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ABSTRACT 

 

This appraisal paper is introducing a survey of the silicone elastic delicate gripper, we study more than 50 papers noticing 

the all finding and examination subtleties of the papers concurring their outcomes and their conversation we set up this 

paper, we compose the all-out audit of this silicone elastic delicate gripper. We are including this paper creation, 

distinctive incitation strategies, and reproduction subtleties of the diverse plan with various models and various materials 

utilized for the manufacture of this delicate gripper, in the wake of noticing all paper choosing the Dragon Skin10 (DS10) 

material with multi air chambers gripper is best for the creation of the delicate gripper. 
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1) INTRODUCTION 
A recent year's technology was developed in the field of robotic the robot having the gripper that is very important to hold 

the objects Soft robotics is a new member of the robotic household that has several promising features, such as 

lightweight, inexpensive, easily fabricated, honestly to manipulate, etc[1, 2].  The design, fabrication, and actuation of 

tender robotics have attracted the developing attention of researchers from multiple fields such as chemistry [3, 4], physics 

[5], biology [6, 7], and mechanical engineering [8, 9]. To holding the objects gripper are many types available to handling 

the objects but soft and precision material we need soft gripper. This gripper also having different types to hold different 

objects so research is proposed as the soft silicone rubber soft gripper. This soft gripper used in different industry and 

general-purpose application those are food processing, pick and place purpose for precision objects, underwater gripper, 

surgery tool, shop floor dusk, but in medical still facing challenges for holding the precision surgical tools because of lack 

of modeling and manage algorithm [10]Different soft gentle actuator is developed that ought to produce the bending 

motion by themselves or by the mechanism used that bend, due to the actuation [11, 12]. This gripper to actuation three 

types is available 1) pneumatic 2) Cable 3) hydraulic, is used for actuation the gentle gripper but out these three mostly 

used pneumatic actuation. Because Fabrication of this gripper is easy and pneumatic air available free of cost used to 

fabricating this gripper used material is silicone rubber in this silicone rubber available in two parts that are part A&B by 

mixing these two parts in the same percentage prepare the soft gripper. At the present different type of silicone rubbers are 

available Dragon skin10 (DS10), Dragon Skin20, Dragon Skin30, Ecoflex 10 Ecoflex 30, smooth sil 950 these are the 

material used for this gripper but mostly used the Dragon Skin10, 20, 30 because it less density and generating better work 

output the soft gripper can be fabricated by several approaches including multi-material 3D printing [13, 14], shape 

deposition manufacturing (SDM)[15], soft lithography [16, 17], or integrate multiple manufacturing approaches to create 

composite materials [18, 19] considering the cost, fabrication time, holding of material used this silicone rubber soft 

gripper method. The fabrication of this silicone rubber soft gripper preparing the two parts, first part is preparing by using 

3d for die printing the die also different shapes according to our design requirement the shape and design will change, the 

second part is preparing the silicone rubber mixture this silicone rubber available in two parts that is part A&B to mixing 

these two parts in the same ratio after preparing the mixture pouring into die to wait for 30min to 2.5 hr in presence of 

room temperature and vacuum cooling based on the material 

Actuation is the work for holding the objects according to the actuation the gripper material and model will be changed. To 

actuating the soft gripper having the different types that are pneumatic, cable type, vacuum, hydraulic but in this silicone 

gripper two methods are mostly used 1) pneumatic technique 2) cable operation because this gripper is soft made of 

silicone rubber that why use only these two actuation techniques the remanding techniques also used. By using these 

grippers to operating the gently the precision and smooth objects easily 
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2) DESIGN AND FABRICATION 

 

2.1) Designing and printing of die 

 

Design the gripper to considering the distribution of stress throughout the adhesives must be as uniform as allow load 

sharing [20] and the layers had been used as a structural asymmetry to convert growth of the chambers of elastomer 

actuators into bending [21- 23]. In designing the soft gripper, we consider some points 1) wall thickness of the internal 

chambers 2) in a multi-chamber gap between two chambers must be small so it can generate the more bending angle 3) 

thickness of the layers it will also be affecting the bending angle consider these points design the gripper. This gripper 

fabricating having two processes 1) printing of die 2) preparing the soft gripper. 

