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Design and research of concave magnetic circuit structure for
magnetorheological fluid performance test

Li Zhipeng, Xie Mingli
(School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: Shear yield stress is one of the main parameters reflecting the rheological characteristics of the magnetorheological fluid. The
stable and controllable magnetic field directly affects the measurement accuracy of magnetorheological fluid shear yield stress. Therefore,
the reasonability of magnetic field design has an important impact on the rheological performance test of magnetorheological fluid. In this
article, a concave magnetic circuit is designed to change the magnetic field structure by adjusting the position of the coil. The magnetic
field lines pass perpendicular through the flow direction of the magnetorheological fluid, and the detachable combined magnetic circuit
design realizes the continuous measurement of magnetorheological fluid under the premise of ensuring the magnetic field strength. In
addition, the distribution of magnetic field strength under different currents is analyzed, and mechanical properties such as shear yield
stress of magnetorheological fluid are tested based on the optimized magnetic circuit. Compared with the mainstream standard test
instruments, the average relative deviation value of shear yield stress measured by the magnetorheological fluid test system with concave
magnetic circuit structure is about 10% , and the repeat error is within 6. 34% . Results indicate that the magnetic circuit structure is a
feasible method for the design of magnetic field devices in magnetorheological test.
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Fig. 1 Schematic diagram of magnetic circuit structure
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Fig.2 Diagram of the new magnetic circuit structure
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Fig. 5 Diagram of the magnetic circuit structure
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Table 5 Shear yield stress repetition error parameters

B/mT x/kPa o 8/%
10 0.10 0.01 4.71
73 1.99 0.09 4. 66

135 4.08 0.11 2. 68
182 6. 99 0.17 2.50

242 10. 25 0.56 5.42

298 13. 14 0. 66 4.99

365 14. 47 0.81 5.56

420 15. 96 1.01 6.34

489 17.77 0. 80 4.50

548 18. 87 0.78 4.11

608 19. 09 0.50 2.61

685 19.27 0.51 2.67

712 19.35 0.47 2.44
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Fig. 19 Repetitive error of shear yield stress
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