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Abstract: To present the characteristics of pole number and pole shape of the core, the five-phase
wound-field doubly salient generators (WFDSGs) with symmetric phase inductance are studied and
optimised in this paper, considering the split ratio, slot fill factor and core fringing effect. Based on the
principle and structure of the five-phase WFDSGs, the winding induced electro-motive force under
different number of poles is theoretically analysed. The constraints for parameter optimisation design
including slot fill factor, split ratio and magnetic density characteristic are given. The finite element
models of 30/24-pole and 20/16-pole WFDSG are established, and the comparative simulation analysis
is carried out. It is pointed out that when the inner and outer diameters of the stator and rotor, the axial
length and the maximum magnetic density are constant, the induction electromotive forces of the
WFDSGs with different pole numbers and same phase coil number are same. Considering the pole
fringing effect, the rotor pole equivalent width is the sum of the rotor pole actual width and 4 times
of the air gap. The comparison experiments between the 30/24-pole and 20/16-pole WFDSGs were
carried out, which verified the correctness of the theoretical analysis and finite element analysis (FEA).

Keywords: doubly salient electromagnetic machine; generator; fault-tolerant; multi-phase

1. Introduction

With the continuous development of science and technology, more and more devices are beginning
to shift from full-size to micro-sized portable, and small-scale energy conversion devices are being
gradually developed and applied [1,2]. The integrated internal combustion engine and generator
as a universal power constitute an independent power generation system. In order to meet the
rapid development of portable electronic products and MEMS, it is of great theoretical and practical
significance to develop a small internal combustion engine power generation system [3]. As the core
component of the electric power system, the reliability of the generator directly affects the performance
of the power system. Aircrafts, automobiles, and other transportation vehicles have higher and higher
reliability requirements for the electric power systems [4–7]. In these applications where reliability is
critical, the generator is required to have fault tolerance for normal or low grade performance in the
event of a fault [8–10].

The multiphase electric machines with more than three phases are very suitable to be used
in high reliability situations because they can limp operate even with one or two open-circuited
phases [11,12]. Recently, most of the studies have concentrated on the multiphase driving motors
and their fault-tolerant inverters and controllers [13,14], which have shown the multiphase machine
improve the fault tolerance performance of the traditional motors.

For the generators at present, the aircrafts usually use three-stage synchronous machines,
permanent magnet synchronous machines, and switched reluctance machines, etc. The rotor of
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the three-stage synchronous machines has the three-phase windings and rotating rectifiers of an AC
exciter. And the stator also has three-phase windings of the permanent magnet auxiliary exciter and
excitation windings of the AC exciter. The overall structure of the machine is complicated and the
cost is high [15]. Permanent magnet synchronous generator also has shortcomings, such as difficulty
in voltage regulation and flux-weaking in failure condition, especially at high-speed [16,17]. When
the switched reluctance machine is used as a generator, the voltage control is more complicated than
the wound field machine in controlling the phase current, and a larger filter circuit is needed [18,19].
Most of the generators used in automobiles are claw pole alternators [20]. The machine is generally
structured with a carbon brush and slip ring, and the carbon brush on slip ring is easy to wear out,
which is not conducive to the reliability of the automobile generator.

Compared with the above generators, the wound-field doubly salient generator (WFDSG) has a
simple and reliable rotor with salient-poles, as well as a field winding capable of regulating voltage [21].
Moreover, the position sensors are not needed for power generation operation, and the excitation
current can be directly adjusted like the wound-field synchronous generator to keep the output voltage
stable, and the voltage regulation performance is good, which is very suitable as a generator [22–25].
For example, a three-phase WFDSG is used to construct a brushless DC extended-range power
generation system for electric vehicles in [26], and the power generation control strategy is proposed.

In addition to the abovementioned low failure rate, high-reliability generators should also have
the ability to operate under fault conditions. Conventional generators with three-phase star windings
do not operate properly with a single-phase fault. Electric generators structured with multi-phase
or redundant channel can achieve certain output after single-phase or single-channel faults by using
multi-phase or redundant channel windings, which have fault tolerance or additional capacity [27–29].
For the multi-phase generator, it reduces the voltage ripple rate after rectification because of the electric
angle of the electromotive force (EMF) waveforms are larger than 120◦.

