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A Compliant Hinge Joint Driven
by the PneuNets Bending Actuator
While soft robots enjoy the benefits of high adaptability and safety, their inherent flexibility
makes them suffer from low load-carrying capacity and motion precision, which limits their
applications to a broader range of fields. To address this problem, we propose a novel com-
pliant hinge joint with a stiff backbone for load-carrying coupled with soft pneumatic net-
works (PneuNets) bending actuators. We derive a pseudo-rigid-body model of the joint
design and validate it through experiments and simulations. The results show that the
joint can achieve a large range of bending angles. The off-axis stiffness is from 16.74 to
627.63 times the in-axis stiffness. This design can carry a heavy load off-axis while main-
taining the in-axis flexibility. This work lays out the foundation for designing high-perfor-
mance soft robots by combining various flexure mechanisms and pneumatic bending
actuators. [DOI: 10.1115/1.4064282]

Keywords: soft robots, compliant mechanism, pneumatic actuators, mechanism design,
theoretical and computational kinematics

1 Introduction
Soft pneumatic robots have attracted much attention recently due

to their safety, high adaptability, fast response, lightweight, and
strong anti-interference ability [1]. As a result, a variety of soft
pneumatic robots with different functions, such as climbing
robots [2,3], walking robots [4,5], soft grippers [6,7], and soft pneu-
matic gloves [8,9], have been developed and applied in space explo-
ration [10,11], medical field [12,13], and industrial field [14,15].
However, the inherent flexibility of soft pneumatic robots presents
difficulties in carrying heavy loads and making precise motions,
which restricts their further development.
Researchers propose two solutions to overcome this shortcom-

ing. The first commonly used solution is the variable stiffness tech-
nique, which enables the soft robot to change stiffness through
variable stiffness mechanisms or materials. For example, Kim
et al. proposed a layer jamming mechanism, which uses negative
pressure to change the friction between layers to achieve stiffness
tuning [16]. Based on this work, Crowley et al. developed a positive
layer jamming method to vary the stiffness of a soft pneumatic
gripper [7]. Since the positive pressure has no upper limit, the pos-
itive layer jamming mechanism can change the stiffness in a more
extensive range. In addition, some researchers have studied the
inherent variable properties of smart materials for variable stiffness.
Alambeigi et al. developed a continuum manipulator with a back-
bone made of phase-changing alloy [17], which changes the mate-
rial’s stiffness by controlling the temperature. Yang et al. designed a
robotic finger that can control stiffness using shape-memory
polymer joints [18]. Although the variable stiffness technique can
overcome the challenges by tuning the stiffness, additional
devices and space are required, increasing the cost and complexity
of robots [19].

Another solution is a hybrid robot system combining stiff back-
bone mechanisms with soft joints. An example is a terrain-capable
hybrid soft/stiff myriapod robot designed by Ozkan-Aydin et al.
[20]. The soft joint of the robot enables it to adapt to the complex
terrain well, and the rigid-body mechanism supports the robot’s
weight. However, rigid-body parts in this solution reduce the flex-
ibility of the robots. Also, the robotic is hard to achieve high motion
precision due to the compliance of the pure soft joint. Another
example is a hybrid finger proposed by Lotifani et al. [21]. A
rigid skeleton is embedded into a pneumatic soft finger to
improve its torsional stiffness so that the gripper made of such
fingers can grasp heavy objects. However, since the lateral
bending stiffness has not been increased, it will still be unable to
carry heavy objects and fail when the finger is extended to a
certain length.
To improve this solution, we create a new hinge joint by combin-

ing compliant mechanisms (CM) [22] and PneuNets bending actu-
ators. A typical compliant mechanism consists of a fixed and rigid
moving stage. The two stages are connected by one or more flexure
members. Compliant mechanisms offer many advantages over con-
ventional rigid-body mechanisms, such as part-count reduction and
reduced motion errors [22]. In addition, some CMs also have rela-
tively high stiffness in a certain direction. Therefore, using CM as
the backbone of the joint can improve the load-carrying capacity
and motion precision. The PneuNets bending actuator shown in
Fig. 1 consists of bellow-shape soft air chambers and an inextensi-
ble layer [23]. Pressuring the air chamber can inflate the lateral wall
to contact the adjacent walls and generate moment. The moment
will bend the actuator over a wide range. Compared with other
bending actuators, the PneuNets bending actuator performs a high
actuation rate, an extensive motion range, and a simple pressure–
displacement relationship [24]. Those merits make it a good
choice for joint actuation.
This paper proposes a new compliant hinge joint combining a

