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A B S T R A C T

On the landscape of solutions to deal with delicate objects, the development and use of soft grippers is a topic of
increasing interest, with a large number of prototypes proposed by the research community employing non-linear
soft materials and based on diverse actuation means. However, increasing compliance usually leads to the
reduction of lifting capacity. As a recent promising approach, shear forces exerted by a soft gripper can be
enhanced by exploiting the electro-adhesion (EA) effect. Following this research trend, this paper proposes a new
gripper that combines a compliant finger structure, with geometry taken from the FESTO FinRay but made of a
softer material (a urethane rubber), and custom EA pads that are placed on the fingers at the interface with the
grasped object. Following hyper-elastic model identification of the considered material and preliminary func-
tional verification of gripper design via finite element simulations, the gripper is then manufactured and tested
by means of a specific setup, replicating the grasping and lifting of cylindrical objects with different diameters.
The results clearly show that the new gripper makes it possible to generate holding forces similar to those of the
FESTO FinRay, but with significantly lower pressures on the grasped object (77 % less). Besides enabling the
handling of more fragile items, the drastic increase in gripper compliance also results in lower mechanical
actuation force (namely, 71 % less of gripping energy) required to generate the same holding force, with a
consequent reduction of operation costs and sustainability of its application.

1. Introduction

Grasping and manipulation still stand among the most relevant
research topics in robotics. In particular, it is widely recognized that
conventional rigid grippers are characterized by low flexibility, resulting
in a major limitation in the manipulation of large varieties of different
objects [1-3]. Underactuated adaptive grippers partially overcome this
limit, featuring the capability of wrapping around objects of unknown
geometry, without dedicated controllers [4] and sensors [5-7]. Within
this category, a widespread approach relies on the use of soft materials
for the gripper structure, which minimizes the need for expensive con-
trol systems and sensors [8-12]. Soft grippers (SGs) can, indeed, adapt to
irregular surfaces, enabling the grasping and handling of objects with
different shapes, sizes, and materials [13-15]. SGs are typically

constituted by compliant materials, such as elastomers, that distribute
forces uniformly, which can also be advantageous in those environments
characterized by high safety standards like human-robot physical
interaction. In the research landscape, many SGs have demonstrated
their versatility in grasping different shapes based on a variety of
actuation methods, such as pneumatic, cable-drive, shape memory
alloy/polymer, and dielectric elastomer transducer (DET) technologies
[16-19]. However, those SGs typically feature the drawback of exhib-
iting relatively low lifting forces. Electro-adhesion (EA) is an electrically
controllable astrictive prehension [20] method that exploits electro-
static forces to grab objects of various shapes and materials. One of the
main advantages of implementing EA in gripping devices stands in the
possibility of generating high shear forces with negligible compression
[21] on the grasped item. For this reason, EA is one of the most
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promising technologies to increase the lifting capability of compliant
grippers significantly. As compared to other approaches, including EA in
SGs requires relatively low design efforts, as EA pads are electrically
activated, non-invasive and characterized by high application flexi-
bility. Due to these reasons, several EA-based grippers were recently
proposed and implemented [22-25]. Although demonstrating high lift-
ing capacity and versatility, the application of these designs is however
only limited to pick-and-place applications, with little possibility of
object manipulation. The same limitation persists in [26], even though a
promising and versatile combined DET-EA soft gripper with intrinsic
actuation is proposed. In [27], a soft pneumatically actuated gripper
with EA pads is presented, which however requires two different power
sources. An electrostatic SG combined with the gecko effect is proposed
in [28], aimed at increasing the performance of the adhesive effect on
rough surfaces; however, this solution uses a tendon-driven actuation,
which requires a non-trivial control. A shape-adaptive SG, inspired by
the FinRay Effect® [29,30] and augmented with EA functionality, called
“FinEA”, is proposed in [31]. Based on a modified geometry of the
original FinRay design by FESTO, this gripper comprises a finger
structure made by a compliant elastomeric V-shape shell with hinged
rigid plastic ribs, and a silicone-based stretchable EA pad realized via
blade coating and screen printing. Although providing the capability of
grasping convex and large objects, the major portion (> 60 %) of the
shear-lifting force of this SG is however provided by the intrinsic sig-
nificant tackiness and friction of the silicone pad (rather than from the
EA effect), which typically lead to the difficult and slow release of the
grasp upon command. Moreover, the relation between the holding force
(FH, which is a measure of the lifting capability) and the grasping force
(FG, which is the clamping force provided by the mechanical actuation
that controls finger motion) of this SG is not provided, which does not
make it possible to effectively assess the capabilities of handling fragile
and soft objects. In this work, a new FinEA design is proposed which
comprises: 1) a monolithic deformable finger structure, with the original
geometry and size of the FESTO FinRay but made of a softer elastomeric
material in terms of shore hardness scale (namely, a urethane rubber),
which is easier to realize and not prone to hinge disassembly; 2) a
flexible but inextensible EA pad with polyimide (PI) grasping interface,
which provides higher (> 300 %) electrically-induced shear-lifting
forces and quicker release of the grasp upon command. In particular, the
development of this new gripper aimed at increasing the FH to FG ratio
of the original FESTO Fin Ray, so as to enhance the handling of fragile
and soft objects as well as to reduce the requirements of the actuator
controlling finger motion. The paper is organized as follows: after
introducing the concept design, the experimental characterization and
hyper-elastic model identification of the elastomeric material chosen for
the realization of the compliant finger structure are addressed, which
are then used for a preliminary assessment of the new FinEA via Finite
Element Analyses (FEA); afterward, the fabrication of the gripper is
described, including both the FinRay structure and the EA pad, as well as
their integration; last, the experimental campaign conducted to char-
acterize the new FinEA as well as the original version by FESTO is
presented, followed by the discussion of results and the conclusions.

