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Bio-inspired Rolling-Disk Continuum Robot:
Logarithmic Spiral and Constant Curvature Design
with Contraction Capabilities

Md Modassir Firdaus!

Abstract—Soft robotics draws inspiration from biological
appendages like seahorse tails, octopus arms, and elephant
trunks, which demonstrate remarkable flexibility and diverse
functionalities. While advances in soft robotics have enabled
delicate manipulation, safe human interaction, and medical
applications, existing systems lag behind mimicking nature with
a change in length. This paper presents a novel rolling-disk-
based continuum robot design that replicates natural logarith-
mic spiral geometry while overcoming limitations of previous
bio-inspired systems, including fixed length, complex elastic
interconnects, and absent central lumens. The proposed 3D-
printable architecture enables cost-effective rapid prototyping
with adjustable parameters, achieving both logarithmic spiral
and constant curvature bending, consistent with established
kinematic models. A central hollow passage supports tool
integration for minimally invasive procedures, while contraction
capability enables dynamic length adjustment. Comprehensive
mathematical analysis, CAD development, and SOFA sim-
ulations validate the design conceptualisation. Experimental
demonstrations confirm bending, contraction, and grasping
capabilities across diverse object geometries, establishing a foun-
dation for scalable, adaptable tendon-driven continuum robots
that bridge biological inspiration with practical engineering
implementation.

Index Terms—Continuum Robots, Bio-inspired, Tendon-
driven Robots, Design, Spiral Bending, Constant Curvature,
SOFA Framework.

I. INTRODUCTION

Animals exhibit remarkably flexible appendages across
scales from centimetre-scale prehensile tails in seahorses and
chameleons [1], [2] to meter-long octopus arms and elephant
trunks. [3], [4]. These structures enable diverse behaviours
such as prey capture, locomotion, manipulation, and defence.
This biological repertoire has strongly motivated the field of
soft robotics. [5], [6], [6] Despite encouraging progress—e.g.,
handling delicate or irregular objects, safe human-robot
interaction, [7], [8] and medical use cases [9]—engineered
devices still lag natural counterparts in dexterity and speed.
For instance, an elephant’s trunk can gently pinch a 3 cm
carrot yet hoist 300 kg logs, [10], and an octopus can reach
and seize prey on sub-second timescales. [11]
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Fig. 1: (a) Rolling disk concept to CAD design, (b) Spiral
Embodied Continuum Robot, (¢) Constant Curvature Embod-
ied Continuum Robot.
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Bridging this gap entails three central challenges. First,
achieving very high deformability is essential. Octopus arms,
for example, can bend by nearly 180° at virtually any
point along their length. [12] Many soft manipulators have
been proposed with different actuation schemes, including
pneumatic [13], [14] and cable-driven designs. [15], [16].
Yet most prototypes primarily realise arc-like bends with
limited tip curvature, constraining conformity to small or
highly varied objects. Increasing compliance via soft mate-
rials (e.g., silicone) can expand the bending range [17] but
also introduces wrinkling and buckling under higher loads,
undermining grasp stability. In short, softness is necessary for
dexterity, but excessive softness compromises load-bearing
ability.

Second, grasping strategies must explicitly leverage com-
pliance. Exploiting passive deformation during contact can
simplify control, [18], and numerous demonstrations show
object acquisition with minimal sensing via wrapping [19]
or “soft fingers” that envelop the target. [20] However, be-
haviours are often limited to a single repetitive pattern (e.g.,
bend-release). Grissom et al. presented a multi-segmented
pneumatically actuated arm capable of grasping and trans-
porting objects, [21], but, broadly, universal” strategies for
reaching, grasping, and moving objects of varied shapes and
from diverse poses remain scarce, whereas rigid manipula-
tors fare better here, albeit with high planning and control
complexity. Developing such general strategies is key to
approaching the versatility of octopus arms.

