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It is a conundrum to use robots to complete the intelligent operation of leather and clothing fabrics;
this is mainly reflected in the design of an end effector that can realize this function. We have determined
the design requirements and objectives of the end effector by observing the action of manually grabbing and
spreading leather, and put forward an end effector composed of a reconfigurable multi-link mechanism and
roller-type fingertip, which can be used to grab and spread flaky deformable object manipulation. At the same
time, the reconfigurable multi-link mechanism and roller-type fingertip are introduced and analyzed in detail.
By setting up the prototype of the end effector and completing the grabbing experiment of three kinds of soft
pieces, we verified and tested the rationality of the prototype design. The result shows that the grabbing success
rate will be affected by many factors, and further exploration is needed to further improve the performance of

the end effector.

As the computer and automation technology develops, many
scholars have developed various robots to replace human be-
ings to complete the work since the mid-20th century. At
present, manual operation is still the main situation in the
leather manufacturing and clothing industry. Specially in the
harsh working conditions of the former, the leather handling
and spreading operation between various processes not only
needs a lot of labor but is also hard work. With the increasing
shortage of labor force in recent years, it is particularly ur-
gent to promote intelligent manufacturing in the leather and
clothing industry. The key to realizing that lies in the intelli-
gent operation of flaky deformable object manipulation such
as leather, textile and other clothing fabrics. However, it is
difficult to realize automatic operation due to the characteris-
tics of flaky deformable object manipulation, such as a thin,
large flat area and changeable shape (Jiménez, 2017). There-
fore, the research on the operation of end effector with flaky
deformable object manipulation is still a frontier problem in
the field of robot technology (Donaire et al., 2020).

Many scholars have done a lot of research on end effec-
tors for flaky deformable object manipulation. For example,
Von Drigalski et al. (2017) grabbed textiles and adjusted
the grabbing position by adding two 3D force sensors at
the fingertips of the two-finger gripper. Koustoumpardis et
al. (2018) grabbed the fabric by driving three fingers through
the cam mechanism, which can increase the grabbing relia-
bility and efficiency compared with the traditional two-finger
gripper. The multifunctional gripper designed by Donaire et
al. (2020) can pick and fold clothes by changing the fric-
tion force of the contact surface and adjusting the degree
of freedom of the gripper. Yamazaki and Abe (2021) real-
ized the grabbing and releasing of cotton fabric through two
sets of cylindrical brushes. Corinaldi et al. (2015) transported
the leather that was spread and accumulated on the beam
by using the gripper designed and combining the four-bar
mechanism with the negative pressure suction cup. Doulgeri
and Fahantidis (2002) increased the grabbing reliability by
adding a manipulator designed with a local degree of free-
dom at the fingertip and combining the fingertip which can
rotate locally. For the handling of leather or cloth in a com-
pletely spread state, many scholars have designed various



end effectors that use mechanical action (Koustoumpardis et
al., 2014; Okada and Kanade, 1984; Hanafusa and Asada,
1977; Jacobsen et al., 1984), air pressure action (Mantriota,
2007; Failli and Dini, 2004; Betemps et al., 1991), electric
field action (Sun and Zhang, 2019), materials or microstruc-
ture (Lee et al., 2019; Glick et al., 2018), etc. The abovemen-
tioned end effectors can realize partial operation on the flaky
deformable object manipulation in a particular state, for ex-
ample, the suction-type end effector can only grab the flaky
deformable object manipulation and the claw-type end effec-
tor can only grab the corner parts of the flaky deformable
object manipulation. In actual working conditions, the flaky
deformable object manipulation will take on various states
due to external forces such as random stacking or tiled stack-
ing. For grabbing and spreading the flaky deformable object
manipulation in different states, the abovementioned end ef-
fectors cannot meet the use requirements.

After studying the grabbing-and-spreading process of ge-
ometric soft fabrics in various forms, this paper analyzes
the specific technological actions according to the techno-
logical process of manually operating leather. According to
each technical logical action, an end effector based on the
combination of a reconfigurable multi-link mechanism and
roller fingertip structure is designed. Through its 3D model-
ing, kinematics analysis and simulation, combined with the
grabbing and spreading experiments of its experimental pro-
totype, it is verified that this end effector can be used for
grabbing and spreading geometric soft fabrics.

The main contributions of this design are as follows.

1. Through the detailed analysis of the procedure of leather
processing, the specific process actions of leather opera-
tion are defined, which provides the basis for the follow-
up work.

