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ABSTRACT

The article describes two versions of a gripper’s fingers that utilize compliant revolute kinematic pairs in their
operation. The goal in designing the gripper was to create a universal structure that allows for easy adjustment of
torsional stiffness and maximum rotation angle as needed. Two compliant revolute joints were proposed and ap-
plied in the creation of two versions of the gripper’s fingers. In both joints, one geometric parameter was selected
for variation. Finite element analysis was conducted to calculate the statics within the parameter range. Based on
the calculations, stiffness charts were created as a function of parameter values. Subsequently, using 3D printing
technology in resin, two gripper fingers were produced. Experimental tests were conducted on these fingers to as-
sess their torsional stiffness. The computational and experimental results were compared. The designed fingers are
best suited for pneumatic grippers. When using them, complex force control can be eliminated because the grip-
ping force increases gradually in accordance with the compliance of the gripper, rather than abruptly. The fingers

also exhibit different stiffness characteristics depending on the direction of the grip-outward or inward.

Keywords: compliant mechanism, compliant joint, compliant gripper.

INTRODUCTION

Compliant mechanisms are mechanisms in
which the deformation of their components is uti-
lized to achieve desired motion and transmit force
and energy [1]. These mechanisms reduce the use
of moving connections that require elements such
as bearings, pins, screws, and hinges. As a result,
a complex mechanism can often be replaced by a
compliant mechanism consisting of only one part
[2]. Compliant mechanisms are definitely simpler
and often much cheaper to produce than their clas-
sical equivalents. They can be manufactured using
methods such as 3D printing [3], injection molding,
machining, laser cutting [4], and waterjet cutting.
Compliant mechanisms are typically designed us-
ing finite element analysis, topology optimization
[5], and the pseudo-rigid-body method [6].

Compliant mechanisms have found their appli-
cation in kinematic pairs [7]. Such compliant joints
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are characterized by simple construction, minimal
friction, and predictable performance. However,
their greatest challenge is limited range of motion.
Due to their numerous advantages, compliant ki-
nematic pairs have been applied in robotics and are
increasingly used in prosthetics [8, 9].

A challenge in designing kinematic pairs is
conducting the appropriate strength calculations.
Compliant mechanisms are characterized by non-
linear elasticity [10].

In robotics, compliant mechanisms are also
used in gripper design [11, 12]. The most common
solution is fingers for grippers that adapt their shape
to the lifted object [13]. This improves the stress
distribution on the lifted element and is a good solu-
tion for lifting delicate and fragile objects [14].

The aim of this work was to create universal
fingers for a gripper using a compliant revolute
kinematic pair. The goal was to apply a kine-
matic pair for which, by changing one geometric
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Fig. 1. The designed angled beams finger

parameter during modeling, the stiffness charac-
teristics and maximum rotation angle can be al-
tered in almost any way.

Two versions of fingers with two similar com-
pliant revolute kinematic pairs were proposed.
They differ only in the shape of the supports, as
shown in Figures 1 and 2. The first one was named
the “angled beams finger”, and the second one the
“twisted beams finger”. Figure 3 illustrates the as-
sembly of the fingers for a pneumatic gripper. The
fingers can be installed in two configurations - for
larger or smaller lifted objects. They can also be
swapped sides.

The applied revolute kinematic pairs were
parametrized. One characteristic dimension was
selected for each. For successive parameter val-
ues, finite element method simulations were con-
ducted. The calculations aimed to investigate tor-
sional stiffness and range of rotation angles.

Fig. 2. The designed twisted beams finger
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Fig. 3. Fingers mounted to a pneumatic gripper

Prototypes of the fingers were 3D printed in
resin with the use of stereolithography due to
lack of anisotropy which is problem in fused de-
position modeling technology [15]. Experimen-
tal studies were conducted using them. A test
stand as shown in Figure 4 was employed. The
fingers were immobilized using a vice. A load
was attached to the gripping end. The load was
then varied in the range from 0.2 kg to 1 kg at
intervals of 0.2 kg. A camera on a tripod took
pictures of the fingers after each load change.
The images were analyzed in a graphic program,

Fig. 4. Test stand
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and the rotation angles of the fingers relative
to their initial positions were superimposed on
them. The fingers were also loaded in the op-
posite direction.

