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1 Abstract 
In modern manufacturing processes, particularly in the field of precision engineering 

and material processing, non-destructive testing (NDT) methods play a crucial role in 
ensuring component quality and process reliability. The 3MA (Micromagnetic 
Multiparameter, Microstructure, and Stress Analysis) method stands out as a versatile 
approach for evaluating microstructural properties and residual stresses in 
ferromagnetic materials. Materials like 42CrMo4, a high-strength alloy steel commonly 
used in automotive and machinery components due to its excellent hardenability and 
fatigue resistance, are frequently subjected to such inspections to detect variations 
induced by machining operations. Challenges could arise from environmental factors 
inherent to dynamic manufacturing setups, including vibrations, thermal fluctuations, 
and variations in the distance between the probe head and the workpiece surface. The 
integration of 3MA measurements into in-line monitoring systems represents a 
significant advancement toward achieving real-time quality control in high-speed 
production environments. This paper suggests a simple approach for testing distance 
detection during 3MA-II lift-off measurements on moving components based on principle 
component analysis (PCA) and support vector machine (SVM). 
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2 Setup 

The 3MA (Micromagnetic Multiparameter, Microstructure, and Stress Analysis) method 
relies on the interaction between an electromagnetic field generated by a probe head and 
the material's surface, allowing for the extraction of multiple micromagnetic parameters 
that correlate with mechanical properties such as hardness, tensile strength, and surface 
integrity. Measurements were performed on moving components. During turning or 
grinding processes the ability to assess surface conditions without interrupting the 
workflow can enhance efficiency and reduce scrap rates.  

Material 42CrMo4 was quenched and tempered at 450 °C (QT450) with cutting speed 𝑣 
of 100 m/min, feed rate 𝑓 of 0.1 mm/rev and depth of cut 𝑎 at 0.1 mm). The test distance of 
the 3MA-II probe head was varied from 50 µm to 1000 µm with increments of 50 µm. To 
determine the influence of the testing distance in an on-machine measurement the 
component was moving with a tangential velocity of 100 m/min.  

The distance was changed step by step while all other parameters were kept constant. 
By means of PCA and subsequent classification via MATLAB it can then evaluated 
whether the high-speed 3MA test data can be used to identify the test interval. For this 
purpose, the variance was maximized as a measure of the information content. 
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3 Results 

On a shaft shoulder on a pre-machined shaft made of 42CrMo4 in the basic state QT450, 
3MA measurement data was recorded at a measuring point in the middle of the shaft 
shoulder. Feature extraction was performed using the 3MA-II software, 40 micromagnetic 
measurement variables were used and stored per measurement point. Using the ‘zscore’ 
function, the training data was standardized based on the measurement data. The next 
figure summarizes the results of the PCA calculated via function pca(). The 760 
measurement data points were colored according to their distance group membership. 

 

Fig. 1. a) Principal component analysis (PCA) based on the preprocessed data and b) corresponding 
Pareto chart of variance, c) Confusion matrix for testing distance detection. Based on [1]. 

Figure 1. a) shows the results of PCA principal components 1 and 2. Here, the training 
data is separated into separable and partially overlapping groups. As evidenced by distinct 
groupings in the principal component space, where smaller distances exhibit tight 
clustering in the fourth quadrant, while larger distances progressively shift across other 
quadrants. The distance ~400 μm could be stated as maximum suitable measurement 
distance as this indicates a sharp turning point in the plot and coincides with literature 
findings [1]. Figure b) shows the variance according to the contribution of the individual 
main components and their cumulative distribution up to 95%. Component 1 already 
explains around 70% of the variance and that 6 components are required for a 95% 
variance. In the next step, a support vector machine (SVM) classifier with 50-fold cross-
validation was trained for the three group memberships, resulting in 19 test distances to 50 
observations with 50 test sets with a training size of 50 and a test size of 50. Figure b) 
shows the confusion matrix of the detected true and predicted classes. It can be observed 
that the worst predicted class has a prediction rate of 92%, while the best prediction rate is 
100%. 

 

4 Conclusion and Outlook 

This approach delivers a simple approach for testing distance detection during 3MA-II lift-
off measurements on moving components based on PCA and SVM. It could enable error 
compensation in in-process monitoring applications which could arise from vibrations, 
thermal fluctuations and variations between the probe head and the workpiece surface and 
can enhance and stabilize the electromagnetic field penetration and signal quality. 
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