Third, designs should be readily scalable across sizes and
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Fig. 2: (a) Rolling disk chain conceptualisation of SECR, (b) Simulation of rolling disk chain with uniform rolling angle
1) for SECR, (c) Rolling disk chain conceptualisation of CCECR, (d) Simulation of rolling disk chain with uniform rolling

angle 1) for CCECR

applications. Most existing systems are tailored to specific
scenarios and rely on heavy simulation coupled with trial-
and-error. [22] Recent bioinspired concepts such as SpiRobs
replicate the logarithmic spiral and demonstrate grasping
across scales, [23] yet notable limitations persist: fixed length
during contraction, elastic interconnects between bending
units that complicate full 3D printing and reduce load ca-
pacity, and the absence of a central lumen, which constrains
applications beyond grasping, e.g., mounting end effectors
like graspers or reamers for surgical tasks.

Across species—despite substantial differences in size,
anatomy (pure muscular vs. muscle—skeleton synergies), and
environment (terrestrial vs. aquatic)—many appendages share
a tightly packed geometry consistent with a logarithmic spiral
[22], [24], [25]. Curling and uncurling are central to their
function: elephants curl their trunk from the tip to pick
objects off the ground, while octopuses uncurl their arms
to reach. Motivated by this common geometry, our aim is to
move beyond species-specific mimicry and develop a class
of soft robots grounded in the logarithmic spiral, addressing
limitations of SpiRobs—a novel cable-driven design that
replicates this pattern in biological appendages like octopus
arms and elephant trunks, enabling versatile grasping of
objects varying in size by over two orders of magnitude
and up to 260 times their weight, without complex feedback
[21], [22], [24], [26]. SpiRobs [24] proposes a design that
enables the recreation of logarithmic spiral-shaped curling
and uncurling motion. The design is based on discretizing the
logarithmic spiral into segments at equal angular steps from
the spiral centre, generating successive polygons that, when
uncurled about the central spine, produce a tapered geometry
that faithfully recreates the original logarithmic spiral form.
The design further demonstrates scalability across a wide
range of sizes, from millimetre-scale grippers to meter-
long manipulators, and operates dynamically at sub-second
timescales, enabling both delicate and robust manipulation
tasks across diverse environments. However, their limitations

include a thin elastic layer connecting units, complicating
3D printing and reducing structural integrity; the inability to
contract or adjust length; the absence of a hollow passage
due to the central elastic layer, restricting use to grasping
and precluding minimally invasive tools; and confinement to
logarithmic spiral bending, lacking bending to other profiles
like constant curvature by changing design parameters.

We introduce a rolling-disk-based architecture that natu-
rally bends into a logarithmic spiral and, through parameter
selection, achieves constant-curvature bending—a capability
not shown in prior spiral-inspired systems. Because constant
curvature is a standard assumption in continuum-robot kine-
matics, [25], [27], [28], our approach enables direct use of
established models. The mechanism is fully 3D printable for
rapid iteration and straightforward scaling, and it incorporates
a central hollow passage to extend functionality beyond
grasping—allowing tool attachment at the end effector for
minimally invasive procedures [29]-[31]. We detail the de-
sign principles Figs. 1, 2 and present a bioinspired cable-
driven curling/uncurling strategy in simulation in Figs. 4-6
and experimentally in Fig. 8 that exploits passive deformation
to accommodate varied objects.

II. DESIGN METHODOLOGY

The proposed design methodology exploits the kinematics
of a chain of tangent circular disks that roll successively
along the periphery of the preceding disk. Here, a “disk” de-
notes a rigid circular element in the chain, and “rolling” refers
to pure rolling—contact without slip along the predecessor’s
circumference. The geometric parameters, the disk radius
and the rolling angle of each disk, determine the trajectory
curve on which the disk centres lie, thereby defining the
bending profile embodied within the continuum robot design.
Input commands applied to the actuation space (i.e., tendon
lengths) cause the embodied continuum backbone (CB) to
conform to this predetermined bending profile. A compre-
hensive analysis of the resulting embodied-curve continuum
robot design is presented in the subsections that follow.
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A. Logarithmic Spiral Embodied Continuum Robot (SECR)