To play the advantages of doubly salient brushless generator and multi-phase generator, [30]
proposed the fault-tolerant performance of a traditional five-phase WFDSG and verified that the
generator has good fault-tolerant performance. This traditional five-phase WFDSG has five armature
windings for each excitation coil, and there is a certain difference in the flux linkage and inductance
amplitude of each phase [31]. To realize the symmetry of the flux linkage of each phase of the five-phase
WFDSG, a new winding configuration wound on 30/24-polewas proposed in [32]. And it was proved
that the machine has good fault tolerant performance.

However, there is still lack of theoretical analysis of the influence of the main core parameters
considering the pole number, slot fill factor, and split ratio with the same stator outer diameter,
especially the pole structure optimization analysis considering the fringing effect of the five-phase
WFDSG. The core parameters including pole numbers and pole shape of the five-phase WFDSG have
significant impact on their characteristics [33]. In order to conclude the influence of the main core
parameters mentioned above, this paper describes the principle and topology of a five-phase WFDSG.
The winding induced electro-motive force under different number of poles and the impact of major
core parameters are theoretically analysed. And then compares the 30/24-pole and 20/16-pole WFDSGs
with FEA method. The equivalent width of the rotor pole considering the fringing effect is analysed
with theoretical analysis and finite element method. Finally, two prototypes were prototyped and
experimentally verified to verify the correctness of theoretical analysis and finite element analysis.
The finding in this study can be used as a design theory for a five-phase WFDSG that may optimize
generator performance.

2. Topology and Principle of the Five-Phase WFDSG

In the conventional five-phase WFDSGs, each excitation coil is wound across five stator poles.
The stator pole number should be an even multiple of the phase number 5, that is, the minimum unit
machine is a 10/8 pole structure. Literature [32] has pointed out that the traditional five-phase WFDSG
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has an amplitude difference in the inductance of each phase, and this asymmetry in the inductance of
each phase will result in asymmetrical phases, which will increase the unbalanced phase load.

Formula for ratio of stator pole number to rotor pole number of five-phase WFDSG [32]:

ps

pr
=

5
4

or
5
6

. (1)

The symmetry of each phase winding can be achieved by changing the number of poles wound
by the field winding. When each field winding is wound across 2 stator poles, the number of stator
poles is at least 20. If each field winding is wound across 3 stator poles, the stator pole number is at
least 30. For the WFDSG with inner rotor, the number of rotor poles is usually less than the number
of stator poles. Therefore, two kinds of five-phase WFDSGs can be proposed, one has 30 stator pole
and 24 rotor poles, which is summarized as 30/24-pole, and the other is structured with 30/24-pole,
as shown in Figure 1.

Figure 1. Two topology of the five-phase wound-field doubly salient generators (WFDSGs).
(a) 30/24-pole; (b) 20/16-pole.

When the excitation current of the five-phase WFDSG is turned on, the excitation magnetic field is
established inside the machine. When the five-phase WFDSG armature winding and the excitation
winding are all conducted with currents, the flux linkage of the armature winding and the excitation
winding can be expressed by the following formula:

[ψ] = [L][I], (2)

where the matrix [ψ], [L], and [I] represent the flux linkage, inductance, and current matrix, respectively,
and the subscripts a, b, c, d, e, and f correspond to phase A, phase B, phase C, phase D, phase E, and
field winding.

[ψ] = [ψa,ψb,ψc,ψd,ψe,ψf]
′ (3)

[L] =



La Lab Lac Lad Lae Laf

Lba Lb Lbc Lbd Lbe Lbf

Lca Lcb Lc Lcd Lce Lcf

Lda Ldb Ldc Ld Lde Ldf

Lea Leb Lec Led Le Lef

Lfa Lfb Lfc Lfd Lfe Lf


(4)

[I] = [ia, ib, ic, id, ie, if]
′ (5)
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Because the armature windings of the WFDSG are concentrated windings wound in the same
direction, and the numbers of phase turns are much smaller than the excitation winding, the mutual
inductance flux linkage is small, and the mutual inductance between the armature windings can be
neglected, and the flux linkage equation can be rewritten as:

ψa

ψb

ψc

ψd

ψe

ψf


=



La 0 0 0 0 Laf

0 Lb 0 0 0 Lbf

0 0 Lc 0 0 Lcf

0 0 0 Ld 0 Ldf

0 0 0 0 Le Lef

Lfa Lfb Lfc Lfd Lfe Lf





ia
ib
ic
id
ie
if


(6)

From Equation (4), it can be seen that the mutual inductance between the five-phase windings of
the generator is small, the five-phase windings are relatively independent, and have strong isolation
characteristics. The failure of one or more phases has little effect on the remaining phases. Therefore,
the five phases of the generator can simultaneously output current independently and have strong
fault tolerance.

