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Abstract — The control of the variable reluctance machine is based on the shape of the currents when it is
supplied, but the major disadvantage of the MRV is the ripple of the torque due to the shapes of the phase
currents and the machine EMF, and this ripple of the torque is generally harmful to the proper functioning
of the device. To remedy this, we used different power supply techniques used in low and medium
voltage.

The first technique used is based on the technique of controlling the current by hysteresis; in this power
supply mode the torque ripple is not controlled but by adjusting the switching angles it can nevertheless
be minimized. However, the use of this technique has shown its limits at low and medium speed.

This led us to use another technique which is control. The second technique uses a new vector control
method based on an internal control with two degrees of freedom (2DOF IMC), this control approach
makes it possible to specify two independent degrees of freedom. in the design of the regulator, which
means it provides more flexibility to adjust performance and flexibility to adjust the behavior of the
system according to specific requirements; by adding a simple adaptive disturbance observer (ADO) to
estimate and eliminate disturbances online, it will be incorporated into the internal loop system and by
adjusting the law of adaptation gains, this strategy made it possible to improve the stability and the
convergence of the ADO.

The effectiveness of the latter proposed control strategy is demonstrated by experiments, and the results
show that the proposed method can effectively improve the control and disturbance rejection performance
of MRV drives.

Keywords — The variable reluctance machine (MRV), current control by hysteresis, vector control based on internal control
with two degrees of freedom (2DOF IMC), the simple adaptive disturbance observer (ADO)

I. INTRODUCTION

Variable reluctance motors (MRV) have received much attention due to their robust structure, large
starting torque and high reliability in harsh environments, they have been used in electric vehicles,
production of wind energy, textile industry, etc. [1, 2,3].

However, this motor saw wide use only at the end of the seventies because of the difficulty of its control,
and the power supply mode which limited its wide application in the industrial field, because it was
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previously self-piloted. by mechanical devices. The static converter intended to drive this motor simply
provides a unidirectional current, which makes it particularly simple and robust.

Some advanced control strategies such as direct torque control (DTC) [8,9], instantaneous direct torque
control (DITC) [10,11] and model predictive control (MPC)

[12] are effective in reducing torque ripple. Several static converter topologies have emerged, including
those that use a single switch per phase and others that use two switches per phase

We use another technique used at low and medium speeds, this is current control by hysteresis. However,
for this conventional hysteresis current control, the performance of set point tracking and interference
suppression cannot be satisfied simultaneously by adjusting a single filter parameter. For this reason, a
two-degree-of-freedom internal model control structure (2DOF IMC) is proposed to address the
aforementioned shortcoming, which can separate the set point tracking response and external interference
suppression characteristics of the system [ 25,26].

However, such robustness cannot be guaranteed by the invariable filter parameter of 2DOF IMC for the
SRM system. The reason is that the SRM system suffers from disturbances whose characteristics vary
over time and also the variation of these parameters and other unstructured dynamic uncertainties. In
addition, unlike other motors, the existence of current regulation on axis 0 increases the complexity of the
controller design. Therefore, the 2DOF IMC controller used for the SRM system needs to be further
developed to achieve more precise current regulation

The aim of this study is to develop a high-performance current control strategy for the SRM motor based
on a 2DOF IMC strategy. This takes into account the coupling relationship between different axes. The
proposed controller can provide good control performance using only two setting parameters, and the
good performance of set point tracking and disturbance rejection of the controller can be guaranteed
simultaneously. Second, an adaptive disturbance observer (ADO) is introduced to eliminate the time-
varying disturbance. Additionally, a stability analysis is carried out according to Lyapunov theory and
guidelines for ADO payoff selection are given.

Il. MATHEMATICAL MODEL OF MRV

Neglecting magnetic saturation and mutual inductance, self-inductance can be described by the
Fourier series with DC and fundamental harmonic components:

Lo=Lg.+Lg cosB,
Ly = Ly + Lgccos(Be — 2/3m) (1)
L. =Lgc+ Lgccos(Be +2/3m)
Where La, L and L. are the self-inductance of phases A, B and C; Lq4. and Lac are the coefficients of

DC and fundamental harmonic component. The 0¢ is the position of the electric rotor and the relationship
between 6e and mechanical angle Om can be expressed as:

e =POm ()