2. A reconfigurable multi-link mechanism is designed,
and the roller-type fingertip linear flat clamping and
clamping process is realized by the combination of the
Hoecken linkage and parallelogram mechanism.

3. Through the experiment, the influencing factors of the
end effector’s successful grabbing were found, which
provided a clear direction for the further improvement
of the end effector.

To meet the technical requirements of the end effector for
grabbing and spreading flaky deformable object manipula-
tion in any state, this paper takes leather as the research ob-
ject, analyzes the manual operation process of leather in vari-
ous states in combination with the actual working conditions,
and obtains the design requirements of the end effector. The

processing from raw leather to finished leather includes a
number of physical and chemical processes. Currently, the
leather is carried and spread manually between each process,
and the whole process involved is shown in Fig. 1.

According to the analysis of the leather grabbing-and-
spreading action combined with the shortcomings of various
existing end effectors, it is found that the design difficulty of
the end effector lies in how to grab the leather in the state
of multi-layer stacking and laying, and at the same time en-
suring that only a single sheet of leather is grabbed without
affecting the second layer of leather. After a series of grab-
bing experiments were carried out by simulating workers’
hands to grab leather in a multi-layer stacking and spreading
state, it was found that reasonable control of the downforce
on leather during the grabbing process is the key to ensure
successful grabbing. By placing the multi-layer leather on
the force-measuring platform, the change curve of the down-
force during the test grabbing process after several successful
grabs is shown in Fig. 2. In the process of grabbing, the fin-
ger should move at a constant speed and keep the downforce
on the leather unchanged when the leather is gathered to the
center. When the clamping force is applied to grab, a cer-
tain pressing force will be added to ensure that the leather
gathered to the center keeps the convex state to ensure the
reliability of grabbing. Finally, the clamping force is formed
at the convex part of the leather to finish the successful grab-
bing of the leather. The change trend of the downforce ob-
tained in the whole grabbing process is similar to that of Ono
and Kunikatsu (2007) when grabbing multi-layer flat fabrics.
Therefore, the key to successful grabbing is to keep a simi-
lar downforce trend when grabbing flaky deformable object
manipulation in the multi-layer flat state.

After the analysis of the whole leather grabbing-and-
spreading process, the design requirements for the end ef-
fector are as follows.

1. The folds or corners of the fabric can be grabbed,
mainly to meet the grabbing and stretching actions of
the edges and corners in the state of winding and stack-
ing.

2. The adjustment of the grabbing position can be realized,
mainly to meet the requirements of spreading the fabric
when multiple manipulators work together in the actual
application process.

3. The single-sheet grabbing operation of fabrics can be
realized in the state of tiling and stacking. Especially
when grabbing the fabric in the state of multi-layer
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Example of the grab-and-spread action. (a) Grab and lift the leather through the leather bulge or edge part for the leather in the
wound and stacked state. (b) Stretch the edge of the leather with both hands, and make the leather flat in a large area under the action of
gravity. (c) Lay the leather flat and stacked. (d) Grab the top layer of leather in a multi-layer tiled stacked state. (e) Lay the single-layer

leather flat. (f) Grab the leather edge for stretching and spreading.
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Curve of pressure change under grabbing process.

stacking and tiling, the fingertip of the end effector
should move at a constant speed to ensure the stabil-
ity and reliability of the fabric converging to the center.
Then, the fingertip has a local pressing action to ensure
that the fabric is kept in a convex state when it is about
to be grabbed. Finally, a clamping force is applied to
the convex part of the fabric to achieve successful grab-
bing.

4. Because of the large flat area of the fabric, in order to
ensure the reliability of the grabbing process and con-
venience, the end effector should have a large opening
angle and a compact structure.

5. Areasonable mechanical structure should be used as far
as possible to realize the demand. Considering that the
actual working environment is rather harsh, it is difficult
to realize the displacement compensation of the down-
force generated in the grabbing process by relying on
complex sensing and control systems.

