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3D printing magnetic soft gripper

SHENG Yu', OU Xingcheng', HUANG Jiaqi', HUANG Dantong' , LI Xiaohong',
BIRan', SHI Ming®, GUO Shuangzhuang
(1. Guangzhou Key Laboratory of Flexible Electronic Materials and Wearable Devices, Key Laboratory for Polymeric
Composite and Functional Materials of Ministry of Education, School of Materials Science and Engineering,
Sun Yat-sen University, Guangzhou 510275, China; 2. Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou 350002, China)

Abstract: The soft gripper can deform under external stimuli, and has a good application in the fields of cargo
transportation. However, the current soft gripper has a slow response speed, and cannot adapt to most scenarios
like a human hand to move the cargoes with various shapes and weights. Therefore, it is necessary to develop a soft
gripper with fast response speed and adaptation for various cargoes. In this work, a hard magnetic material —Neo-
dymium-Iron-Boron powder (NdFeB) was blended with a room temperature vulcanized rubber (RTV rubber) to
form a printable magnetically responsive NdFeB-RTV rubber composite. Through the exploration and optimization
of the manufacturing process-related parameters of the direct ink writing technology, the precursor ink of the
NdFeB-RTV rubber composite could be accurately printed into various shapes. The material exhibits excellent
mechanical properties after curing: The elongation at break is close to 300%, the tensile strength is 1.03 MPa, the
tensile Young's modulus is 1.27 MPa, the flexural strength is 78.06 MPa, and the flexural modulus is 160.96 MPa.
Finally, the direct ink writing technology was used to design and manufacture a magnetically responsive four-arm

gripper robot. Using the magnetic actuation and flexibility characteristics of the robot, functions such as soft
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deformation, fast grasping, and smooth transportation are realized.

Keywords: magnetic responsive material; direct ink write 3D printing; soft gripper; elastomer; actuator
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Fig.1 Preparation process of precursor ink for NdFeB-room

temperature vulcanized rubber (NdFeB-RTV) composite
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Fig.2 Flow chart of the four-arm soft gripper printed by direct ink write 3D printing technology: (a) Design of the four-arm gripper;

(b) Schematic diagram of the slicing software; (c) Printing path
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Fig.3 (a) Viscosity of the precursor ink for NdFeB-RTV rubber composite; (b) Physical image of the multi-layer single-wall structure

printed by the precursor direct ink writing (DIW)
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Fig.4 Micromorphology (a) and particle size distribution (b) of NdFeB micropowder; (c) Magnetic properties of magnetic powder NdFeB and
NdFeB-RTV rubber composite
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Coercivity; BH,,,,—Maximum magnetic energy product.
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Fig.5 (a) Schematic diagram of direct ink write 3D printing; Printing ink line width (b) and optical image (c) printed at different printing speeds

with distribution pressure is 1100 kPa
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6 NdFeB-RTV B GRS HLAR IR S (a) . SEEL (b) KR F AR TETHORE ((c), (d))
Fig.6 Design drawing (a), physical drawing (b) and surface micrographs ((c), (d)) of the tensile test sample of NdFeB-RTV rubber composite
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Fig.7 (a) Schematic diagram of uniaxial tensile test; (b) Schematic diagram of three-point bending test; Uniaxial tensile test data diagram (c) and

three-point bending test data diagram (d) of NdFeB-RTV rubber composite
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Fig.8 ((a), (b)) Pictures of the gripper; (c) Actuation principle of the gripper
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Fig.9 Process and motion trajectory analysis of the four-arm gripper robot completing task 1: (a) Process of transferring the foam cargo to the ground;

(b) Trajectory analysis of the transfer of the foam cargo on the ground; (c) Lifting transfer process of the foam cargo; (d) Movement trajectory analysis of

foam cargo lift and transfer
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