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1. Introduction 
 
A Halbach array is a magnetic structure with a rotating direction of 
magnetization (along the chosen dimension of the structure) which 
creates a “one-sided flux” [1]. I.e.,  the magnetic fields are only formed 
on one side of the structure. Two such Halbach arrays, with opposing 
magnetizations, can act as a magnetic spring.  It has previously [2] been 
observed that in such a structure, due to the movement, 1losses due to 
induced eddy currents are negligible, 2the magnetic structures are not at 
risk of self-demagnetization, 3the temperature increase in the material is 
negligible and 4internal sheer forces are manageable. 

4. Conclusion 
 
Two Halbach arrays can form a spring with a highly non-constant, non-
linear and parameter dependent spring stiffness. Thus, the 
configuration can be adapted to suit different applications.  
Also, the restorative force is much larger than if an equivalent amount 
of magnetic material is used as “normal magnets”. In addition the 
configuration has its relaxed state at infinity, whereas in a normal 
mechanical spring it is simply the undisturbed length of the spring. 
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2. Method 
 
Maxwell's stress tensor, 𝑇� , can be used to acquire the restorative 
force from the magnetizations, 𝑴, (𝑘 = 2𝜋 𝜆⁄ ) of the two arrays: 
 

𝑴 = 𝑀0 𝑥� sin 𝑘𝑥 ± 𝑦� cos𝑘𝑥 ⇒ 𝑩𝑡𝑡𝑡(𝑘,𝛼,𝛽, 𝛾
𝑑𝑑𝑑.

,ℎ) ⇒ 𝑇� ⇒ 𝑭 ℎ  

 
For use as a spring, the vertical component (𝐹𝑦) on, e.g., the lower array, 
is mostly of interest. Due to the properties of the configuration (e.g., 
fields predominantly formed in the gap and 𝑴 being independent of 𝑧) 
only the tensor component 𝑇𝑦𝑦 needs to be integrated on the top 
surface of the lower array. Thus, the surface integral of the tensor can 
be  simplified [3]: 
 

𝐹𝑦 = 𝑭 ⋅ 𝒚� = � 𝑇� ⋅ 𝑑𝒂 𝑦
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These tensor calculations were compared with numerical simulations 
(using  FEMM). As shown in Fig. 1, the results from these numerical 
simulations and analytical calculations using Maxwell's stress tensor 
(MST) agree well. 

Fig. 1, Tensor calculations and FEMM results agree well. Notice that the 
restorative force between two equivalent  “normal magnets” is much 

lower. 

Fig. 2, For a geometry with given width (𝛼); increasing the height (𝛽) gives 
a non-linear increase in the restorative force. Also, as seen in Fig. 1, the 

force is dependent on the magnetization wavelength (𝜆 𝛼⁄ ). 
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3. Results 
 
The aspects of these forces are compared with that of the restorative 
force of a mechanical spring compressed in, e.g., the 𝒙� direction: 
 

𝑭𝑠𝑡𝑢𝑑𝑠𝑠 = −𝑘��́�𝒙� = ℎ𝑒𝑒𝑒 = −𝑘� 𝜆 𝛼⁄ ,𝛽, 𝛾,ℎ �́�𝒙� 
 
From the figures we can see that the spring stiffness isn’t constant. In 
fact it is 1dependent on the wavelength (i.e., 𝜆 𝛼⁄ ), 2non-linear with 
respect to ℎ and 3non-linearly dependent on 𝛽.   
In addition the force is much larger than if an equivalent amount of 
magnetic material is used as “normal magnets” (see Fig. 1). 
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