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Finite element analysis and experimental study of magnetic fluid seal of hydraulic cylinder
HAO Fuxiang, MU Anle

(Faculty of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: In order to solve the leakage problem of the hydraulic cylinder of construction machin-
ery, a 4 level magnetic source magnetic fluid seal structure is designed. The magnetic field of the
seal structure is analyzed by the ANSYS finite element magnetic field analysis method. The influ-
ence of two key parameters such as pole tooth length, permanent magnet height length ratio on
the pressure resistance of the magnetic fluid seal is studied; the influence of each parameter on the
pressure capability is calculated; the influence of reciprocating speed, reciprocating distance and
holding time of piston rod on the pressure seal is investigated in the designed hydraulic cylinder
experiment. The final results show that the sealing pressure capacity decreases with the increase
of the length of the pole teeth, that the sealing pressure capacity increases firstly and then decrea-
ses with the increase of the height of the permanent magnet, that the sealing pressure capacity
decreases with the increase of the reciprocating speed, and that the sealing pressure capacity in-
creases with the increase of the reciprocating distance and the holding time, with no obvious
change in sealing pressure capacity. By the finite element analysis of and the experimental re-
search on the magnetic fluid seal structure, it is of great significance to develop a highly suitable
sealing performance device for hydraulic cylinder.
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Fig.1 Magnetic fluid seal structure

with four magnetic sources
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Fig. 2 Physical model of pressure resistance of

magnetic fluid seal for reciprocating shaft
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Fig. 3 Sealing process diagram of stage i pole tooth
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Tab.1 Parameters of parallel magnetic circuit structure

with four magnetic sources
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Fig. 4 ANSYS analysis model meshing
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Fig.5 Magnetic field distributions under
different pole teeth conditions
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Fig. 6 Relationship between length of pole

teeth and sealing pressure capability
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Fig. 7 Magnetic flux densities at the different ratio
of pole piece height to the shaft radius
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Fig. 8 Effect of the ratio of pole piece height to the
shaft radius on MRF sealing pressure capability
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Fig. 9 Hydraulic cylinder seal test bench
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Fig. 10 Influence of reciprocating shaft speed

on magnetic fluid sealing ability
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on magnetic fluid sealing ability
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