Where the p is the number of rotor poles.
The voltage balance equation of VRM in the three-phase frame of reference can be described as follows:

Ua ia l, 0 O07ri,
ok eletellS 5 o)l
Uc ic 0 0 [l

Where u,, Up and uc are voltages in phase A, B and C, ia, ip and ic are currents in phases A, Band C, and R and p are
the phase winding resistance and the differential operator.
By using the Park transformation, the model in the rotating frame can be further obtained, and it can be denoted as:
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—l4esin 30, =1y, —l,ccos 360, 0

[Uq id id
Ug[=R |ig|Fwe | | 14, —lyec0830,  —lgesin 36, \/z—ilac iq| | +
| Ug 1p 0 0 0 ig
-ldc += lqc cOs 36, . lacsin 36, 2 lac .
1 2 ? 1 2 ld
— 7 lacsin 36, lac =3 lac cos 36, 0 | +p i.q (4)
V2 lg
7lac 0 ldc

Where ua, Up and uc are the d-, g- and 0 axis tension; id, iq and io are the currents d, g and 0 axes. The
we 1S the speed of the electric rotor.
The instantaneous torque Te It is in the rotating reference frame is given as:

V2, ., . . .
Te=p7 laclolq—g lac(ld2 + 1q2) sin(360, + 2p) (5)
Where the B is the advanced angle.
From (5), it is obvious that the second term does not contribute to the average torque, and it is usually
treated as the torque ripple. Therefore, in this paper, to reduce the ripple term, the iq = O strategy is
adopted and the 3 = /2 is selected. Then the Te is simplified as:

V2

Te=laclolq

1. MACHINE POWER SUPPLY

The 12/8 variable reluctance motor requires an atypical power supply. Thus, the MRV is usually
powered from a three-phase asymmetrical half-bridge inverter which is shown in Figure 1. Each of the
phases is connected to the source through an asymmetrical half-bridge.

Figure 2 shows the rotation stages of the machine. If, at position 1, phase 1 is excited, the rotor positions
itself so as to align one of its pairs of poles with that of phase 1 (position 2), the reluctance is then
minimized and the number of lines of the field is maximum, position 2 is therefore an equilibrium
position of the rotor. If, at this position, phase 2 is energized, then the reluctance of the machine as seen
by the DC source is high and the magnetic field lines are distorted, therefore the rotor still rotates to align
with phase 2 The explanation of rotation in terms of motor steps is only a means to facilitate the study. [9]

T iuS ®y =
e = B e e
I

Fig. 1: Power supply of the MRV by an inverter
asymmetrical half-bridge
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Postion 1 Postion 2 Postion 3

Fig .2. Stages of rotation of an MRV
In practice, the switching of current from one phase to another takes place before the successive
equilibrium positions are reached. In this way, a uniform rotation of the rotor is obtained. When the rotor
rotates, each phase presents a cyclic variation in its inductance.

A. Principle Of Control By Hysteresis
The principle of this control is based on controlling the converter [6] such that the variation of the current
in the motor phase is limited in a band surrounding the current reference. Figure 3
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Fig.3: Principle of hysteresis regulator

In order to maintain the torque of the machine constant, we will use this technique which is based on
supplying the variable reluctance machine (MRV) with currents predetermined according to the
characteristics from a torque setpoint in trapezoid shape which ensures a constant torque over a complete
period. This technique has often been carried out using hysteresis current regulators which has the effect
of imposing a current reference in a hysteresis band to control the phase currents. Figure 4 .represents the
functional diagram of the system to be simulated in closed loop.
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Figure 4: current control by hysteresis

Convertisseur




International Journal of Advanced Natural Sciences and Engineering Researches

B. CMI 2DDL Strategy for MRV Based on OAP

Figure 5 shows the structure diagram of the CMI 2DDL OAP scheme based on vector control. The
2DDL internal model control is used for the current loop and the traditional Pl controller is adopted for
the speed loop, an Adaptive Disturbance Observer (OAP) is injected which predicts the disturbances by
steepest descent technique and compensates the 2DOF IMC controller in the next control period and
improves the stability of the system
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Fig. 5: The structure diagram of the CMI 2DDL OAP schema
C. Design of CMI 2DDL OAP
Considering the parameter variation and unknown uncertainties, the system model can be further
described by the following equation
VZ

