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Identifying the impeller type is essential for enabling torque sensing in conventional agitators. Previous studies have
demonstrated that using arrays of permanent magnets with like poles facing each other allows for cost-effective, non-
contact sensors. However, these configurations create strong repulsive forces, complicating assembly during sensor
fabrication. This study addresses the issue of poor assemblability by introducing a high-permeability ferromagnetic ball
between the magnets. This ball not only reduces repulsive forces but can also induce attractive forces, making
assembly easier. We analyzed the effects of ball diameter, magnet thickness, and the number of magnets on the
inter-magnetic force using ANSYS Maxwell. To validate the finite element method (FEM) results, we conducted
experiments, which showed that the measured values closely matched the simulation results. This confirmed that the
ferromagnetic ball significantly mitigates the repulsion between magnets, and in some cases, reverses the force to
attraction. These findings are important for enhancing assemblability in automated mass production. Additionally, the
study identified an optimal steel ball size that minimizes repulsion while facilitating sensor miniaturization, providing a
practical solution for compact sensor design.
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1. N2
NOMENCLATURE
M, M, = Moving Magnet and Fixed Magnet WHE7|= 271A] o)Ak A A4S w2 E3kelr] 9%t
d, = Diameter of Magnets (Moving and Fixed) HE o]gsr| 7|t A AFES wH|Y ddHEr) v
d; = Diameter of Steel Ball E35 DC B Fei RS Albehs BHom, antst
° 1 Q= HHo] ArE n| AAFeZ 24T~ 9le2 W
X = Distance between Magnet and Steel Ball (or 3L = A B=E T A 3% 5 Aee 2o
FATH1,2].
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Fig. 1 Example of an overhead stirrer and its impellers of various
shape
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Fig. 2 Schematic diagram of the idea to improve assemblability
using steel balls
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(c) Configuration for more than two magnets

Fig. 3 Finite element model configuration for verifying the effect of
steel ball presence

Table 1 Numerical values used for simulation

Parameter Symbol Value(s)
Diameter of steel ball d; 4,6, 8 mm
Length of magnet L, 1,2,3 mm
Distance between magnets X 0,1,2,3,4,5,6 mm
Permanent Magnet Coercivity H, 890 kA/m
Permanent Magnet Relative i, 11

Permeability
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Fig. 4 Influence of ball size and its presence
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Force Variation w.r.t. Magnet Thickness
(2 Magnets, Ball Diameter = 8mm)

Force (N)

A —e—: Magnets thickness = Tmm

/ @ : Magnets thickness = 2mm

- o- : Magnets thickness = 3mm

Moving Distance (mm)

Fig. 5 Influence of thickness of permanent magnets (steel ball
diameter = 8 mm, magnet diameter = 8mm)
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Fig. 6 Influence of thickness of permanent magnets (steel ball
diameter = 4 mm, magnet diameter = 8 mm)
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Fig. 7 Influence of diameter of permanent magnets
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Moving magnet (M,,,)

Fixed magnet (My)

Fig. 9 Experimental setup and its components for verifying
simulation results
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Fig. 10 Comparison of simulation and experimental results for the
case without ball
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