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Abstract
In nature, organisms such as the octopus exhibit remarkable adaptability by reconfiguring their
bodies into contracting and extending segments. Translating this modularity into robotics,
origami-inspired designs have proven effective in creating adaptable building blocks for
modular robotic arms. The Kresling cylinder, a bistable cylindrical origami structure,
exemplifies this approach by functioning as both a contracting and extending actuator. However,
current actuation strategies in origami-inspired structures—such as pneumatic, mechanical, or
stimuli-responsive methods—suffer from bulky actuators, slow speed, or inability to provide
local actuation. Magnetically-actuated Kresling cylinders offer promising solutions for rapid
and localized actuation. However, they typically rely on large external coils, limiting their use in
restricted environments. To overcome this limitation, we have embedded coils directly into a
modular Kresling cylinder, creating a standalone electromagnetically-actuated system. The
finite element analysis was employed to understand the effect of the electromagnets’ dimensions
on effective contraction and extension, resulting in a weight-efficient actuator. Trends were
uncovered for the design of flat, effective electromagnets for embedded electromagnetic
actuation. Following these design trends, a prototype was successfully manufactured,
demonstrating rapid contraction and extension in both horizontal and vertical orientation. The
standalone Kresling actuator is particularly well-suited for use in dynamic, remote or restricted
environments. The simple design of the manufactured prototype illustrates the potential for
incorporating embodied actuation into functional soft robotic designs.

Keywords: electromagnetism, Kresling origami, actuator, soft robot, embodied intelligence,
bio-inspired design
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1. Introduction

In nature, organisms with soft bodies, such as the octopus or
the earthworm, exhibit remarkable adaptability in response to
their environment. The octopus, for example, can change the
shape of its arms by individually controlling different seg-
ments, creating local contracting, extending or bending seg-
ments. This ability allows the octopus to actively alter the
shape of its arms to reach or fetch targets effectively.

This inherent flexibility and modularity contrasts with tra-
ditional robotic arms, which are typically constructed from
rigid materials and have limited adaptability. This rigidity
presents significant challenges when these robotic arms are
employed in confined or narrow spaces. Applications such
as logistical pick-and-place operations, vehicle manufacturing
and inspection, or the cleaning and maintenance of restric-
ted areas encounter difficulties due to the inflexibility of
conventional robotic designs [1]. Consequently, dividing a
robotic arm into flexible segments that can both extend or
retract, depending on the environment, holds considerable
potential for advancing robotic technology in these demand-
ing environments.

Typical soft modular robotic arms integrate pneumatic lin-
ear actuators, such as bellows or McKibben muscles, to adapt
their configuration in response to environmental demands [2–
4]. However, the bulky nature of these pneumatic compon-
ents, including the necessary pumps, limits the compactness of
the arm, thereby affecting its manoeuvrability. Additionally,
the need for an airtight system imposes constraints on the
design freedom of the arm and increases its risk of operational
vulnerabilities caused by leakages. Soft linear actuators that
operate through alternative mechanisms, such as temperature-
based actuation, encounter challenges related to lengthy cool-
ing times, which can hinder their efficiency in dynamic applic-
ations. Furthermore, soft robotic arms often experience deflec-
tion due to loading, sometimes even from their own body
weight, as they lack bearing capacity [5].

In the field of robotics, origami-inspired designs have
demonstrated significant benefits in creating lightweight,
deployable and tunable robots [6, 7]. Origami patterns that
form thin-walled cylinders can fold into a compact shapewhile
maintaining lateral stiffness during deployment. One notable
example is the Kresling cylinder, a bistable and cylindrical-
shaped origami structure. AKresling cylinder can be described
as a triangulated cylindrical origami composed of repeated tri-
angular surfaces, with each unit cell consisting of one valley
and one mountain crease line (figure 1) [8]. This configura-
tion allows the cylinder to have two stable states: (1) a folded
(contracted) disc-shaped state and (2) an unfolded (extended)
cylindrical-shaped state [9]. The transformation between these
states occurs through linear motion, showcasing the potential
of the volume-efficient Kresling cylinder to act as a soft linear
actuator. The Kresling cylinder is of particular interest because
of its bending resistance when fully unfolded. In this state, the
folding lines become tensioned, locking the structure into a
more rigid form. This enhances its load-bearing capacity while
still allowing smooth transitions between the folded and unfol-
ded states.