If a chain of disks exhibits varying radii with a consistent
reduction ratio k € (0, 1), as illustrated in Fig. 2 (a), and
these disks undergo rolling motion with uniform rolling
angles 1, the geometric centers of each disk trace logarithmic
spiral trajectories for each rolling angle configuration, as
demonstrated in the simulation results shown in Fig. 2 (b).
A proof of the geometric relationship is presented in the
following analysis.

a) Disk Center Coordinates: Consider the first disk
with radius 7; > 0 as shown in Fig. 2 (a). The radius of
the n-th disk follows the geometric sequence r,, = r1k" 1,
where k is the reduction ratio. Let C,, € R? represent the
center of disk n, and define v,, := C, 11 — C), as the step
vector from center n to center n + 1 in R2. The parameter
1 € R denotes the constant disk rolling angle from step n
to step m + 1, with positive 1 indicating counterclockwise
rotation.

Since consecutive disks are tangentially connected, the
distance between their centres equals the sum of their radii:

dp = [Val| = 70 +rpy1 = (1 + k)L )

The consecutive step vector v, is defined in terms of the
previous step vector v,, and the rolling angle of the (n+ 1)1
disk as:

Vi1 = kR(Y)vy, 2)

where R() is the planar rotation matrix, which rotates the
step vector by v about an axis perpendicular to the plane
of the rolling disk, and scales the length by & at each step.
Iterating Eq. (2) gives explicit formulas:

v = k" R((n — 1)) vy, 3)
and the centers accumulate as:
n—2
Cn=C1+ Y K R(j¥)v1. )
=0

b) Complex Form and the Limit Point: By identifying
R? with the complex plane, we represent the center C,, as
zn € C and the step vector vi as s; € C. Eq. (4) then
becomes a geometric sum:

n—2 i —
o s1 (1 = (ket¥)n—1
Zn =21 + S1 E (ke™)! = 21 + 1 . _( kei’l’) ) . (5
i=0

Since 0 < k < 1, the series converges, and the chain of disk
centers approaches a limit point:

51
1 — ket
towards which all centers z,, converge. Subtracting (5) from
(6) yields:

(6)

Zoo = lim 2z, = 21 +
n—oo

s keiw n—1

¢) Polar Coordinates and Discrete Spiral: The polar
radius p, and polar angle 6,, of the center C,, with respect
to the limiting point 2., are defined as:

P = |Zoo — Znl, 0, = arg(zeo — 2n)- (8)

The modulus and argument of (7) results in the decoupled
recurrence relations:

Pn+1 = kpna 9n+1 = 977, + w (9)

with solutions:

Pn = plknila On =01+ (’I’L - 1)¢ (10)

Eliminating n from (10) provides an explicit relation between
the radius and angle at the sampled points:

_ Ink —(In
Pn = Plk(e" 01)/v _ po €Xp <,(/)9"> Lo 1= pie (1 k?/'(/))el'
11
Thus, the centers C,, lie on a logarithmic spiral, sampled
at equal angular increments 1. The simulation is shown in
Fig. 2 (d).
Embodied Continuum Robot

B. Constant  Curvature

(CCECR)

The special case of logarithmic spiral bending derived from
the rolling disk is constant curvature if the reduction ratio
k = 1, meaning each disk has the same radius as shown in
Fig. 2 (c). For r > 0; thus centre-centre distance is given by,

d:: HC’I’7,+1_C7'7/H :T+T:2T V?’L. (12)
and v,, is given by,
Vi1 = R(Y) v,  [vall =d. (13)

Egs. (3), (4) change to,

n—2
Vo =R((n— 1)) vi; Co=C1+ Y R(j¥)vi. (14)

Jj=0
a) Existence and uniqueness of a fixed point: For 1) %
2mm;m = 1,2..., there exist unique point P € R? such that

Cpi1—P=RW)(C,—P)  Vn. (15)

Rearranging Eq. (15) gives a nonsingular linear system
because I — R(7)) is invertible for ¢ # 0 (mod 27):

P= (I — R(w))_l(CnJrl - R("/}) Cn) .

