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Pneumatic Grasp-and-Suction Soft Gripper with
Variable Stroke
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Abstract: With the recent emergence of collaborative robots, demand for grippers to be used in
service sites is increasing. Soft grippers have advantages in terms of compliance, cost, weight, and
stability, but it is difficult to handle objects of various shapes, sizes, and weights with a single
gripper. In this study, based on a fluidic elastomer actuator (FEA), we propose a pneumatic soft
gripper that can grip a variety of objects, consisting of fingers capable of both grasping and vacuum
suction and a base with variable stroke between the fingers using a pneumatic cylinder. A check
valve is installed inside the finger, so that when positive pressure is supplied, the finger expands to
perform adaptive grasping, and when negative pressure is supplied, vacuum suction can be per-
formed. Grasping experiments were conducted on various objects to evaluate the performance of the
proposed gripper, and 94% of 54 gripping objects were successfully grasped.
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[Fig. 1] Pneumatic Grasp-and-suction soft gripper with variable
stroke
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[Fig. 2] Structure of gripper finger: (2) isometric view, and (b)
cross-section
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[Fig. 3] Airflow inside the gripper finger
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[Fig. 4] Example of gripper actuation: (a) grasping, and (b)
vacuum suction
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[Fig. 5] Principle of quick release after vacuum suction: (a)
during vacuum suction, (b) immediately after stopping vacuum
suction, and (c) magnet and check valve
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[Fig. 6] Design of gripper base: (a) air path in plate part, (b) top
view with retracted cylinder, and (c) bottom view with
expanded cylinder
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[Fig. 7] Simulation results of soft body: (a) same shape and
position, (b) same shape but different position, and (c) different

shape and position

[Fig. 8] Simulation results for soft body contraction
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lower part molding, and (c) support mold removing
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Gripper

[Fig. 11] Gripper operation system: (a) example of gripper
operation system, (b) pneumatic circuit of the system

[Table 1] Valve combination and gripper status for gripper
mode

Mode | Idle (OFF) (Positigga;rissure) N ega\t/iizu:rrcl:ssure)
Valve 1 Closed Open Closed
Valve 2 Closed Closed Open
Valve 3 Open Closed Open

Finger Idle Inflate Deflate

Base Ldle Retract Expand

(Cylinder) (to min. Stroke) (to max. stroke)

o]t wWH, 777 oA E LA, Lot MHL
o}FolleE F3f| AlojHch
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[Fig. 12] Experiments on gripper payload: (a) water bottle (520
2), (b) metal block (1010 g), and (c) paper box (3005 g)

[Fig. 13] Experiments on gripper grasping. (dice, plastic pear,
golf ball, sponge, cube, plastic banana, coin, PCB)

(@ (b) (© (d
[Fig. 14] Grippers and grasping status: (a) Suggested gripper
(graspable), (b) soft gripper (inaccessible), (c) vacuum gripper
(unstable), and (d) 2-finger gripper (deformed)
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[Table 2] Results of gripping tests according to various grippers

2-finger . Vacuum | Proposed
. Soft gripper . .

gripper gripper gripper
Graspable 36 27 36 50

P 66.7% 50.0% 66.7% 94.4%
Inaccessible 10 19 0 0
Unstable 2 8 17 3
Deformed 6 0 0 0

Total item: 54

YCB objects(42): Cheez-it Cracker box, Domino Sugar box, Jell-O
Chocolate Pudding box, Jell-O Strawberry Gelatin box, Spam
Potted Meat can, Coffee can, Starkist Tuna Fish can, French’s
Mustard bottle, Tomato Soup can, Plastic banana, Plastic
strawberry, Plastic apple, Plastic lemon, Plastic pear, Plastic orange,
Plastic plum, Windex Spray bottle, Scotch Brite Dobie sponge,
Plate, Bowl, Spatula, Mug, Skillet, Skillet lid, Flat Screwdriver,
Adjustable Wrench, Credit Card blank, Soft Ball, Baseball, Tennis
Ball, Racquetball, Golf Ball, Cups, Foam Brick, Dice, Rubik’s
Cube, Clear Box, Box Lid, Colored Wood Blocks, 9-Peg-Hole Test,
LEGO Duplo, Timer

Others(12): Mouse, Xbox controller, Cellophane tape, Egg,
Bread(Croissant), PCB, Coin, Arduino, USB, Toilet paper, Fake
cellphone, Bolt bush

(@ (b)
[Fig. 15] Experiments on grasping fragile and deformable
objects. (a) with 2-finger gripper (broken, deformed), (b) with
proposed gripper (not deformed)
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