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ABSTRACT— this paper aims to present the relation 

between acoustic noise and torque ripple. An equation evaluating 

the variation of acoustic noise caused by reducing torque ripple in 

synchronous reluctance machine (SynRM) is proposed. First, 

qualitative relation between the torque and the radial magnetic 

pressure (RMP) is presented. A quantitative relation between the 

RMP and torque is defined. Thirdly, based on the proposed 

equation, the influence of torque ripple reduction on 

electromagnetic noise is studied. The evaluation method is also 

computed thanks to the vibro-acoustic software Manatee. It can be 

concluded that the proposed approach can analyze effect of 

reducing torque ripple on acoustic noise. 

Keywords—torque ripple, vibration, acoustic noise, synchronous 

reluctance machine, radial magnetic pressure 

1. INTRODUCTION  

Synchronous reluctance machine (SynRM) has been studied 
widely because of its high efficiency, robust structure and less 
cost [1]. However, this machine also has several disadvantages 
such as torque ripple and lower power factor [1].To improve its 
performances, researches are mainly performed from two 
aspects: design and control. Authors [3][4] pay more attention 
to the design of its rotor structure such as rib, flux barriers and 
insulation to get higher saliency ratio, higher power factor and 
lower torque ripple. Other authors [5][6] focus on gaining higher 
performance with different control methods such as direct 
torque control and Kalman filter.  

Besides, when SynRM is applied for electrical vehicle, 
another important requirement is its vibration and acoustic noise 
which can greatly affects the comfortableness. The 
electromagnetic acoustic noise existing in electrical machines 
has been studied extensively. Authors [7][8] study the noise 
theoretically while some authors [8][10][11][12] analyze and 
reduce noise by optimizing the design with finite element 
software such as Flux 2D, Nastran and MANATEE. In addition, 
other authors [13][14] apply optimal currents to reduce the noise. 
A widely validated and accepted conclusion [15] is that the 
magnetic acoustic noise is mainly caused by radial magnetic 
pressure which acts on the stator teeth. Therefore, we can study 
acoustic noise by analyzing the radial magnetic pressure. 

However, when it comes to SynRM, there are few researches 
about its vibration and noise. As stated in [16], shaping currents 
can be an important method to diminish the acoustic noise in 
switched reluctance machine. But how to determine the optimal 
shaped current which is restricted by other performances such 
as efficiency and torque is not given. Authors [17] present that 
reduction of noise by different methods can also lead to lower 
torque. What’s more, it has been pointed out that torque ripple 
can cause acoustic noise [18]. However, noise and torque ripple 
are analyzed independently and how the torque ripple affect the 
emission of noise is not analyzed. Authors [19] decrease the 
torque ripple of switched reluctance machine and point out that 
the acoustic noise is also reduced. But the authors do not give 
any proofs to present the reduction of noise. Consequently, the 
relation between diminishing torque ripple and variation of 
acoustic noise is still not clear. As the electromagnetic noise is 
mainly produced by the radial magnetic pressure, it’s interesting 
to know the relation between reduction of torque ripple and 
variation of radial magnetic pressure. In this paper, we propose 
a method to evaluate the variation of electromagnetic acoustic 
noise when the torque ripple in SynRM is reduced.  

In addition, the reduction of torque ripple of the studied 
SynRM is the first goal. During the reduction of torque ripple, 
SynRM can be controlled by different strategies such as 
maximum torque per ampere control (MTPAC), maximum 
efficiency control (MEC) and maximum power factor control 
(MPFC). The MTPAC method is usually applied because MEC 
can be obtained at the same current angle (β=45°) with MTPAC. 
So the MTPA approach is used during the analysis of the 
relation between torque ripple reduction and acoustic noise.  

This paper is organized as four parts. The first part presents 
the qualitative relation and quantitative relation between RMP 
and torque; the second part gives the acoustic equation which is 
calculated by RMP and also expresses the acoustic variation by 
the electromagnetic torque; the third part presents the acoustic 
noise and vibration obtained by vibro-acoustic software 
Manatee; at last, the fourth part concludes the paper. 
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2. RELATION BETWEEN RMP AND TORQUE  

2.1. Qualitative relation 

In order to define the relation between RMP and torque, the 
presentation of the origins of electromagnetic noise and 
electromagnetic torque is necessary.  