Uq Iq 0 —lac 0 ig | lac 0 > lac ig fa
|| B R »
Up 1o 0 0 0 Ip glac 0 Ly lo fo

Where the disturbances f;, f; et f,sont donnés par are given by
fa =AR + ALy, p(id) + ALg, p(io) + €q
fq = AR + AL we(io) + ALgc p(io) + €q (8)

1 . 1 . .
fo=AR+ EALac (lo) + EALac p(ld) + ALg, p(lo) + €

In this equation, the AR, AL, represent the uncertainties of de R, L,. and L, . €4,€, are the
uncertainties on the d-, g- and 0 axes caused by unmodeled dynamics

Iv. THE EXPERIMENTAL RESULT WITH THE CHANGE IN LOAD TORQUE

Figures 6 and 7 illustrate the simulation results of the hysteresis control strategy and the internal model
control strategy with two degrees of freedom with the adaptive disturbance observer (CMI 2DDL OAP)
[4] the engine used has the parameters indicated in table 1 below.

Table 1 Engine prototype parameters
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Settings value
phase 3
Rotor/stator poles 12/8
Nominal power 1.5KW
Rated torque 9.5N.m
Speed range 100-1500tr/m
Maximum flow binding 0.986Whb

Stator resistance 0.90h
Nominal voltage 220V

When the MRV operates at 400 rpm with a load of 1 Nem and the time is 2.3 s, the load torque varies
from 1 N.m to 4 N.m. Figure 8 shows the experimental results of dq0- axis currents, where ij iz and i

.Figure 6 shows the experimental results of rotor speed, total torque and phase current.
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Fig. 6 Experimental results of dqO axis currents with load torque variation, (a) hysteresis method,
(b) CMI 2DDL OAP method
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Fig. 7 Experimental results of rotor speed, total torque and phase current with load torque
variation, (a) hysteresis method, (b) CMI 2DDL OAP method

It can be seen from Figure 6(b) that the direct d-axis current fluctuations of both methods increase when
the load torque changes from 2.3 s. The hysteresis method results in ripples of current i_d of 1.25 A; on
the other hand, it is only 0.93 A in the case of the CMI 2DDL OAP method. Moreover, compared to
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Figure 6 (a), (b), it is evident that a significant improvement has been noticed in the current tracking
performance using the proposed CMI 2DDL OAP method. Similar to the above analysis, considering the
characteristics of MRV, the proposed method can achieve good control performance and fast response in
a stepped torque load case, as shown in Fig 7. Moreover, as the Adaptive Disturbance Observer (OAP)
can eliminate the disturbances due to varying load torque along with the robustness which has been
improved as shown in Figures 6 and 7. The CMI 2DDL OAP method provided good current control
performance and good torque ripple suppression. Furthermore, it can be seen that when the load torque
increased, the regulation time decreased and so did the ripples, see Figure 7(b), which is also consistent
with the above analysis.

Table 2 lists the T results for both methods. Obviously, in terms of torque ripple suppression, the
proposed CMI 2DDL OAP approach outperforms the hysteresis method, and the torque ripple T is
reduced by 8.25% and 18%. The above compared results indicate that the proposed method can achieve
good tracking and disturbance rejection performance under stepped load torque conditions.

Table 2 Torque Ripple Percentages for Both Methods as Load Torque Changes

Method Speed (rpm) Load torque (N.m) T,
Hysteresis 400 1 65.01%
400 4 85.73%
2DOF BMI ADO 400 1 56.49%
400 4 67.73%

v. CONCLUSION

This communication takes into account a new CMI 2DDL OAP strategy for vector control excited by
unipolar current applied to the MRV machine. A hysteresis controller was used to improve the tracking
performance of the PI controller. Then, to solve the problem of variable disturbances according to which
the hysteresis controller could not manage over time, the CMI 2DDL OAP was introduced into the
control system, its adaptive gain pu of the CMI 2DDL OAP was able to ensure the stability and
convergence of the system.

The main features and advantages of the proposed control system can be summarized as follows:

The CMI 2DDL OAP can effectively reduce the current tracking errors and quickly converges to stable
conditions, when the system is affected by different disturbances, this current controller could improve
the control accuracy, it also has good performance in to eliminate torque ripples.

The control performance of the CMI 2DDL OAP controller can be guaranteed even with inaccurate
model parameters.
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