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Abstract

This paper focuses on the speed control of a mill driven by an Asynchronous
Motor (AM) powered by a solar photovoltaic energy source. As solar energy
gains importance in the energy transition, artisanal mills are showing promise
in improving rural life. However, speed variations caused by solar irradiance
can affect their efficiency. The study proposes a comprehensive modeling of
the system and explores advanced control strategies and optimization meth-
ods to optimize the performance. Traditional control approaches based on Foc
and scalar strategies are examined, and the optimization considers the control
and design parameters of the photovoltaic system. The results obtained by
simulations in Simulink confirmed the performance of the strategies with
good speed control regardless of the variation of load and irradiation.

Keywords
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1. Introduction

This paper focuses on the speed control of a mill driven by an Induction Motor
(IM) powered by a solar photovoltaic energy source. With the increasing focus on
energy transition and the need to develop sustainable energy sources, the use of
solar photovoltaic energy to power autonomous and decentralized systems is
gaining popularity [1]. Among these emerging applications, small-scale mills
driven by Induction Motors (IM) represent a promising solution for cereal pro-

cessing in remote rural areas, thus offering several opportunities for improving
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living conditions and socio-economic development [1] [2]. However, variations
in solar irradiance throughout the day and weather conditions can lead to fluctu-
ations in the speed of the motor mechanically coupled to the mill. This can affect
the overall efficiency of the system and compromise the reliability of the power
supply. Thus, precise motor speed control becomes a crucial challenge to ensure
stable and efficient operation. In our paper, we focus on the in-depth study of
speed control of a mill driven by a Three-Phase Induction Motor (SAM), powered
by solar photovoltaic energy [3]. The main objective of this paper is to present a
detailed modeling of the system, design an advanced control strategy and explore
optimization techniques to improve the overall system performance [4] [5]. In the
following sections, we will discuss the mathematical modeling of the entire sys-
tem, including the mill, the Three-Phase Induction Motor (SAM) and the photo-
voltaic system composed of panels, a chopper and an inverter. This will provide a
solid theoretical basis for the development of the control [6]. Then, we will exam-
ine the different control approaches, namely scalar control and vector control.
Subsequently, we will focus on the optimization of the system performance, taking
into account the control parameters and the design of the photovoltaic system.
The obtained results will be validated through simulations on Matlab-Simulink
software. Finally, we will conclude by highlighting the contributions and limita-
tions of this study, while proposing future research avenues to optimize the per-
formance of MAS-driven mills further. Through this work, we hope to make a
significant contribution to the understanding and improvement of speed regula-
tion in solar mill systems, thus paving the way for wider applications of this clean

and renewable technology in remote regions of the world.

2. System Diagram

Figure 1 below shows the system in its entirety. It consists of a photovoltaic gen-
erator, a chopper, a three-phase inverter and a grinding device consisting of a
homemade grinder and an induction motor. To simulate the system, it is neces-

sary to model the different parts that compose it.

DC/DC DC/AC
Cf==
K 47

AMPPT A vv
| Command 1 | | Command 2 |

PV Generator

- L o

Figure 1. System diagram.

3. Modeling of System Elements
3.1. Modeling of the Photovoltaic Generator

There are different types of solar (photovoltaic) cells, and each type of cell has its
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own efficiency and cost [6] [7]. In this article, we study the single-diode model
where the cell is presented as an electric current generator whose behavior is
equivalent to a current source shunted by a single diode. To take into account
physical phenomena at the cell level, the model is completed by a series resistor
Rs shunt or parallel resistor Rp. The equivalent electrical diagram of the photo-

voltaic cell is given in (Figure 2) below [7].

Ideal PV cell Real PV cell
- I
1+
I IP R

N
XA
=
s

Figure 2. Equivalent model of a photovoltaic cell.

