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Abstract 
 
The paper shows a 2D finite element optimization method for a 
wind turbine permanent magnet synchronous generator (PMSG) 
transverse geometry. Keeping the same rotor diameter the 
generator’s magnetic flux is maximized by changing the 
permanent magnets and rotoric slot opening dimensions. The 
studies show that for certain values of these dimensions the 
magnetic flux (flux linkage and mutual flux) has maximum 
values. 
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1.  Introduction 
 
From all the generators that are used in wind turbines the 
PMSG’s have the highest advantages because they are 
stable and secure during normal operation and they do 
not need an additional DC supply for the excitation 
circuit (winding) [1] – [4]. Initially used only for small 
and medium powers the PMSG’s are now used also for 
higher powers (because of their already mentioned 
advantages). The paper shows the study of the rotoric 
permanent magnets’ magnetic flux [5] and the transverse 
generator’s geometry influence over these fluxes. The 
modeling of the generator’s magnetic field spectrum is 
done by using the finite element method and with the 
help of specialized software [6], [7]. The magnetic field 
is calculated by using the plane parallel hypothesis. This 
assumption influence the concluding remarks that rise 
from the study especially for the PMSG’s that have a 
large (length) / (transverse diameter) ratio. 
 
2. The generator’s transverse section 

geometry 
 
The studied PMSG has four poles. Its transverse section 
is depicted in Figure 1. The magnets are placed over a 
parallelepiped iron stump [5]. The spaces between the 
magnets (the rotoric slot opening) are filled by special 

shaped steel parts that create a closing path for the 
magnetic field. The magnetization direction of the 
permanent magnets is shown by the arrows that are 
placed inside them (Figure 1). 
 

 
 

Fig.1 – The transverse section of the PMSG. 
 
The following geometric dimensions are considered in Figure 1: 
bt = 5 mm, hc = 20 mm,  D = 120 mm, De = 195 mm, δ = 0,5 
mm, am =38 mm,  ε = 3 mm. The permanent magnets are made 
of NdFeB and have the following characteristics: the coercivity 
Hc = 979000 A/m; the relative permeability µr = 1.049; the 
maximum magnetic energy B⋅Hmax = 40 MGOe; the electrical 
conductivity σ = 0,667 MS/m; The generator’s stainless steel 
shaft has the following properties: the relative permeability µr = 
1 and the electrical conductivity σ = 1,35 MS/m. 
 
3. The influence of the permanent magnet 

length over the generator’s magnetic 
excitation flux 

 
In this study we have analyzed the influence of the geometrical 
dimensions (on the transverse section) of the rotor over the 
generator’s magnetic flux (flux linkage, mutual flux and 



leakage flux). During this study the rotor’s diameter D was kept 
constant. 
The dimensions that are changed during this analysis are the 
permanent magnet length bm and the rotoric slot opening b0. 
Thus if bm has a high value the special shaped steel parts that 
create a closing path for the magnetic field have smaller 
dimensions because the rotor’s diameter D is kept constant. The 
optimum solution with respect to the permanent magnet length 
may be found by choosing a set of dimensions for bm and hm 
(the permanent magnet height) for which the flux linkage, 
mutual flux and leakage flux (that correspond to a rotor pole 
pair) are calculated (with the help of specialized software). It’s 
important to mention that if the rotor’s diameter D is kept 
constant the permanent magnets dimensions bm and hm lean one 
upon the other. For this reason only bm is varied, the other 
dimension hm being calculated with the following formula 
(obtained from the generator’s transverse section in Figure 1):         
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During this study the target was to maximize the generator’s 
mutual flux and flux linkage. Because the permanent magnets’ 
price is declining over the last years the decrease of the 
magnets’ volume was not taken into account during the 
analysis. 
The per-unit length of the permanent magnet is given by:                 
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where τ is the pitch pole measured at the air-gap level. For the 
analyzed generator the pitch pole is τ = 94.25 mm. It 
corresponds to a rotor diameter D = 120 mm. The generator’s 
magnetic flux (flux linkage, mutual flux and leakage flux) is 
calculated by taking into account the per-unit length of the 
permanent magnet k (using (2)) and by keeping constant all the 
other transverse section’s geometric dimensions (Figure 1): bt, 
hc, D, De, δ, am, b0 and ε. 
For the generator’s transverse section geometry and material 
properties described in section 2 the induction map is calculated 
using the finite element method (with the help of specialized 
software). 
The influence of the permanent magnet’s length over the 
generator’s magnetic flux (flux linkage tΦ  (on the surface 
defined by the MN segment and the machine’s length – see 
Figure 1), mutual flux uΦ  (on the surface defined by the PQ 
segment and the machine’s length – see Figure 1) and leakage 
flux σΦ  [5] was studied for the following per-unit lengths of 
the permanent magnets: k1 = 0.19 (bm1 = 18 mm); k2 = 0.243 
(bm2 = 23 mm); k3 = 0.297 (bm3 = 28 mm), k4 = 0.35 (bm4 = 33 
mm) and k5 = 0.403 (bm5 = 38 mm). For each of these values the 
permanent magnets’ height hm, the permanent magnets’ volume 
Vm, the flux linkage, the mutual flux and leakage flux were 
calculated (the rotoric slot opening was b0 = 15 mm). In this 
case the optimized transverse section geometry has to have a 
per-unit length of the permanent magnet between 0.25 and 0.35. 
 
4. The influence of the rotoric slot opening 

over the generator’s magnetic excitation 
flux 

 
This study was realized for the same geometry of the 
generator’s transverse section (as the one defined in 

chapter 2) and by choosing the per-unit length of the 
permanent magnet k = 0.297 (bm = 28 mm). For this 
analysis we have chosen four values for the rotoric slot 
opening: b0 = 5 mm, b0 = 10 mm, b0 = 15 mm and b0 = 20 
mm. For each of these values the flux linkage, the mutual 
flux and leakage flux were calculated. In our case the 
optimized transverse section geometry has to have a large 
enough rotoric slot opening (b0 ∈ [10 ... 20] mm). 
 
5. Concluding remarks 
 
The permanent magnet synchronous generators (PMSGs) will 
be used in wind turbines all over the world because of their 
main advantages: they are stable and secure during normal 
operation, they have smaller overall dimensions than wound 
rotor synchronous generators (WRSGs) and they do not need an 
additional DC supply for the excitation (circuit). 
 
The optimization of the generator’s transverse section geometry 
(keeping constant the rotor’s diameter D) can be done by 
changing the permanent magnets length bm and the rotoric slot 
opening b0. 
 
In our analysis we show that the generator’s mutual flux has 
maximum values that depend both on the permanent magnets 
length bm and the rotoric slot opening b0.  
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