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Peformance evaluation of cylindrical sell grippers using a demolding-free casting method
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In recent years, soft grippers made of flexible silicone rubber have been developed for transporting
fragile items like vegetables and fruits. Previous studies have developed cylindrical shell grippers using
a demolding-free casting method, which eliminates the need for molding and demolding processes. This
paper improves the manufacturing process of cylindrical shell grippers, making it faster. By modifying
the internal structure of the grippers and changing the silicone material, the shape of inflation and the
gripping performance were enhanced. The relationship between the minimum diameter of the internal
area and the size of the objects that can be gripped was examined. Additionally, by measuring the lifting
force, the weight limit that each gripper can handle was estimated. Finally, gripping experiments using
real food items, such as oranges, demonstrated the grippers’ ability to handle objects of various sizes.
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Fig.1: Principle of inflation of the cylindrical shell gripper
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Fig.2: The structure of the cylindrical shell gripper

2.2 BERD Y —FRZEBVWFERTEE

ARECIE, B ) —8E WIS 2L 7)) v SO ER
FIEIZDWTHERS, H—TRELT, K3(@)DLIRE—ILEF
ZRERR T 5 2 EEOMGEE % PLA #M %2 H\WT 3D 7)) v &
(Original Prusa i3 MK3S, Prusa Research) T/E# L, Zh %
NEZATA NIElAEDLETHEEET LXK 3(b) DLIHRE—
WRNPERT S, BEZTRTIE. K3c) DE>%R5 DD/ =Y
EEERIGYR—-MNEHATS. £/, BRI SHIAETY o
VILDWRNH DI LR ELSDIIEERETS. ZLT, vYay

No. 25-2 Proceedings of the 2025 JSME Conference on Robotics and Mechatronics, Yamagata, Japan, June 4-June 7, 2025
2A1-R09(1)



TLDERT B E—IL FORNME 5 DD F— b rS— 0 (ZffiRIHF|
EW®AAT S, BETHETIE, B3d) &SIy R— =YL
E£—)l FORIZ Smooth-On #:#d ” Dragon Skin 20”7 DK
VayvInazmlUild, HhEgd. EUTRETE, K3e) D
RED S THROVAHBLD =Y LG ROEFEEZIMD RS, HHITRE
TIE, X 3(f) DIREED S FE W 4 DDA—=Y ZRlD SHLY kR E,
ZBENICZT Fa— T2 BLUTHET S L TR 3(g) D&HA
FfEis V) v SDSERR T 5.

Fig.3: Manufacturing method of cylindrical sell grippers
using a demolding-free
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Fig.4: Expansion of the surface membrane of the cylin-
drical shell gripper

Fig.5: Internal minimum diameter
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Fig.6: Internal structure of the cylindrical shell gripper
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Fig.7: Expansion of the surface membrane in grippers
with different membrane thicknesses

Fig.8: Internal minimum diameter in grippers with dif-

ferent membrane thicknesses
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Fig.9: Surface membrane expansion in grippers made of
different materials

Fig.10:

from different materials

Internal minimum diameter of grippers made
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Fig.11: Lifting force measurement system
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Table 1: Average maximum lifting force of the gripper
with varying membrane thickness

[FEA [kPa] || BRH% [N] [ 3 GZE [N] [ 4 Bk [N [ 5 @iZ&E N |

[ 10 1T 21.7 T 21.9 I 27.6 I 20.3 ]

| 20 I 75.5 | 70.7 | 93.3 | 82.9 |
(a) 10kPa (b) 20kPa

Fig.12: Time variation of the lifting force of the gripper
with varying membrane thickness

Table 2: Average maximum lifting force of the gripper
with varying silicon

[_HES_[kPa] [[ DoragonSkin20 [N] | DoragonSkinl0 [N] [ DoragonSkin30 [N]
[ 10 il 21.7 T 32.6 T 19.0
| 20 11 75.5 | 86.4 | 64.9
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(a) 10kPa (b) 20kPa
Fig.13: Time variation of the lifting force of the gripper
with varying silicon
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Fig.14: Object to be grasped

Table 3: Maximum diameter and maximum height of the
grasped object and its average mass

[ EFAEY [ BRE [mm] | BAGE [mm] [ PAEE [g] |
IR EACSH| 776 T 552 1175 ]
[ oh 610 ] 113 585 |
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Table 4: Grasping test results of large mandarin orange

[HMEA [kPa] [[ 1 WH [ 2BH [ 3MWH [ 4WBH [ 5FH [ BKIE |
a X X X X x 0/5
5 X x 3/5
6 O O O O O 5/5

Table 5: Grasping test results of small mandarin orange

[ [kPa] [ TWH [ 2WH [ 3WH [ WA [ 5 WA [ 0% |
11 x x x x x [)/5
12 O O 5/5
13 © © O O 0 5/5
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