Origami-inspired structures currently employ various actu-
ation methods, including pneumatic, mechanical and stimuli-
responsive actuation. These actuation strategies often result
in bulky actuators, scaling issues, delicate components, slow
speed, or inability to provide local actuation [6, 9–12]. The lat-
ter hinders the development of a modular robotic arm where,
like an octopus arm, individual segments can effectively
and independently contract or extend. Alternatively, Novelino
et al [6] developed a magnetically-actuated Kresling system
demonstrating precise and rapid elongation and contraction.
Although this design negates many of the challenges currently
faced with alternative actuation methods, these magnetically-
actuated structures require generating a large magnetic field
by surrounding coils. This requirement prevents the Kresling
structure from acting as a standalone system, limiting its use
in applications where external coils cannot be placed, such as
in remote or restricted environments. It would be beneficial to
embed the coils into the design of the Kresling actuator to ini-
tiate contraction or extension locally. The goal of this study
is, therefore, to develop a standalone electromagnetically-
actuated linear Kresling actuator, suitable for integration in a
robotic arm.

2. Actuator design

2.1. Design direction

A schematic of the developed electromagnetic Kresling actu-
ator is shown in figure 1. This actuator consists of a Kresling
cylinder positioned between two electromagnets, each com-
prising a copper coil and a ferromagnetic core. The copper
coils are connected to a power source with the electric current
running in opposite directions, resulting in coils with oppos-
ite polarities. By alternating the electric current, the Kresling
actuator can either contract or extend. The most challenging
operational orientation of the Kresling actuator is vertical,
as it must generate sufficient electromagnetic force to over-
come its own weight during contraction. To ensure optimal
performance, the produced electromagnetic force must exceed
the combined weight of the actuator and the folding resistance
of the Kresling cylinder. This underscores the importance of
designing weight-efficient electromagnets to effectively actu-
ate the Kresling cylinder. In the remainder of this study, the
performance of the Kresling actuator is evaluated by its con-
traction efficiency (η). This efficiency is defined as the differ-
ence between the generated electromagnetic force (Fm) and
the opposing forces, where the opposing forces are identified
as the gravitational force of the actuator (Fg) and the folding
resistance of the Kresling cylinder (Fkresling), as in (1). Here,
the electromagnetic force is defined as the net magnetic inter-
action between the two electromagnets, arising from the force
exerted on each magnet by the magnetic field of the other. In
this study, the electromagnetic force is evaluated with the elec-
tromagnets positioned at their maximum separation, as this is
the most critical case during the actuator’s motion.

η =
Fm −Fg −Fkresling

Fg +Fkresling
. (1)
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Figure 1. Overview of the electromagnetic Kresling actuator. Top:
Folding pattern of the Kresling cylinder indicating the stroke length
S, polygon side length a, triangle angles α and β and polygon radius
R. The purple dotted lines resemble the valley crease lines, while the
black solid lines resemble mountain lines. Middle: Schematic
overview of the actuator in extension and contraction. Bottom:
Prototyped actuator.

2.2. Kresling cylinder

The folding pattern of a Kresling cylinder is shown in figure 1.
Two parameters can be used to characterize the Kresling cyl-
inder, namely the polygon side length (a) and the stroke length
(S). The polygon side length depends on the radius of the
polygon (R) and the number of polygon sides (m), see (2).
Consequently, the stroke length of the Kresling cylinder (S)
can be determined by the polygon side length and angles α
and β, as in (3).

a= 2Rsin
(π
m

)
(2)

S= a

(
sin(α)cos(α)+

sin2 (α)
tan(β)

)
. (3)

For an optimized contraction efficiency (η), it is key to min-
imalize the folding resistance of the cylinder. To achieve this,
the main dimensions of the Kresling cylinder are designed to
minimize energy dissipation during folding. Wang et al [13]

found that a Kresling configuration with angles α = 30◦ and
β = 30◦ exhibits minimal folding resistance. Additionally,
Moshtaghzadeh et al [14] found that the stability of the
Kresling cylinder increases with a higher number of polygon
sides (m). However, an increased number of polygon sides also
reduces the stroke length, as described by (2) and (3), result-
ing in a less efficient linear motion. Thus, a trade-off should be
made between stroke length and stability of the Kresling cyl-
inder. To act as proof-of-concept during this study, a Kresling
cylinder with a six-sided polygon and a radius (R) of 30 mm is
selected as the base, resulting in a stroke length (S) of 26 mm.

