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Advancements in Soft Grippers for Versatile Grasping: Exploring Diverse
Actuation and Grasping Mechanisms
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In recent years, significant progress has been made in functional soft materials, alongside advances in nano/micro-
manufacturing techniques, driving the evolution of soft grippers to the forefront of robotics innovation. Compared to their
traditional rigid counterparts, soft grippers offer unparalleled adaptability, effortlessly conforming to objects of varying sizes and
shapes. This comprehensive review explores the latest trends shaping the landscape of soft robotic grippers, providing insights
into their diverse functionalities and applications. The exploration begins with an examination of the various actuation
mechanisms utilized by soft grippers, including cable or tendon-driven, pneumatic, electroactive, and thermoactive systems.
Additionally, the review delves into the intricacies of grasping and manipulating mechanisms, spanning from multi-finger
configurations to innovative approaches, such as jamming, suction, and adhesion grasping. Notably, hybrid grippers, which
integrate multiple actuation and grasping mechanisms, are of particular interest, thereby enhancing the range of functionalities
offered by these grippers. Finally, the review briefly addresses current limitations and future directions in the field.
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NOMENCLATURE Ef = Elastic Modulus of the Finger
1 = Area Moment of Inertia
2 = Motor Angle Ovawen = Maxwell Pressure
Ly = Length of the Finger & = Absolute Permittivity
L; = Target Finger Length & = Relative Permittivity
R, = Radius of the Cable is Wound or Unwound v = Applied Voltage
R, = Curvature Radius of the Finger d, = Membrane Thickness
P = Pneumatic Pressure F, = Holding Force
A, = Cross Section Area of Inside the Chamber R = Radius of the Gripped Object
e = Eccentricity d = Width of the Contact Area
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s = Static Coefticient of Friction

7 = Stress Applied by the End Effector

0 = Contact Angle between the End Effector and the Object
F. = Suction Force of the Suction Cup

P, = Atmospheric Pressure

P;, = Pressure Inside the Suction Cup

Ay = Contact Area of the Suction Cup

Poorma = Normal Adhesion Force

Prear Shear Adhesion Force

A = Contact Area

W, = Work of Adhesion between the Contacting Surfaces
E = Elastic Modulus of the Microstructure Material

a = Radius of Microstructures with Protruding Tip

v = Poisson's Ratio

Y7, = Friction Coefficient
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Fig. 1 Various types of actuation and grasping mechanisms in soft robotic grippers. (a) Actuation mechanisms: (i) cable-driven, (ii) pneumatic,

(iii) electroactive polymer-based, and (iv) thermoactive polymer-based gripper and (b) Grasping mechanisms: (i) multi-fingered, (ii)

jamming, (iii) suction, and (iv) dry adhesion

YIS olgste] s AAE ALl Y A HEE
7HlE E7F iRl AloleE WA AZE WS A
2Eshglct. AlfE Ejve 2ol ohe] B 2o} 2ol Ao
S 97l B Hor pHo] WAste] &kt o]
Ak, oEfRt wY S ol8ste] =4S TAE 4 otk
%c‘. Xé i 1% AL, ol Eele dEs FUT A% 3

B2 DAQ (Data Acquisition System)

2} gl=do]Ef(Regulator), F-3-H X (Vacuum Pump), & (Hose)

SO o]FolA Qlth. AFHZe} o]ojRl FlEHo|E 7} DAQZ
HE AT S HolEo]al, of2fgt 4l%of wel 5719 Al7|et
F= AU Al 4= ek T2 F9F Alof A" S A
2 ddsi 3717F AWhs T2 922 itk Alojd ¥
axE J2|u YR s (Chamber)o] % ‘?—IQ°1 B E
dorh 3 5 WA aEue= B eEte
S22 &7t S wha7] Sl AlelE s WA
21 At It FARRE v A4 25 7 AR o=
QF F= 7|Hke] AZE 18|y ZRZ(Extensible Layer).\—]—
|4 %-5-(Inextensible Layer)= W™, F¢to] 7hsiAlS wf 3%
of wg do] W7} WSk w7l o] WASH . 3o
o] 2|7 482 v 4=H) 3 W4 (Radius of Curvature)
of P thet e A0 17 THssteH2o]

)
10

I
» o
jxv :
A e "

ol—J m Huorle
}L

1_P €
R.  EJ

o714 R £71eke] ) WA, P 3719 9el, A
5 el S, B el Anle) B A, A B4 2R
E, et 0] Azjoltt. o]o] ulet ol HoHA HEBF @
W9 27]7k F7kste, $lete] 2go] F75H Hk.
Kyujin Cho 315> G412 thakeh gape] BAlol oier o)
| kA AR ) gIs) S A 28 4 9
O T WY AZE RS AUskickFig 20)(21)
NEOE B9 7 el friee] 39 4wl Sriee] B
Rlok 2158 o) Watshs A% mlEe] Ajoluka 7h4siA| e,
ol glsfe] &7keto] BAS] WA & whelrbA] ok, Ak
2 TARI0] s ek 8 4ol e WA A8
T A9, o] B A BE mulE] ot G A
7] whel) <7ketel HR) ZAwE Aok 4 qlek. HARE)

7ol obass wAEo] Z7kstel S AL Bl 54

[«

s

-
1
-
Qo]
=21

_4

7} 7FsSIAIEE, Aol ordes wdol Badt gt AA7]
ol ST BT A Edo| =L (Trade-off) ¥
o et s A3 B2 e 2Esh] flstol vt
3t e} St wele 283 A et eSS skt
F7IR, A et RS 7= AZE TE|w o] uhA] FsS
lshy] 913t dde Ao, 79 % Aok meF = Aol
ek 12l Pl o3 A5Ys ST 23 9 =A49



518 / July 2024 SIEEESSEX| M4 M7E

© (i) @ i) External

Compliant P Heating
__electrodes stimuli
, ==
g Original Deformed Recovered
\ I \A-},\ shape shape
Xz
Cable Elastomer Variation \\ = = ———
shaft membrane
Cable-dnven actuation Dielectric elastomer actuation Shape memory alloy actuation

(ii)

Original Deformed
shape shape

Bencing e

Recovered

Bendlng

/Polymer texture %ﬁng CoolinggHeating
I \ A .‘ — m— ‘
./

...‘. =
Expanswn .
@ Cation ® Anion ¢ Water Molecule

Pneumatic actuation lonic polymer-metal composites = Shape memory polymer actuation

Fig. 2 Different actuation mechanisms in soft grippers: (a) Cable-driven actuation, (b) Pneumatic-driven actuation, (c) Electro-active actuation
featuring dielectric elastomer actuators (DEA) and ionic polymer-metal composites (IPMC), and (d) Thermo-active actuation using
shape memory alloys (SMA) and shape memory polymers (SMP)
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Fig. 3 Different grasping mechanisms in soft grippers: (a) Jamming type: (i) Schematic illustration of the jamming-type grasping mechanism,
(ii) Influence of contact angle on geometric interlocking, (b) Suction type: (i) Schematic illustration of the suction-type grasping
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the dry adhesive-type grasping process, (ii) Dry adhesive type gripper integrated with microscale adhesive structures
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Hybrid jamming
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Fig. 4 Hybrid grippers combining various actuation methods and grasping types: Schematic illustrations of (a) a hybrid jamming gripper, (b) a

hybrid suction gripper, and (c) a hybrid dry adhesive gripper
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