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Development and evaluation of a needle gripper for piercing and gripping
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In recent years, soft robot grippers capable of gripping various types of objects including food materials have been
studied in order to improve the efficiency of food inspection and transport operations in food factories. However,
gripping finely shredded food materials with conventional soft robot grippers and gripping in environments where there
is no gap between foods has been difficult. This paper presents a pneumatically driven needle gripper that can penetrate
confined areas and grip shredded food materials. By controlling the positive and negative pressure of the flexible
membrane, which is the drive unit of the gripper that combines a needle-shaped hard material and a film-shaped flexible
material, with a pneumatic regulator, it can perform two types of operations. The gripper was gripped on the shredded
food using an industrial robot arm, and the gripper mass and appearance after gripping were analyzed to evaluate the

gripper performance.
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Fig. 2 A needle gripper at positive pressure
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Fig. 3 Example of piercing operation by needle gripper
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Fig. 4 A needle gripper at negative pressure
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Fig. 5 The experimental system for grasping tests

Fig. 6 The method for target weighing
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Fig. 7 Target appearance of 6 grips
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Fig. 8 The results of grasping test

Table 1 Statistical analysis of target weight for all trials

Average [g] STD [g] RSD

12.144 2.6041 0.214

Table 2 Statistical analysis of target weight for each cycle

Average [g] STD [g] RSD
14.488 24112 0.166
12.518 2.2827 0.182
12.352 2.1126 0.171
10.778 1.5159 0.141
10.583 2.4781 0.234
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Fig. 9 The images of target shape

Fig. 10 Image binarization of the target shape
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Fig. 11 The result of image analysis for number of pixels

Table 3 Statistical result of the number of pixels for all trials

Table 4 Statistical result of the number of pixels for each cycle

Average [pixel] STD [pixel] RSD
68387.8333 7890.7283 0.115
64898.0000 7872.0046 0.121
70031.0000 8428.7533 0.120
63820.6667 6983.8922 0.109
61238.6667 18070.9829 0.295

Average [pixel] STD [pixel] RSD

65675.2333 11141.5317 0.170
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Fig. 12 Comparison of probability density of weight and number of

pixels
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