 

Fig. 1 The magnetic forces or magnetic pressures  

The electromagnetic force (F(α,t) or magnetic pressure) 
shown in Fig.1 can be expressed by two components: radial 

magnetic force (Fn(α,t) or radial magnetic pressure Pn(α,t)) and 

tangential magnetic force (Ft(α,t) or tangential magnetic 

pressure (TMP) Pt(α,t)). The magnetic pressure can be 
calculated by the flux density 

�����, �� = 
�� ���²��, t� − �����, t������, �� = 	 
�����, t�����, t�														  (1) 

Where α is the spatial position of the electromagnetic force 
in the airgap and t is the time that rotor rotates.	����, t� and ����, t� are the radial and tangential flux density. 

As presented in the introduction, the vibration and 
electromagnetic acoustic noise which come from 
electromagnetic source are mainly caused by radial magnetic 
force, namely radial magnetic pressure. Besides, TMP can also 
produce vibration and noise; however, the amplitude caused by 
tangential pressure is too small compared with that resulted by 
radial pressure. Thereby, in this paper we neglect the effect of 
tangential pressure on vibration and electromagnetic acoustic 
noise and use the variation of radial magnetic pressure to 
represent the change of vibration and acoustic noise.  

The angle ε��, �� between RMP and TMP is defined in Fig.1.  ����,������,�� = ������, ��  (2) 

On the other hand, many researches have pointed out that the 
sum of tangential magnetic pressures is the origin of 
electromagnetic torque of electrical machine [20][22] as shown 
in (3). For example, the authors [20] obtain nearly the same 
torque by co-energy method and by TMP for a switched 
reluctance machine.  

����� = ��   ����, ��	!�!"#$%&'(&    (3) 

Where r is the radius of the integrating contour, Ls is the 
stack length of the machine (along the axial direction), ω is the 
rotor speed. 

Hence, considering that torque is produced by TMP, a 
parameter k' is added to represent the link between TMP and 
torque as shown in (4). According to the origins of acoustic 
noise and torque, the qualitative relation between RMP and 
torque can be defined by (5).  ����,������,�� = ����,��)*+,��� = ������, ��  (4) 

����,��+,��� = -.������, ��  (5) 

2.2. Quantitative relation 

Based on the analysis of the origins of acoustic noise and 
torque, a qualitative relation has been defined and in this part, 
the quantitative relation is proposed. 

To define the quantitative relation, at first we have to 
introduce the equations to calculate torque and RMP. The torque 
expression for synchronous reluctance machine can be 
expressed by (6) for the MTPA control strategy. It has been 
validated and the detailed deduction can be found in [23]. ����� = /����01�   (6) 

Where Kt(t) is the torque function which is a function of 
rotor position or time; id is the current of d-axis.  

The RMP can be calculated by the Maxwell stress tensor 
method with neglecting the tangential flux density [8][24]  ����, �� = 2�²��,3���    (7) 

In order to find the quantitative relation between torque and 
RMP, the RMP should be represented by the current id which is 
similar to (6). For the synchronous reluctance machine, the 
windings exist only on stator and there are no windings on rotor. 
The flux density can be expressed by surfacic permeance Λ and 
the magnetomotive force fmm [25]. General speaking, the 
surfacic permeance Λ is a function of the structure of the 
machine and the magnetomotive force is a function of the 
distribution of the spth stator winding Nsp��� and stator currents 045���. The analytical equation of flux density is [26] ���, �� = Λ���788��, t�     (8) 

The radial and tangential surfacic permeances are 

9Λ���� = Λ& + ∑ Λ)�<)=
 >?@�-A4��Λ���� = ∑ Λ)�<)=
 >?@�-A4��											   (9) 

Where Λ& ,Λ)� and Λ)�  are the amplitudes and A4  is the 
number of stator teeth. 788��, t� = 	∑ B45C45=
 ���045���   (10) 

Where sp is the stator phase. 

Substituting (9) and (10) into (8) in order to represent the 
radial flux density by stator currents, ����, �� = �Λ& + ∑ Λ)�<)=
 >?@�-A4���∑ B45C45=
 ���045���	  

(11) 

Then, replacing the flux density in (7) by (11), the RMP can 
be presented as 
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����, �� = DEFG∑ FH�IHJK LM4�)N(��O∑ P(QR(QJK ���S(Q���T#��  (12) 

In the machine, stator currents can be represented by the 
currents id and iq in the rotating dq-frame which can be obtained 
by the Park transformation. What’s more, the SynRM is usually 
controlled to get the maximum torque per ampere which means 
id equals iq. 