The stroke length of the Kresling cylinder can be divided
into three states: (1) the folded state, (2) the low-energy
unfolded state and (3) the high-energy unfolded state. The
Kresling cylinder dissipates minimal energy during deploy-
ment between the folded state and the low-energy unfolded
state. However, a clear energy jump occurs between the low-
energy unfolded state and the high-energy unfolded state,
attributed to the outward bending of the valley crease lines. To
develop a weight-effective electromagnetic Kresling actuator,
the Kresling cylinder should be unfolded towards the stroke
length corresponding to the low-energy stable state (S’). A
proof-of-concept Kresling cylinder was folded using 80 g m−2

paper. Using this cylinder, a resistance increase was noted at
3/4 of the original stroke length (S). This ‘low-resisting’ stroke
length will be considered as the effective stroke length (S’) for
the remainder of this study.

To determine the contraction efficiency (η) of the elec-
tromagnetic Kresling actuator, the folding resistance of the
Kresling cylinder (Fkresling) should be determined. This was
measured by manually compressing the proof-of-concept
Kresling cylinder with a load cell (Futek), while the Kresling
cylinder was oriented horizontally to avoid gravitational influ-
ence. This procedure was repeated 50 times, with the peak
forces recorded. The average peak resistance force (Fkresling)
was determined as 0.33 N.

2.3. Electromagnet

Generally, an electromagnetic coil is created bywinding a con-
ducting wire around a ferromagnetic core. This enhances the
magnetic flux density compared to what would be achieved
without the core [15]. The ferromagnetic core channels the
magnetic flux, magnetizing the core, whereafter the field of
the magnetized core adds to the field produced by the coil. In
the case of the electromagnetic Kresling actuator, it is crucial
to add limited height to the Kresling cylinder to obtain a high
folding ratio. To keep the electromagnets as flat as possible,
multilayer solenoidal coils were used, in which multiple lay-
ers of wires were wound around a straight cylindrical shape.
Multilayer coils generate a higher magnetic field for a given
current compared to a single-layer coil [15]. Equation (4)
shows how the magnetic field strength (B) of a coil depends
on the number of windings (N), the current (I), the coil length
(Lcoil) and the permeability of free space (µ0). The number of
windings (N) is related to the length (Lcoil) and width (Wcoil)
of the coil and can be determined using the packing density
(φ) of the wires inside the coil, see (5). The packing density

3
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Figure 2. Geometrical setup of the electromagnets. Indicating
stroke length S’, coil length Lcoil, coil width Wcoil, core thickness t,
outer coil diameter Dcoil_o, inner coil diameter Dcoil_i, outer core
diameter Dcore_o and inner core diameter Dcore_i.

(φ) indicates the portion of the coil’s cross-section covered by
the wires.

B=

(
µ0NI
Lcoil

)
n̂ (4)

φ =
Awires

Atotal
· 100%=

π (0.5Dwire)
2N

LcoilWcoil
· 100%. (5)

The challenge of designing the electromagnets to actu-
ate the Kresling cylinder lies in bridging the relatively large
gap between the two cylinder ends, since the magnetic field
strength decreases rapidly with distance. This causes coun-
teractive design choices, as larger electromagnets generate
stronger electromagnetic forces, but add more weight that
should be lifted during contraction. Therefore, insight into the
effect of the dimensions of the separate parts of the electro-
magnet should be studied. The finite element analysis (FEA)
was employed to simulate the electromagnetic forces between
the two opposing electromagnets. In this analysis, the elec-
tromagnetic system is described by the Maxwell’s equations.
The material behavior is defined by the constitutive relations
accounting for the macroscopic properties of the materials,
considering thematerial permittivity ε, thematerial permeabil-
ityµ, thematerial conductivity σ and the external current dens-
ity Je. A quasi-static systemwas assumed. Themodel was used
to compute the electromagnetic force generated between the
electromagnets as a function of their geometric and electrical
parameters. The commercial finite element software Comsol
Multiphysics 6.2 was employed, combined with the AC/DC
module. The model consists of 65 477 elements with mesh
refinement on the cores.

Figure 3. Effect of the inner core diameter on the electromagnetic
attraction (Fm) and gravitational force (Fg) of the electromagnet.
The solid lines represent the electromagnetic force, the dashed lines
represent the gravitational force, the yellow lines represent a core
with 1 mm thickness (t), and the blue lines represent a core with
2 mm thickness (t) .

