 
Figure 6. Dragon 30 skin total stress 

 
The comparison between Figure 7 and Figure 8 
evaluates Equivalent Elastic Strain across both 
configurations using the same load and boundary 
constraints for consistency. The horizontal axis 
defines spatial location in meters (m); the contour 
scale illustrates strain as a dimensionless ratio (m/m). 
The strain distribution pattern follows that of stress; 
the peak strain occurs at the inner curve of the first 
segment on the left fixed end. The Dragon 10 model 

records a maximum strain of 0.565; the Dragon 30 
model reaches only 0.204 under identical conditions. 
These values align with earlier deformation outcomes; 
larger displacement has directly resulted in greater 
elastic strain. The higher strain in Dragon 10 
indicates extensive local stretching; the Dragon 30 
design restricts strain more effectively due to its stiffer 
geometry. 
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Figure 7. Dragon 10 skin total strain 

 
Figure 8. Dragon 30 skin total strain 

 
This comparison between Figure 9 and Figure 10 
investigates maximum structural deformation in 
response to applied pressure for the Dragon 10 and 
Dragon 30 skin models. The horizontal axis displays 
applied pressure in Pascals (Pa); the vertical axis 
indicates peak deformation in meters (m). For both 
models, the deformation rises non-linearly with 
pressure; the slope reduces gradually which shows a 
smaller deformation gain at higher loads. The 

primary distinction lies in output magnitude; at 
30,000 Pa, Dragon 10 reaches approximately 0.16 m 
while Dragon 30 reaches only 0.09 m. Across the 
entire pressure range, Dragon 30 produces lower 
deformation; its geometry exhibits higher structural 
stiffness. This result confirms that the Dragon 10 skin 
remains more flexible under identical pressure levels 
when compared with the Dragon 30 configuration. 

 
Figure 9. Dragon 10 Deformation vs. Pressure 

 
Figure 10. Dragon 30 Deformation vs. Pressure 

 
Figure 11 and Figure 12 present the relation between 
maximum equivalent stress and applied pressure for 
both configurations. The horizontal axis denotes 
pressure in Pascals (Pa); the vertical axis indicates 

resulting stress in Pascals (Pa). A non-linear rise in 
stress is observed in both models; the stress growth 
rate declines as applied pressure increases. The 
plotted responses show extremely close agreement 
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between the two models; their curves follow almost 
the same trajectory across the full pressure range. 
Both designs register a peak stress of around 1.37 × 
10⁵ Pa at 30,000 Pa. This uniform outcome persists 

despite their large differences in stiffness and 
deformation. The load-bearing design in each 
structure causes stress levels to reach nearly the same 
maximum under identical pressure. 

 
Figure 11. Dragon 10 Stress vs. Pressure 

 

 
Figure 12. Dragon 30 Stress vs. Pressure

Figure 13 and Figure 14 display the stress-strain 
characteristics at the location where peak stress is 
recorded in the material. The horizontal axis shows 
strain in meters per meter (m/m); the vertical axis 
shows stress in Pascals (Pa). Both graphs represent a 
non-linear response; the slope of each curve reduces 
with increasing strain, indicating a  
Figure 11 Dragon 10 Stress vs. Pressure drop in 
tangent modulus. Although both figures carry the 
label “Dragon 10 skin” the strain range confirms that 
Figure 14 corresponds to the Dragon 30 

configuration. This interpretation aligns with the 
previously reported strain limit of 0.204 m/m. The 
same material model is used in both designs; 
however, the Dragon 10 model requires a much 
higher strain of 0.565 m/m to reach the maximum 
stress. The Dragon 30 structure reaches this same 
stress level with a lower strain of 0.204 m/m. These 
results show identical constitutive behavior but 
confirm that greater stiffness in the Dragon 30 model 
permits it to resist load with reduced strain. 

 
Figure 13. Dragon 10 Strain vs. Pressure 
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Figure 14. Dragon 30 Strain vs. Pressure 

V. CONCULSION 
The Finite Element Method was applied successfully 
to conduct a direct comparison between two 
elastomers used in soft pneumatic actuator 
construction; Dragon Skin 10 and Dragon Skin 30 
were evaluated. This work addressed the common 
design compromise involving actuation efficiency and 
material durability; this trade-off was quantified 
through simulation results. The outcome confirmed 
that material choice strongly affects actuator behavior 
in predictable ways; softer materials produce higher 
deformation under equal loading conditions. Dragon 
Skin 10 demonstrated 75 percent greater maximum 
bending displacement; 0.161 meters was achieved 
compared to 0.092 meters for Dragon Skin 30 under 
identical pressures. This outcome supported its 
application in devices requiring high flexibility and 
range of motion; it proved more adaptable under 
deformation stress. 
One essential finding concerned the separation of 
peak stress from material stiffness under the tested 
geometric and loading setup; both materials showed 
peak von Mises stress near 1.37 x 10⁵ Pascals. This 
stress was concentrated around the inner curvature of 
the first chamber; the pressure and shape of the 
actuator governed stress distribution more than the 
compliance of the elastomer. Differences in 
deformation behavior became clearer in strain results; 
Dragon Skin 10 reached a peak equivalent strain of 
0.565 while Dragon Skin 30 only reached 0.204. This 
represented a 177 percent increase in strain for the 
more compliant material; larger deformation was 
linked with increased material stretch closer to 
operational strain limits. The contrast reflected a clear 
design trade-off; flexibility gained through material 
compliance must be balanced against potential 
reductions in fatigue life and long-term stability. 
From an applied design viewpoint, this comparative 
evaluation offered a structured reference for selecting 
elastomer properties that align with specific 
performance requirements. Dragon Skin 10 has 
shown better suitability in cases requiring high 

dexterity. Such cases include soft robotic grippers for 
handling delicate components and flexible 
mechanisms operating in limited or irregular 
environments where large displacement is required. 
Dragon Skin 30 has supported applications 
emphasizing sustained mechanical stability; its 
reduced strain capacity allows for increased safety 
margins during continuous use. This material has 
shown greater relevance for controlled-motion tasks 
such as assistive medical tools and automated 
assembly operations. 
The investigation included known limitations; the 
analysis remained limited to static load conditions 
with no inclusion of time-dependent responses or 
dynamic deformation behaviors such as viscoelastic 
effects. The mechanical fatigue resulting from 
repeated pressurization cycles was excluded; the 
simulation framework focused only on a standard 
PneuNet-type actuator. Future work should extend to 
experimental fatigue testing under realistic cyclic 
strain ranges; these findings will help estimate 
operational durability. The modeling approach 
should also be applied to alternate actuator 
geometries and additional hyperelastic materials; this 
step will expand the relevance and robustness of the 
design method. Such additions can help engineers 
move from intuition-based choices toward 
simulations guided by predictive data; better actuator 
performance can be achieved by selecting the right 
elastomer for each task. 
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