MATERIALS AND METHODS

Revolute kinematic pairs

The first stage of the work involved creating
models of revolute kinematic pairs in the NX Sie-
mens software. These models are similar to each
other, differing only in the shape of the “supports”
or their placement between the lower and upper
bases. They are presented in the following Fig-
ures 5 and 6. The revolute kinematic pairs created
by them operate as follows: the lower base is at-
tached to one part, around which the second part
rotates. The second part is attached to the upper
base. The movement consists of rotating one base
relative to the other. Rotation can only occur about
one axis passing through the center of both bases.
These pairs should be rigid in all other directions
of rotation and displacement. Names were intro-
duced: kinematic pair with angled beams and ki-
nematic pair with twisted beams.

The next step was parameterization. One pa-
rameter was selected for each pair, in such a way
as not to disturb the general geometry of the pairs
but only to change the shape of the supports.
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For the model with angled beams, the deci-
sion was made to change the angle of inclination
of the supports relative to the bases. This was
implemented as shown in Figure 7. The bases of
the supports were symmetrically moved from the
model’s axis. For the model with twisted beams,
the angle shown in Figure 7 was parameterized.
This angle is also present on the opposite base.
Changing this parameter causes the ‘twisting’ of
the supports. All beams belonging to one of the
models have the same geometry.

Ranges of variation were selected for both pa-
rameters. The parameter “DS_distance” was var-
ied from 0 to 8 mm. Above this value, the beams
protruded beyond the base. This can be converted
into tilt angle values from 72.25° to 90°. The lim-
its of the parameter “DS_kat” are from 0° to 45°.
Above this value, the twist of the beams caused
problems in calculations.

Finite element method

Static calculations were conducted on the
models using Ansys Mechanical software. Resin
material was assigned to the models and manu-
ally added to the Ansys library. The properties of
the resin used for 3D printing were utilized. The
data about resin was obtained from the manufac-
turer’s website [16]. A linear material model was
assumed. The data is presented in Table 1.

Table 1. Mechanical and physical properties

Density 1100 kg/m?
Young’s Modulus 1037 MPa
Poisson’s ratio 0.37
Ultimate tensile strength 24 MPa

For both models, the same global mesh set-
tings were applied. In the mesh settings, the el-
ement size was changed to 2 mm. Additionally,
the physics preference was changed to ‘nonlinear
mechanical.” This is a recommended setting for
nonlinear solutions and brings several changes
compared to the default ‘mechanical’ setting. The
most significant difference is the more restrictive
mesh checking, resulting in a mesh with a larger
number of elements. Compliant mechanisms ex-
hibit structural nonlinearity, hence the necessity
of using such settings. Meshing for the two mod-
els was implemented in different ways.

The model with angled beams was divided into
parts: two bases and six beams. This facilitated
mesh generation. The ‘sweep’ method was select-
ed. For this method, the mesher identifies surfaces
of the model that are opposite each other. Subse-
quently, a 2D mesh is generated on one of the sur-
faces and copied to the other surface. Additional
layers of elements are then added between the sur-
faces, following the model’s topology. The advan-
tage of this mesh generation method is a shorter
generation time and a regular mesh structure. This
method was chosen for all parts of the model.

Several changes were made in its settings. The
element type was set to ‘quadratic.’ This results in
the generation of a greater number of nodes with-
in the elements than in the ‘linear’ setting, as an
additional node is added along the lateral edge of
the element. This setting is advantageous for bet-
ter mesh fitting to the geometry. Another changed
setting was the ‘free mesh type.” This function
determines the type of elements used to fill the
volume. Hexahedral elements were chosen. The
number of mesh divisions, i.e., the number of lay-
ers of elements added, was set to ‘4’ for the bases
and ‘10’ for the beams.