3. Comparative Study and Simulation of Five-Phase WFDSG

In order to present the optimized core parameters of the five-phase WFDSG, three parts are
described in this section. Section 3.1. shows the slot fill factor, split ratio, and magnetic density
characteristic constraints. Section 3.2. is the comparative study of two WFDSGs with 30/24-pole and
20/16-pole. And the rotor pole is optimized considering the fringing effect with equivalent width
analysis and FEA method in Section 3.3.

3.1. WFDSG Design Constraints

Although the new five-phase WFDSG differs from the conventional machine in structure and
principle, the WFDSG still conforms to the general law of electromechanical energy conversion, and
the basic parameters of the WFDSG can still be analysed by the electromagnetic formula of the electric
machine. Let the output capacity of the machine be:

P = mui. (7)

Here, m is the number of phases, u and i are the voltage and current of each phase. Ignoring the effect
of the saturation effect, the voltage waveform of the five-phase WFDSG can be regarded as a square
wave, and its peak value umax can be calculated as:

umax ≈ Np(φmax −φmin)
npr

60
360
θ

. (8)

Here, Np is the total turn number of the series connected phase turns, n is the number of stator poles and
rotor poles overlapping, φmax is the maximum value of the phase flux linkage, φmin is the minimum
value of the phase flux linkage, φmax = αsτsLBδ. αs is the stator pole arc coefficient, τs is the stator pole
pitch, τs = πD/ps. D and L are the air gap diameter and the core length of the WFDSG. The electrical
angle corresponding to the rising interval of the inductor is θ.

θ =
360

◦

αs

ps
pr. (9)

Let the magnetic flux leakage coefficient kd:

kd =
(φmax −φmin)

φmax
. (10)
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Substituting Equation (8) and kd into Equation (7), and then Equation (7) can be calculated as:

umax ≈
πkdDNpLBδn

60
. (11)

It can be seen from Equation (9) that by adjusting the magnitude of the excitation current, the air
gap magnetic field can be adjusted to achieve the purpose of keeping the output voltage stable. At the
same time, since there is no pole number and pole arc coefficient in Equation (9), changing the pole
number and pole arc coefficient has no effect on the peak value of the output voltage, under the
condition of neglecting magnetic flux leakage and magnetic saturation. This is because although a
large number of poles increase the frequency, it also reduces the magnetic flux per pole.

Transform Equation (9), and the formula of the armature winding turns can be calculated as:

Np ≈
60umax

πkdDLBδn
. (12)

Therefore, it can be seen that in the case where the external dimensions of the WFDSG and the
magnetic gap of the air gap are constant, the output voltage of different WFDSGs are the same if they
have the same total turns number of the armature windings in each phase.

The design requirement of the field winding of the five-phase WFDSG is to sufficiently provide
enough field magnetizing. In the case of instauration, the magnetic force of the core is relatively small.
Therefore, according to the second law of Kirchhoff and the size of the air gap, the excitation magnetic
potential can be calculated, and then the required excitation slot area can be calculated according to the
winding current density.

The design method of the armature winding and the field winding given above can be used to
calculate the slot fill factor of the WFDSG core. The design optimization of the WFDSG parameter
should consider the following constraints:

Split ratio : γ = D
D0
< 1

Diameter : D0 −D = 2(hc + he)

Second air gap : hc > 6mm

Stator yoke : he ≥
πDαs

ps
= bc

Field slot fill fator :
N f d2

f +2Npd2
p

ε
360π(D0−2he−hc)hc

≤ 0.6

Armature slot fill fator :
2Npd2

p
ε

360π(D0−2he−hc)hc
≤ 0.5

(13)

where, γ is the split ratio of the WFDSG, D0 and D are the out diameter and air gap diameter, he and hc

are the teeth height and yoke height of the stator, and bc is the teeth width of the stator. Nf and df are
excitation winding turns and diameter per slot, Np and dp are armature winding turns and diameter
per slot, ε is the mechanical angle at which the center line of the field slot is the center of the arc and the
circle is the center of the circle, and ε is the mechanical angle at which the center line of armature slot is
the center of the arc and the circle is the center of the circle. And the second air gap is the distance
between rotor yoke and stator pole.

