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Abstract 

During the development process of MPI equipment it is very helpful to know the detection ability of the MPI 
process. Such an ability depends on material properties of the body under the test, applied magnetic field, defect 
shape and size, and detection particle properties. There is not enough information published, therefore in-house 
experiments are justified. 
This paper aims to present an experimental setup for MPI sensitivity measurement. The setup consists of four 
coils and two steel plates attached to the coils. The steel plates are magnetized by the flux generated by the coils. 
The coils are situated at the vertices of a square and the opposite coils are electrically connected in series 
therefore the setup can be fed by two independent current waveforms. These current waveforms generate two 
perpendicular magnetic field components on the plates so it is possible to generate arbitrary tangential 
magnetization on the surfaces of the steel plates. A standard shim gauge is placed on the steel plate in the middle 
of the coils. If the setup is fed by two sine waveforms of the same frequency and arbitrary phase shift, the 
tangential magnetization of the steel plates is elliptical polarized. The coils are fed from a pair of arbitrary-
waveform generators amplified by a pair of power amplifiers.   
Using this setup the sensitivity of MPI can be measured for various input parameters. Measurement setup as well 
as first experimental results are presented in this paper. 
Keywords: Magnetic particle inspection (MPI), sensitivity, magnetic field polarization 

 
 

1.  Introduction 
 
The performance of a non-destructive testing (NDT) technique can be described by two 
parameters: sensitivity and reliability. Sensitivity describes the smallest detectable defect by 
an application of the NDT method. Reliability is defined as a probability that a system will 
perform its function. Probability of detection (POD) as defined in ref. [1] or in ref. [2] is a 
statistically evaluated function of probability of a defect detection usually determined as a 
function of the defect length. Details of application of MPI such as magnetization method, 
magnetic field direction and strength, and detection particles used are not mentioned in these 
studies. Only an average performance of MPI is evaluated [1]. The average performance can 
be also affected by skills or emotional mood of the operators. However, the proper application 
of all MPI steps is essential for successful detection. The knowledge of sensitivity and 
reliability is especially useful for developing and optimizing NDT equipment to set optimal 
conditions and increase the POD to get closer to the ideal case described in ref. [3]. The 
presented setup can be used for a measurement of sensitivity for different configurations of a 
MPI process. 
 

2.  Setup description 

 
The experimental setup which is in Figure 1. consists of four coils and two circular steel 
plates attached to the coils. The steel plates are magnetized by the flux generated by the coils 
situated at the vertices of a square. All four coils are identical with 90 turns each. The 
magnetic flux is guided to the surface of the plates by steel coil cores. In this four-coil 
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configuration the opposite coils are electrically connected in series enabling the setup to be 
fed by two independent current waveforms. The current waveforms generate two 
perpendicular magnetic field components in the tangential plane on the surface of the plates. It 
is possible to generate an arbitrary tangential magnetization on the surfaces of the steel plates. 
A standard shim gauge (3C2-234) [4] is placed on the steel plate in the middle of the coils. If 

the setup is fed by two sine currents of the same frequency and arbitrary phase shift the 
tangential magnetization of the steel plates is elliptical polarized. The coils are fed by a pair of 
arbitrary-waveform generators amplified by a pair of power amplifiers as shown in Figure 2. 
The setup can be easily modified into a three-coil configuration. Three-coil configuration can 
be supplied from three-phase power grid. This configuration generates rotating magnetic field. 
The steel plates can be easily removed and replaced by plates made of different magnetic 
materials or plates with different defect(s). 

 
4.  Measurement results 

 
For the sensitivity measurement the arbitrary waveform generator was set to generate two 
50 Hz sine waveform with 90° mutual phase shift. The magnitudes were increased until the 

Figure 1- Setup for MPI sensitivity measurement 

Figure 2 – Block scheme of the setup 



first indication appeared. The plates were magnetized for 15 s by currents of approximately 
8.5 A (RMS). Magnetic field components were measured using Hall probes on the surface of 

shim gauge placed exactly in the middle. Both magnetic field components are depicted in 
Figure 3. The corresponding polarization is in Figure 4. Peak-to-peak value of magnetic field 
components is slightly lower than 1.2 mT which corresponds to 955 kA/m in the air. The 

magnetic field components were non-sinusoidal 
despite the sine voltage excitation waveforms at 
the input of the power amplifier. Higher 
harmonics were generated due to the presence of 
magnetic non-linear material (eg. steel). This 
effect is also responsible for non-circular 
polarization.  
The indication observed on the shim gauge is in 
Figure 5. There are three circular defects on this 
type of gauge. The notched defects are of the 
same width and different depth. The width is 
180 µm and the depths are 10 µm, 15 µm, and 
20 µm. The circular defect of the largest depth 
(20 µm) is clearly visible. The indication above 
the 15 µm depth defect is very weak and is barely 
visible. Such an indication will be probably 
missed in a practice. It can be clearly seen that the 

sensitivity is almost the same in all directions, because the polarization is to the circular 
polarization. The sensitivity of MPI process for detecting the standard defects on shim gauge 
starts approximately at 955 kA/mpk-pk if the plates are magnetized by slightly non-sinusoidal 
magnetic field components. To evaluate the detection ability more precisely the force impulse 
on the detection particle should be calculated [6]. 
The value of measured magnetic field is much lower than the minimal value of the tangential 
field which should be sufficient to achieve a successful detection according to standards. 
ASTM standards [4] recommend minimal value of tangential field to be 2.4 kA/m. Slightly 
lower value 2 kA/m is recommended by ISO standards [5]. The used fluorescent ink was 
Chemetall Lumor J. 
 

 

Figure 3 – Magnetic field components measured on 

the surface of shim gauge 
Figure 4 – Polarization corresponding to the 

components in Figure 3 

Figure 5 – Photo of indications on the shims gauge 



 

 

4.  Conclusion 

 
The setup for MPI sensitivity measurement was built and tested. The sensitivity threshold for 
a standard shim gauge 3C2-234 was successfully measured. The indications were obtained by 
magnetic field much weaker than magnetic field recommended by standards. 
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