compliant cross-axis flexural pivot with the PneuNets bending actu-
ators. This joint can be in an active mode when pressurizing the
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PneuNets bending actuator or in a passive mode driven by external
force/moment. We derive a pseudo-rigid-body (PRB) model to
study the pressure–displacement relationship in active mode and
validate the result with experiments and simulations. Experiments
are implemented to evaluate the motion in both active and
passive modes. Also, we experimentally measure the in-axis and
off-axis stiffnesses of the joint and calculate the stiffness ratio.
The paper is organized as follows: Sec. 2 presents the design of

the new joint. We derive the analytical models for the PneuNets
bending actuator and the joint in active mode. Then, in Sec. 3, we
detail the fabrication process, the experiments for the joint’s trajec-
tory in both active and passive modes, and the experiments for the
pressure–displacement relationship. We also develop finite element
simulations to validate the theoretical model. A new design with
higher motion precision is proposed based on the motion results.
We also experimentally study the in-axis and off-axis stiffnesses
and calculate the stiffness ratio. Finally, in Sec. 4, we conclude
the paper.

2 Methods
In this section, we first detail the design. Then, we derive the the-

oretical model for the PneuNets bending actuator’s driving moment
and a compliant four-bar mechanism based on the PRB model for
the kinematics and statics. We finally derive the pressure–displace-
ment model by combining the PRB and driving moment models.

2.1 Joint Design. The proposed novel joint is called PneuNets
actuated cross-axis flexural pivot (PnACF pivot). Figure 2 shows its
computer-aided design (CAD) model and prototype. A compliant
cross-axis flexural pivot made of relatively stiff material is used

as the backbone, and two soft PneuNets bending actuators are
bonded on the two flexure strips for actuation. As the two actuators
are attached to the strips, pressurizing one of them will bend the
strip and rotate the PnACF pivot around the Z-axis clockwise or
counterclockwise. The strip also works as the inextensible layer
to limit the unnecessary expansion of the actuator’s bottom layer.
Due to the high off-axis stiffness of the cross-axis flexural pivot,
the PnACF pivot can carry a high payload in a non-motion direction
while maintaining flexibility in the motion direction. Moreover, this
high off-axis stiffness reduces the PnACF pivot’s parasitic motion
error.

2.2 Analytical Model of Driving Moment From the
PneuNets Bending Actuator. The geometry of the PneuNets
bending actuator is shown in Fig. 3(a). We assume the lateral
wall of the chamber is the four-edges clamped thin walls under
applied pressure, see Fig. 3(b). Under this assumption, the bulge
height h of one chamber’s lateral wall can be obtained by Srivastava
and Hui [25]

h =
a − s

2 cos θc
tan

θm
2

( )
(1)

where a is the chamber’s inner height, s is the height of the gap
layer, and θc is the angle of the tilt chamber. θm is the clamped
angle of the lateral wall [25], which is determined by the following
formula:

θm =
aP

2μh0
cos θc (2)

where P is the air pressure, μ is the shear modulus, and h0 is the
lateral wall thickness. To simplify the problem, we assume that
the elongation of the gap layer causes the bending of the PneuNets
bending actuator. Therefore, the displacement h1 of the lateral
chamber wall at the gap layer, as shown in Fig. 3(c), can be calcu-
lated by the geometry relationship [26]

h1 =
2s

a + s
h cos θc (3)

From the geometric relationship, the total bending angle can be
obtained

θ =
2(n − 1)
tb + s

h1, (4)

where tb is the thickness of the bottom layer of the PneuNets
bending actuator.
The driving moment of the PneuNets bending actuator is com-

posed of two components: the moment Ml generated by the
lateral wall’s inflation and contact, and the resistance moment Mr

generated by the bending of the junction zone [9]. To determine

Fig. 2 Design of PneuNets actuated cross-axis flexural pivot:
(a) CAD model and (b) prototype

Fig. 3 (a) The geometry of the PneuNets bending actuator, (b) FEA
of inflating lateral wall, and (c) FEA of two inflating chambers

