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Study of Devised Hall Effect Sensor System for Industrial Measurement and
Non-destructive Inspection
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This study proposes a new design for a new sensor module for the application of a
semiconductor known as a Hall Effect sensor and a measurement method for the angular
declination, the angular alignment, the contamination of metal particles by lubricants, and
non-destructive material imperfection. In order to find ways of enhancing the effectiveness of a
conventional Hall Effect sensor, this study was divided into 3 parts: 1) the new configuration and




its theoretical performance, 2) a consideration of an appropriate placement of a Hall generator, 3)
a preliminary experimental test. The use of a magnetic field to stimulate a Hall Effect sensor in
the case of angular declination measurement was based on the angular relationship of
trigonometric functions. The stimulation was created by an electromagnetic field which was
generated by a Helmholtz coil and a magnetic field generated by a permanent magnet. The system
was designed by using Helmholtz coil to provide the measuring resolution of 1 deg per step in the
measuring range of -15 deg to 15 deg from the normal line with 95% accuracy. However, the new
sensor module was designed by using a permanent magnet to provide the greater measuring
resolution of 0.01 deg per step in the measuring range of -20 deg to 20 deg from normal line with
99% of accuracy. With regard to the application of the new sensor module in the measurement of
the contamination of lubricants in this study aims to assess the contamination level of metal
particles during the work period of an industrial machine. It can also predict the period of
lubricant replacement if the lubricant quality is lower than the standard of NAS1638. Analysis of
contamination of metal particles in lubricant has a relationship with the output signal of a new
sensor module due to the metal particles moving to a permanent magnet. From empirical study,
enhancement of the conventional Hall Effect sensor by determining the appropriate placement of
Hall generator and permanent magnet as well as the number of Hall generators in a new sensor
module is significant for several measurements such as the inspection of metal material
completion by measuring the dimensions of the holes on the surface of the test specimen. In
comparison with EMAT, the generation of ultrasonic waves using the EMAT method would not
be appropriate for small specimens as the error was greater than 4.51% and the standard deviation
was about 0.279. However, a new sensor module can be effectively used with small specimens as
it would cause the error to be less than 0.24% with a standard deviation of 0.014. Moreover,
compared to the ultrasonic wave, the new sensor module could provide the high resolution of
measurement at each position, as well as ease of installation and a simple experiment procedure at
a reasonable cost.
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