1) Printing process using the 3D printer for printing the required shape of gripper die in this printing process mostly used 

FDM (fused deposition machine) because low cost easily available. Before printing the die to design the required shape of 

gripper die so that design required several parts so in designing purpose use some design software that is Auto CAD, Solid 

Work, CATIA, by using these software design the required shape of the gripper dies. To complete the design to convert 

the design into 3d printing file that means an STL file that STL data giving to the 3d printer according to the data 3D 

printer is printing the gripper die. The design for the different gripper to supplied the different pressure ranges according to 

that range to use different pressure levels that are 7 psi, 0.5atm, 50kPa [24] that pressure to control using some 

microcontrollers and processors 

 

2.2) Fabrication of gripper 

 

Fabrication is the process of preparing the soft material, pouring and solidification processes in this fabrication we used the 

different types of mold, the model used is based on the analysis by Gafford [25]. Some gripper their need the 3D printing 

parts those parts attached directly using the mold star30 material because of it having the good mechanical strength so it 

can protect the joints. Prepare the required material in this material available in two parts part A&B by mixing these two 

parts in 1A:1B ratio after pour into die in this pouring process some time air bubbles will form it damage the gripper so 

carefully pour the material in to die. After the pouring process completed to solidified the die in different ways 1) room 

temperature in this cool the die at normal room temperature it will take 30min to 2.5 hr based on the type of the material 

used these type cooling mostly used dragon skin 10, 20, 30 type material 2) vacuum cooling in this type material placed in 

the vacuum chamber and set the temperature at 60℃ to 100℃ based on the type of the material in this system mostly used 

Mooth-Sil 950, Elastosil M4601 type material after complete solidification process to remove the gripper from dying to 

actuate to test the gripper 

 

3) ACTUATION 
Actuation means some amount of work done the gripper with help of some actuation process in soft gripper mainly used 

the three actuation models 1) pneumatic 2) cable actuation 3) hydraulic 

1) Pneumatic actuation is done with help of the air pressure in this actuation high compressed or pressurized air passed 

through the internal chambers air chambers of the gripper in that pressure the gripper bends some angle to hold the objects, 

first pneumatic operating system used in the soft grippers are Deimel and Brock [26] with help of the pump and 

Alternatively, do this process piston-cylinder arrangement [27]. Operating different grippers needs different pressures in 

the "Asymmetric Bellow Flexible Pneumatic Actuator for Miniature Robotic Soft Gripper" 0.3MPa of internal steady-state 

pressure, 5and 6kpa gauge pressure used to actuate the gentle gripper [28], to measure the pressure using the one-touch 

(KQ2UD04, SMC, Japan), the pressure changed the based on the material for Dragon Skin10, 20 to 50kpa sufficient to 

generating near to 270℃ of bending angle because the density of the material is low compare to other, Dragon Skin30 50 

to 150kpa It will generating the near to 360℃ of the bending angle. Pneumatic actuation is the best actuation technique for 

the soft gripper because the cost of the system is low and the cost of the fabrication process low and easy to operate so 

mostly prefer this actuation   

2)  Cable actuation to actuating the gripper cables placed in the die center of the gripper its placed before pouring the 

rubber, below figure 1 show the details to actuating process used 1331T006SR [29], model its very power full motor to 

place the motor at motor housing the details show below figure 2 by this motor to hold and pickup up to 3kg in this system 

suitable for hard material. The top part of the gripper used Dragon Skin materials for gripping purpose  
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a) Pacing of the cable at center                                      b) actuation of the gripper 

 

Figure 1: Details of the actuation 

 

 
Figure 2: motor housing details 

 