Fig. 1 Schematic of the PneuNets bending actuator
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the moment Ml, we selected a fourth-order polynomial function
f(τ) = 0.46τ4− 1.46τ2+ 1 as the lateral wall’s profile function,
which satisfies the boundary condition and fits the actual profile
well. The displacement field of the lateral wall is written as

u = 0, 0, hf
2x
b

( )
f

2 cos θcy
a

( )[ ]T
(5)

where b is the inner width of the chamber. x= (x, y, z)T are the coor-
dinates of the lateral wall. Based on the profile function and Neo–
Hookean model, the strain energy Uw and volume V of one
deformed lateral wall can be obtained

Uw(h) =
∫h0

2

−h0
2

∫ a
2 cos θc

−a
2 cos θc

∫b
2

−b
2

C1(I1 − 3) dx dy dz (6)

V(h) =
∫h0

2

−h0
2

∫ a
2 cos θc

−a
2 cos θc

∫b
2

−b
2

f
2x
b

( )
f

2 cos θcy
a

( )
dx dy dz (7)

where I1 = tr([(I +
∂u
∂x

)(I +
∂u
∂x

)T]) is the first invariant. Here func-

tion tr() represents the trace of a matrix. C1 is the coefficient of the
Neo–Hookean model. According to the principle of virtual work,
we can obtain the following formula:

dUw(h)
dh

dh
dθ

δθ = P
dV(h)
dh

dh
dθ

δθ −Mlδθ (8)

Substituting Eqs. (4), (6), and (7) into Eq. (8), we can calculate the
momentMl generated by the deformation of one lateral wall. To cal-
culate the resistance moment, we assume the undeformed junction
zone on the bottom layer has a rectangular shape with the size of
(b/2) × tb× (lg/2), in which lg is the length of the gap. After
bending, the junction zone will deform into a sector with a central
angle θ. We can obtain the resistance moment for the half-gap as
follows:

Mr = b

∫tb
0

∂W
∂λ

( )
y dy (9)

where λ= 1+ 2θy/(klg) is the stretch ratio, k is a factor larger than 1,
and W is the strain energy density of the junction zone.
Combining Eqs. (8) and (9), the total driving moment is

Md = 2(n − 1)(Ml −Mr) (10)

2.3 Pseudo-Rigid-Body Model of the PnACF Pivot for
Kinematic and Static Analysis. We use a compliant four-bar
mechanism based on the pseudo-rigid-body model [27] to analyze
the kinematics of the PnACF pivot in active mode, as shown in
Fig. 4(a). In this model, two pin joints connect the moving stage
and the two strips, and two more pin joints are at the strip with a dis-
tance of γl, where γ is the characteristic factor, l is the length of the
strip. Torsional springs with stiffness K are placed at each pin
joint. In this way, rigid-body kinematics is sufficient to determine
the PnACF pivot’s motion. The link lengths of the PRB model are

r1 = (2γ − 1)wh

r2 = r4 = γl
r3 = wh

(11)

where wh is the width of the compliant cross-axis flexural pivot.
The following loop closure equations govern the kinematics of

the four-bar mechanism:

r2 cos θ2 + r3 cos θ3 = r1 cos θ1 + r4 cos θ4 (12)

r2 sin θ2 + r3 sin θ3 = r1 sin θ1 + r4 sin θ4 (13)

As shown in Fig. 4(b), the PneuNets bending actuators are attached
to two strips. Since the actuator’s gap is much easier to bend than

the part with the chamber, one strip with PneuNets bending actuator
can be simplified into a uniform beam with the length (n− 1)lg, and
the top layer’s thickness is s+ tb. In this simplification, the effective
strip is treated as a two-material composite beam with a rectangular
cross section, for which Young’s modulus of the top layer and the
bottom layer are Ep and Es, respectively. We can convert the com-
posite beam into a single material beam by the equivalent area
method as shown in Fig. 4(c) and calculate its effective moment
of inertia I*. So, the stiffness of the torsional spring is obtained
by the following formula:

K = γKΘ
EsI∗

2(n − 1)lg
(14)

where KΘ is the stiffness coefficient. Both two coefficients γ and KΘ
can be determined by the optimization method, which minimizes
the error compared to the finite element analysis (FEA) results.
After knowing the coefficients, we can obtain the moment–deflec-
tion characteristic of the PnACF pivot by the principle of virtual
work, which is expressed as

Md = T2 + T3 − (T1 + T2)
r3 sin(θ3 − θ4)
r2 sin(θ4 − θ2)

− (T3 + T4)
r3 sin(θ3 − θ2)
r4 sin(θ4 − θ2)

(15)

where

T1 = K(θ2 − θ20)
T2 = K(θ2 − θ20 − θ3 + θ30)
T3 = K(θ4 − θ40 − θ3 + θ30)
T4 = K(θ4 − θ40)

(16)

The subscript “0” represents undeflected angles. Combining Eq.
(10) in Sec. 2.2 with Eq. (15), we can establish the relationship
between pressure and the rotational angle of the PnACF pivot.