U0����0V���0>���W = X�C Y
>?@Z>?@ EZ − �[C O>?@ EZ + �[C O

−@0�Z−@0� EZ − �[C O−@0� EZ + �[C O\ ]
0!0^_ (13) 

Where θ is the rotor electrical position. As a result, 

`a B45C
45=
 ���045���b

�
= `a B45C

45=
 ���745���b
�
01� 

	= /cdd��, ��01�       (14) 

Where /cdd��, �� represents the calculation of the square 

value of the magnetomotive force fmm by current id. fsp(t) 
represents the change from id to stator currents. For example 
when sp=1, fsp(t) is  

745��� = X2 3g �>?@Z − @0�Z� (15) 

Therefore, substituting (14)  into (12), the RMP can be 
calculated  

����, �� = EFG∑ FH�IHJK LM4�)N(��O#hidd��,��Sj#�� = /5���, ��01�	  
(16) /5���, �� = �Λ& +∑ Λ)�<)=
 >?@�-A4���� E∑ B45C45=
 ���745���O� (17) 

Where Kpn	��, �� represents the relation between id and RMP 
and it’s a function of spatial position and time. 

According to (6) and (16), both the torque and RMP are 
expressed as function of id. So the quantitative relation between 
torque and RMP is introduced  

����,��+,��� = hQ���,��h���� = /5���, ��  (18) 

Where Kpt��, �� is the pressure torque function which is 2D 
and presents the relation between RMP and torque. The pressure 
torque function of the studied SynRM, is obtained and shown in 
Fig. 2 .Besides, if the torque is known, the RMP can be 
expressed by ����, �� = /5���, �������       (19) 

 

Fig. 2 The pressure torque function Kpt��, �� 

 

Fig. 3 Kpt�78.3°, �� of different current 

In order to verify that for different currents (without 
saturation) Kpt(�, �) is the same, we calculate this parameter for 
different sinusoidal stator currents whose maximal values (Im) 
are 20A, 30A and 40A. To compare its values for different 

currents simply, we just compare the values when α equals 78.3° 
as shown in Fig. 3 (at this point the radial pressure is maximal). 
It can be concluded that the three Kpt of 20A, 30A and 40A are 
independent of current when the current angle is fixed (in this 
paper β=45°).  On the other hand, for different current angles, 
pressure torque function is different. But SynRM is usually 
controlled by MTPA. Therefore, β=45° is the most important 
case and other cases are not considered in this paper. 

Therefore, the relation between electromagnetic torque and 
RMP is defined in (19). Besides, all the RMP mainly produce 
the vibro-acoustic phenomena. As a result, the noise could be 
evaluated based on the electromagnetic torque which will be 
presented in the following section. 

3. ACOUSTIC NOISE ANALYSIS 

The electromagnetic noise has been analyzed theoretically 
by [27]. The analytical equation of sound power is  

op = 10s?t
& D �(�(u,iT  	  (20)	
Where Ps is the sound power caused by radial force; Psref is 

the reference sound power (10-12W).	
Based on the expression (19), the RMP can be calculated 

thanks to the torque. Then, the effect of torque ripple reduction 
on noise can be evaluated by torque and the derivation is 
presented in the Appendix. 
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∆ow = 20s?t
& x yy+�zEhQ���,��+,({����Oyy+�zEhQ���,��+,|Q�{���O}	  (21) 

Where Tesin(t) is the uncompensated torque and Teopti(t) is the 
compensated torque. 

Therefore, the variation of acoustic noise resulted by 
reducing torque ripple with supplying optimal currents can be 
evaluated by torque. In the next part, we will compare the 
variation of acoustic noise when the torque ripple of 
synchronous reluctance machine is reduced. 

4. SIMULATION 

4.1. Simulation and result 

To test the proposed method, the maximal value of 
sinusoidal stator current is 30A and the speed is 1500rpm. The 
sinusoidal stator currents and optimal stator currents are 
presented in. Fig. 4. The uncompensated torque and 
compensated torque are introduced in Fig. 5. It can be seen that 
the optimal currents are effective for the purpose of reducing 
torque ripple which is reduced from 109.08% to 5.08%. Besides, 
the RMP corresponding with these two torques are calculated 
by (19) and presented in Fig. 6 and Fig. 7. It’s obvious that the 
RMP are changed by reducing torque ripple. 