The cable-type of actuation is suitable for the easy operating and operating required less space holding and pick up the 

objects gently, suitable for the hard type of objects to be grasping as comparing the pneumatic but the main problem is not 

suitable for all the objects this type of actuation because it made as different mixing of silicone rubbers it may hard but is 

giving the better output 

3)  Hydraulic actuation is also similar to pneumatic in this system using the hydraulic oil or fluid if we need more grasping 

power that time using this system to actuating using a hydraulic motor with help of valve operating system solenoid valves 

are used mostly this system is pressurized fluid passed through the gripper finger due to that force fingers will be expanded 

to graph the object to getting this pressure using the hydraulic motor and piston-cylinder both are using them according to 

the needs this hydraulic

Pressure will be different from the different shape of the gripper that pressures are 6kpa, 0.5kpa, etc the cable-type of 

actuation is suitable for the easy operating, operating required less space holding and pick up the objects gently, suitable 

for the hard type of objects to be grasping as comparing the pneumatic but the main problem is not suitable for all the 

objects this type of actuation because it made as different mixing of silicone rubbers it may hard but is giving the better 

output 

 

4) FINITE ELEMENT ANALYSIS OF FINGER 
 

FEM approaches are used to analysis of gripper with different tests simulation process using the different software’s 1) 

Abaqus 2) Ansys 3) solid works etc. but Abaqus is best software because its new type software in the simulation fields and 

it’s generating the better results. In soft gripper used some material the details show below table1. In this simulation of the 

gripper two model of design available 

 

Table 1:  Material details 

 

Material Software Model Coefficients Density 

 

Dragon 

Skin10 

(DS10) 

Abaqus Yeoh C10=36Kpa,C20=0.25Kpa, 

C30=0.025Kpa [30] 

 

 

 

1070kg/m3 
Ogden μ1=180.2,μ2=553.8,μ3=409.9Kpa 

[31] 

 Neo- C1=42.5 Kpa, μ1=-85 Kpa [32] 

Top surface 

cable 

Bending 

Motor housing 
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1) single air chamber in this bending angle is depend on the thickness of the internal wall if small thickness of internal air 

chamber produces more bending angle below figure 3 show bending of gripper at different pressure ranges [41]. This 

single chamber gripper required more pressure to multi chamber its suitable for holding the hard and 3 to kg 6 of weight  

 
Figure 3: single air chamber gripper bending at different pressure with different material 

 

2) Multi air chamber gripper these grippers having the more than one internal air chambers so it can generate the more 

bending angle at low pressure the angle of bending is depended on some points a) thickness of the internal walls b) gap 

between the two chambers c) thickness of the bottom layer d) if increase the numbers of air chambers in fixed length is 

generating the more bending angle, this multi air chamber having two types [41]1) only internal air chambers in this 

chambers generating the more bending angle comparing with single air chambers figure 4a show the bending of gripper at 

45kpa pressure 2) internal and external chambers in this type gripper generating the more bending angle compare with the 

only internal chambers at low pressure figure 4b show the bending angle with pressure of  40kpa  

Hookean 

Dragon 

Skin 20 

Solid 

works 

Hooke’s 

law 

E=0.120 Mpa [33]  

1075kg/m3 Abaqus Ogden μ10=1307.7,μ20=2349.7,μ30=1207.5 

Kpa 

α1=1.1087,α2=-0.0317,α3=-1.6291          

[31] 

D1=490.0,D2=0,D3=0 Kpa 

 

 

 

Dragon 

Skin 30 

N/A Mooney–

Rivlin 

C10=0.001190KPa,C20=0.023028 

Mpa [34] 

 

 

 

 

 

1080kg/m3 

 

 

 

Abaqus 

Yeoh C10=0.096Mpa,C20=0.0095 Mpa 

[31] 

Ogden μ1=1180.6,μ2=874.3,μ3=1939.6Kpa 

α1=1.0698,α2=-1.2370,α3=0.1347      

[31] 

D1=702.9,D2=0,D3=0 Kpa 

Ansys Yeoh  

C1=0.11488 kPa,C2=0.001262 Mpa 

[35] 

Ecoflex 

10 

COMSOL Generalized C10=-7.48,C01=0.19610 Kpa [36]  

  Rivlin C20=-19.81,C02=-53.9 Kpa [36] 

 

 

Ecoflex 

30 

 

 

Abaqus 

Yeoh C1=110,C2=20 Kpa  [37] 

 

Ogden μ10=1.887,μ20=0.02225,μ30=3.574 

Kpa 

α1=-3.848,α2=0.663,α3=4.225             

[38] 