2. Gripper design

The proposed FinEA gripper is shown in Fig. 1. It comprises two
identical FinRay fingers, with the same geometry and dimensions as the
original FESTO FinRay (adaptive gripper finger DHAS-GF-80-U-BU) but
made with a softer material (the urethane rubber PMC™− 780 Dry by
Smooth-On), each integrating a flexible but inextensible EA pad. The
structure of finger rigid supports features two protrusions (additively
manufactured in Rigid 4000® with a Formlabs 2 printer) to mate with
the inner space between the first two ribs of the finger. The two fingers
are suitable for integration on commercial robot grippers with sliding
jaws. In particular, we considered the FinEA fingers installed on the
FRANKA EMIKA robot arm hand (Fig. 1(a)). Regarding the identical EA

pads (Fig. 1(b)), they feature a multilayer architecture with interdigi-
tated electrode geometry as shown in Fig. 1(c).

The main dielectric layer (namely, the one contacting the objects to
be grasped) is made of a commercial PI film with 25 µm thickness
(Caplinq PIT1N/210); the interdigitated electrodes are made of inkjet-
printed silver (Anapro DGP 40LT-15C) with width, w = 400 µm, and
gap, g = 400 µm; the backing encapsulation layer having a thickness of
100 µm is made of blade-coated Polydimethylsiloxane (PDMS; Wacker
Silpuran 6000/05); the bonding layer consists of a commercial double-
coated polyester silicone tape (Nitto P-905) with a thickness of 94 µm.
Each EA pad has an active area of L x W = 10×70 mm2 and is provided
with inkjet-printed conductive paths linking it, by press contact, to the
electrical connections that are directly embedded on the finger rigid
supports.

3. Finger material selection and characterization

Material choice plays a fundamental role in the design of EA-based
SGs. The FinRay fingers hosting the EA pads must, on the one hand,
be soft to conform to the object with maximal contact area (thereby
enhancing EA forces) and minimal normal pressure (thus, ensuring a
delicate touch), while, on the other hand, feature a certain level of
stiffness to avoid finger bending due to external manipulation forces
(like those related to object weight and due to gravity or acceleration).
In view of these considerations, the urethane rubber PMC™− 780 Dry by
Smooth-On was selected as the finger material for its strength and
stiffness in the desired range (6.2MPa tensile strength, 750% elongation
at break, 80A shore hardness, and 2.8 MPa 100 % modulus). Although
PMC™− 780 Dry has already been used for the implementation of SGs
[32], detailed mechanical characterization for soft system design and
simulation (as it is available for silicones with hardness in the range from
2 to 44 Shore A [33]) is however still lacking. In this context, the
following subsections report the results of the experimental testing and
constitutive model identification activities that have been conducted to
characterize PMC™− 780 Dry, as well as the simulation activities per-
formed to validate the new FinEA gripper behaviour.