Uniqueness follows from invertibility of I — R(v)): its eigen-

values are 1 — e =£ 0 when ¢ #Z 0 (mod 27). Eq. (15)
can be written in the terms of Cy as:

Cn—P=R((n—-1)¢)(C, — P) n

= [|[Cn = P|| = [|C1 — P[| =: Rc

(16)

7)

Hence, all centres of the rolling disks lie on the circle of
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Fig. 3: (a) Volumetric mesh of the robot; (b) ROIs as small
boxes at selected 3D points, moving with deformation along
y-coordinates; (c) ROI average positions (green points) and
extracted CB axis (blue points) via grouping at same Y-
coordinates.

radius R, centred at P shown in Fig. 2 (c). Substituting n = 1
in Eq. (15) and using v; = Cy — C; we have

Ci—P = (R)—1)"'vy
[[vall (18)

c = f— P - —_—

fe =1 =PI= ot

since, ||’ — 1|| = 2| sin(¢0/2)]|, R. is given by,
[[va]]
Re = —— =

2lsin(v/2 g,

- 2sin?¢/2); (sin(e/2) > 0 for 0 < ¢ < 2r).

Thus, from Egs. (16), (17), and (19) it is inferred that the
centre of rolling of the disk chain will lie on a circle for equal
rolling . The simulation of a rolling disk for a reduction
ratio k = 1 is shown in Fig. 2 (d), the centre of each rolling
disk is at some circle.

III. TRANSLATING ROLLING DIsSK TO CAD

To translate the theoretical rolling disk methodology into
a physically realisable model, a systematic fabrication ap-
proach has been developed based on the rolling disk design
principles.

The fabrication process begins with selecting a hollow
cone or tube of specified length and diameter, designated as
the CB. A plane passing through the CB axis is established,
along which a series of circles are drawn with an initial radius
r1 and constant reduction ratio k. The line connecting the
centres of these circles defines the rolling disk axis, which
is offset from the CB axis at an angle equal to the slant
edge to prevent zero-thickness geometry and ensure material
continuity along the CB length.

The manufacturing procedure follows a sequential ap-
proach as illustrated in Fig. 1 (a). In Step I, a closed contour is
created using two tangent circles and their common tangent,
forming the extrude cut profile. Step II involves creating
multiple extrude cuts along the tube length, generating
notches that correspond to the rolling disk diameters and

(a)

(b)
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Fig. 4: (a) and (d) SECR simulation results without and with
contraction, (b) and (e) Curves achieved by SECR central
axis without and with contraction, (¢) and (f) Deviation
of SECR axis from the theoretical curve without and with
contraction.

emulate the disk rolling motion for bending. These notches
are subsequently mirrored to create an identical pattern on the
opposite side, as shown in the zoomed view in Step III. Steps
IV and V demonstrate the creation of perpendicular notch
patterns by establishing a plane perpendicular to the previous
extrude cut orientation. Finally, precision holes for actuating
tendons are created along the periphery with equiangular
distribution throughout the length, completing the final CAD
design for the Spiral Embodiment Continuum Robot (SECR).

The rolling disk radius selection directly influences the
achievable bending angle, where larger disk radii enable
greater continuum backbone deformation by providing en-
larged notches and increased deformation space. The design
inherently supports contraction capability through simulta-
neous tendon actuation while preserving bending charac-
teristics. When tendons are actuated, the notch geometry
facilitates motion that replicates the theoretical rolling disk
behavior, resulting in mechanically embodied constant cur-
vature bending. The assembly of SECR and CCECR with
actuating units are shown in Figs. 1 (b) and (c). The same
method is followed to create CCECR, keeping the reduction
ratio k = 1. Fig. 1 (e) shows the CB CAD model of CCECR
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Fig. 5: (a) and (d) CCECR simulation results without and
with contraction, (b) and (e) Curves achieved by CCECR
central axis without and with contraction, (¢) and (f) Devia-
tion of CCECR axis from the theoretical curve without and
with contraction.