0,005

0,01 0,02 (m)

0,015

Fig. 8. Highlighted edges of the model with angled beams
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Fig. 9. Mesh of the model with angled beams

Table 2. Detailed mesh information - model with angled beams

Nodes Elements Element type Element order
15 node wedge — 8 .
69406 13560 20 noded hexahedron - 13552 quadratic

Using the ‘edge sizing’ tool, the division of
the edges of the beams shown in Figure § was set.
The edges of the beams at the upper base, not vis-
ible in the figure, were also divided. This division
enforces a specified number of elements forming
a given edge of the model. The number of divi-
sions was set to ‘4.’ The generated mesh is shown
in Figure 9. Detailed information about the mesh
is provided in the Table 2.

To generate the mesh for the model with twist-
ed beams, a different approach was employed due
to its more complex geometry. Using the ‘sweep’
method for mesh generation was unsuccessful, so
the ‘multizone’ method was chosen. This method
works in a similar way. The mesher automatically
divides the model into parts where the ‘sweep’
method can be applied and parts that need to be
filled with an irregular mesh.

In the method settings, the element type was
changed to ‘quadratic’. Using the ‘edge sizing’
tool, three groups of edges were selected. The
first group was chosen similarly to the previous
model. The second and third groups are shown in
Figure 10. They were divided into ‘10° and ‘22’
parts, respectively. The generated mesh is pre-
sented in Figure 11. Specific details regarding the
mesh can be found in the Table 3.

The same boundary conditions were applied
to both models. In Figure 12, the surface where

Table 3. Detailed mesh information - model with twisted
beams

Elements Element order

14400

Nodes
72140

Element type

20 noded hexahedron quadratic

Fig. 10. Highlighted edges of the
model with twisted beams
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Fig. 11. Mesh of the model with twisted beams

Fig. 12. Fixed support

all degrees of freedom were constrained using
‘fixed support’ is shown. This surface is located
on the lower base of the model.

A torque was applied to the upper base sur-
face. The moment vector is normal to the upper
surface of the model, with its direction oriented
upwards. This means that the joint is twisted coun-
terclockwise around the axis passing through the
centers of both bases. The moment was divided
into ten steps from 0.1 Nm to 1 Nm. The location
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Fig. 13. Applied moment
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Fig. 14. Cylindrical coordinate system

of moment application and the moment curve are
shown in Figure 13. Calculations were also per-
formed for a moment acting clockwise.

An additional cylindrical coordinate system
was added to better represent the results. The ori-
gin of the coordinate system is at the center of the
hole on the plane of the lower base and is shown
in Figure 14.

In the static analysis settings, the number of
steps was set to ‘10.” This allowed the moment to
be divided into steps and facilitated the solver in
achieving convergence.

An important step was to enable the ‘large de-
formations’ option. This setting takes into account
the change in the stiffness matrix ‘K’ depending
on the geometry’s deformation. For each iteration
of calculations, the ‘K’ matrix is recalculated.

Displacement was prescribed in the “y’ direc-
tion in the created cylindrical coordinate system.
From the obtained displacement, the rotation
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rotation angle[°]
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angle of the upper base relative to the lower one
can be easily calculated. The maximum displace-
ment is achieved at the outer edge of the upper
base. By substituting this value into the formula,
the rotation angle value is obtained. Calculations
were performed for successive parameter values.

Ay

AB R

(M
where: AY — maximum displacement in the ‘y’
direction;
R — base radius.

RESULTS

Numerical studies

Based on the calculations for successive pa-
rameter values, the calculated points were plot-
ted on graphs. The characteristics were approxi-
mated with polynomials ranging from 2nd to 5th
degree.