3.1. Fabrication of the specimen

Mechanical characterization of the considered PMC™− 780 Dry was
conducted on five identical specimens with geometry and dimensions
chosen as per method A of the ASTM D412 standard; in particular, ac-
cording to the “Die C” shape with a thickness of 3 mm, a total length of
115 mm and a length of the narrow section of 33 mm, as shown in Fig. 2

Fig. 1. (a) Proposed FinEA fingers integrated on a FRANKA EMIKA robot arm
gripper. (b) Details of a gripper finger, magnification on the interdigitated ge-
ometry. (c) Interdigitated geometry cross-section: 1) double-coated polyester
silicone tape (94 µm); 2) insulating PDMS layer (100 µm); 3) electrode; 4) PI
film (25 µm).
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(a). A Markforged-Mark Two™ 3D printer was used to fabricate the
negative molds in which the two-part (A and B) urethane liquid rubber
was poured (see Fig. 2(b)). As recommended by the manufacturer, the
mixture was prepared in a 2A:1B ratio by weight. To increase homo-
geneity and prevent bubble formation, the mixture was subjected to
mixing and de-gassing, respectively for three and four minutes, with a
THINKY ARE-250 mixer. Then, it was carefully poured into the molds
with a syringe and cured at room temperature for 48 h before
demolding.

3.2. Uniaxial tensile test

The tensile tests were carried out at 22 ◦C ambient temperature, on a
custom stage (Fig. 2(d)) actuated by a Parker ETH050M05 linear actu-
ator (3 kN maximum force, ± 0.03 mm accuracy) equipped with two
jaws: one moved by the actuator output, while the other fixed to the
stage frame through a NS-WL1 load cell (50 kg capacity, ± 0.001 N
accuracy). Tests were conducted at constant speed from a stretch equal
to one up to a maximum value of 1.43. To assess strain-rate dependency,
three different speeds were considered (120, 240 and 360 mm/min). For
appropriate testing:

• Each specimen was placed inside the jaws by following a marker
reference drawn on it to ensure the right amount of clamped area as
well as straightness.

• The tightening of the screw’s jaw wasmade by using a torque wrench
to 2.5 Nm.

• Each specimen was preloaded with 0.5 N to ensure it was not slack
before starting the extension.

To assess reliability, five trials were carried out for each of the five
identical specimens tested at the three different speeds. The resulting
stress-stretch loading curves are reported in Fig. 3, with one plot for each
different speed, blue line for the mean values and shaded green area for
the standard deviation.

As shown, the manufactured specimens feature a rather repeatable
non-linear elastic response that is negligibly affected by strain rate (at
the highest level of stretch, the standard deviation was: 0.13, 0.12 and
0.14 Mpa, respectively for the deformation speeds 120, 240 and 360
mm/min).

3.3. Hyperelastic constitutive model identification

The non-linear elastic response of rubber is typically well repre-
sented by incompressible hyperelastic models with a strain energy
density function, W, formulated in terms of deformation invariants and
material constitutive parameters [34]. These models make it possible to
find analytical expressions of the stress-stretch response under the
simple loading conditions considered for the characterization tests,
which can then be easily fitted to experimental data to identify material
constitutive parameters [35]. For uniaxial tensile tests, the nominal
longitudinal stress (σ) vs. longitudinal stretch (λ) relation follows as
[36]:

σ = 2
(

λ −
1

λ− 2

)

⋅
(

∂W
∂I1

+
1
λ

∂W
∂I2

)

(1)

with I1 and I2 being the Cauchy-Green invariants, expressed by the re-
lations:

I1 = λ2 +
1
λ
, I2 = 2λ2 +

1
λ2

(2)

and withW being chosen among one of the following forms (out of many
others):

• 3rd order Mooney-Rivlin:

W = C10(I1 − 3) + C01(I2 − 3) + C20(I1 − 3)2 (3)

• 3rd order Yeoh:

W = C10(I1 − 3) + C20(I1 − 3)2 + C30(I1 − 3)3 (4)

• Ogden:

W =
∑n

P=1

μp
αp

[
λαp
1 + λαp

2 + λαp
3 − 3

]
(5)

• Pucci Saccomandi:

Fig. 2. (a) Dumbbell specimen’s geometry and dimensions. (b) Sample Moulds.
(c) Five tested specimens. (d) Uniaxial tensile test setup.

Fig. 3. PMC™− 780 Dry stress-stretch loading curves for tensile tests at
different strain rates: mean value in blue solid line; standard deviation in a
green shaded area.
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W = −
μ
2
Jmln

(

1 −
I1 − 3
Jm

)

+ C2ln
(
I2
3

)

(6)

Fitting the model to the mean experimental curve acquired at 120
mm/min (which is the one that closely resembles the operating condi-
tion of the gripper studied in this work) provides the results of Fig. 4
along with the constitutive parameters reported in Table 1, for each of
the considered strain energy functions.

