
 
“Е+Е”, vol. 53, 9-10, 2018 

 
236

Development of a miniature 3 axis magnetic field sensor to predict the 
magnetic stray field influence on electron beams 

Peter J. Oving 

 
The desired form of electron beams is generally obtained by the use of magnetic fields in coils by 

focalisation, deflection, and other. The beam form is also influenced, due to incomplete shielding, by the 
magnetic environment, which is the sum of stray fields like the earth magnetic field, equipment 
originating fields, work piece fields. In the literature there is not much information on the effect of these 
stray fields, the generally given information is an indication of the maximum acceptable field on the 
work piece. There is a need for a precise and tiny field measuring device and some simple formulas to 
become aware of the importance of mastering the stray field influence. This paper presents a miniature 3 
axis magnetic field probing device and simple rules of thumb to estimate the beam deviation effect. The 
developed sensor combined with simulation software gives precise prediction of beam deviations. This 
probing device is a useful tool for the preparation of welding equipment of excellent quality through 
optimal shielding design for the mastering of the final field. The probing device is also a helpful tool for 
the diagnostics of shield performance and workpiece demagnetisation quality. 

Keywords – magnetic field sensor, Electron Beam welding equipment, 3D magnetic field 
measurements. 

 

Introduction 

The magnetic fields used in Electron Beam 
welding equipment have a short range of action and a 
high intensity to produce the desired effect of 
focalization, deflection or correction.  

These are not the only magnetic fields acting on 
the Electron Beam (EB). There are stray magnetic 
fields (SMF) present on the path of the EB. These 
SMF find their origin in the local earth magnetic field, 
the induced magnetic field in ferromagnetic materials 
and fields from equipment parts. The final summed 
SMF is directionally dependent. Although the fields 
are of low intensity, a long range interaction gives the 
possibility of a significant influence.  

In the literature concerning electron beams for 
welding applications or ionic devices [1], there is no 
simple information on the influence of these SMF. 
There is in general a mention of the maximum 
tolerated field (< 1Gs) for the to be welded 
workpieces [2, 3]. 

One way to treat the problem of residual SMF is 
the use of a low current EB scan of the work piece 
before welding. The registered deviations are used to 
make the necessary corrections during the welding. 
Although the results are good, the real SMF influence 
is occulted and there is a loss of the appreciation of 

the origins of the effect. 
The workpiece is not the only part responsible for 

SMF. All welding equipment has what may be called 
a magnetic signature. All along the path of the EB 
there is a 3D magnetic field of a certain direction and 
intensity and with variations depending on position 
and the quality of the magnetic shielding. 

Another way is to make a complete simulation of 
the equipment. A difficult task, if one wants to 
integrate all possible influences and interactions. The 
code must be a 3D code because the two dimensional 
symmetry commonly assumed in electron propagation 
cannot be used [4]. 

To appreciate the SMF influence, we need a 
precise mapping of the magnetic field with the 
possibility to make a distinction between the different 
contributions. 

The construction of high quality welding 
equipment asks for a thorough treatment of this 
magnetic signature to keep it on the lowest level 
possible. This treatment needs an adequate probing 
device suited to the specific conditions of the EB 
welding equipment and a suited measurement protocol 
[5]. 

The developed probing device permits a precise 
measurement of the 3D field map of the SMF. The 
results can  be used  with simulation  software but also  
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with the proposed thumb rules derived from the 
simple underlying physics to predict deviations. 

3D Magnetic Field Probing Device 

Concept 

The device was developed to get a precise 
indication of the local SMF in EB welding equipment. 
The aim was to obtain a SMF mapping in the volume 
of the EB path as well as on demagnetized workpieces 
and fixtures before welding. 

The probing device is based on a small 
magnetometer for 3D magnetic field measurements in 
the low field range (up to 10 Gs). The size of the 
sensor, 2×2×0.8 mm, permits a precise measurement 
position in 3D Space (Fig. 1). The small thickness 
permits also a close contact with the workpiece or 
fixture to be controlled. 

The device gives the following information: 
 Bx, By, Bz field components; 
 Axial field (parallel to beam axis); 
 Radial field and angle; 
 Max/min fields with Hold function. 

 
Fig. 1. Probing device with tiny 150 × 5 × 2 mm sensor. 

Other characteristics are: 
- Calibration in field free housing; 
- User defined Offset for background subtraction; 
- Measurement storage on SD card; 
- Direct USB connection to PC; 
- Field range +/- 10 Gs; 
- mGs precision; 
- Maximum acquisition rate 50 Hz; 
- Small probe size of 150 × 5 × 2 mm. 

The handheld device is able to give information on 
magnetic fields from cathode to workpiece thanks to 
the small probe size. 

Probe Use 

For workpiece or fixture scanning, the probe can 
be used handheld for easy access. 

For field mappings, the probing device will 
preferably be used with an indexed 2 axis structure. 

For shield efficiency control, the probing device 
will preferably be used with a precision XYZ table. 

During machine build up, the research of magnetic 
hot spots opens the possibility for SMF correction in a 
very early stage. A regular use for field mapping will 
permit to build equipment with the lowest possible 
magnetic signature. 

The different measurements together, give a 
complete mapping of the magnetic environment of the 
welding equipment. 

Measurement interpretation 

The knowledge of the SMF mapping can be used 
in two ways, to predict final deviations.  

To take the best profit of the obtained 3D magnetic 
field mapping, the measurements can be used with 
simulation software. The generated 3D magnetic field 
table permits to predict the deviations.  