Figure 2 shows the geometric setup with corresponding
parameters, in which the electromagnets are represented as
two identical circular, multiturn, copper coils combined with
two similar iron cores. The coil is excited by a current I with a
coil wire conductivity of 6 × 107 S m−1 and N windings. The
model computes the attracting electromagnetic forces Fm1 and
Fm2 that affect coil 1 and coil 2, respectively.

To create weight-effective electromagnets, they are
designed for lowmass and high magnetic attraction. The cores
are modeled with varying thicknesses (t) and inner diameters
(Dcore_i) to evaluate their effect on the magnetic attraction of
the electromagnets, specifically the contribution of core mag-
netization towards the center of the core. For consistency with
the proof-of-concept Kresling cylinder, the inner diameter of
the coil (Dcoil_i) is set at 46 mm, while the outer diameter of
the core (Dcore_o) is set at 38.5 mm to allow sufficient space
for a connection mechanism between the coil and the core.
The coil dimensions are standardized to isolate the effects
of the core, using an 8 mm coil width (Wcoil), a 5 mm coil
length (Lcoil), 220 windings (N) and a current (I) of 3 A. The
coil weighs 36 grams. The inner diameter of the cores varies
from 0 mm to 35 mm in 5 mm increments, considering cores
with 1 mm and 2 mm thickness. As a result, figure 3 illus-
trates the relationship between the generated electromagnetic
force (Fm) and the inner diameter of the core, and how this
correlates with the gravitational force that must be overcome
for full contraction. The figure shows that the electromagnetic
force remains relatively stable with increasing inner diameter.
This suggests that the electromagnetic force is concentrated
near the coil. Conversely, an increased inner diameter signi-
ficantly impacts the weight of the electromagnet. Thus, it is
advantageous to employ cores with a relatively large inner
diameter and low thickness, as this configuration maximizes

4
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Figure 4. Effect of the coil length (Lcoil) and coil width (Wcoil) on
the contraction efficiency (η) of the electromagnetic actuator. The
color coding dictates the boundary between dimensional
combinations that produce insufficient (bottom left) and sufficient
(top right) contraction efficiency, the latter with a positive
contraction efficiency value. Fm is the generated electromagnetic
force, Fg is the associated gravitational force and Fkresling is the
folding resistance of the Kresling cylinder.

the difference between Fm and Fg, resulting in the largest
contraction efficiency (η).

To assess the impact of the coil dimensions on the contrac-
tion performance (η), different values for the coil length (Lcoil)
and coil width (Wcoil) are considered. The influence of coil
dimensions on the generated electromagnetic field requires a
relationship between the number of wire windings (N), coil
length (Lcoil) and coil width (Wcoil). To determine this, the gen-
eral packing density (φ) for a coil with a 0.3 mm diameter wire
is determined by counting the number of windings (N) for a
manufactured coil with a 3.1 mm length (Lcoil), 9.5 mm width
(Wcoil) and an inner radius of 23 mm. This results in 220 wire
windings and a general packing density (φ) of 52.8%, follow-
ing (5). It is assumed that the packing density remains constant
for other coil dimensions.

The number of windings and the coil dimensions affect
the total weight of the electromagnets, and consequently, the
total gravitational force (Fg) that the electromagnets need to
overcome (1). Figure 4 shows the effect of the coil length
(Lcoil) and the coil width (Wcoil) on the contraction efficiency
(η) of the electromagnetic Kresling actuator. In this model,
the cores are represented as discs with a 38.5 mm outer dia-
meter, a 35 mm inner diameter and a thickness of 1 mm. The
inner diameter of the coil is set at 46 mm. The wires, with a
diameter of 0.3 mm, are excited with a current of 3 A. The

folding resistance of the Kresling cylinder was included to
determine the contraction efficiency (η). The figure indicates
that the coils must be designed with a specific combination
of length (Lcoil) and width (Wcoil) within the green area to
generate sufficient contraction efficiency (η). The FEA shows
that an increased coil height and width enhances the electro-
magnetic force effectively offsetting the added weight during
contraction.

3. Experimental validation

3.1. Model verification

The main goal of the experiments was to verify the results of
the FEA model and the associated indicative design trends of
the electromagnets. The performance measure was the elec-
tromagnetic force generated by sets of electromagnets with
varying coil and core geometries. These measurements were
compared with the expected electromagnetic force from the
FEA model for those specific geometries. Six electromag-
nets with varying coil and core dimensions were manufac-
tured for this purpose. The multilayer solenoidal coils were
produced by winding a 0.3 mm diameter coated copper wire
(Velleman) around a machined aluminium holder. The fer-
romagnetic cores were manufactured by laser cutting a steel
plate of the desired thickness. A 3D-printed connector made
from polylactic acid (PLA) was used to connect the coil and
core, with the coil clamped around the cap and the core inser-
ted into it.