IV. DESIGN VALIDATION USING SOFA FRAMEWORK

Finite element method (FEM)-based simulations using the
Simulation Open Framework Architecture (SOFA) frame-
work [32]-[35] validate the effectiveness of the proposed
SECR and CCECR designs. Fig. 3(a) presents a side-by-side
comparison of the volumetric mesh and the surface mesh with
overlaid regions of interest (ROI), demonstrating the internal
structure and spatial distribution of the tracking regions.

Cable paths are defined as point sequences embedded
in the soft material, with each cable terminating at a
pull point in the volumetric mesh where tendon forces
are applied. The robots are simulated using thermoplastic
polyurethane (TPU-95A) with Young’s modulus £ = 70kPa
[36] and Poisson’s ratio v = 0.48 [37]. All simulations
employ the ElasticMaterialObject class [32] with
EulerImplicitSolver for implicit time integration and
SparseLDLSolver for efficient FEM linear system solu-
tions, providing robust performance for large deformations
and nonlinear elastic behaviour.

Multiple Regions of Interest (ROIs) are defined as small
boxes at selected 3D points inside the material, as shown
in Fig. 3 (b). These ROIs move with the robot during
deformation. The y-coordinates run along the length of the

Y (mm)

50 100 150
X (mm)

0 2 i 6 § 10
Length (em)

Fig. 6: SECR and CCECR simulation results in arbitrary
and extrude cut planes. (a)-(c): SECR; (d)-(f): CCECR. (a,d):
Bending; (b,e): Axis curves; (c,f): Bending deviations.

robot, with the placement of these ROI boxes depicted in
Fig. 3 (b). For each ROI, the average position of all mesh
nodes inside the box is computed at each simulation step.
This computation provides a set of points that track the
deformation, represented as green points in Fig. 3 (c). To
extract the robot’s CB axis, all ROI averages with similar
y-coordinates are grouped within a specified tolerance. This
grouping essentially calculates centroids for points at similar
positions along the robot’s length. For each group, the
average coordinates of all points in that group are calculated.
This calculation yields one point on the CB axis, shown as
blue points in Fig. 3 (c).

To compare how well the simulated central axis with the
intended geometric profiles, distinct fitting procedures are
employed for the SECR and CCECR configurations. The
SECR central axis is expected to conform to a logarithmic
spiral. The CCECR axis should exhibit constant curvature
behaviour. Singular value decomposition [38] identifies the
best-fitting plane that encompasses the majority of points.
This approach minimises planar deviation effectively. Points
outside this plane are projected onto it to reduce the data
to 2D while accounting for minor deviations. This process
preserves the integrity of the main curve without a significant
impact on the geometric analysis.

The center of the logarithmic spiral is estimated us-
ing bounded nonlinear least-squares optimization (L-BFGS-
B) [39] applied to logarithmic residuals, initialized by data
medians and refined iteratively through outlier filtering. The
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SECR axis points are then parameterized into polar coor-
dinates relative to the estimated spiral center. The spiral
parameters are optimized using the Nelder-Mead simplex
algorithm [40], with an iteration limit of 5,000. For the
CCECR, the axis should form a circular arc, and a circle
fitting procedure uses the first, middle, and last axis points
to determine a circle in 3D space. Fitting accuracy is analyzed
by computing absolute deviations in mm from the fitted curve
for each simulation frame corresponding to a specific tendon
displacement. The SOFA [32] simulation results are shown
in Fig. 4 (a,d) for SECR and Fig. 5 (a,d) for CCECR, while
the central axis points and fitted curve for each simulation
frame are presented in Figs. 4 (b,e) for SECR and Fig. 5
(b,e) for CCECR. The deviation of each point is calculated
as the shortest perpendicular distance between the fitted curve
and the central axis points. For each frame, deviation versus
distance from the base is plotted to visualize the profile, as
shown in Figs. 4 (c,f) for SECR and Fig. 5 (c,f) for CCECR,
and these profiles are averaged across frames. For the SECR,
this analysis reveals an decreasing trend in deviation from
base to tip, indicating that the tip position remains predictable
with average deviations within 2 mm. For the CCECR, the
analysis shows a similar increasing deviation toward the tip,
enabling reliable prediction of the tip with average deviation
within 1.5 mm. The observed deviations are attributed to
a combination of factors, including material nonlinearities
at the notch connections, gravitational effects, and errors
introduced through spatial discretizations.