According to the design requirements of the abovementioned
end effector, various functions need to be met through the
mutual cooperation of roller fingertips. The schematic dia-
gram of the designed roller fingertip fit is shown in Fig. 3.
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Schematic diagram of roller fingertips cooperating with
grabbing. (a) The rollers on both sides roll against each other and
move to the center so that the center of the fabric in the multi-layer
tiled state arches to realize the grabbing of the arched part. (b) When
grabbing the corner of the fabric, the rotation speed of the roller
near the edge is slightly higher, and the differential rotation of the
two rollers makes the fabric at the edge bulge. After clamping the
bulge, the roller continues to rotate at a differential speed, so that
the roller near the edge transports all the fabric to the middle of
the two rollers and finally clamps the corner of the fabric, making
it convenient for the subsequent stretching operation. (¢) The two
rollers rotate reversely and move to both sides at the same time, and
the fabric can be stretched to both sides by the friction of the rollers
on the leather, thus achieving the spreading effect. (d) When grab-
bing and clamping the single-layer fabric, the grabbing position can
be adjusted by rotating the two rollers at the same speed. (e¢) When
grabbing fabric folds or clamping multi-layer fabrics, the grabbing
position can be adjusted and the grabbing posture of leather can be
changed partly by controlling the rotation direction and speed of the
two rollers.



For better matching the roller fingertip to meet the design
requirements of the end effector, a reconfigurable multi-
link mechanism is designed in this paper. By combining
the Hoecken linkage with the parallelogram mechanism, and
skillfully using the dead-point position of the parallelogram
mechanism to reconstruct the multi-link mechanism, the de-
sign requirements are met. The principle of the reconfig-
urable multi-link mechanism is shown in Fig. 4; here, the
points indicated by letters are the hinges of the links, and the
length of each link meets the following conditions:

AE=EB=EF =FC=BC =],

AD=DC=DN =25l, MF =35I,

where the link BC is the driving link, and the angle range is
(100 to —80°).

The whole grabbing process is divided into two stages. In
the straight clamping stage (the driving link BC rotates from
C1 to C2), the quadrilaterals EBFC and FCMN are parallelo-
grams. Due to the constraint of the four-bar linear mechanism
ABCDN, the movement trajectories of points M, N and G are
straight lines, that is, the fingertip roller moves linearly on the
surface of the fabric to push the fabric to converge toward the
center. In the clamping stage (the link BC rotates from C2 to
C3), the link EF is forced to stop rotating due to the action
of the stop block, the link EF coincides with the link EB, the
link FC coincides with the link BC, and the components of
the multi-link mechanism turn to be parallelogram BC' N’ M’
and four-bar mechanism ABC’ D’ N'. When the driving link
BC rotates from C2 to C3, the point N’ continues to move lin-
early, and the point G’ which is the roller rotates around the
point N’ while doing linear translation, expanding the verti-
cal displacement and increasing the downforce on the leather
to ensure that the fabric keeps the central convergence state.
The link BC rotates until the rollers on both sides form a sta-
ble grabbing force on the fabric.

As shown in Fig. 5, the specific structure of the end effector
designed according to the above mechanism includes compo-
nents such as worm drive mechanism, linkage mechanism,
fingertip roller, limiting block, return spring and housing.
The worm gear, the link mechanism and the roller bracket
together form a reconfigurable multi-link mechanism. The
limit block is used to limit the rotation of the link EF to
change the configuration of the multi-link mechanism. The
return spring prevents the uncertainty of the movement of
the manipulator when it passes through the dead point of the
parallelogram linkage mechanism in the opening process. All
components cooperate with each other to realize the function
of grabbing and spreading the soft fabric of geometric fig-
ures.

Schematic diagram of the multi-link mechanism.

The end effector is provided with a connecting flange on
the shell, which is convenient for the end effector to be in-
stalled on the mechanical arm. The driving motor is fixed
inside the housing, and the link mechanism is driven by the
worm gear transmission mechanism. When the driving mo-
tor is powered off, the self-locking characteristic of the worm
gear can keep the clamping force and prevent accidents. Each
link is hinged by pin shaft structure, and a limit block is ar-
ranged at the dead point of the link EF to prevent the un-
certainty of the movement of the link EF at the dead point.
A return spring is arranged at the position close to the dead
point of the link EF to help the manipulator leave the dead
point during the opening process.

The driving motor capable of controlling the rotation angle
is arranged inside the fingertip roller. It can independently
drive the two rollers to rotate, increase the local degree of
freedom of the fingertips, and facilitate the end effector to
adjust the grabbing position of the flaky deformable object
manipulation and grab the flaky deformable object manipu-
lation in the tiled state.

For further research on the changes of displacement, veloc-
ity and acceleration of the end effector during grabbing, as
shown in Fig. 6, a reconfigurable multi-link kinematic model
is established to analyze the movement process of the end
effector.