D1=2930, D2=0, D3=0 Kpa 

 

 

1130kg/m3 

COMSOL Yeoh C10=0.0127,C20=0.423,C3=0.00146 

Mpa  [39] 

Mooth-

Sil 950 

Abaqus Neo-

Hookean 

C10=340 Kpa [40]  
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a) Internal air chambers at 45kpa b) internal and external chambers at 40kpa 

 

Figure 4: multi air chamber gripper 

 

Different model of design needed different pressure below figure 5 [42] show the bending half circle using the Dragon 

Skin20 material at 30 kpa pressure. By using the above material detail performed the simulation but mostly used the 

Dragon Skin 10, Dragon Skin 20, Dragon Skin 30, these materials used mostly for soft gripper because it produced the 

more bending angle at low pressure  

 

 
 

Figure 5: bending at 30kpa pressure 

 

Defecting of the multi chamber gripper with respective to pressure those angles are 27∘, 30∘, 43∘, and 48∘ as in opposition 

to the 35∘, 37∘, 48∘, and 56∘ as bought via the manufactured actuator at inner pressures of ninety 90kPa, one hundred 

twenty 120kPa, a hundred and fifty 150kPa, and a hundred and eighty 180kPa [43]. The FEM approach is an incredibly 

correct way to reproducing the deformation conducting the deformable objects and has been regularly utilizing to the 

mannequin and simulates tender gripper [44-48] the below figure 6 showing the simulation details of the two different 

material figure6a is the Dragon Skin 10 and figure6b  is the dragon skin 30 material[49]. Below figure7 showing the Down 

scale simulation of the pressure and curvature of the gripper under pressure [50] 

External chambers  
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Figure 6: Simulation of the multi- air chamber gripper a) Dragon Skin 10 material b) Dragon Skin 30 material
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Figure7: the curvature of the gripper concerning pressure 

 

5) RESULT 
 

Our result describing the how to working and grasping the different gripper the final output of adapting and different load 

condition of the soft gripper show the grasping of objects  change the displacement at different force if the gripper having 

the one chamber is easy to control of the more than two chambers comparing to a conventional actuator of more than two 

chambers [51-54] the detail of each finger of the gripper when applying the load how to reacting each finger of the gripper 

and the gripper 1 maximum average grasping load 0.68N and gripper two 15.12N under the tension [55]. To recording the 

readings using the force gauge Mark-10 M5-10 the angles of joints is zero degrees [56], output toque with two noted 

points; nonlinearity was not captured by the model, measure torque exceeds the predicted torque If the gripper getting 

stable in the grasping of more than 3kg of weights the gripper weight is 156 gram [57] and some gripper reacting very fast 

ensuing actuator bends 270◦ at 17kPa with an enter of 15.7mJ of power takes less than 0.4s [58] 
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Figure8: Detail of the different size of the spheres with respected to force 

 

The above figure8 explains the detail of the different spheres is grasping at the different forces "Universal soft pneumatic 

robotic gripper with variable effective length"[59] the gripper's most common greedy pressure price is 1.02N in the 

corresponding of 25.12N of tension. The below figure9 is showing the experimental and theoretical difference between the 

force and pressure relation of "Asymmetric Bellow Flexible Pneumatic Actuator for Miniature Robotic Soft Gripper"[60] 
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Figure 9: show the difference of the theoretical and experimental 

The below figure10 is showing the suction test results of the different type of items concerning the weight how much 

percentage of the suction required to lift those item [61] 

9.78%

48.82%

24.2%

9.53%

7.67%

 Humburger [80.5]

 Sauce[100.1]

 Rice[254.09]

 Kernel corn[512.62]

 MacBook Air[1072.65]

 

 

 
Figur10: detail of suction pressure requirement 
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Different gripper exhibits the different load characteristics at different force or pressure levels the below figure 11 showing 

the resistive forces of two different object [62] 

 

Figure11: gripper forces for different object 

 

6) CONCLUSION 

 

In the field of robotic different gripper are available but handling the soft material a smaller number of the gripper are 

available, the best one is silicone rubber soft gripper. Our systematic review of the design, fabrication, and simulation of 

the soft grippers used to hold the soft materials and precision parts in the field of food processing industries, medical, 

home application, pick, and place purpose. By using this gripper to do the work at low cost and less time, this soft gripper 

is easy to fabricating compare the all-other types of the grippers because of the process of fabrication is casting 

solidification at room temperature and vacuum. 

