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Abstract. Magnetic Particle Testing is one of the most used techniques for the 

detection of surface cracks. Often it is necessary to detect defects in longitudinal as 

well as transversal directions in very large objects. This might be achieved by using 

the current flow or yoke magnetizations. By rotation of the work piece and appropriate 

manipulation cracks with different directions can be identified. 

The disadvantages of these magnetization methods are: 

• Burning in by non-uniform contact, 

• Necessity of several magnetization currents, 

• Manifold manipulations of the component under investigation, 

• High investment costs. 

In order to avoid these disadvantages, we designed the system described in the 

following. The magnetic particle inspection system consists of a pair of cross coils 

with a magnetic field phase shift of 90-120° relative to each other together with 

additional orthogonal coils. The orthogonal coils are placed in approximate Helmholtz 

arrangement. With this arrangement magnetic fields in all directions are achieved 

allowing the detection of transversal as well as longitudinal surface cracks.  

Objects of very large dimensions can be tested for surface defects in all directions 

during one operation. The physical aspects as well as specific applications are 

presented in detail. This is including comparison of the measured magnetic fields with 

corresponding calculations. Various realizations of this system with cross and 

additional parallel coils in operation are discussed. 

 

Introduction 

Magnetic Particle Testing is one of the most used techniques for the detection of surface 

cracks employed worldwide. The testing procedure is relatively uncomplicated and very 

sensitive to surface defects. 

The magnetizing equipment for producing the necessary strong magnetic field 

however is - especially for testing complicated and large objects - often complex in order 

to detect surface cracks in all directions, longitudinally and transversally [1]. 

At present in magnetic particle testing the three techniques shown in Fig. 1 are 

those most often used. 
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Fig. 1: Current flow technique, yoke magnetization, longitudinal field magnetization, [2] 

 

An example for magnetic particle testing of components of simple geometry is 

shown in Fig. 2. 

 

  
 

 
Fig. 2: Current flow technique and yoke magnetization by longitudinal magnetic field (Helling  

 

In complicated geometric structures of the work piece under magnetic particle 

testing several current circuits for the current flow technique as well as additional magnetic 

coils for longitudinal defects (Fig.1) might be necessary. 

The required magnetizing circuits and thus the testing procedures have to be 

carried out successively, leading to remarkable longer testing intervals. In addition, the 

components must be manipulated mechanically – in the simplest case just twisted – in 

order to detect all relevant defects in all directions. 

The disadvantages of the testing procedures mentioned above are summarized as 

follows: 

• Contact fusion penetration by inhomogeneous coupling of the component to 

  the electrodes 

• Several current circuits and yoke magnetizations necessary, eventually  

  including additional longitudinal fields coils 

• Laborious manipulation of the work piece and/or coupling of the electrodes 

• Relatively high investment and operational costs 

• Time consuming  
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Aim of the development 

 

The aim of the development is a magnetizing equipment for large components with 

complicated geometries, which permits: 

  

• Contact-free testing 

• With minimal manipulation 

• Simultaneous detection of surface defect in all directions 

• Small testing times 

 

                                    
 

Fig. 3: Test object axel carrier of a railroad freight wagon 

 

 

Solution 

 

The aim of development is achieved by a magnetizing arrangement consisting of 

cross coils in addition with two perpendicular coils in Helmholtz layout. 

It consists as shown schematically in Fig. 4 of two crossed coils under a right 

angle. The magnetic fields of both have a phase shift of 90°. This results in a magnetic 

field, which rotates in the horizontal plane. Perpendicular to these cross coils are two 

magnetic field coils parallel to each other, nearly in Helmholtz arrangement, producing 

magnetic fields in perpendicular vertical direction. 

The alternating current with the required phase shift is produced by three 

transformers with approximately 1.400 A, respectively. 

 

   
 

Fig. 4: Schematic drawing of the magnetization arrangement cross coils with additional 

perpendicular parallel coils 
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Physical Background 

 

Magnetic fields of different origin add to each other like vectors (Fig. 5, left) 

 

 
 

Fig. 5: Vectorial addition of magnetic fields (left) and schematic drawing of the superposition of 

the two magnetic fields of the cross coils having a phase shift of 90° (right) 

 

 

The situation for a cross coil arrangement with a phase shift of 90° between the 

two magnetic fields is shown in Fig. 5 (right). 
 

The resulting magnetic field rotates in the x-y plane. This can be shown nicely by a 

compass. The needle is rotating and following the direction of the field. 

With this arrangement a magnetic field is produced, which is directed in all 

horizontal directions and which is able to detect all surface defects perpendicular to this 

plane. 

The magnetic fields of the perpendicular parallel coils generate the missing field in 

z-direction, which is able to indicate the horizontal defects. 

 
 

Calculating the Magnetic Fields of the Cross- and the Parallel Coils 

 

The calculation of the magnetic fields is carried out by using the Bio-Savart Law 

for conducting wires, which is mathematically described in Fig.6. 

 

     
Fig. 6: Bio-Savart Law for calculating magnetic fields of conducting wires 

 

For a circular short coil the magnetic field B with the coil dimensions current I, 

number of windings N, radius R, permeability constant µ0 and distance z from center of 

the coil is approximately given by the following relation (length of the coil << as diameter 

and distance z from center): 
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In case of the described arrangement of the coils, all magnetic fields are either 

parallel or perpendicular to each other and can easily be described by superposition. 

 

Arrangement for Cross- and Perpendicular Parallel Coils 

 

A basic cross coil is depicted in Fig. 7. Testing tubes with this arrangement allows 

detecting horizontal and vertical surface defects if in addition the tube is rotated by 90° 

around its axis. 

 

    
Fig. 7: Cross coil arrangement 

 
 

However, the aim of the development was to test large components with 

complicated geometric structure contact-free without additional manipulation or only easy 

to handle manipulation procedures. 

In order to test such an arrangement, corresponding equipment was constructed at 

the Technological Center of the Helling Company GmbH in Heidgraben (Fig. 8). The 

diameter of the coils is approximately 160 cm. 

 

 

    
Fig. 8: Testing and application facility at Helling Company GmbH in Heidgraben 
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Measurements 

 

Using the described testing and application arrangement (Fig. 8), the magnetic 

fields have been measured for all single coils and for the resulting field by switching on all 

four coils (Fig. 9).  

 

 

   
 
Fig. 9: Measuring program for the cross and perpendicular parallel coils, separated and together, D1 

and D2 ca. 160 cm 

 

As an example the measurement of the magnetic fields are indicated, if all coils 

with a current of 1.400 A are in operation (N=6 windings in each coil) (Fig. 10). 

 

 

   

 
 
Fig. 10: Results of the measurement of the magnetic field with a current of 1.400 A (6 windings in 

each coil) 

 

The calculated magnetic fields are compared with the measured values. As 

expected, calculated and measured fields agree very well. 
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Control with Test Specimen 

 

The magnetic particle arrangement with the cross and perpendicular parallel coils 

was checked by using Burmah Castrol control specimen (Fig. 11). 

 

 

           

 
 

Fig.11: Test of the cross and perpendicular parallel coils arrangement by Burmah Control test 

specimen 

 

 

Magnetic Particle Testing of a Complex Component: Axel Carrier of a    

   Railroad Wagon 

 

The magnetic particle testing of a railroad axel carrier has been performed. All 

relevant defects could be detected within one magnetization process per testing section. 

The work piece under inspection and the result using Burmah Control test specimen are 

shown in Fig. 12. 

 

   
 

Fig. 12: Magnetic Particle Tetsing of a large complex component 
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