The angle between link BC and the positive direction of
the x axis is ¢, and the angles between link CD, AD and
MN and the x axis are ¢, @3 and ¢4 respectively.
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1- connecting flange,2- shell,3- return spring,4- stop block,5- link EF,6- link AD,7- link FM,8- Roller motor,9- link
CN,10- link FC,11-worm gear,12- roller,13- Roller bracket,14- worm,15- drive motor

Figure 5. The structure diagram of the end effector (a). The 3D model diagram of the end effector (b).
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(b) Schematic diagram of
mechanism after deformation

(a) Schematic diagram of
mechanism before deformation

Figure 6. Kinematic model of multi-link mechanism.

Based on the structural constraints, the change of ¢4 is as
follows:

_ ) o1, 0120
P4 = { 0, others ’ @)

For position analysis of the linkage mechanism, ABCD of
the four-bar mechanism is regarded as a closed vector poly-
gon, and the following results can be obtained:

BC+CD=BA+AD. 2)

Project Eq. (2) on the x axis and the y axis to obtain the
following equation:

Igccos @ +1IaB =Iapcos @3 +Icp cos g2

Igcsing) + Icp singy = [Ap sings.

3)

https://doi.org/10.5194/ms-14-111-2023

Rewrite Eq. (3) into the trigonometric equation:
Asings +Bcosg; +C=0. 4
In Eq. (4),
A = —singy,
B = (IaB /Isc) —cosgi,
C= (liB +3p +l3c — 1(23D> /@lgclcp)
—(aBcosgy) [lcp.

For convenience of algebraic method to solve @3, make x =
tan(¢3/2). The following can be obtained:

singz = 2x /(1 +x)2,

5 5 (5)
cosgz = (1 —x)* /(1+x)%
Turn it into a quadratic equation:
(B—C)x>—2Ax —(B+C)=0. (6)
The solution of x is
A++VA?+B2-C?
@3 = 2arctanx = 2arctan + , @)
B-C
IAD si — IaB si
¢ = arctan AD SINQ3 — LAB SINQ] ®)

IaB +lcpcos @3 — Iagcos gy

@5 is used to indicate the angle between the connecting
line of NG two points and the x axis, and then the position in
the center (G) of the roller is

XG = laD c08 @3 — IpN oS 2 — ING €Os (@5 + 1),

) . ) )
¥G = lapsings + Ipnsing; + Ing sin(¢s + 1) .

Mech. Sci., 14, 111-123, 2023
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Motion simulation process diagram of the end effector.

In Eq. (9),

cos (@5 + ¢1) = cos @5 cos | — sin@s sin@;

V5 2V5
= ?COSQM — ?sm(p],

sin(¢s + ¢1) = sin@s cos @] + cos @5 sin @]

= ——cos@] + —sing;.
5 ?1 5 $1

For the speed analysis of the moving roller, the time deriva-
tive of Eq. (9) can give the speed variation as follows:

XG = —lapwapsings+IpNwpN sing;
INGONG (_\/?g singy — 25£ COS(PI) ,
. (10)
¥ = IapwADCOs @3 + I[pDNWDN €OS @2

+ INGONG (_%g sing + ‘/?g coswl) .

The matrix expression of Eq. (10) is
. WAD
|: ).CG ] =H| wpN
YG ONG

in which Eq. (10) is

H =
—IaD sing03 IpN Singﬂz glNG singol zsﬁlNG COS @]
— 25 i V3 '
Iapcosg3  IpnCOs@ $>ING sing) 5 ING COs @]

For the analysis of the acceleration of the roller, the time
derivative of Eq. (10) can be used to obtain the analysis rela-
tion of the roller acceleration:

. aaD
[XG]:H apn | (11)

VG
anG

Acceleration (mm/s?)
Velocity (mm/s)
Displacement (mm)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
Time (s)

Curves of displacement, speed and acceleration of the
roller during operation.

ADAMS was used to simulate the dynamics of the end effec-
tor. Since the end-effector structure is symmetrical from left
to right, the unilateral mechanism is imported into ADAMS
for kinematic simulation analysis in order to reduce compu-
tation. After the modeling is completed through SoildWorks,
it is imported into ADAMS for necessary simplification and
then the simulation time and step size are set. The simulation
process is shown in Fig. 7. Considering that the connecting
link is affected by the reset spring in the collision process
with the limit block, in order to ensure the success and accu-
racy of simulation, the connecting link FC is flexibly treated,
and the displacement, velocity and acceleration curves in the
process of roller movement are obtained as shown in Figs. 8—
10.