The experimental setup, illustrated in figure 5, consists of
two electromagnets positioned vertically with a 20 mm gap
in between them. A load cell (Futek) was placed between
the electromagnets to measure the generated electromagnetic
force that pulls the electromagnets towards each other. The
lower electromagnet was secured between two 3D-printed
plates PLA, while the upper electromagnet was positioned
using three guiding rails for stability and alignment. The two
electromagnets were connected to two individual power sup-
plies (VoltCraft PS-403D) with electrical clamps, using a cur-
rent of 3 A. The data of the load cell was obtained using
Labview. From this data, the electromagnetic force (Fm) was
determined by subtracting the weight of the electromagnet
(Fg) from the measured force (Fmeas). Table 1 shows the
experimental results, comparing the measured electromag-
netic forces (Fmeas) to those expected from the FEA (Fexp). The
experimental results align with the performance trends identi-
fied using the model, even though there was a 30% error iden-
tified between the expected values from the FEA and themeas-
ured values from the experiments. This discrepancy might be
caused by the imperfect packing density of the hand-wound
coils, which leads to an overestimation of the electromag-
netic forces. Additionally, the friction between the guiding
rails and the upper electromagnet could have caused devi-
ations. Nevertheless, the FEA still suffices for revealing gen-
eral trends for electromagnet design and providing indicat-
ive estimations of how changing the core and coil dimensions
affects the actuator’s performance.

5
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Figure 5. Experimental setup. Sets of electromagnets with varying dimensions are positioned vertically with a load cell in between to
measure the generated electromagnetic force.

Table 1. The measured electromagnetic force (Fmeas) and expected electromagnetic force (Fexp) for different electromagnet configurations.

N [-] t [mm] Dcore_i [mm] Dcore_o [mm] Lcoil [mm] Hcoil [mm] Fmeas [N] Fexp [N]

200 1 35 38.5 4.9 5.5 0.26 0.40
200 2 20 38.5 4.9 5.5 0.29 0.44

220 1 35 38.5 3.2 9.2 0.38 0.51
220 2 20 38.5 3.2 9.2 0.40 0.55

260 1 35 38.5 3.7 9.5 0.49 0.71
260 2 20 38.5 3.7 9.5 0.53 0.77

3.2. Final prototype

The FEA explored how variations on geometric parameters
of the electromagnets affect the actuator performance, which
resulted in trends regarding the coil and core dimensions.
Following these trends from the FEA and the measured aver-
age error, a prototype of the electromagnetic Kresling actu-
ator was manufactured within a performance-effective region
to evaluate its ability to successfully contract and extend. The
Kresling cylinder was constructed using 80 g m2 paper. The
coils and the cores were connected by the 3D-printed con-
nector PLA. The Kresling cylinder was attached to the con-
nector using glue (Pattex). The dimensions and characteristics
of the final prototype are shown in table 2. The video footage
in figure 6 demonstrates that the configuration of this electro-
magnetic Kresling actuator is able to successfully contract and
extend in both horizontal orientation and vertical orientation,
bearing its own weight. The prototype showcases contraction
and extension within 0.2 s for both a hanging position as well
as a standing position.

4. Discussion

This study presents the idea of a standalone
electromagnetically-actuated Kresling actuator. The actu-
ator consists of a Kresling cylinder positioned between two
electromagnets, each composed of a copper coil and a fer-
romagnetic core. The embedded Kresling cylinder is of par-
ticular interest because of its bending resistance when fully
unfolded, which enhances its load-bearing capacity while still
allowing smooth transitions between the folded and unfol-
ded states. An FEA was employed to analyze trends towards
the dimensions of the electromagnets to effectively contract
or extend the Kresling cylinder. The primary design chal-
lenge of the electromagnets lies in bridging the relatively
large gap between the two ends of the Kresling cylinder, since
the magnetic field strength decreases rapidly over length.
Counteractive design choices need to be made, as larger elec-
tromagnets generate stronger electromagnetic forces, but add
weight that should be lifted during contraction. Therefore, the
main components of the electromagnets, the coil and the core,

6
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Table 2. Details of the final prototype.