The expression of the current characteristic of the photovoltaic panel (Ipv) is

expressed as [7] follows:

V +1.Rs V+1.Rs
Ipv = Iph— Is| exp M—l -— (1)
K.Tc.A Rp
The equation giving the current characteristic of a GPV can be written as fol-
lows:
NpV
y ( I\FIJ + |.st
oc
I = Np.Iph — Np.Is| exp _avaee -1 L (2)
Ns.AK.Tc Rp
Technical Characteristics of the Panel
In this article, the work was done with the solar panel of type:
~4 W/ ~40 Ll = T
< g 20°C
0[5 KW/’ 520 CBR:
= > £ .
e 1 0.1 kW/m 3 E o 40
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Voltage (V) Voltage (V)
" 0
£10000 ~10000 i | ) -
2 2 z 0°C
5 5000 5 5000 °C
2 o K\\ 2 g
0 50 100 150 200 250 300 350 400 05T =0 To0 150 500 350 360 3 200
Voltage (V)

] Voltage (V)

Figure 3. Simulation result of the model under the variation of solar irradiance and the variation of temperature.
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SOLTON Power SPI-215P whose electrical characteristics are shown in Figure
3 above.

The following figures represent respectively the current-voltage, power-voltage
characteristics for a temperature T = 298 K° and a variable illumination (E) of
[1,0.8, 0.6, 0.4, 0.2] * 1000 W/m? and also a variable temperature of [40 30 20]°C.
» Characteristicof I=f (V) and P =£ (V)

3.2. Boost Chopper Modeling

The use of DC-DC converters allows the control of electrical power in circuits
operating in direct current with great flexibility and high efficiency which in our
case will allow us to pursue the optimum operating point [7] [8]. In our article,
we have a Boost type converter whose electrical diagram is given in Figure 4 be-

low.

Figure 4. Electrical circuit of a boost chopper.

3.2.1. Mathematical Modeling of the Boost Chopper
The application of Kirchhoff's laws (Knot and Mesh) on the two equivalent cir-

cuits of the two operating phases gives [8]:

0<t<DTs
DTs<t<Ts
. dv, . .
i.,=C,—L=i —i
Cl 1 dt i L
. dv, .
ic, =C2d—t°=—|O
di _ 3)
L= Ld—t':vI R,
dv,
c1 CIEZII_IL
dv,
ic, —C2d—t°:|L iy
- 4
v, = Ldl:vi -v,— R0,

D: The duty cycle of the pulses that control the switch.
Ts: Being the period of impulses

3.2.2. Approximate Model of the Boost Chopper
By applying to the systems of equations (3) and (4) we can obtain the following
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relations [9] [10]:
dv;
't

iy = (1- D)iL—czO('jit0

i, =i,~C

®)

v, =(1-D)v, +R.i, + L(jj_ltL

3.2.3. Calculates Chopper Parameters
P

Vo

Percentage of voltage variation: AV =1%

Output current: lo=

Percentage of current variation: Al =5%

Vin(Vo-Vin)
Inductance: L=————>=1.45mH
Al * fs*Vo

lo(Vo-Vin)
Ability: C=———==3227uF

fs*AVo*Vo

3.2.4. MPPT Control
Start
o=a_, V=V

0° 0

Measure of 1(k), V(k)

‘ Calculation of P(k) |

AP=P(k)- P(k-1)
AV=VP(K)- V(k-1)

Vref(k)= Vref(k)= Vref(k)= Vref(k)=
Vref(k-1)-dV Vref(k-1)+ Vref(k-1)+dV Vref(k-1)-dV
1 1 1 |
Update P(k' 1 ):P(k)
V(k-1)=V(k)
|

Figure 5. Flowchart of the P&O algorithm.
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In this part, we present a P&O control algorithm for tracking the maximum power
delivered by the photovoltaic generator [11] [12]. The principle of this algorithm
is to perform a disturbance on the voltage of the panel Vpv while acting on the
duty cycle . Indeed, following this disturbance, we calculate the power supplied
by the PV panel at time k, then we compare it to the previous one at time (k — 1).
If the power increases, we approach the maximum power point, “PMP” and the
variation of the duty cycle is maintained in the same direction [13]. On the con-
trary, if the power decreases, we move away from the maximum power point,
“PMP”. Then, we must reverse the direction of the variation of the duty cycle [14].
The general algorithm of this control is given by (Figure 5) below.

The program corresponding to this algorithm has been implemented in the

Matlab/Simulink environment.

