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A B S T R A C T  
 

 

Soft robotics using Pneumatic Network actuators (Pneu-Net) is a developing field that has a promising 
future for variety of applications involving delicate operations such as biomedical assistance. The 

interaction between geometry and the performance of the actuator is an important topic which has been 

studied by many researchers in this field. However, there is a lack of investigation on the relationship 
between gripping capability and geometrical parameters of soft actuators. Especially, there is a need to 

shed more light on the effects of wall thicknesses on the gripping force developed. In the present study, 

a semi-cylindrical chambered PneuNet soft actuator is numerically investigated to evaluate the effects 
of pressure and wall thickness variations on its performance characteristics. The results revealed that 

increasing the restraining layer thickness (RLT) aids the bending capability of the actuator whereas 

increasing the chamber wall thickness reduces it. Therefore, maximum bending of the actuator is 
achieved at the combinations of minimum wall thickness and maximum RLT. At these geometrical 

configurations of maximum bending, the deformation-pressure relationships followed a sigmoidal 

function and tended towards linearity with increasing wall thickness and decreasing RLT. The gripping 
force showed an exponential increase with increasing working pressures and wall thicknesses. The 

maximum gripping force increased cubically with increasing wall thicknesses at their respective 

maximum working pressures, which was modeled using a polynomial regression model (R2=99.79%). 

doi: 10.5829/ije.2022.35.12c.11
 

 
1. INTRODUCTION1 
 
Robotics is a vast area that caters to various domains and 

applications including automobile engineering, 

biomedical engineering, and so on. Conventionally, the 

robots are made up of rigid materials which are suited for 

handling hard materials. These robots can be used to 

perform robust and intensive tasks. However, they are not 

applicable for tasks that require a soft and feather touch 

or need to interact with delicate organisms or objects in 

their workspace. Such gentle tasks can be taken up by 

robots made up of soft, rubber-like materials. A wide 

array of applications is possible for such robots, such as 

medical and exploration fields where the traditional 

robots cannot be easily employed because of the rigid 
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connections and joints that they are made up of. Also, soft 

robots can be applied to work alongside humans without 

causing any harm to those working in proximity. For 

instance, honeycomb structures can provide a larger 

deformation with a relatively lesser quantity of material. 

Further, different types of materials can be utilized 

according to the load carrying capability and usability 

criteria of the soft robots. It is observed that there are 

various methods of actuation that can be used in 

accordance with the use case and the materials used [1]. 

Soft robotics can be utilized for various biomedical 

applications, and can assist in sensitive and intricate 

surgical procedures while reducing the human induced 

errors [2]. Wearable soft robots can be developed to aid 

in the rehabilitation process providing a much better 
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recovery rate and long-term usage. A wide variety of soft 

actuators have been developed for biomedical 

applications [3]. Soft robots that mimic human organs 

need to be made of compliant materials which respond to 

natural stimuli [2]. Various combinations of materials 

and actuation methods can be used to solve certain types 

of use cases. Apart from the complex applications such 

as mimicking human organs and animal motions, soft 

robots can also perform picking and placing operations. 

Zheng et al. [4] developed a soft robot inspired by the 

water animal, Ascidian, capable of performing pick-and-

place operations such as drug-release tasks in millimeter 

scale. Such robots can be used for exploration and 

interaction with different organisms. Several gripping 

technologies exist which can be used for simple cases [5]. 

It is observed that the most common method of actuation 

is by application of air or fluidic pressure in the internal 

chambers of the actuators, which are known as 

Pneumatic Networks or PneuNets [6]. The major point of 

focus of the present study is to develop a gripper using 

soft materials that be used to pick-and-place sensitive 

objects without damaging them. 