Simulation results for SECR and CCECR configurations
are presented in Fig. 4 and Fig. 5, respectively. Each figure
shows outcomes including the bending profile, the curve
traced by the robot’s central axis, and deviation from the
theoretical embodied curve along the robot’s length. Fig. 4 (a)
and (d) depict SECR bending without and with contraction,
respectively. Fig. 5 (a) and (d) show CCECR bending without
and with contraction. Corresponding curves achieved by the
central axis appear in Fig. 4 (b,e) and Fig. 5 (b,e). In these
curve plots, the discrete points represent the extracted CB
axis points, and the continuous line shows the fitted curve.
Deviation analyses for the respective bending configurations
are given in Fig. 4 (c,f) and Fig. 5 (c,f). The deviation
plots are derived from fitting a logarithmic spiral via the
Nelder-Mead algorithm for SECR cases and a circular arc for
CCECR cases. These plots illustrate the distance of extracted
CB axis points along the robot’s length relative to the fitted
curve. This analysis provides a rigorous quantitative measure
of design fidelity as claimed.

To further validate the bending profile of the SECR and
CCECR designs, a simulation is conducted in an arbitrary
plane that does not align with the rolling disk plane used for
designing the robot. The arbitrary bending plane is oriented
at an angle relative to the original rolling disc plane. This
configuration tests the designs’ ability to maintain embodied
curvature profiles in any plane under actuation. Results
illustrated in Fig. 6 demonstrate low deviations from the

k& gg
<l <l <l <l oy <
L T YU N e e

Fig. 7: Experimental Demonstration of CCECR. (a) Half-
length contraction and bending, with the red box highlighting
the contraction region. (b) Full-length contraction and bend-

ing.

Fig. 8: Experimental Demonstration of SECR. (a) Bio-
inspired spiral bending. (b) Half-length contraction and bend-
ing, with the top half exhibiting spiral bending. (c) Bio-
inspired grasping, adapting to the object’s geometry.

theoretical curves. Errors decrease progressively toward the
tip and further diminish as tendon displacement increases.
The novel design presented in this paper demonstrates the
ability of the continuum robot to bend an embodied curve in
any bending plane.

V. EXPERIMENTAL SETUP

Two experimental setups have been developed: the CCECR
and the SECR. Each configuration employs three actuating
servo motors of 35 kg-cm stall torque with distinct func-
tional roles. The primary motor provides full-length bending
through a tendon that traverses the entire robot length,
extending from the motor pulley to the tip, thereby enabling
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bending along the length of the robot. The remaining two
motors facilitate contraction to the robot through tendons that
terminate at either half-length or full-length positions, de-
pending on the desired contraction characteristics. These two
contraction tendons are positioned coplanar within a single
plane passing through the geometric axis of the continuum
backbone.

For the CCECR configuration, both half-length and full-
length contraction capabilities are targeted, with tendons
mounted accordingly. Conversely, the SECR is designed for
half-length contraction, with the two corresponding tendons
terminating at the half-length position. Motor control is im-
plemented using Arduino-based closed-loop position control,
while the experiment operates under open-loop control.

The continuum backbones for both CCECR and SECR
configurations are fabricated through 3D printing using Ther-
moplastic Polyurethane, while motor pulleys and chassis
components are printed using PLA material. Actuation is
achieved through three steel strand tendons with 0.7 mm
diameter. The CCECR features a cross-sectional radius of
15 mm and a length of 200 mm, incorporating an inner hole
radius of 7.5 mm and actuating tendon holes positioned 12
mm from the geometric axis. The SECR measures 248 mm
in length, with the largest cross-sectional radius of 22 mm
tapering to 6 mm at the smallest section, and an angle of
5.24° between the slant edges. Detailed specifications are
provided in Fig. 1.