Model with angled beams

The first plot in Figure 15 illustrates the rela-
tionship between the rotation angle of the upper
base relative to the lower one and the angle of
inclination of the beams. The calculation results
for the torques described in the legend of the chart
are presented. Based on this chart, you can deter-
mine which parameter value allowed for achiev-
ing the largest range of motion.

e 0,2Nm
© 0,4 Nm
© 0,6 Nm
0,8 Nm
® 1 Nm

——————e

72 74 76 78 80

82 84 86 88 90

angle of inclination[°]

Fig. 15. Plot of the rotation angle against the angle of inclination for the model with angled beams
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A slight change in the angle of inclination
of the beams significantly affects the rotation
angle. For the extreme points on the graph, the
difference between the rotation angles is almost
double - for 72.3°, a rotation angle of 30.84° was
obtained, whereas for an inclination angle of 90°,
this value was only 16.03°. For larger torques, i.¢.,
0.8 Nm and 1 Nm, the rotation angle decreases as
the angle of inclination increases. However, for
smaller moment values, the characteristics are not
as regular. The rotation angle initially increases
and then decreases. An interesting relationship
is visible on the chart. The rotation angle is the

18
16
14
12

10

rotation angle[°]
(o]

largest for large moment values and the small-
est for small moment values at the same angle
of inclination. This phenomenon is more clearly
visible in the subsequent charts and is explained
further in the article.

The next plot in Figure 16 depicts the rela-
tionship between the rotation angle of the upper
base relative to the lower one and the angle of
inclination of the beams for a torque with the op-
posite direction.

The rotation angles for the moment with the
opposite direction are significantly smaller. The
shapes of the graphs are regular - the rotation

0,2 Nm
© 0,4 Nm
© 0,6 Nm
0,8 Nm
e 1Nm

=

72 74 76 78 80

82 84 86 88 90

angle of inclination[°]

Fig. 16. Plot of the rotation angle against the angle of inclination for the
model with angled beams — opposite direction of the moment
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Fig. 17. Torsion characteristic of the model with angled beams

236



Advances in Science and Technology Research Journal 2023, 17(6), 228-244

angle increases for successive points. For an angle
of inclination of 90°, the rotation angle reaches its
maximum and has the same value as in the previ-
ous chart - this is logical because for this case, the
model’s geometry is symmetrical. Small angles of
beam inclination result in small rotation angles,
which is the opposite of the previous chart.

The plot in Figure 17 illustrates the relation-
ship between the torque and the rotation angle for
the values of beam inclination shown in the leg-
end. This is a torsion characteristic.

For values of the inclination angle param-
eter ranging from 80.9° to 90°, the stiffness of
the models for a moment value of 0.2 Nm is very
similar. At higher moment values, the stiffness
starts to differ. For smaller angles of inclination, a
similar lower stiffness is maintained up to higher
moment values. For moment values above 0.7
Nm, the stiffness of these models becomes more
similar - it is higher than at the beginning. Due
to the longer segment of lower stiffness, models
with smaller angles of inclination achieve greater
rotation angles.

The characteristics of models with inclination
angles from 72.3° to 78.7° have a similar shape.
For small torque values, they exhibit higher stiff-
ness, followed by a significant drop in stiffness
at some point, before finally increasing again.
Models with smaller beam inclination angles
have higher initial stiffness on the graph but also
a longer segment of lower stiffness, which re-
sults in the largest rotation angle among all the
models. Characteristics for larger torques regain
higher stiffness. Above 0.8 Nm, the stiffness of

o e L 9 © =
[ - N -

torque[Nm]

o
>

0,3

0,2

0,1

0 2 4 6 8 10 12 14 16

rotation angle[°]

18

the models becomes similar. Models with larger
angles of inclination are stiffer in this part.

For the model with an inclination angle of
72.3°, due to its most distinctive graph, the de-
rivative was calculated. It is presented in Figure
18. Finite difference method was used to calculate
the derivative. The derivative represents the tor-
sional stiffness. The right y-axis corresponds to
the derivative values.

Figure 19 shows the deformation of the mod-
el for successive values of the torque. Table 4
contains the rotation angles corresponding to the
torques.