One of the most fascinating use cases of Pneumatic 

Networks is the creation of rehabilitation gloves that are 

used for fine movements of the hands during 

physiotherapy after a serious injury. It is observed that 

the use of soft robots provides a more comfortable and 

quicker recovery than the traditional rigid methods. The 

finger-like structure consists of internal chambers that 

can be filled with fluid or air. As the fluidic pressure 

increases through the tubular structures, the finger-like 

structure begins to bend, aiding in the bending of the 

human hands of the user undergoing physiotherapy. This 

type of therapy is used to regain the lost motion of fingers 

after serious injuries. Numerous grippers are being tested 

and compiled to obtain the required characteristics with a 

large variety of possible actuations [5]. Pneumatically 

operated grippers have been explored for industrial 

applications to increase productivity of transporting 

operations [7-9]. Researchers have developed advanced 

control systems and machine learning based tools for 

biomedical applications and for enhancing the learning 

process of students in educational institutes [10,11]. 

Numerous materials can be used to create soft robots 

as explained in works conducted by Rossiter et al. [12], 

Shen et al. [13], Manti et al. [14] and Wu et al. [15]. The 

actuation methods can be modified based on material 

properties as discussed by Hughes et al. [16] and Bira et 

al. [17]. The materials used can define the use case and 

the limits of the robot. This has been realized and 

optimized in the works introduced by Mosadegh et al. 

[18] and Yan et al. [19]. The most common materials 

used for PneuNet based soft grippers are usually 

elastomers and they have a wide range of applications as 

seen in research conducted by Zhou and Li [20], Liu et 

al. [21]. For simulations and analyses, these materials are 

considered as hyperelastic materials. Hyperelastic 

materials exhibit nonlinear stress-strain relationships and 

tend to retain their shape after the removal of external 

forces and can undergo numerous loading and unloading 

cycles without undergoing plastic deformation. 

The structure of the actuator chamber plays an 

important role on the nature of deformations exhibited in 

literature [7,22,23]. The major mode of actuation that is 

being developed and in focus for actuation in the present 

paper is the pneumatic network with reference to works 

conducted by Honarpardaz [24]. These consist of 

multiple pneumatic chambers that can be in series or 

parallel connection to each other. On application of 

pneumatic pressure in these chambers, it expands 

applying pressure on the restraining layer causes a 

bending motion, which is used to actuate and carry out 

the gripping mechanism. The restraining layer can 

consist of a different material or can be implemented by 

increasing the thickness of the layer [25]. The absence of 

this restraining layer causes the actuator to expand 

radially and laterally without undergoing bending. The 

geometry and the size of the internal pneumatic chamber 

define the bending and gripping force of the developed 

gripper [26]. Also, the direction of expansion is majorly 

defined by the geometry of the individual chambers. 

From the literature review on geometrical aspects of 

soft actuators it is observed that, comparatively fewer 

studies have investigated the semi-cylindrical shaped 

actuators [27-30]. Among these studies, Tan et al. [28] 

and Wang et al. [30] experimentally measured the forces 

generated by the soft gripppers. However, as per the best 

information of the authors, the effects of restraining layer 

thicknesses on the gripping force generation has not been 

investigated. In this perspective, the gripping force and 

deformation characteristics of soft actuators can be 

modified by varying the wall thicknesses and the 

pneumatic actuation pressure. Thus, the present study 

focused on the numerical investigation of a semi-

cylindrical silicone-based soft actuator by varying each 

parameter individually while keeping the remaining 

parameters constant to understand the effect of the 

corresponding parameter on its deformation 

characteristics. Based on the results obtained with the 

variations of the parameters, a suitable configuration of 

the parameters can be chosen depending on the 

application where the soft robot is being employed. 

