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Design and experimental study on steel needle gripper of replacement
of Z directional steel needles in three-dimensional fabric

DONG Jiuzhi' > MEI Baolong' > JIANG Xiuming' > YANG Jingzhao' >
(1. School of Mechanical Engineering Tianjin Polytechnic University Tianjin 300387 China; 2. Tianjin Key
Laboratory of Advanced Mechatronics Equipment Technology ~Tianjin Polytechnic University Tianjin 300387 China)

Abstract In order to overcome the defect of manual replacement of steel needles and the defect of
conventional gripper during the operation process a special steel needle gripper for the replacement of
steel needles was designed. The device comprises a wedge block a thin walled elastic gripper etc. and
the pressure of the wedge block on the thin walled elastic gripper causes the elastic deformation of the thin
walled elastic gripper which is converted into a pressure on the steel needle meeting the requirements of
gripping steel needles. The special steel needle gripper has a high degree of automation and accurate
positioning and can quickly achieve gripping and relaxation. By the force analysis of the working process
of the steel needle gripper it guarantees that the replacement of steel needle is reliable and continuous.
In order to verify the feasibility of the working principle an experiment for the gripping replacement of
steel needle was designed. The result shows that the steel needle gripper has feasible principle and
reliable operation.
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1 Z
- 2013 Fig. 1 Technological process of replacing Z direction steel
° needle 3-D fabric. (a) 3-D fabric with Z direction steel
2015 needle; ( b) Steel needle replacement and fiber locking;

N () Piercing 3-D fabric

1.2 mm

; 2
Fig.2 Replacement mechanism of steel needle.

° (a) Whole assembly drawing; ('b) Steel needle gripper
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Fig.3 End face of thin walled elastic gripper
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Clamping steel needle model of

steel needle gripper

f‘max = /“(‘Pwmax

5
Fig.5 Sketch of steel needle in bending of

carbon fiber around needle
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Fig. 6  Sketch of displacement steel needle under force
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Fig.7 Force analysis of wedge block to thin walled elastic
gripper. ( a) Deformation and displacement of thin walled
elastic gripper; (b) Deformation and displacement

of unit body

Fig.8 Force analysis of thin walled steel needle gripper to steel needle. (a) Non forced state of thin walled

elastic gripper; (b) Contact state between inner wall and steel needle; (¢) State of clamping steel needle
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Fig. 10  Experimental testing process
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Tab.1 Statistical table of experiment results N

1 19.4 5.7
9 2 19.6 6.0
3 19.9 6.5
Fig.9 Change curve of pressure of steel
e o e 4 19.5 5.8
needle with axial force 5 19.7 6.0
6 19.5 5.7
9 75N 7 19.4 5.7
8 19.9 6.4
9 19.4 5.6
10 19.6 5.9
33.3 N
20.7 N 10
o 100% ; 19.4 N
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