VI. EXPERIMENTAL DEMONSTRATIONS

Five distinct experimental demonstrations have been con-
ducted to showcase the versatile functionality of the proposed
design. For the CCECR, demonstrations include half-length
contraction with bending as shown in Fig. 7 (a), and full-
length contraction with bending presented in Fig. 7 (b). The
SECR capabilities are demonstrated through three experimen-
tal scenarios: logarithmic spiral bending illustrated in Fig. 8
(a), simultaneous contraction with bending shown in Fig. 8
(b), and full-arm grasping functionality depicted in Fig. 8
(c). Detailed analysis of each experimental demonstration is
provided in the corresponding subsections.

A. Constant curvature Bending with Contraction

The contraction and bending capabilities of CCECRs are
demonstrated in Fig. 7. The red box in Fig. 7 (a) highlights
the contraction of the lower half-section of the CCECR,
where a distinct reduction in length is clearly observable.
The inclination of the white dashed line passing through the
tip provides visual confirmation of this geometric change.
Following complete contraction of the bottom half-section,
bending actuation is applied to demonstrate the decoupled
functionality. The upper half exhibits constant curvature
bending with minimal influence on the contracted lower
section. The slight bending observed in the lower half re-
sults from the actuating tendon traversing the entire robot
length, creating a minor coupling effect between sections.
In the second demonstration, as illustrated in Fig. 7 (b),

full-length contraction is achieved, resulting in significantly
greater overall length reduction, which is clearly evident
from the position of the white dashed line. Subsequently,
bending actuation is applied to the contracted configuration,
producing constant curvature deformation while maintaining
the shortened length profile.

B. Bio-Inspired Logarithmic Spiral Robot

The rolling disk design-based continuum robot with a
constant reduction ratio k¥ = 0.87 exhibits logarithmic spiral
bending behavior. Fig. 8 (a) demonstrates bio-inspired log-
arithmic bending without contraction, where each bending
configuration represents a segment of a logarithmic spiral
trajectory. In Fig. 8 (b), contraction is applied to the lower
half of the robot, as indicated by the red box, followed
by logarithmic bending of the upper section. A distinct
difference in spiral curvature characteristics can be observed
between Fig. 8 (a) and Fig. 8 (b), highlighting the effect of
partial contraction on the overall spiral geometry.

C. Bio-Inspired Grasping of Different Objects

The primary advantage of the logarithmic spiral configu-
ration lies in its capability for full-arm grasping of objects
with diverse geometries and dimensions. Fig. 8 (c) demon-
strates the robot’s grasping versatility through interaction
with four distinct objects: a lightweight rectangular box, a
computer mouse, a duster, and a cylindrical object. The robot
exhibits excellent adaptation to curved surfaces, particularly
conforming to the mouse and cylindrical profiles due to its
inherent compliance. For the rectangular object, the robot
effectively engages with the sharp corners through distributed
contact points. The scalable nature of the design enables
accommodation of various object sizes, while the contraction
capability provides fine-tuned positioning for secure grasping
and enhanced manipulation of smaller objects.

VII. CONCLUSIONS

This paper introduces a novel rolling-disc-based architec-
ture for a 3D-printable continuum robot, facilitating low-cost
and rapid prototyping. The design features logarithmic spiral
bending with the added capability of contraction, allowing the
robot to adjust its length while preserving its bending profile.
A unique aspect enables a transition from logarithmic spiral
to constant curvature bending by varying design parameters,
addressing a gap in existing models that predominantly rely
on constant curvature assumptions for kinematic analysis.
Contraction is modulated by adjusting the radius of the
rolling disks used to create extruded notches, enhancing
the robot’s adaptability. The methodology is detailed with
mathematical formulations, translated into a CAD model, and
validated through SOFA simulations. Experimental results
demonstrate bending, contraction, combined bending with
contraction, and grasping of various objects for logarithmic
spiral configurations, offering a new approach to designing
tendon-driven continuum robots for diverse applications.
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