It can be seen from Fig. 8 Y(D) that the displacement of
the roller in the y-axis direction remains unchanged in the
straight-line flat-clamping stage, which can complete the ag-
gregation of the leather to the center in the tiled state. Af-
ter the reconstruction of the connecting link mechanism, the
displacement of the roller in the y-axis direction tends to in-
crease, which can ensure that the leather is kept in the uplift
state before the clamping force is applied. According to the
curve X(D), it can be seen that the displacement along the



x axis has a larger trend, which indicates that the end effector
has a large tension angle and meets the design requirements.
After analyzing the curves X(V) and Y(V), it can be seen that
the speed of the roller in the straight-line flat-clamping stage
is basically constant, and the change trend is small, which
meets the requirements for a uniform, stable and reliable
speed when the leather converges to the center. In the whole
process, except for the transient fluctuation of speed and ac-
celeration caused by the external force of the stop block and
the spring in the reconstruction stage of the linkage mecha-
nism, the speed of the rest of the process changes smoothly,
and the operation of the mechanism has no major impact,
which can complete the fabric-grabbing operation stably and
reliably.

As shown in Fig. 9, the grabbing of fabric in the state of
multi-layer tiling is as follows: first, open the end effector,
press it down on the surface of the fabric, and make the
rollers converge toward the center while making them rotate
relatively. The first layer of fabric is arched by the friction
force so as to clamp the arched part and realize successful
grabbing.

As shown in Fig. 10, tilt the end effector slightly so that
the roller near the edge presses the edge of the fabric and the
roller on the other side keeps a certain distance from the fab-
ric, so that the roller can rotate to transfer the fabric between
the two rollers, thereby clamping the edge of the fabric and
stretching the fabric and smoothing the wrinkled area.

As shown in Fig. 11, the grabbing and spreading of the
corner of fabric is as follows: when the corner of the fabric
is folded, the roller presses the edge of fabric, and the roller
rotates relatively to transport the fabric between two rollers,
and then the fabric is folded and spread.

The manufacturing of end effector is as follows: based on the
design of the end effector, a prototype is developed and an
experimental platform is built to verify the rationality of the
end-effector design. The experimental prototype is shown in
Fig. 12. The roller diameter of the prototype end effector is
30 mm, the driving link length is 20 mm, and the maximum
opening size is 250 mm x 150 mm x 100 mm.

Material of the roller surface is explained as follows: in
order to improve the possibility of successful grabbing of the
end effector, materials that can increase the rubbing force are
attached to the roller surface. To grab different fabrics, two
kinds of materials shown in Fig. 13 — diamond pattern on

Size parameter table of grabbing fabric.

Number Name Thickness Size
A White canvas 1.1 mm 500 mm x 500 mm
B Gray cloth 0.4 mm 500 mm x 500 mm
C Leather 0.7 mm 500 mm x 600 mm
Coefficient of friction.
Material of roller Number of cloth
A B C
Rubber 0.56 0.58 045
PVC 0.95 0.81 0.6

rubber surface and frosted PVC surface — can be selected.
For fabrics with a smooth surface and not easy to generate
scratches, the roller surface is made of PVC material, and
for textiles and other fabrics that require no scratches on the
surface, the rubber material is used.

For the grabbing fabric in the experiment, select two kinds
of common fabrics andbleather in a certain process, and cut
the fabrics and leather into the shapes shown in Fig. 14 ac-
cording to the actual production conditions. The selected fab-
ric and leather size parameters are described below.

The selected fabric and leather size parameters are de-
scribed as Table 1.

The end effector is installed on a single mechanical arm at
present, and the grabbing-and-spreading process of the end
effector is tested. It is considered that the middle part of the
fabric can be arched and clamped, then the operation is con-
sidered to be successful.

The experimental process. According to the theoretical
analysis of the grabbing process, three kinds of fabrics are re-
spectively grabbed in the state of multi-layer tiling (Group I),
stretched and spread at fabric corners (Group II) and folded
corners (Group III).

The experimental conditions. The rotating speed of the
roller is set as 0.5 rad s~ ! and the moving speed is 2.5cms ™.
The initial opening distance of the end effector is 15 cm. Each
group of experiments is conducted 10 times, and the num-
ber of successful experiments is recorded. The success rate
is defined as the ratio of the number of successful captures
to the total number of experiments. Under 2N pressure, the
dynamic friction coefficients between two kinds of roller sur-
face materials and three kinds of grabbing objects were mea-
sured, and the measured results are shown in Table 2.