 

Fig. 4 Sinusoidal currents and non-sinusoidal currents 
 

Fig. 5 Torque without compensation and torque with 

compensation 

 

Fig. 6 Radial magnetic pressure without compensation  

 

Fig. 7 Radial magnetic pressure with compensation 

 

What’s more, the stator natural frequencies are analyzed by 
the finite element method. They are presented in Fig. 8. The 
natural frequencies and the vibrational modes of the stator 
cannot change when the stator has been designed. Hence, in the 
proposed method, the natural frequencies of stator are viewed 
as constant for uncompensated torque and compensated torque. 
It has been presented out that the significant vibration and 
acoustic noise are usually caused by the RMP whose frequency 
is close to the natural frequency of the stator and the force order 
is the same as the circumferential vibrational mode of stator 
[18][28].The spatial order m and temporal order n of radial 
force can be calculated [28] �~, �� = �sA4 ± 2-�, 2-��    (22) 

Where l and k are natural number, p is the number of pole 
pairs. The temporal frequency 7��8	 is calculated by the 
temporal order and the rotor’s mechanical frequency or rotor 
speed nr  

7��8 = �78 = � �u�&   (23) 

Therefore, the resonance will occur when m equals the 
stator’s circumferential vibrational mode and 7��8 are close to 
the stator’s natural frequencies at the same time. At these 
resonance frequencies, if ∆Lw is greater than zero, it means that 
the noise has been reduced; on the contrary, a negative ∆Lw 
indicates that the noise has been increased. At other frequencies 
which cannot cause resonance the value of ∆Lw is not important 
for the noise. 

Based on (21) the variation of noise is calculated and is 
presented in Fig. 9. Besides, the natural frequencies of stator are 
also introduced in Fig. 9. The x-axis is the spatial order of	∆o� 
and y-axis is the temporal frequencies of ∆o�. It can be seen 
from Fig. 9 that ∆o� is increased for some frequencies while it 
is decreased for other frequencies. But the frequencies do not 
correspond with the stator natural frequencies. It means that the 
noise will not be influenced for most frequencies. When the 
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frequency is about 21 kHz, ∆o� has the identical frequency as 
the stator natural frequency whose spatial order is 4. For the 
frequency 21 kHz, the spatial order of ∆o�  should be ±4 in 
order to produce resonance. The corresponding temporal order 
of 21 kHz is 72  [28], hence according to (22), the number l can 
be calculated and the results are l =±6.33 or ±5.67 which is not 
an integer. As a result, the radial pressure at 21 kHz will not 
cause resonance and the noise of the studied SynRM will not be 
influenced by supplying current harmonics to minimize torque 
ripple. 

 

Fig. 8 Natural frequencies of stator [1] 

On the other hand, if it is supposed that l is an integer at 
21 kHz which means the resonance occurs, the rotor speed can 
be calculated by (23) and is 17500rpm. This speed is too high 
for the studied machine. Therefore, the resonance will also not 
appear for the lower speed even if l is an integer.   

  

Fig. 9 Variation of noise by reducing torque ripple 

4.2. Computation with Manatee 

To verify the result, the vibro-acoustic software, Manatee, 
is applied to simulate the vibration and noise of the studied 
machine without compensation of torque ripple and with 
compensation of torque ripple. This software has been proved 
as an effective tool to test and evaluate the vibration and noise 
[29]. The stator model of the studied SynRM in Manatee is 
presented in Fig. 10. In order to save the effort, the flux density 
without torque ripple reduction and with torque ripple reduction 
obtained in Flux 2D are imported into Manatee directly. 

Then the noise level can be calculated by Manatee. The 
noise without torque ripple reduction and with torque ripple 
reduction are presented in Fig. 11 and Fig. 12. It can be 
concluded by comparing these two figures that the noise is 29.5 

dB and is not affected by reducing torque ripple. Therefore, the 
conclusion introduced by the proposed method is validated. 

 

Fig. 10 Stator model in Manatee 

 

Fig. 11 Noise without compensation of torque ripple 

 

Fig. 12 Noise with compensation of torque ripple 

 

Fig. 13 Radial acceleration without compensation of torque ripple 
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Fig. 14 Radial acceleration with compensation of torque ripple  

Besides, the vibrations of the two cases are also calculated 
by Manatee which are shown in Fig. 13 and Fig. 14. Compared 
with vibration without torque ripple reduction, the vibration in 
Fig. 14 is increased at low frequencies while it is not changed 
for the high frequencies. Because the amplitudes of RMP at low 
frequencies are increased by decreasing torque ripple. So the 
vibration can be increased by supplying current harmonics in 
the studied SynRM to minimize torque ripple. According to 
Manatee, the total vibration level without torque ripple 
reduction is 88dB while the value with torque ripple reduction 
is increased to 93dB.  