3 Results
After finalizing the design and modeling of the PnACF pivot, we

manufacture a prototype and evaluate its performance through
experiments and simulations. We first fabricate a prototype by
resin printing. The geometric parameters of the actuator and the
cross-axis flexural pivot are shown in Tables 1 and 2, respectively.
Then, we evaluate the motion of the PnACF pivot in both active and
passive modes. Based on the results, we propose a new design with
different parameters to improve motion performance in passive

Fig. 4 (a) The PRB model of the PnACF pivot, (b) each strip is
made of a PneuNet actuator bond to a flexure beam, and (c) the
strip is modeled as a single material beam with equivalent
bending stiffness
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mode. Finally, we conduct experiments to study the in-axis and
off-axis stiffnesses of both two designs.

3.1 Material Selection and Fabrication. Due to the complex
shape of the PneuNets bending actuator and multi-material manu-
facturing requirements, the traditional casting method is not suitable
for this project. Instead, this work uses the resin printing method to
fabricate the actuator and the cross-axis flexural pivot with a DLP
printer (AnyCubic Inc., Shenzhen, China). We first print two actu-
ators using a commercial rubber-like resin (F69, Resione Inc.,
Dongguan City, China) and post-process them for 10min with a
curing machine (AnyCubic Inc.). Then, we print the cross-axis
flexural pivot with a flexible and tough resin (UV Tough resin,
AnyCubic Inc., Shenzhen, China) and do the post-processing for
3min. Finally, we bond two actuators on the two strips of the
pivot by super glue. We glue the actuator’s bottom to the strip’s
top. A tensile test is implemented to determine the material proper-
ties of the rubber-like resin following the standard ASTM-D412
type C. Five dumbbell specimens are fabricated and stretched
until they break on the tensile machine (Instron5542). The strain
rate is 500 mm/min. The Neo–Hookean model is used to fit the
testing data, and the mean value of Young’s Modulus from
testing is 3.93MPa. This value is used in FE simulations and ana-
lytical solutions.

3.2 Finite Element Simulations. A finite element model is
built in ABAQUS. Young’s modulus of the cross-axis flexural pivot
is set to 1GPa, and Poisson’s ratio of the pivot is 0.35. Based on
the tensile testing, we use the Neo–Hookean model with

coefficients C1= 0.66 and D1= 0 as the constitutive model of the
PneuNets bending actuator. Pressure up to 0.276MPa (40 psi) is
applied on the internal surfaces of chambers of one actuator for
the PnACF pivot’s unidirectional rotation. The fixed stage of the
pivot and the end of two actuators close to the fixed stage are
fixed. Self-contact interaction is defined between adjacent
chamber walls. The hybrid tetrahedron element C3D10H is
assigned to the actuator, and the element C3D10 is used for the
cross-axis flexural pivot.

3.3 Experiments for Motion Evaluation. The PnACF pivot
has active and passive modes. In active mode, the PnACF pivot
works as an active joint, meaning that the PneuNets bending actu-
ator will drive the joint with air pressure. In passive mode, the
PnACF pivot works as a passive joint, meaning that the external
force will move the joint but not the actuator. Before the experiment
starts, we define three translational directions (X, Y, Z ) along the X-,
Y-, and Z-axis and three rotational directions (RX, RY, RZ) around
the X-, Y-, and Z-axis. The deformation axes are shown in
Fig. 5(a). The experiment setup for the active mode is shown in
Fig. 5(b). In which the PnACF pivot with an indicator is fixed on
the table, and a camera is placed above it. One of the actuators is
gradually pressurized from 0MPa (0 psi) to 0.276MPa (40 psi) to
drive the pivot rotation. The camera captures the rotation angle cor-
responding to each pressure. Then, the IMAGEJ software is used to
measure the angle in the pictures. To measure the angle, we draw
the initial position of the indicator tip and rotation center on the
grip paper. Then, we connect those two points and the center and
current position of the tip in the picture. The angle can be automat-
ically calculated by the tool in the software. We repeated the exper-
iment thrice for each direction and calculated the average.
Figure 5(c) shows the experiment setup for passive mode. The
moving stage of the pivot is tied to the Mark 10 force sensor by a
thin wire. The force sensor will move and rotate the pivot by
turning the knob. The sensor records the driving forces, and the
angle corresponding to each driving force is recorded by the
camera above the pivot.
Our first design (Design 1) is pivot with the cross center in the

