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Gripper Design with Adjustable Working Area for
Depalletizing Delivery Cardboard box of Various Sizes
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Abstract: This paper shows a design of a gripper with an adjustable working area to depalletize a
delivery cardboard box of various sizes. The gripper should pick the box with only one flat surface to
lift the boxes stacked close to each other. The lift force of the gripper is the vacuum suction force. To
handle boxes of various sizes, the gripper adjusts the working area. The gripper operates four vacuum
generators independently. The simultaneous rotation on different axes of four gripper-arms with suction
cups moves the position of suction force. The six operation modes of the gripper are divided into the
size of the working area. The operation mode is determined according to the size of the top side of the
box. Experiments are conducted by lifting the box of various sizes. The gripper can pick the box of
various sizes without vacuum leaks from unused cups. Also, the experiments verify the improvement
of stability of the box by adjusting the working area of the gripper. The gripper can lift the box without

deformation of the box by adjusting the working area.
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[Fig. 1] Gripper which picks a box with the largest working area
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[Fig. 2] The principle of adjusting working area: Simultaneous
rotation of the four gripper-arms: (a) The gripper of the smallest
working area. (b) The gripper of the largest working area
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[Fig. 3] Modeling of a delivery box in transport process
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[Fig. 4] The appearance of the gripper

[Table 1] Specification table of the gripper

min 290 %< 340 %< 305
Size (mm)
max 460 x< 430 %< 305
Weight (kg) 14
. Without leak 2618.74
Max lift force (N)
Cardboard box 1423.23
Air consumption | 152 NI/min, 4 bar for one vacuum generator
Power 82.88W,24V
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[Fig. 5] Inside of the gripper. (a) Stage 1: parts for suction force.
(b) Stage 2: parts for simultaneous rotation of the gripper-arms.
(c) Stage 3: parts for control of the gripper
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[Table 2] Operation mode of the gripper with adjustable working area

Gripper operation mode 1 2 3 4 5 6
Working area (mm) 80170 170 <170 243170 290 <170 360 < 240 460 %< 340
Number of operating vacuum | ) 3 4
generators
Rotati le of th
f)tatlonangeo the 0 45 135
gripper-arms (degree)
smallest side of |biggest side of no. biggest side of | biggest side of | biggest side of
Picked delivery box of Korea no. 1 1 biggest side of no. 3 no. 4 no. 5
post office smallest side of | smallest side of no. 2 smallest side of | smallest side of | biggest side of
no. 2 no. 3 no. 4 no. 5 no 6
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[Fig. 6] Flowchart of the gripper operation: (a) Determine the
operation mode of the gripper. (b) Rotate the gripper-arm
according to the opteration mode. (c) Determine the number of
operating vacuum generator. (d) Check if the vacuum is ready.
(e) place the box

| Vacuum generator

[Fig. 7] Vacuum cups that produces suction force according to
number of the vacuum generators
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[Fig. 8] Experiments of lifting delivery cardboard box of various sizes. (a) no.1 box: 190 <90 mm (Gripper operation mode 1). (b) no.1
box: 220>190 mm (Gripper operation mode 2). (c) no.2 box: 270 <180 mm (Gripper operation mode 3). (d) no.3 box: 340 <250 mm
(Gripper operation mode 4). (e) no.5 box: 380340 mm (Gripper operation mode 5). (f) no.5 box: 480> 380 mm (Gripper operation
mode 6)

10 T T T T T T T T F
= /a 0P —no0.1 4
3 2 ol —no.2
=2 —
2 T \ no.3
z D st
g k) ——no.4
= -30
a g A, .
5 - S a0t Y =
= Q
= @
i > -50 -
20 . ‘ . . . . : . . i ‘ ‘ i l | ‘ ‘ i l
0 5 10 15 20 25 30 35 40 45 ) & 10 15 20 25 30 35 40 45
time (sec) time (sec)
(a) (b)

[Fig. 9] Graphs of experiment of lifting 15 kg no.5 box (gripper operation mode 6). (a) Tilt of the gripper. (b) Vacuum level of the
vacuum generators
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[Fig. 10] Box gripping stability experiment with adjusting working area of the gripper. (a) Gripper operation mode 4. (b) Gripper
operation mode 6
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