5. CONCLUSION 

This paper analyzed the relation between RMP and torque. 
Based on the relation, a method is proposed to study the effect 
of torque ripple reduction on acoustic noise. This method could 
evaluate the variation of acoustic noise of synchronous 
reluctance machine by using the uncompensated torque and 
compensated torque. A segmented SynRM with the usually 
used MTPA strategy (current angle is 45°) is studied by the 
proposed method in order to analyze the influence of torque 
ripple reduction on acoustic noise. It showed that torque ripple 
compensation do not affect the noise of the studied machine. 
Besides, the conclusion obtained by the proposed method is 
verified by the software Manatee. It means that the proposed 
method is effective when saturation can be negligible. But, the 
result of Manatee showed that the vibration was increased by 
minimizing torque ripple. 

This method can also be applied for other current angles, but 
the pressure torque function will be different and should be 
recalculated. The author would state that for other machines the 
effect of decreasing torque ripple may be different.  

When saturation is noticeable, the procedures of the 
proposed method is identical. However, the pressure torque 
function could be different for different saturation which means 
that the evaluation of acoustic noise variation should be 
performed several times for different saturation.  

In the future, the method should be validated by experiment. 
It should also be tested for other machines.  
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APPENDIX 

The theoretical acoustic equation is rewritten  

op = 10s?t
& D �(�(u,iT    (A1) 

Where Ps is the sound power caused by radial force; Psref is 
the reference sound power (10-12W). 

The sound power Ps can be calculated  �4 = 4������>��7��L� ���M��o4	 	 �A2�	���c = )#
G)#	,-� = 2��M��7��L/>		 �A3�	
Where Rout is the outer radius of the stator yoke; ρa is the 

density of air; c is the speed of sound in air and fexc is the 
frequency of each radial magnetic pressure harmonic. 

The frequency of radial magnetic pressure is a multiple of 
the rotor rotational frequency 7��L = PQ)�u�&      - = 0,1,2,3…    (A4) 

The static displacements for different order m are presented 
[15]  �&4 = �&� �d�{��(� 					~ = 0		 	 (A5)	

�84 = �8� 
��dR �{��(�R �8#�
�#		m>1		 	 	(A6) 

Where Pmω is the harmonics of radial magnetic pressure. 

The dynamic displacement is  �81 = �84 
X�
�c,��# /cd# �#G�c�d# c,��# /cd# 		 	(A7)	
Where the empirical equation of the modal damping ratio is 

[18]  �8 = 
�[ �2.76 × 10�¡78 + 0.062�  (A8)	
For our machine which has been manufactured, the 

parameters of geometry are fixed. And the mode frequency is 
also constant. What’s more, the speed of rotor, namely the 
frequency of radial magnetic pressure, for two situations: 
compensated torque and uncompensated torque, is also 
unchanged. When the torque ripple is decreased, the currents of 
stator are changed and therefore the flux density of air gap is 
changed. It means that the only variable parameter in the above 
expressions is the radial magnetic pressure. Therefore, the static 
displacements (A5) (A6) and dynamic displacements (A7) can 
be expressed by different radial magnetic pressure  �84 = �8�-45   (A9) 

-45 = � �d�{�4£ 		~ = 0

��dR �{��(�R �8#�
�# 		~ > 1  (A11) 

�81 = -14�84    (A12) -14 = 
X�
�c,��# /cd# �#G�c�d# c,��# /cd#   (A13) 
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Where ksp represents the relation between static 
displacements and radial magnetic pressure; kds represents the 
relation between dynamic displacements and static 
displacements. 

Besides, the acoustic power (A2) can be rewritten as  �4 = -1��81 ��    (A14) -1 = 4���c��>�C7��L� �M��o4  (A15) 

Where kd is the function between acoustic density and 
dynamic displacement. 