3.3. Inverter Modeling

The operation of the inverter is based on the switching state of the switches.
Switching is provided by three logic functions (Sa, Sb, Sc) [14] [15]. These func-
tions made it possible to establish the relationship (10) between the voltages in
three phases (Va Vb Vc) of the millet mill actuator and the voltage of the direct
current source (Vdc).

We can then model the inverter by a matrix [T ]ensuring the continuous-al-
ternating transition [Vac] = [T][Vdc] with [15] [16]:

Va 2 -1 -1\ Sa
Vb :[VTdC} -1 2 -1/ Sb
V¢ -1 -1 2| Sc (6)

3.4. Modeling of the Grinding Device

The cage asynchronous machine is the most used actuator in most motorized ap-
plications due to its simplicity, robustness and cost [17]. To simulate the mill with

the machine it is necessary to proceed with its modeling.

3.4.1. Modeling of the Asynchronous Motor in the Three-Phase Plane
The stator of the Asynchronous Machine (MAS) receives its power supply from a
balanced three-phase voltage system. This power supply generates the formation
of a rotating magnetic field (in accordance with the FERRARIS theorem) inside
the space between the stator and the rotor of the machine called the air gap (as
illustrated in Figure 6) [18] [19].

The voltage equations for the three stator phases and the three rotor phases are
as follows [19]-[21]:

Va =VmaxSin(0)

Vb =VmaxSin (9 —%tj

Ve =VmaxSin(6—4?nj ™)
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Equation statoriques:

Vsa = Rs*isa+ Liisa

Vsb = Rs*isb + L%isb
(8)

Vsc = Rs*isc + Liisc
dt

Equations Rotoriques:

Vra=Rr*ira+ L%ira

Vrb = Rr*irb + Liirb
dt
9)

Vrc =Rr*irc+ Liirc
dt

a

i

: Stator A axis

0=1(a, A) g

Rotor A axis w

Figure 6. Schematic representation of the MAS.

3.4.2. Two-Phase Modeling of the Asynchronous Motor

s
r
r
S ,,'k,, Ws

Figure 7. Park model of the MAS (three-phase to two-phase).
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The transformation of the three-phase system into a two-phase system for the
modeling of the synchronous machine (MAS) involves a change of reference that
alters the physical quantities such as voltages, fluxes and currents [20]. This trans-
formation results in equations independent of the angle 0 and reduces the order
of the machine equations. The Park transformation highlights the direct axis (d)
in the Park frame, as well as the quadrature axis (q). Figure 7 below shows the
principle of the Park transformation [20] [21].

1) Tension equations

In a frame of reference linked to the rotating stator field, Ze. a frame of reference
rotating at the stator pulsation speed w = p. 2 = ds/dt, the voltage equations in

the Park frame are written [21]:

Vsd = Rs*isd + dosd

— wsJsq
Vsq = Rs*isq +d@_sq+ wssd
. ddrd
Vrd =Rr*ird + ———wrdrq =0
at wrorq (10)

Vrg =Rr*irq +df—trq+a}r®rd =0

2) Flow equations
By performing the Park transformation on the equations relating to fluxes and
currents, we can derive the electromagnetic relations of the machine [21].
&sd = Ls*isd + Lm*ird
{@sq = Ls*isq+Lm*irq
{@rd = Lr*ird + Lm*isd

(11)

@rq = Lr*irg+ Lm¥*isq
3) Electromagnetic torque equations
It is necessary to enrich the electrical model by including the formulations of
the electromagnetic torque as well as the speed, which allows to describe the me-
chanical behavior. The expression of the electromagnetic torque obtained is for-
mulated as follows: [21]

Cem = p*M (isq.ird —isd.irq) = %(@rd.isq —@rg.isd) (12)

4) Mechanical equations

j@-i-fQ Cem-Cr (13)
dt

So we can define the Park matrix as follows [6] [21]:

o i3] ol
- oo 3] o

1
2 E E

(14)
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The inverse transformation of the Park Matrix exclaims:

Cos0 -Sin6

[P(O)] = % Cos(e—%n) —Sin(e_%’r)

(15)
Cos(6—4—nj —Sin(e—ﬂ
3 3

ol 5l

3.4.3. Characterization of the Mill

The millet mill can be considered as a mechanical load for the engine. The model
of the artisanal mill is defined by the load torque profile. The characteristic ob-
served in the operation is that the grinding is done in steady state. The mechanical
parameters (speed and torque) of the mill are a function of the flow and the grain
(D). According to their operating principle, the speed varies with the flow rate, so

there is a relationship between speed and flow rate [6] [22].

w=ws—Kk*D (16)

With

 : the rotation speed under load (rd/s);

s : the no-load rotation speed (rd/s);

K: the characteristic constant of the mill (rd/kg);

D: grain flow rate (Kg/s).