Computation has been performed with the MATLAB® lsqcurvefit
function, which additionally gives the MSD error (also reported in
Table 1) highlighting the best fit of the 3rd order Yeoh constitutive
relation. For verification, the same experimental stress-stretch curve was
imported in the MCalibration® software by PolymerFEM® and used to
identify the considered constitutive model parameters, which provided
similar results. Additionally, the tensile test was simulated through a
finite element (FE) model using the 3rd-order Mooney-Rivlin strain
energy density with the parameters reported in Table 1. Results are also
shown in Fig. 4, which highlights good agreement with both experi-
ments and the analytical model.

4. Finger finite element analyses

To verify the effect of the selected material on the desired gripper
softening, a FE simulation of the Fin Ray geometry made of PMC™− 780
Dry was performed before fabrication and compared with the experi-
mental data acquired on the original finger made by FESTO (tested with
the setup described in Section 6.1). In particular, the grasps of four
different cylindrical objects with diameters 50, 60, 70 and 80 mm were
investigated. For the sake of simplicity, a symmetric grasp was consid-
ered and studied with a single finger on a half of the object fixed to the
ground frame. With the Fin Ray base undergoing a 20 mm displacement
(in the direction orthogonal to the undeformed contact surface of the
finger) to grasp the object, the grasping force (FG, in the direction of
motion) was selected as the parameter for assessment. The results re-
ported in Fig. 5 clearly highlight that the modified Fin Ray finger pro-
vides a FG that is about 77% lower than that of the original
commercialized by FESTO. This results in higher compliance, confirm-
ing PMC™− 780 Dry as a good material choice. As can be expected: for
both original and modified Fin Ray fingers, the greater the diameter of
the cylindrical object, the larger the deformation of the gripper and,
thus, the reaction force.

For completeness, FE analyses on Ansys® have been conducted ac-
cording to the following settings:

1) Mechanical static structural model: the Fin Ray finger and cylindrical
object geometry were imported into Design Modeler, and a non-
linear elastic behaviour with a three-parameter Mooney-Rivlin
strain energy function with coefficients reported in Table 1 was
assigned to the finger, while a rigid behaviour was assigned to the
cylindrical object.

2) Meshing: nonlinear mechanical physics, quadratic elements Hex-
Dominant type with a size of 0.8 mm and aggressive mechanical
error limits was set.

3) Analysis settings: Auto time stepping on, initial time step and mini-
mum time step in the range 0.001–0.01, maximum time step in the
range 0.01–0.05; large deflection on; APDL command Keyopt 6 was
inserted to avoid unrealistic behaviour and instability at large
deflections.

4) Boundary conditions and loads: Static structural; 20 mm horizontal
displacement on the gripper’s faces that are in contact with the
basement in the real set up; fixed support applied to the internal
surface of the cylindrical object.

5) Modelling contact: the contact between the Fin Ray and the target
object was defined as frictional with asymmetric option to minimize
penetration, which results in more accurate results and realistic
behaviour; contacting meshes were defined with a pinball radius
(sphere of influence) of 2 mm; static and dynamic friction co-
efficients were experimentally determined and respectively set to
0.51 and 0.26; a Pure Penalty method with a Normal Stiffness set to
0.05 (typical of soft material) was chosen to help convergence.

Fig. 4. Comparison between experimental data and predictions from analytical
as well as FE models.

Table 1
Constitutive model constants obtained from PMC™− 780 Dry tensile testing.

Model Parameters [Mpa] MSD

Pucci-Saccomandi µ = 0.933 Jm = 1.272 C2 = 2.575 0.08
Yeoh 3rd order C10 = 1.322 C20 = − 0.354 C30 = 0.518 0.008
Mooney-Rivlin 3rd order C10 = 1.220 C01 = 0.05 C20 = 0.01 0.07
Ogden µ1 = 1.063 α1 = 1.196 µ2 = 1.196 α2 = 2.593

µ3 = 0.915 α3 = 0.816
0.09

Fig. 5. Fin Ray fingers’ comparison: experiments of the original by FESTO vs.
simulations of the modified version made of the softer material
PMC™− 780 Dry.
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5. Gripper fabrication