The derivative of the function is a second-
degree polynomial. It reaches its minimum for
a torque of approximately 0.6 Nm. The stiffness
decreases to a value close to zero. Then it starts to
increase, but it does not return to the same level

Table 4. Rotation angles of the model with angled
beams for an inclination angle of 72.3°

Torque [Nm] Rotation angle [°]
0.1 1.1
0.2 2.38
0.3 3.87
0.4 5.75
0.5 8.55
0.6 18.51
0.7 24.72
0.8 27.42
0.9 29.32

1 30.84
0,15
0,14
0,13
0,12
0,11
0,1
0,09
0,08
® 72,3°

0,07 o
. ——approximation
0,05
0,04
0,03
0,02
0,01

0
20 22 24 26 28 30 32

derivative

Fig. 18. Torsion characteristic of the model with angled beams for an inclination angle of 72.3°
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Fig. 19. Deformation of the model with angled beams for an inclination angle of 72.3°

as at the beginning. A torque of 0.5 Nm result-
ed in a small rotation angle of 8.55°. The beams
between the bases slightly straightened, causing
the upper base to rotate. The shape of the beams
changed, and the beginning of the torsion is vis-
ible. Between the torque of 0.5 Nm and 0.6 Nm,
there was a significant change in the rotation an-
gle, increasing by approximately 10°. The beams
are much more twisted, and their side walls take
on a sinusoidal shape. Local instability occurred,
leading to a significant decrease in stiffness. For
a torque of 0.7 Nm, the beams are almost perpen-
dicular to the base and undergo further torsion.
The rotation angle continues to increase rapidly
by about 6°. The beams experienced slight de-
formation between the torque of 0.7 Nm and 0.8
Nm, about 2.7°. Stability was regained. For sub-
sequent torque values, the stiffness increases.
The stiffness was also examined for a torque in
the opposite direction. The torsion characteristics

11

0,9
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0,7
0,6

0,5

torque[Nm]

04

0,3 »

0,2

0,1

for various values of beam inclination angles are
shown in Figure 20.

In this case, the characteristics are regular.
A smaller inclination angle of the beams results
in greater stiffness across the entire characteristic
range. For larger moment values, the models be-
come stiffer.

Model with twisted beams

The graph in Figure 21 shows the angle of ro-
tation as a function of the value of the “DS_kat”
parameter. The characteristics in this graph were
not approximated by a polynomial - this was not
possible. The points are connected to each other
using the chart type scatter with smoothed lines
and markers in Excel.

Up to a certain parameter value, the angle
of rotation increases and then decreases. The
higher the torque value, the higher the param-
eter value for which the maximum occurs. For

° 90°
° 87,7°
© 85,4°
83,2°
® 80,9°
© 78,7°
® 76,5°
° 74,4°
©723°

10 12 14 16

rotation angle[°]

Fig. 20. Torsion characteristic of the model with angled beams — opposite direction of the moment
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a torque of 0.8 Nm as well as 1 Nm, the largest
rotation angle can be observed for a parameter
value of about 25°.

The characteristics for the torque acting in
the opposite direction are displayed in Figure 22.
They exhibit regular patterns, with a similar trend
for each torque value. The rotation angle decreas-
es as the parameter value increases.

For the model with twisted beams, analogous
diagrams were created. Figure 23 shows the tor-
sion characteristic.

Characteristics for values of the parameter
“DS_kat” from 0° to 10° follow a similar pattern.

35
30
25
20

15

rotation angle[°]

10

Up to a torque value of 0.2 Nm, they have very
similar stiffness. As the torque increases, the stiff-
ness of the models is lower for larger values of the
parameter. The torsion characteristics for param-
eter values from 15° to 25° take an approximate
form to the torsion characteristics of the angled
beams models for small angles of inclination.
The stiffness decreases significantly at one point
and then increases to a similar level as before the
drop. The initial stiffness increases as the value of
the parameter increases.