To evaluate the variation of acoustic noise resulted by 
minimizing torque ripple, the sound power (A14) can be 
rewritten as �4 = -1��81 �� = -1�-14�84 �� = -1�-14�8�-45�� = -5�8��  

(A16) -5 = -1�-14-45��  (A17) 

Where kp is the parameter which defines the relation between 
sound power and radial magnetic pressure. At each harmonic of 
radial magnetic pressure, kp is constant for the same machine at 
the same speed. 

As a result, the variation of acoustic noise can be introduced 

				∆op = 10s?t
& x�4_4S��4��c} − 10s?t
& x�4|Q�{�4��c} 

= 	10s?t
& x �4_4S��4_M5�S} 

= 10s?t
& x -5�8�_4S��-5�8�_M5�S� } 

= 10s?t
& x �8�_4S���8�_M5�S� } 

= 20s?t
& ¥¦¦�2§���_4S��¦¦�2§ E��|Q�{O¨ 

= 20s?t
& D yy+�z�hQ���,��+,({�����yy+�z�hQ���,��+,|Q�{����T  (A18) 

Where FFT2D represents the two dimension fast Fourier 
transform; Pn_sin and Pn_opti are the radial magnetic pressures 
with uncompensated torque Tesin(t) and compensated torque 
Teopti(t) respectively.   

REFERENCES 

[1] Wu H., Depernet D., Lanfranchi V. « A Survey of Synchronous 
Reluctance Machine used in Electric Vehicle» [C]//4th International 
Conference on Renewable Energy: Generation and Applications 
ICREGA 2016. 2016. 

[2] Bianchi, N., E. Fornasiero, and W. Soong. «Optimal selection of PM flux 
linkage in a PM assisted synchronous reluctance machine». In Electrical 
Machines (ICEM), 2014 International Conference on. 2014. IEEE  

[3] Vagati A. «Synchronous reluctance electrical motor having a low torque-
ripple design»: U.S. Patent 5,818,140[P]. 1998-10-6. 

[4] Rakgati, E. and M. Karnper. «Torque performance of optimally designed 
three and five phase reluctance synchronous machines with two rotor 
structures». In AFRICON, 2004. 7th AFRICON Conference in 
Africa.pp. 625-629, 2004. 

[5] Foo, G. H. B., & Zhang, X. (2017). «Robust Direct Torque Control of 
Synchronous Reluctance Motor Drives in the Field-Weakening Region. 
» IEEE Transactions on Power Electronics, 32(2), 1289-1298. 

[6] Senjyu T, Kinjo K., Urasaki N., Uezato K. «High efficiency control of 
synchronous reluctance motors using extended Kalman filter » 
[C]//Industrial Technology, 2002. IEEE ICIT'02. 2002 IEEE 
International Conference on. IEEE, 2002, 1: 252-257. 

[7] Fakam M., Hecquet M., Lanfranchi V., Brochet P., Randria A. 
«Electromagnetic noise comparaison between ‘SPM’and 
‘IPM’concentrated winding synchronous machine» [C]//XV 
International Symposium on Electromagnetic Fields in Mechatronics, 
Electrical and Electronic Engineering. 2011. 

[8] Islam R, Husain I. «Analytical model for predicting noise and vibration 
in permanent magnet synchronous motors» [C]//Energy Conversion 
Congress and Exposition, 2009. ECCE 2009. IEEE. IEEE, 2009: 3461-
3468.  

[9] Lin F, Zuo S, Deng W,Wu S. «Noise prediction and sound quality 
analysis of variable-speed permanent magnet synchronous motor» [J]. 
IEEE Transactions on Energy Conversion, 2017. 

[10] Le Besnerais J. «Vibroacoustic analysis of radial and tangential air-gap 
magnetic forces in permanent magnet synchronous machines» [J]. IEEE 
Transactions on Magnetics, 2015, 51(6): 1-9. 

[11] Dupont J B, Lanfranchi V. «Noise radiated by a permanent magnet 
synchronous motor: Simulation methodology and influence of motor 
defects» [C]//Electrical Machines (ICEM), 2014 International 
Conference on. IEEE, 2014: 1321-1327. 

[12] Le Besnerais J, Lanfranchi V, Hecquet M, Brochet P. «Multiobjective 
optimization of induction machines including mixed variables and noise 
minimization» [J]. IEEE Transactions on Magnetics, 2008, 44(6): 1102-
1105. 

[13] Pellerey P, Favennec G, Lanfranchi V., Friedrich G. «Active reduction 
of electrical machines magnetic noise by the control of low frequency 
current harmonics» [C]//IECON 2012-38th Annual Conference on IEEE 
Industrial Electronics Society. IEEE, 2012: 1654-1659. 