 

In simulation process different design are observing and finally chose the multi- air chamber is best if increase the more 

chambers in fixed length it will generating the more bending angle with help of the Dragon Skin 10 material is best for this 

soft gripper because low density it will generating the more bending angle  

 

7) REFERENCES 
 

[1] H. Lipson, "Challenges and Opportunities for Design, Simulation, and Fabrication of Soft Robots,” Soft Robotics,2013. 

[2] S. Kim, C. Laschi, and B. Trimmer, "Soft robotics:  a bioinspired evolution in robotics," Trends in Biotechnology, vol. 31, 

no. 5, pp. 23-30, May2013. 

[3] F. Ilievski, A. D. Mazzeo, R. E. Shepherd, X. Chen, and G. M. Whitesides, “Soft Robotics for Chemists,” 

AngewandteChemie-International Edition, vol. 50, no. 8, pp. 1890-1895,2011. 

[4] R. F. Shepherd, A.  A.  Stokes, J.Freake,  J.Barber,  P.  W. Snyder, A.  D.  Mazzeo, L.Cademartiri,  S.  A.  Morin, and G. 

M. Whitesides, “Using Explosions to Power a Soft Robot,” AngewandteChemie-International Edition, vol. 52, no. 10, pp. 

2892-2896,2013. 

[5] E. Brown, N. Rodenberg, J. Amend, A. Mozeika, E.Steltz,  M.R.Zakin,  H.Lipson,  and  H.  M.  Jaeger, "Universal robotic 

gripper based on the jamming of granular material," Proceedings of the National   AcademyofSciencesofthe United States 

ofAmerica, vol.107, no.44,pp.18809-18814,Nov2,2010. 

[6] L. J. H. Jr., CombesStacey, NawrothJanna, HaleMelina, LauderGeorge, SwartzSharon,  QuinnRoger,  and  ChielHillel, 

“How Does Soft Robotics Drive Research in Animal Locomotion?,”Soft Robotics, 2014. 

[7] Ren, Z., Yang, X., Wang, T., and Wen, L.,” Hydrodynamics of a robotic fishtail:  effects of the caudal peduncle, 

finraymotionsandtheflowspeed”, Bioinspiration&Biomimetic, vol.11, no.1,2016. 

[8] R.Deimel,andO.Brock,“Anoveltypeofcompliant, underactuatedrobotichandfor dexterous sgrasping,” 

[9] Robotics: Science and Systems, Berkeley, CA,pp.1687-1692,2014 

[10] P. Polygerinos, Z. Wang, J. T. B. Overvelde, K. C. Galloway, R. J.  Wood, K.Bertoldi,  and  C.  J.  Walsh, "Modeling of 

Soft Fiber-Reinforced Bending Actuators, "IEEE Transactions on Robotics, vol. 31, no.3,pp.778- 789, Jun 2015 

[11] Laschi C, Cianchetti M (2014) Soft robotics:  new perspectives for robot body ware and control.  Front 

BioengBiotechnol2:3 

[12] L. Zhang, Z.Wang, Q. Yang,  G.  Bao, and S.Qian,  "Development and simulation of  ZJUT  hand based on flexible 

pneumatic actuator FPA," in Proceedings of the IEEE International Conference on Mechatronics and Automation(ICMA 

'09), pp. 1634–1639, IEEE, Changchun, China, August2009. 

[13] Gaiser, S. Schulz, H.  Breitwieser, and G. Bretthaur,"Enhanced flexible fluidic actuators for biologically inspired 

lightweight robots with inherent compliance," in Proceedings of the IEEE International Conference on Robotics and 

Biomimetics(ROBIO '10), pp. 1423–1428, Tianjin, China, December2010. 

[14] N. W. Bartlett, M. T.  Tolley, J.T.  B.  Overvelde, J. C.Weaver, B.  Mosadegh, K.Bertoldi,  G.M.  Whitesides, and R. J.  