The last group of characteristics is the group
for parameter values above 30°. In this case, the

——0,2 Nm
——0,4 Nm
——0,6 Nm

0,8 Nm

—e—1Nm

SN

0
0 5 10 15 20

25 30 35 40 45

angle of inclination[°]

Fig. 21. Plot of the rotation angle against the angle of inclination for the model with twisted beams
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Fig. 22. Plot of the rotation angle against the angle of inclination for the
model with twisted beams — opposite direction of the moment
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stiffness is the highest. For 30 degrees, a collapse of
the characteristic and a decrease in stiffness is vis-
ible. At the other values of the parameter, the stiff-
ness changes little. Higher stiffness is found in mod-
els with a higher value of the parameter, “DS_kat”.
Figure 24 shows the characteristic for the
value of the parameter ,,DS kat” 25°. The func-
tion was approximated by a third degree polyno-
mial and its derivative was calculated. The model
achieved the largest angle of rotation. The course
of the characteristic is explained by showing the

1,1

0,9
08
07
0,6

0,5

torque[Nm]

0,4

0,3

0,2

0,1

10

12 14

16

deformation of the model for successive values of
the torque in Figure 25. Table 5 shows the angles
of rotation and the corresponding moments.
Approximating the function with a third-de-
gree polynomial proved to be less accurate in this
case. It is impossible for the stiffness values to de-
crease below zero. However, the derivative accu-
rately represents the nature of stiffness changes. In
the case of this model, the initial stiffness is greater
than that of the model with angled beams, and there
is an even more significant decrease in stiffness.

e 0°
°5°
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° 20°
® 25°
° 30°
® 35°
° 40°
® 45°

18 20 22 24 26 28 30 32

rotation angle[°]

Fig. 23. Torsion characteristic of the model with twisted beams
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Fig. 24. Torsion characteristic of the model with twisted beams for the value of the parameter DS kat 25°
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Fig. 25. Deformation of the model with twisted beams for the value of the parameter DS _kat 25°

Table 5. Rotation angles of the model with twisted
beams for an inclination angle of 72.3°

Torque [Nm] Rotation angle [°]
0.1 0.8
0.2 1.68
0.3 2.64
0.4 3.74
0.5 5.01
0.6 6.61
0.7 8.89
0.8 26.04
0.9 29.45

1 31.52

Ultimately, the rotation angle for a moment of 1
Nm was 31.52°, which is only 0.68° more than for
the previously discussed model. Between moments
of 0.6 Nm and 0.7 Nm, there is a slight change in
the rotation angle, changing by 2.28°. The beams

1,2

torque[Nm]
o o
(o)} (o]

o
S
Y

0,2 &

deform to a small extent. Then there is a very sig-
nificant decrease in stiffness caused by local stabil-
ity loss. The beams deflect visibly, and their side
walls take on a sinusoidal shape. They are less
twisted than initially. The rotation angle between
moment values of 0.7 Nm and 0.8 Nm increases by
as much as 17.15°. The change in angle for further
moment increments is small, amounting to 3.41°.
The beams tilt more and become less twisted, but
their geometry changes to a much lesser extent.

The torsion characteristics for moments
of opposite direction are visible in Figure 26.
A smaller value of the parameter “DS_kat” signi-
fies smaller stiffness across the entire range of the
characteristic.

Experimental studies

Figure 27 illustrates the maximum obtained
rotation angles for the finger with angled beams
and the finger with twisted beams, respectively.

e 0°
®5°
° 10°
15°
® 20°
® 25°
° 30°
e 35°
° 40°
e 45°

10 12 14 16

rotation angle[°]

Fig. 26. Torsion characteristic of the model with twisted beams — opposite direction of the moment
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The results are presented in Tables 6 and 7. Ex-
perimental results have been depicted in the
graphs, with computed values also plotted. Poly-
nomial approximations were applied to these
graphs, as shown in Figures 28 and 29. The ex-
periment was conducted on the finger with an-
gled beams at an inclination angle of 72.3° and
the finger with twisted beams with a “DS_kat”
parameter value of 25°.