[14] Takiguchi M, Sugimoto H, Kurihara N, Chiba A. «Acoustic noise and 
vibration reduction of SRM by elimination of third harmonic component 
in sum of radial forces» [J]. IEEE Transactions on Energy Conversion, 
2015, 30(3): 883-891. 

[15] Le Besnerais J, Lanfranchi V., Hecquet M, Brochet P., Friedrich G. 
«Prediction of audible magnetic noise radiated by adjustable-speed drive 
induction machines» [J]. IEEE transactions on Industry Applications, 
2010, 46(4): 1367-1373. 

[16] Cameron D E, Lang J H, Umans S D. «The origin and reduction of 
acoustic noise in doubly salient variable-reluctance motors» [J]. IEEE 
Transactions on Industry Applications, 1992, 28(6): 1250-1255. 

[17] Rabinovici R. «Torque ripple, vibrations, and acoustic noise in switched 
reluctance motors» [J]. HAIT Journal of Science and Engineering B, 
2005, 2(5-6): 776-786. 

[18] Gieras J F, Wang C, Lai J C. «Noise of polyphase electric motors» [M]. 
CRC press, 2005. 

[19] Inanc N, Derdiyok A, Ozbulur V. «Torque ripple minimization of a 
switched reluctance motor including mutual inductances via sliding 
mode control technique» [C]//Industrial Electronics, 1997. ISIE’97. 
Proceedings of the IEEE International Symposium on. IEEE, 1997: 
1024-1028.  

[20] Camus F, Gabsi M, Multon B. «Prédiction des vibrations du stator d'une 
machine à réluctance variable en fonction du courant absorbé» [J]. 
Journal de Physique III, 1997, 7(2): 387-404. 

[21] Spargo, C. M., Mecrow, B. C., & Widmer, J. D. (2014). «A 
seminumerical finite-element postprocessing torque ripple analysis 
technique for synchronous electric machines utilizing the air-gap 
maxwell stress tensor». IEEE transactions on magnetics, 50(5), 1-9. 
[527] 



Symposium de Génie Electrique (SGE 2018), 3-5 JUILLET 2018, NANCY, France 

[22] Zhu, W., Pekarek, S., Fahimi, B., & Deken, B. J. (2007). «Investigation 
of force generation in a permanent magnet synchronous machine». IEEE 
Transactions on Energy Conversion, 22(3), 557-565.  

[23] Wu H., Depernet D., Lanfranchi V. «Etude de l’influence de saturation 
sur la réduction des ondulations de couple d’une machine synchrone à 
reluctance variable » [C]//Journées JCGE'2017-SEEDS. 2017. 

[24] Pellerey P, Lanfranchi V, Friedrich G. «Influence of the load angle on 
the magnetic pressure harmonic content of a WRSM» [C]//IECON 2010-
36th Annual Conference on IEEE Industrial Electronics Society. IEEE, 
2010: 883-888. 

[25] Fakam M, Hecquet M, Lanfranchi V, Randria A. «Improved method to 
compute air-gap magnetic pressure of the Interior Permanent Magnet 
Synchronous Machine» [C]//Ecological Vehicles and Renewable 
Energies (EVER), 2015 Tenth International Conference on. IEEE, 2015: 
1-8. 

[26] Tan-Kim A, Hagen N, Lanfranchi V, Palleschi F., Legranger J., Mipo J. 
Coorevits T. «Influence of the manufacturing process of a claw-pole 
alternator on its stator shape and acoustic noise» [C]//Electrical 
Machines (ICEM), 2016 XXII International Conference on. IEEE, 2016: 
2273-2279.  

[27] Le Besnerais J, Lanfranchi V, Hecquet M, Brochet P., Friedrich G. 
«Acoustic noise of electromagnetic origin in a fractional-slot induction 
machine» [J]. COMPEL-The international journal for computation and 
mathematics in electrical and electronic engineering, 2008, 27(5): 1033-
1052. 

[28] Rasid M A H. «Contribution to multi-physical studies of small 
synchronous-reluctance machine for automotive equipment» [D]. 
Sorbonne  

[29] Le Besnerais J. «Fast prediction of variable-speed acoustic noise due to 
magnetic forces in electrical machines» [C]//Electrical Machines 
(ICEM), 2016 XXII International Conference on. IEEE, 2016: 2259-2

 