Further, the working pressure for such robots and the 

critical pressure above which they may malfunction can 

also be determined. Thus, the present study aims to arrive 

at a comprehensive understanding of the characteristics 

of a semi-cylindrical silicone-based soft actuator. Based 

on these results, a suitable actuator can then be developed 

in a robust and systematic manner according to the 

deformation characteristics and the gripping force 

requirements of specific applications. 
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2. MATERIALS AND METHODS 

 

2. 1. Hyperelastic Material Model       For the 

simulation and analysis of the soft robotics structures, the 

materials are considered as hyperelastic in nature. These 

materials deform and later with the removal of the 

pressure return to their original shape, i.e., they do not 

undergo any plastic deformation. They can undergo such 

deformation cycles numerous times without undergoing 

permanent deformations. Various hyperelastic material 

models can be used to predict the stress-strain curve 

closely to the original curve [31]. Selection of a 

hyperelastic model involves a choice between 

complexity of models with higher number of material 

parameters which help in precise fitting to experimental 

data and on the other hand simple models with stable and 

acceptable results with reasonable accuracy. Compared 

to other models, Yeoh model is found to be efficient in 

this regard because of its simplicity, smaller number of 

material parameters and ability to describe multi-axial 

deformation behaviors [32]. In the present study, the 2nd 

order Yeoh hyperelastic model was used for the 

simulations [33] as shown in Equation (1). 

𝑊 = ∑ 𝐶𝑖(𝐼1 − 3)𝑖2
𝑖=1 + 𝐷[𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑡𝑒𝑟𝑚]  (1) 

where, W is the strain-energy potential, 𝐼1 is the first 

invariant of the right Cauchy-Green deformation tensor, 

and 𝐶𝑖 are the material constants. By assuming 

incompressibility of the material, the compression term 

is taken to be null. The order of series expansion can be 

done based on the number of terms required to represent 

the experimental deformation characteristics. The 

material constants of the Yeoh 2nd order model used in 

the present numerical investigation with the constant 

values stated in Table 1 [34]. Using the strain-energy 

expression of Equation (1), the stress-strain relationship 

under uniaxial loading can be obtained as follows [30]. 

𝜎 = ∑ 2𝐶𝑖 ∙ 𝑖 ∙ (𝜆 − 𝜆−2) ∙ (𝜆2 +  2𝜆−1 − 3)𝑖−1𝑛
𝑖=1   (2) 

where, σ is the Cauchy stress developed, λ is the ratio of 

deformed length to actual length (1+nominal strain). By 

substituting the constants in Table 1 in Equation (2), a 

graph of stress vs strain is plotted (Figure 1). It is 

observed that with an increase in strain, the rate at which 

the stress is developed increases. 
 

 

 
Figure 1. Stress-strain relationship with the Yeoh model 

TABLE 1. Material constants of Yeoh model [29] 

Constant Values (MPa) 

C1 0.11 

C2 0.02 

D 0 

 
 
2. 2. Modeling of the Computational Domain and 
Boundary Conditions       As discussed in the 

Introduction, actuator geometries govern the nature of 

deformation exhibited the actuators. The “semi-cylinder 

chamber” type of actuator was chosen for the present 

study (Figure 2) because of its tendency to curl and bend 

under the action of pressure through its chambers. The 

gripping action aimed to be obtained is achieved by 

curling around an object. The boundary conditions 

applied are shown in Figure 2. The actuator is considered 

to be fixed at one end and free at the other end. A static 

pressure is applied on all the internal faces of the 

chambers, which is varied between 100 kPa and 350 kPa 

in the analyses (Figure 2).  

Figure 3 shows the details of the geometrical 

parameters which were varied during the analysis, i.e., 

the restraining layer thickness (RLT) and wall thickness 

((D-d)/2). The total length of the gripper unit (L) 

measured between the inner faces is kept constant at 150 

mm. Table 2 presents the different combinations of 

dimensions that were considered. The outer radius (D/2) 

of the structure varies from 8.5 mm to 11.5 mm with a 

gradual increase of 1 mm. It is observed that with an 

increase in the wall thickness, the gaps decrease as the 

total length of the internal chamber remains constant. 