In the case where the outer diameters of the WFDSGs are equal, the larger the air gap diameter D
is, the larger the magnetic flux of the core and the higher power it can provide. However, with the
increase of the split ratio, the slot area will shrink when the winding turns and wire diameter are fixed,
and the slot fill factor of the WFDSG will increase [29]. The split ratio can be enlarged if the number of
poles increases. On the other hand, the stator teeth and the stator yoke will be too thin to cause fatigue
fracture if the pole number is too large.

Similarly, if the diameters of the field winding and armature winding decrease, the split ratio of
the WFDSG can be enlarged. However, if the diameters of the field winding and the armature winding
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are too small, the internal resistance of the winding will be too large to keep the winding in normal
temperature. Anyway, the diameters of the field winding and the armature winding are limited by the
excitation current and the armature current.

3.2. The Comparative Analysis of Two WFDSGs

Considering the influence of the windings on the core, two WFDSG with 30/24-pole and 20/16-pole
were comparatively studied, the parameters are shown in Table 1. The field slot fill factor usually used
is not more than 0.5, and it is slightly more difficult to wind.

Table 1. Parameters of five-phase WFDSG.

Item 30/24-pole 20/16-pole

Stator/rotor pole number 30/24 20/16
Number of turns per phase 6 × 6 9 × 4

Poles wound by an excitation coil 3 2
Number of turns/excitation winding 60 × 10 60 × 10

Stator yoke thickness (mm) 9 7.5
Field slot fill factor (%) 55.4 48.4

Armature slot fill factor (%) 26.7 30.6
Rotor pole arc coefficient 0.5 0.45

Outer diameter of the stator (mm) 136
Inner diameter of the stator (mm) 92

Air-gap (mm) 0.3
Iron stack length (mm) 40

Core iron DW470-50

According to Table 1, the simulation models five-phase 30/24-pole and 20/16-pole WFDSG are
established by using the magnetic field finite element software. The simulated no-load magnetic field
distribution is shown in Figure 1.

When the speed is 3000 r/min, the simulated no-load electromotive force is shown in Figure 2a,b.
It can be seen from the waveforms that the five-phase WFDSG is different from the conventional
generator. The electromotive force waveform has a flat top width of about 144◦ electrical angle, and the
phase difference between two adjacent phases is 72◦. At any time, there are two phases with positive
or negative voltages at the same time, which is a backup supply for each other.

Figure 2c,d show the flux linkages of the two WFDSG with a field current of 3A. It can be seen
from the waveform that the magnitudes of the flux linkages of the 30/24-pole and 20/16-pole five-phase
doubly salient electromagnetic machine (DSEM) are equal, and they are symmetrical phases.

Since the two WFDSGs have the same number of excitation amps and the total turn numbers of
the armature windings are equal, the magnitude of the flux linkage and the magnitude of the EMF are
similar at the same speed, which is consistent with Equation (11). However, due to the small distance
between two poles, the leakage effect of the 30/24-pole WFDSG is larger than that of the 20/16-pole one,
and the minimum flux linkage and the EMF amplitude are slightly smaller, too. When the inner and
outer diameters of the stator and rotor, as well as the axial length and the maximum magnetic density,
are constant, the EMFs of the WFDSGs with different pole numbers and the same phase coil number
are almost equal.
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Figure 2. The simulated electromotive force (EMF) and flux linkage. (a) Phase EMF of 30/24-pole.
(b) Phase EMF of 20/16-pole. (c) Phase flux linkage of 30/24-pole. (d) Phase flux linkage of 20/16-pole.

3.3. Rotor Pole Optimization Considering the Fringing Effect

Ignoring the core fringing effects, the peak and valley lengths of the inductance waveforms of
each phase should be equal when the stator pole arc coefficient αr = 0.5. According to the inductance
and back EMF characteristics of the five-phase WFDSG, the back EMFs of the machine are also
approximately square waves.

However, due to the core fringing effect, the magnetic flux is conducting before the stator and
rotor poles start to slip together, as shown in Figure 3. Since the principle is similar to the actual length
of the iron core in the machine design, it can be used to refer to the definition of the equivalent length
of the core in the machine design. Here, let the rotor pole arc equivalent length lrpe be the performance
functional pole arc length, and it is larger than the rotor pole arc actual length lrp, as shown in Figure 3.

Figure 3. Rotor pole equivalent length.