Wood, "A 3D-printed, functionally graded soft robot powered by combustion,” Science, vol.  349, no. 6244, pp. 161-165, 

Jul 10,2015. 

[15] Wen, L., Weaver, J. C., and Lauder, G. V., "Biomimetic shark skin:  design, fabrication, and hydrodynamic function", 

Journal of Experimental Biology, vol.217, no.10, pp.1656-1666,2014. 

[16] S. A. Suresh, D. L. Christensen, E.W. Hawkes, andM.  Cutkosky, "Surface and Shape Deposition Manufacturing for the 

Fabrication of a Curved Surface Gripper," Journal of Mechanismsand Robotics- Transactions of the ASME, vol. 7, no. 2, 

May2015. 

[17] R.F.Shepherd,F.Ilievski,W. Choi,S.A.Morin,A.A.Stokes,A.D.Mazzeo,X.Chen,M.Wang,andG.M. Whitesides, "Multigait 

soft robot,"  Proceedings of the  National  Academy of  Sciences of the  United  States of America, vol. 108, no. 51, pp. 

20400-20403, Dec 20,2011. 

[18] R.  F.  Shepherd, A.  A. Stokes, R. M. D. Nunes, andG.  M. Whitesides, "Soft Machines That are Resistant to Puncture and 

That Self Seal," Advanced Materials, vol. 25, no. 46, pp. 6709-6713, Dec2013. 

[19] K.  J.  Cho, J. S. Koh, S.Kim, W.S. Chu, Y.Hong, and S. H. Ahn, "Review of manufacturing processes for soft biomimetic 

robots," International Journalof Precision Engineering and Manufacturing, vol.  10, no.   3, pp. 171-181, Jul2009. 

[20] F. Connolly, P. Polygerinos, C. J. Walsh, and K.  Bertoldi, “Mechanical Programming of Soft Actuators by Varying Fiber 

Angle,” Soft Robotics, vol. 2, pp. 26-32,2015 

http://www.jetir.org/


© 2021 JETIR April 2021, Volume 8, Issue 4                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2104179 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 635 
 

[21] Parness et al., “A microfabricated wedge-shaped adhesive array displaying gecko-like dynamic adhesion, directionality 

and long lifetime,” J. Roy. Soc., Interface, vol. 6, pp. 1223–1232, Dec.2009. 

[22] D. Rus and M. T. Tolley, "Design, fabrication, and control of soft robots," Nature, vol. 521, no. 7553, pp. 467–475, 2015. 

[23] F. Ilievski, A. D. Mazzeo, R. F. Shepherd, X. Chen, and G. M. Whitesides, “Soft robotics for chemists,” 

AngewandteChemie, vol. 123, no. 8, pp. 1930–1935,2011 

[24] D. Marchese, R. K. Katzschmann, and D. Rus, “A recipe for soft fluidic elastomer robots,” Soft Robot., vol. 2, no. 1, pp. 

7–25,2015 

[25] Stokes, Adam A., Robert F. Shepherd, Stephen A. Morin, Filip Ilievski, and George M. Whitesides. 2014. “A Hybrid 

Combining Hard and Soft Robots.” Soft Robotics 1 (1) (March):70–74. 

[26] Analysis by Joshua Gafford, “Tension-Actuated, Multi-Jointed Compliant FingerAnalysis” http: ==soft   robotics tool 

kit:com=files= sorotoolkit=files=bend analysis documentation1:pdf 

[27] R. Deimel and O. Brock. A compliant hand based on a novel pneumatic actuator.  In IEEE International Conference on 

Robotics and Automation (ICRA), pages 2047{2053,2013 

[28] B. Caasenbrood, A. Pogromsky, H. Nijmeijer, inProc. IEEE Int. Conf.on Soft Robotics. IEEE, Piscataway, NJ2020, pp. 

633–638 

[29] S. G. Nuthi, Master’s thesis, Arizona State University,2018 

[30] P. Polygerinos, K. Galloway, Z. Wang, F. Connolly, J. T. B. Overvelde,H. Young, Fiber reinforced actuators: Finite 

element modelling,2020, https://softroboticstoolkit.com/book/fr-modeling (accessed:February 2019). 