The experimentally determined rotation
angle values differ from the calculations per-
formed using the Finite Element Method. How-
ever, the overall shape of the graphs exhibits
similar features. A similar stiffness reduction
is observed in both experimental and com-
putational results. In the case of moments of

opposite direction, the profiles are even more
closely aligned.

In the case of the model with twisted beams,
experimental results also deviate from the calcula-
tions. However, the shape of the function is still
similar. A challenge arises in the computational re-
sults due to polynomial approximation — in reality,
stiffness cannot drop below zero, a fact supported
by experimental results. For moments of opposite
direction, the computational results diverge slight-
ly more from the experimental ones.

Differences between numerical and experi-
mental studies may also result from imperfec-
tions in the proposed method for experimentally
verifying the results. Calculations were con-
ducted only for the applied torsional moment,
whereas in the experiment, bending moments

Fig. 27. The maximum obtained rotation angle for the finger with angled beams and the finger with twisted beams
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Fig. 28. Comparison of numerical and experimental studies for the model with angled beams
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Table 6. The measurements for the finger with angled beams

Load [kg] Torque [Nm] Rotation angle [°] Torque opposite [Nm] Rg;a;igsr;t:?%le
0.2 0.18 10.84 0.18 4.96
0.4 0.31 28.99 0.36 6.72
0.6 0.45 33.27 0.53 8.48
0.8 0.58 36.12 0.71 11.10
1 0.71 38.29 0.88 12.36

Table 7. The measurements for the finger with twisted beams

Rotation angle

Load [kg] Torque [Nm] Rotation angle [°] Torque opposite [Nm] opposite []
0.2 0.18 8.86 0.18 4.96
0.4 0.30 32.14 0.36 7.07
0.6 0.44 35.84 0.53 8.61
0.8 0.56 38.80 0.71 11.28

1 0.67 41.65 0.88 13.08

are also present. The angle measurement applied
may be imprecise, as bending moments acting
on the fingers also induce deformations. Differ-
ences also arise from assuming linear properties
for the material. During the experiment, there
might have been an exceeding of the yield point,
leading to greater deformations.

CONCLUSIONS

Changing a single characteristic dimension
for both revolute joint models leads to radical
differences in their torsion characteristics and,

consequently, in the stiffness of the models. By
altering just one parameter, it is possible to tailor
the characteristic curve to specific requirements
over a wide range, depending on the needed stiff-
ness for a particular application or the expected
rotation angle. Furthermore, local instability of
beams can be harnessed to achieve greater rotation
angles or very low stiffness values within a cer-
tain range of motion. Both models exhibit varying
torsional stiffness depending on the direction of
the applied moment. The advantage of the twisted
beam model is its lower stiffness during instabil-
ity. By employing these kinematic pairs in gripper
fingers, they inherit these benefits. Changing the
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geometric parameters of the kinematic pairs al-
ters the torsional stiffness of the fingers as well as
their maximum rotation angle.

These fingers offer numerous advantages.
They are highly cost-effective to manufacture,
and their stiffness characteristics can be easily
adjusted. Furthermore, these fingers can facilitate
the control of a pneumatic gripper due to their
compliance. The force on the fingers increases in
accordance with the stiffness characteristic, elim-
inating the need to be concerned about a sudden
force increase during gripping. These fingers also
exhibit different stiffness characteristics depend-
ing on the gripping side. The finger assembly is
universal, allowing for swapping and adjustment
to the width of the lifted object. Additionally, it is
possible to tailor the geometric parameter values
to accommodate the size of the handled object
and the gripper’s stroke.

The experimental results do not perfectly
match the computational results. However, they
confirm the torsion characteristic trends of the
tested models. The loss of stability and subse-
quent recovery of stiffness are evident. Addition-
ally, the differing behavior of the kinematic pairs
depending on the direction of the moment has
been confirmed.
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