 
 

 
Figure 2. Boundary conditions on the semi-cylindrical 

actuator gripping unit 

 

 

 
Figure 3. Geometrical parameters varied in the analysis 
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TABLE 2. Parametric variations of the dimensions (mm) 

Sl. no. L RLT d/2 D/2 (D-d)/2 

1 150 5 7.5 8.5 2 

2 150 5 7.5 9.5 3 

3 150 5 7.5 10.5 4 

4 150 5 7.5 11.5 5 

5 150 2.5 7.5 10 2.5 

6 150 5 7.5 10 2.5 

7 150 7.5 7.5 10 2.5 

 

 

 
Figure 4. No. of elements vs stress developed 

 
 

2. 3. Grid-Independence Study          The 

computational domain is discretized using second-order 

tetrahedral elements. To identify the optimum size of the 

elements for the numerical analyses, the grid-

independence study is conducted. For this purpose, the 

numerical model is simulated at a pressure of 100 kPa 

while the element size is varied until a result is obtained 

which is independent of further refinement of mesh 

sizing. It is observed from Figure 4 that the results do not 

show significant difference above 15,000 elements. 

Thus, the element size for this case, i.e., 0.15 mm was 

chosen for further numerical analyses which was found 

to be the optimum mesh size for obtaining satisfactory 

results. 

 
2. 4. Gripping Force Evaluation       The gripping force 

has to be modulated based on the required application as 

discussed by Wang et al. [36, 37] and Cacucciolo et al. 

[38]. The bending of the actuator is postulated to be along 

the side of the restrain layer [39]. On application of the 

inflating pressure, the gripping actuator unit undergoes 

deformation. For this end, the gripping actuator unit 

(placed on top of the rigid block, shown in Figure 5) is 

placed on a solid, rigid block made up of structural steel 

(Figure 5), and the inflating pressure is applied on the 

actuator. The force generated by the actuator’s bottom 

surface is measured as the resultant reaction force 

developed at the bottom surface of the rigid block. A 

methodology (Figure 6) has been proposed in this study 

to measure the gripping force which is generated by the 

gripping unit. 

 
Figure 5. Schematic of FEA for gripping force evaluation 

 

 

 
Figure 6. Research methodology of the present study 

 

 

3. RESULTS AND DISCUSSION 

 

3. 1. Effect of Pressure on Deformation of The 
Actuator           Pneumatic networks operate by deforming 

on the application of different values of internal 

pressures. It can be postulated that on increasing the 

internal pressure the deformation of the structure 

increases. However, wall thickness and RLT play a key 

role in deciding the extent and nature of deformation 

observed. Figures 7(a) and 7(b) show the variations of 

bending profiles of the actuator with changes in wall 

thickness and RLT, respectively. It is observed that 

increasing RLT leads to increased bending whereas 

increasing the wall thickness leads to reduction in the 

bending of the actuator. This is because, wall thickness 

increases the rigidity of the layer; thereby reducing the 

amount of bending. Thus, a higher RLT and lower wall 

thickness is advisable for the required gripping mode of 

the actuator. 

Figures 8(a) and 8(b) show the changes in total 

deformation of the actuator with increase in inflating 

pressures. In case of variation of wall thickness, the 

relationship between maximum deformation and 

pressure is inversely proportional. Thus, it can be inferred 

that with an increase in the wall thickness the total 

deformation values decrease proportionally. It is also 

noted that an increase in wall thickness decreases the 

nonlinearity of the deformation-pressure relationship. 

Notably, at 2 mm wall thickness, the total deformation 

variation follows a sigmoidal curve, and with an increase  
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(a)  

 
(b )  

Figure 7. Bending profiles for varying (a) wall thickness and 

(b) RLT 

 

 

 
(a)  

 
(b )  

Figure 8. Total deformation results for variations of (a) wall 

thickness and (b) RLT 

 

 

in the thickness, the curve becomes closer to a linear 

profile. Thus, it can be deduced that with higher wall 

thicknesses, the geometry becomes bulky leading to 

increase in the effect of geometry of the structure 

compared to the effect of material nonlinearity of the soft 

material. 