strip’s middle. We define the length ratio from the moving stage
to the center over the total length of the strip as al. Thus, for
Design 1, al= 0.5. As shown in Fig. 6(a), given the dimensions
in Tables 1 and 2, the ideal motion trajectory of the center point
on the moving stage is a semi-circle with a radius of 22mm relative
to the cross center. We plot the trajectories in active and passive
modes from the experiments in Figs. 6(b) and 6(c). We also calcu-
late the absolute error of radius referring to the ideal trajectory for
both modes and compared them in Fig. 6(d ). From the result, the
mean error in the passive mode is 0.1150, and that for the active

Table 2 Parameters of the cross-axis flexural pivot (unit: mm)

Parameter wh r l L ts

Value 24 24 33.98 10 0.5

Table 1 Parameters of the PneuNets bending actuator

s tb h0 a b
Parameter (mm) n (mm) (mm) (mm) (mm)
Value 1.83 9 0.5 0.88 6.69 7

θc l lg lc wp hp
Parameter (rad) (mm) (mm) (mm) (mm) (mm)
Value 0.09 33.98 0.78 2.5 11 8.72

Fig. 5 Experiments of the PnACF pivot: (a) deformation axes, (b) experiment setup for the active mode,
and (c) experiment setup for the passive mode
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mode is 0.1397. The main reason for the error is that the center axis
of Design 1 will drift along the X and Y directions when rotating.
We compare the pressure–angle curve in the active mode from

the analytical model with the curve from the experiment and FE
simulation in Fig. 7. From the result, the error of the analytical
model compared to the simulation is 1.15%, and it is 4.47% com-
pared to the experiment. The reason is that the small amount of
residual resin in the air chamber blocks the deformation of the actu-
ator. Therefore, the PnACF pivot in the experiment cannot achieve
as large as an angle in the simulation at the maximum air pressure.
Within the pressure range of [0MPa, 0.276MPa], the analytical
model and FEA show that the pivot can rotate in a range of
[−43 deg, 43 deg]. And the experiment result shows a range of
[−38 deg, 39 deg]. The result also shows a close to linear relation-
ship, which means the PnACF pivot can be easily controlled to
achieve a specific angle by air pressure.

3.4 An Improved Design With Smaller Motion Error. To
improve the PnACF pivot’s performance in the passive mode, we
propose a new design (Design 2) with al = 0.5 +

�
(

√
5)/6 as

shown in Fig. 8(a). The other geometric parameters are consistent
with Design 1, except that the number of chambers n is reduced
to 7. Based on Ref. [28], the center axis of Design 2 has

zero error along the Y-axis and little error along the X-axis when
rotating. The experiment results of trajectory in both active and
passive modes are shown in Figs. 8(b) and 8(c), and errors are com-
pared in Fig. 8(d ). It shows that the mean error of Design 2 in

Fig. 6 Deformation of Design 1 with al=0.5: (a) schematic view, (b) trajectory of Design 1 in the active mode, (c) trajectory of
Design 1 in the passive mode, and (d) motion error of both modes

Fig. 7 Comparison of pressure–angle curves from FE simula-
tion, analytical model, and experimental testing
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passive mode is 0.0946, less than that of Design 1. The error in the
active mode is 0.1161, which is also less than that of Design
1. However, the rotational stiffness of Design 2 is higher, so in
the active mode, Design 2 can only achieve 9.2 deg at 0.276MPa.

