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Abstract— Soft continuum robots present novel advantages
over their rigid, linkage-based counterparts, by expanding the
range of achievable kinematic configurations through their
flexibility and lack of discrete joints. However, the lack of
discrete joints presents challenges for estimation and control
of movement in continuum robots. In this paper we present an
intermediate approach towards achieving the same versatility
of continuum robots while maintaining the traditional control
and estimation methods for rigid robots. Our design focuses
around a soft tubular element which can be buckled through
an internal negative pressure, with the buckling angle set by
a confining sleeve. Once the tube is buckled it approximates
a revolute joint with torsional stiffness. In this paper we
present the design, fabrication, and performance of tube-
pinching reconfigurable revolute joints. Through experiment
and modeling we identify the appropriate sleeve shape that
enables joint axis control to within an error of 5.4

◦. Force-
displacement experiments demonstrate that internal vacuum
pressure controls the torsional stiffness of the joint. Lastly, to
demonstrate the applicability of soft joint reconfiguration we
perform experiments with a flapping tail in water to observe
how joint reconfiguration enables different swimming modes.

I. INTRODUCTION

Robots that incorporate soft, continuum elasticity into their

structure have been increasingly popular due their passive

compliance and inherent safety [1], [2], [3], [4]. The adoption

of highly compliant and deformable materials for robots

is in contrast to traditional rigid robots that are primarily

composed of high stiffness materials, such as plastics and

metals. Soft robots, as inspired by biological systems, tend

to use intrinsically soft and extensible materials (silicone,

rubbers, and elastic films) allowing for large and continuum-

like deformation throughout the robot body. This difference

in the material choices has led to distinctive benefits for

soft robot to interact with the environments. For instance, by

implementing continuously bendable structures and actuators

(pneumatic actuators and tendons) inside soft robot body,

soft robotic grippers can easily adapt their curvature to the

target object, or soft mobile robots can adapt body stiffness

to optimize for effective locomotive forces.

Reconfigurability is a capability that soft robots may

exploit to actively adapt to the environments since the soft

materials may enable their structures to bend and deform in

desired locations. Based on different mechanisms, reconfig-

uration in soft robots has been explored through changing of

active material properties [5], [6], [7], pneumatic activation

of laminated structures [8], [9], mechanical shape change
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[10], growing robots [11], [12], and reconfiguration via

mechanical constraints [13]. However, the continuum nature

of soft robots still presents challenges in controlling the

motion and pose of soft robot manipulators, appendages,

or other components [14], [15], [16]. Since the bodies of

soft robots typically may bend and deform anywhere, they

effectively have an infinite dimensional configuration space

which makes the sensing, planning, and control tasks for soft

robots extremely challenging [17]. Some methods of control

and planning seek to consider the entire continuum of the

soft structure [18], while other methods attempt to reduce the

continuum to a highly redundant set of linkages and use more

standard methods for control and planning [19], [20], [21].

There is even evidence in biology that soft bodied organisms

induce discrete joints into their continuum manipulators as

for example when an octopus uses its tentacle [22], or an

elephant uses its trunk to manipulate objects [23]. Thus,

the ability to transition continuum soft robots into discretely

jointed structures may present unique opportunities for sim-

plifying the control of soft robots while maintaining the large

configuration space of continuum robots. In this manuscript,

we consider soft reconfigurability to mean the ability to

change prescribed axes of deformation in a continuum soft

robot. Thus by changing the axes of deformation we are able

to reconfigure the desired kinematics of the system.

In this paper, we present an experimental design to func-

tion as soft reconfigurable building blocks with desired joint

axes. The key of our approach is to utilize a soft elastic

tubular shell which can bend along any axis upon pinched.

Specifically, we introduce negative pressure within the tube

to cause buckling/pinching to occur along a cross-section

of the tube, and through a rigid confining sleeve we can

locate the exact buckling/pinching angle. Thus by changing

the position and angle of the sleeve we can create soft

revolute joints with desired locations and axes. The bending

stiffness of the pinched joint is low in the preferred direction

but remains high in the off-axes. Thus, through this simple

buckling mechanism we can achieve a soft robot structure

with one of two states: 1) at neutral pressure and thus remains

unbendable until after a yield force is exceeded, 2) at nega-

tive pressure and thus buckled to a desired joint stiffness at

desired joint angle. More broadly, we propose that this mech-

anism is part of a broader class of soft robotics mechanisms

that utilize curvature and anisotropic of soft materials. We

call such mechanisms soft curved reconfigurable anisotropic

mechanisms (SCRAMs) of which there are several recent

examples of these SCRAMs using tendon-buckled tubes [24],

curved beams that buckle anisotropically [25], and laminate

2021 IEEE 4th International Conference on Soft Robotics (RoboSoft)
April 12-16, 2021, Yale University, USA

978-1-7281-7713-7/21/$31.00 ©2021 IEEE 315

2
0
2
1
 I

E
E

E
 4

th
 I

n
te

rn
at

io
n
al

 C
o
n
fe

re
n
ce

 o
n
 S

o
ft

 R
o
b
o
ti

cs
 (

R
o
b
o
S

o
ft

) 
| 9

7
8
-1

-7
2
8
1
-7

7
1
3
-7

/2
0
/$

3
1
.0

0
 ©

2
0
2
1
 I

E
E

E
 | 

D
O

I:
 1

0
.1

1
0
9
/R

o
b
o
S

o
ft

5
1
8
3
8
.2

0
2
1
.9

4
7
9
2
0
1

Authorized licensed use limited to: Univ of  Calif San Diego. Downloaded on September 10,2021 at 19:57:08 UTC from IEEE Xplore.  Restrictions apply. 











and mounted them on a rail system to observe the linear

flapping motion. The idea is based on the potential out-

of-phase flapping of the two jointed segments that forms

travelling wave for the robot to move forward. To do this,

we aligned the two joint axes and mounted a rigid tail by

the end of the robot (60mm tail length) (Fig. 5(b)). The

tail was driven by the same universal actuation method as

described in the underwater kinematics section. Under a

2.35Hz input frequency, the two-joint system moves steadily

at an averaged speed of 14.1 mm/s (Fig. 5 (c)). Although

the current robot can not move at a fast pace, we believe

that such an underwater robot design can be applied inside

a confined space, such as a pipe, using the undulatory body

motion without necessarily large flapping amplitude.

V. CONCLUSION

In this work we have presented the design and fabrication

of a soft tubular component that can induce a pinch along

a prescribed bending axis. We discuss the variable joint

stiffness from pinch control as well as the reconfigurable

joint kinematics from tuning the joint axes with multiple

joint-link systems. The major contribution of our paper is to

provide a simple on-demand joint formation mechanism for

soft robotic systems that can configure their joint flexibility

and axes of rotation. We envision these tubular pinching

elements as possible building blocks for future soft robots,

which is part of a broader class of soft robotics mechanisms

that utilize curvature and anisotropic of soft materials (the

SCRAMs). Future work will focus on improving the current

state of the soft reconfigurability by creating truly slidable

sleeve designs and thus joint locations as well as individual

pinch activation for multi-joint kinematics.
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