With an increase in RLT, the total deformation 

increased until the RLT of 7.5 mm. However, this result 

does not provide a complete description of its 

deformation behavior. It is observed that an increase in 

RLT results in increased bending whereas an increase in 

wall thickness leads to an increase in radial expansion of 

the gripping unit. Therefore, to attain the curling motion 

for the gripping actuation, radial expansions and 

longitudinal expansions have to be minimized and 

bending actuation should be maximized. Notably, at 5 

and 7.5 mm RLT, the total deformation variation follows 

a sigmoidal curve, and with a decrease in RLT, the 

nonlinearity of the deformation-pressure curve decreases. 

As RLT reduces, the effect of expanding flexible wall 

increases which augments the effect of the nonlinear 

nature of the material to the forefront by reducing the 

bulkiness of the geometrical structure. 

 
3. 2. Effect of Pressure on Strain Variations          
With the increase in the internal pressure the actuator is 

made to expand, resulting in a change in strain values. 

The internal pressure is increased from 0 kPa to 225 kPa 

in a quasi-static manner. For various pressure levels, 

strain values were recorded and plotted as shown in 

Figures 9(a) and 8(b). Since, strain is an absolute quantity 

normalized with respect to the initial dimension of an 

object, in both the cases of an increase in wall thickness 

and RLT, it is observed that strain decreases with 

addition of material. This is because, with the addition of 

material the average stiffness of the actuator increases; 

thereby reducing the average strains. Our analysis 

revealed that the average stresses also follow a similar 

tendency as average strains. 

 

 

 
(a)  

 
(b )  

Figure 9. Effect of pressure on average strain for variations 

of (a) wall thickness and (b) RLT 
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3. 3. Effects of Pressure and Thickness on the 
Gripping Force Developed by the Actuator            
Figure 10(a) shows the effect on gripping force as the 

chamber wall thickness increases while keeping a 

constant base layer thickness (RLT) of 5mm. From the 

obtained results it can concluded that with an increase in 

wall thickness, higher working internal pressure can be 

employed for the gripping actuation, leading to higher 

gripping forces. The gripping force tends to follow an 

exponential law, increasing with the increase in working 

internal gripping force and wall thickness. The maximum 

gripping force achieved in the simulations were around 

35 N at 300 kPa pressure for 5 mm thick RLT. In an 

experimental study of human thumb inspired semi-

cylindrically shaped soft actuator, Wang et al. [30] 

reported a comparable gripping force between 30 N – 40 

N having a nonlinear variation with respect to actuation 

pressure as observed in Figure 9(a). Although the shapes 

of their internal chamber were different, the forces were 

in the same order as in the present study. Further, 

Chatterjee et al. [40] fabricated a human finger inspired 

actuator in the shape of a hollow semi-cylindrical tube, in 

which they observed a force generation of around 1.2 N 

at an actuation pressure of 30 kPa, which is again in the 

range of results in the present paper at the same pressure 

level. 

For a better understanding of the effect of wall 

thicknesses, the force values are evaluated at a common 

pressure of 100 kPa and RLT of 5 mm and depicted as 

shown in Figure 10b. From this result it is noted that with 

an increase in wall thickness from 2 mm to 5 mm, the 

gripping force increases and becomes saturated at 5 mm 

thickness. This saturation can be accounted for by an 

increase in the pressure requirements for actuation with 

increased wall thicknesses. As wall thickness increases, 

the pressure applied, i.e., 100 kPa, is comparatively low 

to produce higher gripping forces. Since, an actuator with 

higher thickness can bear higher pressures, it develops 

higher gripping forces as depicted in Figure 9(a). 

Figure 10(c) illustrates the maximum gripping force 

developed by the gripping unit by curling around it at 

their maximum bearable internal pressures. Force vector 

components along the three major axes, X, Y, and Z, are 

plotted. The effective gripping force developed by the 

actuator has been plotted and a regression equation is 

developed. The developed cubic polynomial regression 

model has an R2 value of 99.79%. It is observed that with 

an increase in wall thicknesses, the working pressure and 

maximum gripping force increases nonlinearly. This 

variation of the gripping force tends to follow a sigmoidal 

nature of curve. Similar trends of the nonlinear gripping 

force variations (sigmoidal variation) has been observed 

in the study conducted by Wang et al. [30]. 