In order to obtain the rotor pole arc actual length that has the best output performance of the
WFDSG, let:

lrp = lrpe − zδ , (14)

where z is the unknown number to be solved, and δ is the air gap length.
For a five-phase WFDSG, when the peak and valley lengths of the inductance waveforms of each

phase are equal, αr = 0.5, the ideal value of the equivalent arc length of the rotor should be:

lrpe = 0.5
πD
pr

=
πD
2pr

. (15)

In order to obtain the optimized z in Equation (12), the method of intersecting two rotor cores
in the simulation software is used to establish a 20/16-pole five-phase WFDSG optimisation model.
When z is selected from 0 to 5, the flux linkage, no-load EMF and cogging torque of phase A were
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simulated [34]. And the waveform diagrams and harmonic diagram were obtained as shown in
Figure 4.

Figure 4. Influence of rotor arc length on WFDSGs. (a) Flux linkage when excitation current is 5A;
(b) EMF when excitation current is 5A; (c) the cogging torque when excitation current is 1A; (d)
harmonics of the flux linkage and (e) harmonics of the EMF.

It can be seen that the arc length of the rotor has a direct influence on the peak and valley length
of the flux linkage, as well as affects the induced EMF waveforms. When the arc length of the rotor
changes within the above range, the amplitudes of no-load induced EMF are almost equal. As z
gradually decreases from 4 to 0, the rotor pole actual length gradually approaches the ideal pole
arc length in Equation (13), the fundamental wave content of the no-load EMF and the flux linkage
gradually decrease. On the other hand, if z is increased to 5, the rotor pole length is smaller than the
ideal pole arc length in Equation (13), and fundamental wave content of the no-load EMF and the flux
linkage are also smaller than that of z = 4. In summary, when z = 4, the fundamental wave content of
each phase flux and no-load EMF is the largest.

In the cogging torque waveform showed in Figure 4c, when z gradually decreases from 4 to
0, the cogging torque increases correspondingly. When z = 5, the cogging torque is also relatively
large. The minimum cogging torque is achieved when z = 4. This is also consistent with the above
fundamental wave content analysis. Therefore, when the rotor pole arc length lrp is 4δ narrower than
the ideal pole arc length, the cogging torque of the five-phase WFDSG is the smallest, the flux linkage
and no-load EMF harmonic content are also the smallest.

Overall, for five-phase WFDSG, considering the pole fringing effect, to get the low cogging torque,
as well as the harmonic content of phase flux and EMF, the peak of each phase inductance is equal to
the trough length αr = 0.5, the rotor pole equivalent width is the sum of the rotor pole actual width
and four times that of the air gap.

In the traditional machine design [35], if the axial length of the stator core and the rotor core are
the same, and the leakage flux between the rotor pole and the stator pole only passes through the end
face. And the equivalent length of the core is usually calculated as the sum of the axial length of the
stator core and double air gap. For the WFDSG, the rotor poles and the stator poles are gradually
approaching and meshing at both ends. Not only the side of the rotor pole has magnetic lines of force,
but also the side of faces of the stator pole have magnetic lines of force, so the magnetic flux leakage
between the stator pole and the rotor pole is twice that of their alignment.
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In summary, the rotor pole equivalent width is the sum of the rotor pole actual width and the
four times air gap. The above results are consistent with the empirical formula for the equivalent axial
length of the stator core in the traditional machine design.

4. Experimental verification

In order to verify the above theoretical analysis, two five-phase WFDSGs were prototyped and
tested, and the WFDSGs are shown in Figure 5 αr = 0.5.

Figure 5. The rotor and stator of the five-phase WFDSGs. (a) 30/24-pole; (b) 20/16-pole.

Figure 5a,b shows the excitation coil and armature coil on the stators of the two five-phase WFDSGs,
respectively, which realize brushless excitation. And without winding and permanent magnet, the rotor
structure is simple and suitable to operate in high temperature and high-speed situations. In addition,
the windings of each phase on the stator are physically and electromagnetically independent, which
enables the WFDSG with isolation and fault tolerance characteristics. In Figure 6, a five-phase rectifier
and a regulator are used to output steady DC voltage by adjusting the excitation current.

Figure 6. The five-phase rectifier and excitation of the WFDSG.

With the same parameters as the simulation, the normal and the single-phase open-circuit
experiment of the two prototypes were carried out. The no-load EMFs of the two WFDSGs are
shown in Figure 7a,b. The phase EMFs and the output EMFs of the one phase open-circuit are
shown in Figure 7c,d, which show output DC voltage ripple of the 20/16-pole WFDSG is less than
that of the 30/24-pole WFDSG. The experimental waveforms of the phases are consistent with the
simulated waveforms.