3.5 Experiments for Stiffness Evaluation. We conducted
four experiments to measure each design’s in-axis stiffness (RZ
direction) and three off-axis stiffness (RX, Y, and Z direction).
Figures 9(a) and 9(b) show the experimental setup for measuring

the rotational stiffness. We used a wire to connect the Mark 10 force
sensor and the pivot’s moving stage. The length rc between the con-
necting point and the cross center for Design 1 and Design 2 are
37 mm and 46.07 mm, respectively. By turning the knob clockwise,
the force sensor can move away from the pivot and drive it to rotate.
The force F can be read from the sensor, and the moment can be
calculated by M=F× rc. The camera above the pivot records the
angle, which is measured by the IMAGEJ.
Figures 9(c) and 9(d ) illustrate the experimental setup for

measuring translational stiffness. When turning the knob counter-
clockwise, the tip of the force sensor will push the pivot to move
along the direction to be measured. The traveling sensor and
force sensor, respectively, can record the displacement and force
data.
Figures 10(a) and 10(b) show the moment–angle curve and

force–displacement curve of Design 1, and the results of Design 2

are shown in Figs. 10(c) and 10(d ). We calculate each design’s
rotational and translational stiffness based on those data. To
compare a rotational stiffness with a translational stiffness, we

Fig. 8 Deformation of Design 2 with al = 0.5+
�
(

√
5)/6: (a) schematic view, (b) trajectory of Design 2 in the active mode,

(c) trajectory of Design 2 in the passive mode, and (d) motion error of both modes

Fig. 9 Stiffness experiments setup: (a) RZ direction, (b) RX
direction, (c) Y direction, and (d) Z direction
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convert rotational stiffness Kr to its’ equivalent translation stiffness
by dividing the square of a nominal length rt [29]. In other words,
the equivalent translational stiffness of KθZ, KθZ can be calculated as

KθZ =
Krz

(rt)2
, KθX =

Krx

(rt)2
(17)

where Krz and Krz are the rotational stiffness along RZ and RX direc-
tions, respectively. rt= 37 mm for Design 1 and rt= 46.07 mm for
Design 2 are the length from the force point to the cross center.
Based on the equivalent translational stiffness, we can calculate

the stiffness ratio, defined as the ratio of off-axis stiffness and
in-axis stiffness. The results are listed in Tables 3 and 4. For
Design 1, the stiffness in the RX direction is 16.74 times the stiffness
in the RZ direction, and the stiffness in the Y and Z directions is
471.75 times and 627.63 times the stiffness in the RZ direction,
respectively. For Design 2, the stiffness in the RX direction is
9.37 times the stiffness in the RZ direction, and the stiffness in
the Y and Z directions is 890.30 times and 479.97 times the stiffness

in the RZ direction, respectively. A high stiffness ratio means the
PnACF pivot has a large load-carry capacity off-axis while main-
taining the compliance in-axis.

4 Conclusions
In this paper, we present the design and analysis of a PneuNets

actuated cross-axis flexural pivot. Experiments and FEA simula-
tions are developed to evaluate the motion of the proposed design
in active and passive modes. The results show that the design has
a relatively large motion range, and the pressure–displacement
curve is close to linear. However, the motion error of this design
is large in both passive and active modes. To address this shortcom-
ing, we proposed an improved design that has a relatively small
motion error at the cost of the limited motion range in the active
mode due to high rotational stiffness. Experimental testings show
that the two designs have a high stiffness ratio of off-axis to
in-axis, which means they can carry heavy loads in the off-axis

Fig. 10 Stiffness experiments results: (a) moment–angle curve of Design 1, (b) force–displacement curve of Design 1,
(c) moment–angle curve of Design 2, and (d) force–displacement curve of Design 2

Table 3 Stiffness and stiffness ratio of Design 1

KθZ KθX KY KZ

Stiffness (N/m) 24.25 405.92 1.144e4 1.522e4
Stiffness ratio 1 16.74 471.75 627.63

Table 4 Stiffness and stiffness ratio of Design 2

KθZ KθX KY KZ

Stiffness (N/m) 45.51 426.41 4.052e4 2.184e4
Stiffness ratio 1 9.37 890.30 479.97

Journal of Mechanisms and Robotics AUGUST 2024, Vol. 16 / 081015-7

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/m

echanism
srobotics/article-pdf/16/8/081015/7229143/jm

r_16_8_081015.pdf by O
hio State U

niversity | O
SU

 user on 02 D
ecem

ber 2024



directions. Our design can be essential to soft robots with enhanced
payload capacity and precise motion.
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