Parameter Value Unit Description

Lcoil 4.5 mm Coil length
Wcoil 13.5 mm Coil width
N
Dcoil_i

450
46

—
mm

Number of windings
Coil inner diameter

a 30 mm Polygon side length
S’ 20 mm Effective stroke length

Dcore_o

Dcore_i

t

38.5
35
1

mm
mm
mm

Core outer diameter
Core inner diameter
Core thickness

mcoil 172.2 g Coil weight
mkresling 12 g Kresling cylinder weight
mconnection 37 g Connection weight
mcore 17 g Core weight

Figure 6. Contraction and extension of the prototype. Top: Linear motion in horizontal orientation. Middle: Linear motion in vertical
orientation and hanging position. Bottom: Linear motion in vertical orientation and standing position.

are analyzed for low mass and high magnetic attraction to
create weight-effective electromagnets. The electromagnets
were designed as multilayer solenoidal coils to maintain a flat
profile for easier integration into the actuator’s embodiment.
The observations led to a set of practical design guidelines
that inform the effective design of electromagnets specific-
ally for use in the Kresling actuator. Regarding the ferro-
magnetic core, the FEA indicated that increasing its inner
diameter and reducing its thickness maximizes the difference
between generated electromagnetic forces and the oppos-
ing weight, resulting in the largest contraction efficiency.
This insight led to the design trend that reducing the core’s
mass, by decreasing its area and thickness, enhances con-
traction efficiency, with only a minimal trade-off in magnetic
performance. Additionally, regarding the multilayer solen-
oidal coil, the FEA indicated that an increased coil height and

width enhance the electromagnetic force, effectively offset-
ting its added weight during contraction. This insight led to
the design trend that increasing the coil density enhances con-
traction efficiency, despite the increase in weight. Following
these trends regarding the main components of the electro-
magnets, a prototype of the electromagnetically-actuated
Kresling actuator was manufactured within a performance-
effective region. The prototype successfully demonstrated
contraction and extension in both horizontal and vertical
directions.

Interestingly, these design guidelines for flat, weight-
effective electromagnets could be employed more broadly
for the implementation of embedded electromagnetic actu-
ation into soft robots in general. Specifically, they could be
valuable for incorporating embodied actuation into functional
soft robotic designs.
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Figure 7. Impression of the electromagnetic Kresling actuator
integrated into a continuum arm.

The Kresling actuator differentiates from other electromag-
netic linear actuators, such as those developed by Mohamed
et al [16] and Yin et al [17], by transforming its entire outer
shape from a flat configuration to an extended one. This makes
it specifically suitable for integration into a continuum robotic
arm (figure 7). The actuator’s ability to locally contract or
extend based on its polarity makes it an ideal modular com-
ponent, supporting a modular approach for manufacturing
robotic arms. Moreover, as demonstrated by Wu et al [18],
the Kresling cylinder has the potential to function as an omni-
directional bending actuator. Incorporating this bending cap-
ability into the electromagnetic Kresling actuator could enable
the development of a modular robotic arm with precise local
control over bending, contraction, and extension. It would be
valuable to study the possibilities ofmore complexmovements
by simulating the actuator’s full deformation, as demonstrated
by Jin et al [19].

Additionally, the impact of scaling on the performance of
the electromagnetic Kresling actuator should be examined.
When the actuator is upscaled or downscaled, both the
electromagnetic force and its relationship to the actuator’s
weight are altered. For instance, an upscaled Kresling actuator
could be advantageous in logistical pick-and-place operations,
where greater force and reach are needed. A downscaled ver-
sion could be effective in restricted settings, such as during
Minimally Invasive Surgery, where it could be attached to the
tip of a catheter to enable precise needle deployment through
the actuation of the electromagnets. Moreover, future research
should focus on exploring the potential of the actuator’s open
internal lumen, which could be utilized for transporting objects
or integrating tools.

5. Conclusion

In this study, we introduced a novel solution for a soft
linear actuator. An electromagnetic Kresling actuator was
manufactured capable of extending and contracting based on
its polarity. Unlike existing solutions, the developed soft lin-
ear actuator does not suffer from bulky pneumatic compon-
ents, vulnerable airtight systems or slow operational speed.

Therefore, the Kresling actuator is particularly well-suited for
use in dynamic, remote or restricted environments.

Future research will focus on integrating the developed
actuator into a modular robotic arm and studying the effect of
scaling. These additional functionalities contribute to reveal-
ing the full potential of the electromagnetic Kresling actuator,
where the simple design of the manufactured prototype shows
the potential for incorporating embodied actuation into func-
tional soft robotic designs.
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