 

3. 4. Effects of Geometric Parametric Variations 
on Maximum Stresses and Strains          Two types of  

 
(a)  

 
(b )  

 
(c)  

Figure 10. Gripping force variations with (a) varying 

pressures and wall thicknesses, (b) constant pressure of 100 

kPa and (c) different wall thicknesses and corresponding 

maximum working pressures 

 

 
parametric variations in the geometrical dimensions were 

considered for the present paper while keeping the 

remaining dimensional details constant. The geometry 

that is considered is a semi-cylindrical internal chamber. 

The flat part of the geometry is considered the restraining 

or base layer. The thickness of this layer is varied from 

2.5 mm to 7.5 mm with an increment of 2.5 mm, by 

keeping the chamber wall thickness constant at 2.5 mm. 

The second type of geometrical variations considered is 

by keeping the base layer or restrain layer constant at 5 

mm and varying the chamber wall thickness from 2 mm 

to 5 mm with an increment of 1 mm. The working 

internal pressures considered during these parametric 

variations were different to understand the effect of 

actuation pressure on the deformation characteristics. To 

further understand the effects of the parametric variations 

on the strain and stress states of the actuator, Figures 10 



2356                               D. Doreswamy et al. / IJE TRANSACTIONS C: Aspects  Vol. 35 No. 12, (December 2022)    2350-2358 

 

and 11, respectively, are shown. The Figures 11 and 12 

are plotted at constant pressures of 225 kPa and 150 kPa, 

respectively. 

Chamber wall thickness and RLT are the key factors 

that affect the stress developed. Figure 11 shows the 

relationships between the chamber wall thickness and 

RLT with maximum stresses developed in the actuator. 

As the thicknesses increase the stress developed by 

the model decreases at a constant pressure. However, it 

needs to be noted that with increasing thicknesses, the 

 

 

 
(a)  

 
(b )  

Figure 11. Effect of variations in (a) wall thickness and (b) 

RLT on maximum strain developed in the actuator 

 

 

 
(a)  

 
(b )  

Figure 12. Effect of variations in (a) wall thickness and (b) 

RLT on maximum stresses developed in the actuator 

working pressure of the actuator increases thereby 

increasing actual maximum pressures experienced by the 

actuators during their operations. As postulated earlier in 

case of Figure 8, the stresses and strains follow a 

declining trend with increase in the thickness of the 

material. 

From the effects of geometric parametric variations, 

it can be observed that the maximum stresses and strains 

developed on the chamber walls and restraining layer 

thickness increases with increasing working pressures. 

Thus, using thinner walls or restraining layers will result 

in more portable gripping units that require less working 

pressure to attain the same deformation. However, the 

RLT has a positive effect on the bending capability of the 

actuator as shown in Figure 7. Thus, a tradeoff has to be 

made between RLT and the stresses the actuator may be 

subjected to during its working conditions. The 

developed actuator has potential applications such as 

smart harvesting of delicate agricultural produce (such as 

tomatoes) [40, 41] and biomedical assistance to the 

elderly [42-44].  

The present study does have certain limitations. 

Since, in the current work, the effect of dynamic loading 

scenarios have not been simulated and the focus was only 

on static response of the actuator, the inertial effects 

(effect of gravity) has not been considered in the analysis. 

The effect of friction between the object and the grabber 

has not been considered in the present analyses. This will 

lead to underestimation of the gripping forces developed. 

Hence, this is a scope for future work. 

 
 

 

4. CONCLUSIONS 

 

The numerical analysis of the novel curling semi-

cylindrical actuator revealed its capability to curl into a 

complete 360° and thus producing a robust gripping force 

distribution for holding delicate objects with precision. 