Using the fundamental operating concept of the artisanal mill as well as the
interaction of the hammers (propellers) that reduce the grain size, it is possible to
express the torque configuration as a fusion of the four pre-existing load couples.
Equation (17) represents the formula of the mechanical characteristic as a func-
tion of the parameters (K, k1, k2, K3, K4) that define the specific properties of the
mill [22]

Cr=k +k,0+k,0° +k,0™" (17)
With: Cr mill load torque (Nm);
K, K, K; K, and K: The characteristic constants of the Moulin.

The parameters of the mill used in this work are established by means of experi-

mental tests. The corresponding values are presented in Table 1 below [22].

Table 1. Mill parameter values.

Settings Values
Ki: (Nm) 2091.5

K; (Nms/rd) —-12.031

K3 (Nms?/rd) 0.0171

Ks (Nm Rd/s) 0
k (rd.kg) 5.8161
wo (rd/s) 313.47
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Then the resisting torque (Cr) becomes:

Cr =Ky (@, —k XD)* +k, (@, —k xD)+k, (18)

3.5. System Control

V/f scalar control with SVM (support vector machines) strategy is used for the
control of the grinding device.

3.5.1. Scalar Command
The principle of scalar control is to keep the V/f ratio constant. Equation (19)

gives the expression for the maximum torque [22].

2 B 2
. - 3L, V, — Rl 19)
2L(LL-L)  w

S

The simplified expression, or the voltage drop across the stator resistance is ne-
glected. However, at low speeds the voltage drop cannot be neglected. We propose
to compensate the voltage drop by a threshold voltage (Vo) and to operate the
motor at a standstill at a limit frequency (fo). Figure 8 shows the profile of the
voltage amplitude as a function of frequency [22] [23].

Vs‘
VN e -//_/_'
//,/ l
el |
-
Vol— — = |
' |
lfo fn f e

Figure 8. Modified V/f control profile.

The profile made it possible to establish the relation (20) giving the amplitude
of the voltage (Vs) and the frequency (fo) from the nominal values of the voltage
(Vn) and the frequency (fn) [23].

V, -V,
v, =M(fn—f)+vo (20)
(f n— f 0)

The closed-loop strategy is used to control the system. This strategy uses a loop
that, from the mill speed error (w), increases the frequency of the stator voltages
to correct the speed error due to slip (wy). Equation (21) gives the generated stator
pulsation (w;) [23].

O =0y —® (21)

The three voltages (i =1, 2, 3), generated from the frequency, are given by equa-
tion (22).

AAEY/ i—1
V, :[M(fn—f)+V0]sin[27rft—2u7z) (22)
(fn - fO) 3
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The generated voltages (Vi) and pulsations (ws) are the input variables of the

SVM (support vector machines) command.

3.5.2. Vector Control
The vector control technique is based on the orientation of the flux in the ma-
chine, at the stator, rotor or in the air gap, along one of the two axes (d) or (q)
[24]. Therefore, the control of the currents along the d axis determines the mag-
netic state of the machine, while the control of the currents along the q axis pro-
vides us with the necessary torque [23] [24].

The equation that shows the relationship between the flux &J, and the current
iy is:

Con =k,

M. dg, 1 o (23)

T dt T "

r r

It is observed that the direct stator current component iy determines the rotor
flux amplitude, while the quadratic stator current component iy, determines the
torque.