Finger prototyping started with the design of the mold, made of two
subparts, a lower one (A) and an upper one (B) (Fig. 6). Aiming at high-
level surface finishing, both the parts were fabricated by means of a
stereolithography (SLA) printing machine (Form 2 by Formlabs). The
resin used is the High Temp®, providing high layer resolution (25 µm),
as well as good thermal stability and stiffness. Precise mate of the two
subparts relies on three centering dowel pins made of hardened steel; a
set of four inserts fixed to subpart A was used in combination with the
screws as an extractor for subpart B. Tight mold closure is ensured by six
screws uniformly distributed. Optimal positioning of the casting and air
outlet channels is fundamental for homogeneous mold filling. Accord-
ingly, a single casting channel, with a connection for the injection sy-
ringe on the top surface of subpart B, ensures bottom-up mold filling;
whereas, to avoid the inclusion of air bubbles, an outlet channel is
located on each of the ribs of the Fin Ray, in sub part B of the mold. Two
sprues are added on the base and on the tip of the mold to prevent
shrinkage. The casted material (PMC™− 780 Dry) is the same of the
dumbbell specimens described in Section 3.1, as well as the casting
preparation and procedure, with the exception of the additional appli-
cation of the Universal™ Mold Release agent by Smooth-On on the mold
before casting.

The EA pads were manufactured via the rapid fabrication procedure
described in [24]. After realization, they were finely cut with a laser
plotter (Epilog Fusion M32) and bonded to the whole gripping area of
the Fin Ray finger via a double-coated polyester silicone tape (P-905 by
Nitto). This ensures an effective electro-adhesive action for every level
of finger deflection.

6. Test and results

6.1. Experimental setup

To quantitatively evaluate the performance of the new FinEA finger,
both grasping (i.e., clamping) and holding (i.e., breakaway) forces
generated on cylindrical objects with different diameters were measured
on the custom set-up, shown in Fig. 7, comprising:

two orthogonally-placed identical linear motion stages, featuring
ACME screw transmissions driven by rotary stepper motors, with the
first one used to move the finger along the X direction (namely, the
grasping direction) and the second one used to move the cylindrical
object in the Y direction (namely, the holding direction); an “S” type
load cell (NS-WL1–10kg123L0) used to measure the grasping force
(FG) generated by the FinEA finger along the X direction; a shear

beam load cell (20 kg-3134-CZL635) to measure the holding force
(HF) resisted by the FinEA finger in the Y direction; two properly-
referenced identical laser sensors (Panasonic HL-G112-A-C5) to
measure FinEA finger and cylindrical object displacements; a high
voltage power supply (Ultravolt 20HVA24-BP1-F) to electrocally-
activate the EA pad placed on the tested FinEA finger.

Gripper performance was assessed based on the ratio between
holding (FH) and grasping (FG) forces: a higher ratio meaning a better
response as less clamping force (thus, less finger actuation effort and less
object crushing) is required to hold a same object subjected to same
external actions. As grasped objects, four half-cylinders with different
diameters (50, 60, 70 and 80 mm) were 3D printed in Onyx® material
and covered with a 100 µm thick PET film to provide a smooth uniform
contact surface with the FinEA finger. A first round of test concerned the
measurement of the mere friction contribution, obtained by keeping the
EA pads unpowered (EA off). In the second round, a 4 kV DC voltage was
applied across the EA pad electrodes, aiming at assessing the electro-
adhesive performance (EA on). In each test, the finger was first dis-
placed (in X direction) with a stroke of given magnitude, S, while
keeping the object fixed, to achieve a given level of finger-cylinder
contact. Upon completion of this movement, the FG value is obtained
by reading the value acquired by the “S” type load cell. Then, the
grasped object was moved upwards (in Y direction) at constant speed (2
mm/s), while keeping the finger fixed.

During this motion, the time evolution of the output of the shear
beam load cell was acquired with 1000 Hz sampling rate (an exemplary
measurement is shown in Fig. 7). From this data, the pull-off (break-
away) force, corresponding to the actual FH, was identified as the
maximum force generated during the upwards object displacement. To
build FH/FG variation curves, the procedure was repeated six times,
with increasing finger strokes S: from 10 mm to 22.5 mm, with 2.5 mm
increments.

6.2. Results and discussion

The FH vs. FG data collected during the testing of the new FinEA
finger are reported in Fig. 8. For the sake of comparison, the original
FinRay finger by FESTO was additionally tested with same procedure
and conditions, and the related data are shown in Fig. 9(a). By analysingFig. 6. Schematic of the molding setup.