[31] R. A. Bilodeau, M. C. Yuen, J. C. Case, T. L. Buckner, R. Kramer-Bottiglio, inProc. IEEE/RSJ IEEE Int. Conf. on 

Intelligent Robotsand Systems, IEEE, Piscataway, NJ2018, pp. 1–8 

[32] Y.Elsayed, A. Vincensi, C. Lekakou, T. Geng, C. Saaj, T. Ranzani,M. Cianchetti, A. Menciassi,Soft Robot.2014,1, 255. 

[33] Z. Chen, X. Liang, T. Wu, T. Yin, Y. Xiang, S. Qu,Acta Mech. SolidaSin.2018,31, 608 

[34] F. Yang, Q. Ruan, Y. Man, Z. Xie, H. Yue, B. Li, R. Liu,IEEE Access2020,8, 122304 

[35] P. Kulkarni, Master’s thesis, Rutgers University-Graduate School-New Brunswick,2015. 

[36] J. Yan, H. Dong, X. Zhang, J. Zhao, inProc. IEEE Int. Conf. onReal-time Computing and Robotics, IEEE, Piscataway, 

NJ2016,pp. 505–510. 

[37] X. Peng, N. Zhang, L. Ge, G. Gu, inProc. IEEE Int. Conf. on SoftRobotics, IEEE, Piscataway, NJ2019, pp. 13–18 

[38] Matheus S. Xavier, * Andrew J. Fleming, and Yuen K. Yong Finite Element Modeling of Soft Fluidic Actuators: 

Overview and Recent Developments 

[39] Hazem Gamal El Bana, Ayman Abbas A Novel Design of the Utilisation of Soft Grippers in Loading and Unloading 

Applications 2020 international conference on innovation trends in communication and computer engineering (ITCE 

2020), Aswan, Egypt 

[40] G. Decroly, B. Mertens, P. Lambert, A. Delchambre,Int. J. Comput.Assist. Radiol. Surg.2019,15, 333 

[41] D. Steck, J. Qu, S. Kordmahale, D. Tscharnuter, A. Muliana,J.Kameoka,J. Appl. Polym. Sci.2019,136,5 

[42] Mariangela Manti, Taimoor Hassan, Giovanni Passetti, Nicol`od’Elia, Matteo Cianchetti, and Cecilia Laschi an under-

actuated and adaptable soft robotic gripper The BioRobotics Institute, ScuolaSuperioreSant’Anna 56025 Pontedera, PI, 

Italy, http://sssa.bioroboticsinstitute.it/ 

[43] A.D. Marchese, K. Komorowski, C.D. Onal, and D. Rus. Design and control of a soft and continuously deformable 2d 

robotic manipulation system. In IEEE International Conference on Robotics and Automatio (ICRA), pages 2189{2196, 

May2014 

[44] R. Adam Bilodeau1, Edward L. White1 and Rebecca K. Kramer1_ Monolithic Fabrication of Sensors and Actuators in a 

Soft Robotic Gripper 2015 IEEE/RSJ International Conference on Intelligent Robots and 

Systems(IROS)CongressCenterHamburgSept28-Oct2, 2015.Hamburg,German 

[45] Ganesha Udupa,1 Pramod Sreedharan,1 P.  Sai Dinesh,2 android Kim3 AsymmetricBellow Flexible Pneumatic Actuator 

for Miniature Robotic Soft Gripper Hindawi Publishing Corporation Journal of Robotics Volume 2014, Article ID 902625, 

11 pageshttp://dx.doi.org/10.1155/2014/902625 

[46] P. Polygerinos, Z. Wang, J. T. B. Overvelde, K. C. Galloway, R. J.Wood, K. Bertoldi, C. J. Walsh, Modeling of soft

 fiber- reinforcedbendingactuators,IEEETransactionsonRobotics31(3)(2015)778– 

[47] 789.doi:10.1109/TRO.2015.2428504.520 

[48] J. H. Low, Customizable soft pneumatic gripper devices, Master’s thesis, National University of Singapore(2015). 

