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Development of an Electromagnetic Clutch for In- pipe Robots

QIAO Jir wei, SHANG Jiar-zhong, CHEN Xun, LUO Z# rong
( College of M echat ronics Engineering and Automation, National Univ. of Deferse Technology, Changsha 410073, China)

Abstract: In order to improve the security in pipes mspection for impipe wbots, the curent study developed an electromagnetic
clutch, which was aimed to msure the ir pipe robots quitting from pipes where they worked in any conditions. The specific size that is
42mm in diameter and 220mm in length was designed for using in pipes. With this contact structure, it still can transfer a relative large
torque and hold a 10mm effective distance. After the stucture and work principle of the electromagnetic clutch were introduced, the
magnetic circui was analyzed, and then the heat of coils was calculated. The relationship between the attraction and the air distance was
worked out based on the Langrage-M axwell Equations. To testify the comectness of the theowy results ohtained above, some simulatbns
were made. The data from the simulation also optimized the length of the stopper. Base on the theory result, a prototype was designed
and some related experiments were made.
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Fig. 1  Structure of eleciromagnetic clutch
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Tab. 1 Electromagnetic cutch function table
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Fig.2 Size constraint of electromagnetic clutch
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Fig.3  Attraction characteristic of direct current solenoid Fig. 4 Magnetic circuit analysis
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Tab.2 Magnetic reluctance of each segment
(A'Wh) 1. 05% 10° 0.6x 10° 2.39x% 10’

3.1x 10* 4.69% 10
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Fig.5 Math model of electromagnetic clutch
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Fig. 6 Magnetic force lines Fig.7 Magnet flux density
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Fig. 10 Photo of electromagnetic clutch paits
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