Based on the study on the effects of pressure and 

thickness variations on the performance of semi-

cylindrical pneumatic soft actuator, the following 

conclusions are drawn: 

• Increasing wall thickness leads to increased radial 

expansion and decreased bending whereas 

increasing the RLT increases the bending capability 

of the actuator. Complete curling of the actuator is 

achieved for two combinations of wall thickness and 

RLT: (2 mm, 5 mm) and (2.5 mm and 7.5 mm), 

respectively. 

• The deformation-pressure relationship at 2 mm wall 

thickness and 5 mm RLT follow a sigmoidal curve 

and with increasing wall thicknesses the nonlinearity 

decreases. With decreasing RLT from 5 mm to 2.5 

mm the deformation-pressure relationship become 

close to a linear function. 
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• The gripping force increases exponentially with an 

increase in applied pressure as well as both wall 

thickness and RLT due to the increase in working 

pressure capability with increasing thicknesses.  

• For a common actuating pressure, the gripping force 

is seen to saturate at a certain thickness, while for the 

maximum working pressure the gripping force 

increases nonlinearly. A third-order polynomial 

model is developed to represent the relationship 

between wall thickness and total gripping force 

developed at the maximum operating pressures, 

which showed an R2=99.79%, valid for the range: 2 

mm ≤ wall thickness ≤ 5 mm and 2.5 mm ≤ RLT ≤ 

7.5 mm. 
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Persian Abstract 

 چکیده 
مانند    ف یظر  ات یمختلف شامل عمل  یکاربردها  یبرا  یادوارکنندهیام  ندهیدر حال توسعه است که آ  نهیزم   کی(  Pneu-Net)   کیشبکه پنومات  یهانرم با استفاده از محرک   کیربات

حال،    نیقرار گرفته است. با ا  یمورد بررس  نهیزم نیاز محققان در ا  یاریاست که توسط بس  یهندسه و عملکرد محرک موضوع مهم  نی دارد. تعامل ب  یپزشک  ستیز  یهاکمک

  جاد یچنگ زدن ا  یرویبر ن  وارهیضخامت د  رات یبه روشن کردن تأث  ازین  ژه،یوجود ندارد. به و  ی قینرم تحق   یهامحرک  یهندس  یچنگ زدن و پارامترها  تیقابل  نی در مورد رابطه ب

 ی های ژگ یبر و  وارهیفشار و ضخامت د  رات ییاثرات تغ   یابیارز  یبرا  یبه صورت عدد  یااستوانه   مهین  یامحفظه   PneuNetنرم    محرک  کیشده وجود دارد. در مطالعه حاضر،  

ضخامت    شیکه افزا  یکند در حال  یمحرک کمک م  یخمش  تی( به قابلRLTبازدارنده )  هیضخامت ال  شی نشان داد که افزا  جیقرار گرفته است. نتا  یعملکرد آن مورد بررس

حداکثر   یهندس  یهایکربندیپ  نی. در ادیآ  یبه دست م  RLTو حداکثر    وارهیحداقل ضخامت د  بیحداکثر خمش محرک در ترک  ن، یدهد. بنابرا  یم  کاهشمحفظه آن را    وارهید

چنگ    یروی. نکنندیم  دایپ  شیشدن گرا  یبه سمت خط  RLTو کاهش    وارهیضخامت د  شیو با افزا  کنندی م  یرویپ  یدیگموئیتابع س  کیفشار از  -شکل  رییخمش، روابط تغ 

 ش یمربوطه افزا  یدر حداکثر فشار کار  وارهیضخامت د  شیبا افزا  یگرفتن به صورت مکعب  یرویرا نشان داد. حداکثر ن   یینما  شیافزا  وارهیو ضخامت د  یفشار کار  شیزدن با افزا

 شد. سازیمدل( ٪2R 99.79 =) یاچند جمله ونیکه با استفاده از مدل رگرس  افتی
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