[49] Zhongkui Wang ∗ , Keung Or, Shinichi Hirai A dual-mode soft gripper for food packaging Soft Robotics Laboratory, 

Department of Robotics, Ritsumeikan University, 525-8577 Noji-Higashi 1-1-1, Kusatsu, Shiga, Japan 

[50] M. Manti, T. Hassan, G. Passetti, N. D´Elia, C. Laschi, M. Cianchetti, A bioinspired soft robotic gripper for adaptable and 

effective grasping, Soft Robotics 2 (3) (2015) 107–116.doi:10.1089/soro.2015.0009. 

[51] P. Moseley, J. M. Florez, H. A. Sonar, G. Agarwal, W. Curtin, J. Paik, Modeling, design, and development of soft 

pneumatic actuators with finite element method, Advanced Engineering Materials 18 (6) (2016) 978–988. 

doi:10.1002/adem.201500503 

[52] Y. Hao, T. Wang, Z. Ren, Z. Gong, H. Wang, X. Yang, S. Guan, L. Wen, Modeling, and experiments of a soft robotic 

gripper in amphibious environments, International Journal of Advanced Robotic Systems 14 (3) (2017) 1–12. Doi: 

10.1177/1729881417707148. 

[53] Tong, mingle design, modeling, and fabrication of a massage neck support using soft robot mechanism The Ohio State 

University March2014 

[54] K. Suzumori, S. Iikura, and H. Tanaka, "Applying a flexiblemicroactuator to robotic mechanisms,” IEEE Control Systems 

Magazine, vol. 12, no. 1, pp. 21–27,1992 

[55] K. Suzumori, S. Endo, T. Kanda, N. Kato, and H. Suzuki, "A bending pneumatic rubber actuator realizing soft-bodied 

manta swimming robot," in Proceedings of the IEEE International Conference on Robotics and Automation (ICRA '07), 

pp. 4975–4980, Roma, Italy, April2007. 

[56] K. Suzumori, S. Iikura, and H. Tanaka, "Development of flexible microactuator and its applications to robotic 

mechanisms," in Proceedings of the IEEE International Conference on Robotics and Automation, pp. 1622–1627, 

http://www.jetir.org/
http://dx.doi.org/10.1155/2014/902625


© 2021 JETIR April 2021, Volume 8, Issue 4                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2104179 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 636 
 

Sacramento, Calif, USA, April1991. 

[57] K.  Suzumori, S.Iikura,  and H. Tanaka, "Flexible microactuator for miniature robots,"  in  Proceedings  of    

theIEEEMicroElectroMechanicalSystemsConference,pp.204–209,Nora,Japan,1991 

[58] Yi Sun, Yun Seong Song and Jamie Paik, Member, IEEE Characterization of Silicone Rubber Based SoftPneumatic 

Actuators2013 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS)November 3-7, 2013. Tokyo, 

Japan 

[59] PaulGlick, Srinivasan a. Suresh, Donald ruffatto, iii, mark cutkosky, Michael t. Tolley, and Aaron Parness a soft robotic 

gripper with gecko-inspired adhesive IEEE robotics and automation letters, vol. 3, no. 2, April2018 

[60] P. Polygerinos, Z. Wang, J. T. B. Overvelde, K. C. Galloway, R. J.Wood, K. Bertoldi, C. J. Walsh, Modeling of soft fiber-

reinforced bending actuators, IEEE Transactions on Robotics 31 (3) (2015) 778– 789.doi:10.1109/TRO.2015.2428504.520 

[61] Z. Wang, K. Or and S.  Hirai, A dual-mode soft gripper for food packaging, Robotics and Autonomous Systems (2020), 

DOI:https://doi.org/10.1016/j.robot.2020.103427 

[62] Taimoor Hassan,1 Mariangela Manti,2 Giovanni Passetti,3 Student Member, IEEE, Nicolo d'Elia,4Matteo Cianchetti,5 

Member, IEEE, and Cecilia Laschi,6 Senior Member, IEEE Design,and development of a bio-inspired, under-actuated soft 

gripper 978-1-4244-9270-1/15/$31.00 ©2015EU 

http://www.jetir.org/
https://doi.org/10.1016/j.robot.2020.103427