With a regulator, in the case of unsaturated excitation, if the 20/16-pole WFDSG has a single-phase
open-circuit fault, the regulator automatically increases the excitation current to stabilize the output
voltage for charging the battery, as shown in Figure 7e.
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Figure 7. The normal and one phase open-circuit experiment waveforms. (a) Normal no-load EMF
of the 30/24-pole WFDSG; (b) normal no-load EMF of the 20/16-pole WFDSG; (c) no-load EMF with
one phase open-circuit of the 30/24-pole WFDSG; (d) no-load EMF with one phase open-circuit of the
20/16-pole WFDSG; and (e) excitation current with one phase open-circuit.

If the 30/24-pole and 20/16-pole WFDSGs are connected with the loads of 0.5, 1, 2, 4, and 15 ohm,
the external characteristics and output characteristics can be drawn as shown in Figure 8.

Figure 8. External and output characteristics. (a) External characteristics and (b) output characteristics.

Comparing the external and output characteristics of the two WFDSGs, it can be seen that the
output voltage and output power of the 20/16-pole WFDSG are larger than the 30/24-pole when the
output current is less than 27A, which is also consistent with the simulation results, and this verifies
the increase in the number of poles will deduce the second air gap and increase the leakage coefficient
of the WFDSG. When the output current is larger than 27A, the output voltage and output power of
the 20/16-pole WFDSG drop sharply due to the large demagnetization effect of the armature reaction
because there are more turns of the armature winding around each pole of the 20/16-pole WFDSG.
Although the armature reaction sometimes enlarges the excitation flux and sometimes reduces it, in the
case of almost saturation excitation, the enlargement is difficult to increase the magnetic density of the
core, but the demagnetization of the armature reaction can reduce the magnetic density of the core [36].

Overall, the experimental results agree well with the simulation results, but the experimental data
is slightly lower than the simulation data due to the influence of materials and production.
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5. Conclusions

To present the characteristics of pole number and pole shape of the core, the five-phase Wound-field
Doubly Salient Fault Tolerant Generators with symmetric phase inductance were studied and optimised
in this paper, considering the split ratio, slot fill factor and core fringing effect. Two 30/24-pole and
20/16-pole Wound-field Doubly Salient Fault Tolerant Generators with low harmonic were proposed
and analysed with theoretical analysis and finite element analysis method. And with the finite element
analysis and experimental results, the conclusion can be drawn as follows:

1. If the other parameters are equal, the output voltages of Wound-field Doubly Salient Fault Tolerant
Generators with different poles are equal if they have the same total turn number of the armature
windings. However, the pole to pole leakage effect of the 30/24-pole Wound-field Doubly Salient
Fault Tolerant Generator is larger than that of the 20/16-pole, which decreases the flux linkage
and the EMF amplitude. Since the number of stator poles is larger than the number of rotor poles,
the stator slots are narrower than the rotor slots when the stator and rotor pole arc coefficients are
the same, so the equivalent air gap length is also small. Similarly, the narrower the stator slot and
the rotor slot, the smaller the equivalent air gap length of the stator slot and the rotor slot, that is,
the larger the leakage magnetic flux.

2. Considering the core fringing effect, to reduce the cogging torque, as well as the harmonic
content of phase flux and electromotive force, the rotor pole arc actual length should be four
times the length of the air gap narrower than the ideal pole arc length. Under this circumstance,
the five-phase Wound-field Doubly Salient Fault Tolerant Generator studied in this paper has the
smallest harmonic content of the flux linkage and no-load electromotive force, and the minimum
positioning torque is the ideal design target of the rotor pole arc length.

3. Although the total phase turn numbers are the same, the output power of the 30/24-pole
Wound-field Doubly Salient Fault Tolerant Generator is smaller than the 20/16-pole one when the
output current is smaller than 27A, due to the demagnetisation effect of the armature reaction.
Due to the pole to pole leakage flux, the output power of the 30/24-pole Wound-field Doubly
Salient Fault Tolerant Generator is larger than the 20/16-pole one when the output current is larger
than 27A. The 20/16 pole Wound-field Doubly Salient Fault Tolerant Generator drops sharply due
to the large demagnetization effect of the armature reaction because there are more turns of the
armature winding around each pole of the 20/16-pole Wound-field Doubly Salient Fault Tolerant
Generator. And this verifies the increase in the number of poles will deduce the second air gap
and increase the leakage coefficient of the Wound-field Doubly Salient Fault Tolerant Generator.
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