Fig. 7. Experimental setup: 1) laser to measure object motion in Y direction. 2)
shear-type loadcell to measure FH. 3) laser to measure finger motion in X di-
rection. 4) S-type loadcell to measure FG. The FH value corresponds to the peak
of the shear-type loadcell reading during the vertical motion of the object
occurring at constant speed.
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these results, the following can be observed:

• The maximum holding force (FH) exhibited by the two fingers is
comparable, which ensures similar lifting capabilities.

• On an average basis, the grasping force (FG) of the new FinEA is five
times lower than that of the FESTO FinRay, which enables the
handling of softer and more fragile objects as well as reduces the
force rating and the energy expenditure of the finger actuator.

• The new design combining a softer FinRay finger with EA pads
provides a significant increase of the holding force, especially at full
gripper stroke, which corresponds to finger maximum deformation
and, thus, to the highest contact area.

To better compare the grasping performance of the two grippers, the
line corresponding to the value FH/FG =1 was plotted on each of the
graphs: while in the majority of the cases the new FinEA finger exhibits a
ratio greater than one, the FESTO FinRay gripper mostly features a ratio
lower than one. This comparison can be clearly observed in Fig. 9(b),
where the ratio FH/FG of the two grippers is plotted for each value of the
tested finger stroke.

Nonetheless, the similarity in FH values obtained with the two
grippers demonstrates that the lower holding action caused by the use of
a more compliant finger material is fully compensated by the electro-
adhesion shear force contribution of the pad. In other words, the new
proposed gripper, with same geometry and dimensions of the one pro-
vided by FESTO, features the same lifting capability, while applying a
very low compressive force on the grasped object. The latter
characteristic:

1) Makes the new FinEA gripper suitable for manipulating delicate,
fragile and deformable objects, without wrinkling the surfaces. A
clear exhibition of this behavior is shown in Fig. 10, where a set of
different delicate products were grasped through the new FinEA
gripper.

2) Provides the new FinEA gripper with similar lifting performance to
that of the original FESTO FinRay, but with lower finger actuation
forces, which can result in gripping energy savings in the order of 81,
65, 67, 72% respectively for each of the cylindrical objects 50, 60,
70, 80 mm.

To assess the validity of the model described in Section 3, the tests
reported in Section 6 were numerically simulated. Results for the
maximum gripper deformations experienced in each test are shown in
Fig. 11, which highlights a precise overlapping of the finger deflections
predicted by the model to the real ones obtained during the experiments.

This confirms the appropriateness of the hyperelastic strain-energy
function identification and of the finite element model setup. The
simulated data also show that the maximum deformation experienced
by the new FinEA finger is around 18 %.

7. Conclusion

In the development of soft grippers (SGs), it is crucial to identify the
best trade-off between finger compliance and lifting capacity.
Commonly, SGs are either excessively soft and, thus, unable to sustain
high lifting forces or excessively stiff and, thus, unsuitable to handle
delicate objects. The FinEA gripper proposed in this paper aims at
closing the gap between lifting capacity and compliance, which are
difficult to be pursued at the same time. This was achieved thanks to the
development approach consisting in the following:

• Start from an existing SG characterized by high lifting forces, but
lacking in compliance for the manipulation of delicate objects
(namely, FESTO Fin Ray);

• Critical choice and accurate characterization of a suitable material
for gripper structure to increase its compliance;

• Preliminary assessment of gripper performance by means of FE
analyses;

• Filling the gap in lifting capacity by integrating custom electro-
adhesive (EA) pads on the finger surfaces, which makes it possible
to generate controllable shear forces by electrical activation;

• Testing of the new gripper and comparison with the existing SG.

Due to the increased compliance, the new FinEA gripper is capable of
manipulating delicate and fragile objects without damaging or wrin-
kling their surfaces. Tested with objects with different dimensions, the
new gripper demonstrated an average increase of 71 % of the holding vs.
grasping force ratio if compared to the original FESTO FinRay. While
applying similar holding forces, the new gripper exerts significantly

Fig. 8. FinEA holding vs. grasping force with EA on and off for each of the four
considered cylindrical objects with diameters 50, 60, 70 and 80 mm.

Fig. 9. (a) FESTO FinRay holding vs. grasping force for each of the four
considered cylindrical objects with diameters 50, 60, 70 and 80 mm. (b)
Comparison of the holding vs. grasping force ratio between FESTO FinRay and
new FinEA, for each of the four considered cylindrical objects with diameters
50, 60, 70 and 80 mm over the tested finger stroke.
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lower grasping force, with the twofold effect of reducing: i) compressive
actions on the object; ii) the energy required for mechanical actuation.
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