The experimental process is shown in Figs. 15-17, and the
experimental results are shown in Table 3.

According to the analysis of the experimental results, it is
found that the friction coefficient between the roller surface
and the grabbing object will significantly affect the grabbing
success rate. The grabbing success rate of PVC material with
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Figure 9. Diagram of the multi-layer tiled grabbing process.

Figure 10. Diagram of corner grabbing-and-spreading process.

Figure 11. Diagram of the corner grabbing-and-spreading process.

Mech. Sci., 14, 111-123, 2023 https://doi.org/10.5194/ms-14-111-2023
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Figure 12. Actual prototype picture of the end effector.

Diamond pattern on rubber
surface

Material surface frosting
treatment of PVC

Figure 13. Surface material of end-effector roller. (a) Diamond pattern on the rubber surface. (b) Material surface frosting treatment of PVC.

a high friction coefficient of roller is much higher than that
of rubber material with a low friction coefficient. The same
material of the roller and the grabbed fabric will also pro-
duce different experimental results. After analysis, it is due
to the fact that the downward pressure of the manipulator on
the grabbed fabric is not strictly controlled during the ex-
periment. Because the flaky deformable object manipulation
belongs to viscoelastic material, the friction coefficient will
change with the difference of the pressing force. The success

https://doi.org/10.5194/ms-14-111-2023

rate of grabbing the middle part of the flaky deformable ob-
ject manipulation is quite different from that of grabbing the
corner or corners. Through analysis, it is found that different
grabbing areas will also lead to different operation results.
Comprehensive comparative analysis shows that the suc-
cess of end-effector operation is influenced by many fac-
tors. The pressure in the grabbing process, the friction co-
efficient between the roller material and the grabbing fabric,
the softness of the grabbing fabric, the grabbing position and

Mech. Sci., 14, 111-123, 2023
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Figure 14. The captured object.

Cl C2 C3

Figure 15. Experiment of fabric grabbing in multi-layer tiled state.

Mech. Sci., 14, 111-123, 2023 https://doi.org/10.5194/ms-14-111-2023
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C1

Figure 16. Experiment of fabric grabbing, stretching and spreading.

Table 3. Statistical table of experimental results.

Material of Rubber PVC
roller
Group 1 11 111 1 11 111
No. A 7 9 8 9 10 10
B 8 10 10 10 10 10
C 4 7 9 7 10 10
Successrate | 63% 87% 90% | 87% 100% 100 %

the number of stacked layers are preliminarily considered.
As there are many influencing factors, the team will explore
these further in the follow-up research. The above experi-
ments show that the designed end effector can achieve its

https://doi.org/10.5194/ms-14-111-2023

C2

C3

function under the condition of selecting appropriate roller
surface materials and reasonably controlling the grabbing
downforce.

6 Conclusion

This paper clarifies the design requirements of the end ef-
fector for grabbing and spreading of flaky deformable ob-
ject manipulation through a detailed analysis of the action
of manual grabbing and spreading of leather under actual
working conditions. A reconfigurable multi-link mechanism
is proposed, and based on the multi-link mechanism and the
roller fingertip structure, an end effector for manipulating ge-
ometric soft fabrics is designed. The working principle of the
reconfigurable multi-link mechanism, the structure and grab-
bing mode of the end effector are introduced in detail, and

Mech. Sci., 14, 111-123, 2023
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Cl

Figure 17. Experiment of fabric corner grabbing and spreading.

the kinematics analysis and simulation of the end effector
are performed. Through the development of the experimen-
tal prototype of the end effector, the grabbing-and-spreading
experiments of three kinds of geometric soft fabrics under
different conditions are conducted. The experimental results
show that the end effector can basically meet the functional
requirements, which verifies the feasibility of the end effector
and the rationality of its design. However, successful grab-
bing and spreading can be affected by many factors, which
need to be further explored.

At present, our team is conducting in-depth experiments to
explore the factors that affect the success rate of operation,
so as to improve the performance of the end effector. More-
over, the team will study the spreading and folding of flaky
deformable object manipulation by the end effector with the
help of humanoid double manipulators. Effective solutions

Mech. Sci., 14, 111-123, 2023
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are provided for the intelligent operation problems of geo-
metric soft fabrics, and the development of intelligent leather
manufacturing and clothing industry is actively promoted.

Data availability. The data that support the findings of this study
are available from the corresponding author upon reasonable re-
quest.
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