To use the obtained mapping information in a 
simpler way, some simple thumb rules are proposed 
for deviation prediction. 

Theory and Simple Thumb-rules 

The underlying physics concerning the magnetic 
influence on the electron beam path is relatively 
simple for non-relativistic electrons. Simple formulas 
can be derived from the well known physics 
equations. The following parameters shown in Table 
1, will be used for the different equations (SI units). 

Table 1 
Parameters used for the different equations (SI units) 

Signature Parameter  

me electron mass 
9.109  

10 – 31 kg 

e electron charge 
1.902  

10 – 19 C 
ve electron speed m.s-1 
B magnetic field intensity T 
Ue electron beam potential V 
R radius of curvature of ebeam m 
LB distance travelled in B field m 
D deviation in B field m 

Alpha deviation angle radians 
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An electron entering a region with constant 

magnetic field will follow a helical path which form 
depends on the angle between the field and the 
direction of motion of the electron (Fig. 2). 

 

 
Fig. 2. Parameters for deviation of an electron in a 

constant magnetic field region. 

For simplification we state that the magnetic field 
is perpendicular to its direction of motion. In this case 
the beam trajectory will deviate from its initial straight 
trajectory and follow a circular path with radius, R: 

(1)  � =
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With the speed of a non-relativistic electron, ve is 
given by: 
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It follows for the radius, R: 
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After traveling a distance, LB in the initial 
direction, the deviation will be equal to D. Simple 
application of Pythagoras theorem gives: 
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For low field values and short distances, R >> LB. 
The expression for D can be simplified with the 
following approximation: 
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It now follows for the deviation, D: 
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And so: 
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With R >> LB, the exit beam angle, Alpha, is small 
and: Alpha ≈ sin(Alpha).  

 
It follows for the exit angle, Alpha: 
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Thumb rules 

The equations (3), (7) and (8) can be rewritten in 
an easy to use way. Simple thumb rules are generated 
by replacing the constants by their physical value and 
by the use of the more practical units of: 

- [mGs] instead of [T] for B;  
- [kV]   instead of [V] for Ue; 
- [mm]  instead of [m] for D; 
- [degrees] instead of [radians] for Alpha. 
 
The following parameters (bold italic letters) are 

used to differentiate them from the preceding ones and 
are given in Table 2: 

Table 2 

Rarameters 

Symbol Parameter  
B magnetic field intensity mGs 
Ue electron beam potential kV 
D deviation in B field mm 
A deviation angle degree 

 
The travelled distance LB stays in units of meters. 
Replacing the constants and parameters with the 

specified units gives: 
Thumb rule 1:       Deviation, D in mm: 

(9) � ≈ 0.47��
� �

��
��⁄  

Thumb rule 2:      Deviation angle, A in degree: 

(10) � ≈ 0.054��
�

��
��⁄  

In the same way for the radius, R in mm: 

(11) � = 1066
��

��⁄

�
 

The same Thumb-rules apply for a magnetic field 
difference, dB, between two electron paths. Table 3 
gives the Numerical application, where Lb = 0.3 m. 
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Table 3 

Numerical application, when Lb = 0.3 m 

 
Ue 

[kV] 
R 

[m] 
D 

[mm] 
A 
[°] 

B = 200 mGs 60 41.3 1.09 0.42 
dB =  200 mGs 120 58.4 0.77 0.30 

Examples of mapping results 

Mandrel measurement  

The summing of stray field contributions has been 
analyzed for a mandrel for one mandrel revolution. 

 
Fig. 3. Contributions to the mandrel magnetic stray field. 

The three curves on Fig. 3 represent: 
A. Background field of the rotary device only; 
B. Field of background and mandrel without 

jaws; 
C. Field of background, mandrel and jaws. 
The probing device was positioned before the 

mandrel at 5 mm from the front face. 
The jaws even demagnetized at a very low residual 

field level still give a significant change of dB = 210 
mGs to the stray field due to the induced magnetic 
field.  For Ue = 30 kV gun potential and an interaction 
distance of LB = 0.20 m we have D = 0.72 mm. 

Three actions are possible to face this irregular 
behavior: Changing of the jaw and mandrel material, 
imposing a minimal distance to the jaws or correcting 
the beam parameters during low current beam scan 
before welding. 

Shielding efficiency 

 Different motor shielding solutions have been 
analyzed and shown on Fig. 4 and Fig. 5. 

Although the SMF falls rapidly with distance, an 
incomplete enveloping shield still gives residual SMF. 

Conclusions 

The probing device gives the possibility to 
anticipate the final equipment characteristics. The 
probing device is a helpful tool during the 
construction of electron beam welding equipment and 
permits to keep the magnetic signature as low as 
possible. 

 

 
Fig. 4. Inefficient shielding design, high SMF. 

 
Fig. 5. Incomplete shielding design low SMF. 

The proposed thumb rules give a simple physical 
basis for the discussion on best welding practices and 
are a helpful aid for preparing the welding equipment 
for different welding configurations. 

The developed probing device gives also precise 
information on the quality of the workpiece 
preparation by demagnetisation and on the evolution 
of the shielding efficiency of exposed shields. 

This article gives only a very incomplete image of 
the potential uses of the 3D magnetic field probing 
device. 

In practice, the field mapping with associated 
magnetic signature correction, the workpiece SMF 
control and the parameter adjustment, all together, 
give a solid basis for the realisation of quality welds. 
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