1) Cruise control settings

The speed control chain can be schematically represented in (Figure 9) below
[25]:

CI
Q(S)ref Q( )
C(s) G(s) P
o 8(5) Cem |
Figure 9. Speed control with a PI corrector.
N R
o K 24
2& f+ Kp ( )
P K,=2¢lo, - f
w .

n 1

T._w = 0.1; % Response time at 5% of speed

wi_T:_w = 3% The settings for speed

Kiw=wn2*]

K, w = (2*x; * K_w)/wn) — £,

2) Flow Regulator Settings

To ensure the proper operation of the machine, the total flux must be kept con-
stant at its nominal value during speed variations or application of charge addi-
tives [24] [25].

The block diagram is given by (Figure 10):
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or y Isd M or
kp + = Y
+{ S 1+TrS

Figure 10. Flow control loop.

SK,, K,
T
AG(s)= r (25)
L K +1 )
SZ.+S( m P j+L’“K'
TI' TI’

For the control of the closed-loop system, it is necessary to carefully choose the
coefficients K; et K . The transfer function of a closed-loop system of order 2 is
given by [16] [25].

LK, +1 1(2Lp
T—:2p Kp:L_( Rr _1]
Lr K ’ 2Lr 2 20)
m i :2p2 Ki — 4
T, Rr

T,_flux = 0.01; % Response time for the flow
% Parameters for the stream

Ki_phi=1/(Ly * T;_flux)

K,_phi = (Lr/Rr) * K;_phi

3.6. Simulation Results and Discussion

Scalar Command

L g
no data yet| > D
NP

Inverter b

w Speed

Asynchronous
= Ve Ve  machine model

Va-Vit-Ca

D

Tu

PV+ Chopper boost

Figure 11. System model with scalar control on Matlab Simulink.
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Figure 11 illustrates the configuration of the system integrating a solar panel (PV),
a chopper, an inverter, a Solar Powered Motor (SPM) with its load (mill). This
system is driven by a scalar control strategy [16].

The modeling and implementation of the scalar control strategy was carried out
using Matlab/Simulink. This approach allowed to simulate the system, and the
results were obtained by running the simulation of the model with the parameters
that will be provided in the Appendix.

4. Discussion 1

During start-up, oscillations of the electromagnetic torque are observed due to the
modulation (Transient) and harmonics carried by the inverter output signal dur-
ing the start-up phase, then it decreases to an almost zero value from 0 to 3 s which
corresponds to the no-load operation of the MAS, the electromagnetic torque
therefore reaches a value and then follows its setpoint. It continues with less sig-
nificant oscillations due to modulation around an average value corresponding to
friction losses and ventilation. These oscillations then stabilize according to the
value of the resistive torque Cr with a progressive and regressive application of the
load (as illustrated in Figure 12).

300

250

200

Speed (rd/s) 150
100

50

_ Time_(s)

Figure 12. Mill speed characteristic.

10 r
: W=l
8 i
7 -
6 I
zs .
3 _— -
2 -
1 -

0 . . . .
0 1 2 3 4 5 6 7 8

Time (s)

Figure 13. Characteristic of the variation of the resistive torque and the electromagnetic

torque.

The simulation undertaken involves the application of a variable load profile

that is representative of the resistive torque of the machine. For ®,; =314rd /s
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and a C, variable applied at timest=3s,t=>5sand t = 9 s we see that the elec-
tromechanical torque and the speed follow their reference value regardless of the
value of the resistive torque applied (as illustrated in Figure 13).

The application of the variable load torque slightly reduces the rotation speed,
which returns to its set value after a short time by the effect of the scalar control,

hence a regulation perfectly ensured by the PI correctors

DFOC Vector Control

Figure 14 illustrates the configuration of the system integrating a solar panel (PV),
a chopper, an inverter, a Solar Powered Motor (SPM) with its load (mill). This
system is driven by a FOC (field oriented control) control strategy.

W

»isI Lalphap
ViV (
B Inverter " I el
B Asyn- i
Ve chronous
e machine
model 4
Flow  ropsq MOULN cef—bier
7 B F] : | a ‘-]DI
¥
PV+ Chopper boost 3 x 5 5
T t
Figure 14. System model with vectorial control on Matlab Simulink.
350 . v - - . v v
\ W
300 —¥
250
= 200
&
= 150
100
50 |
0
0 1 2 3 4 5 6 7 8
Speed (s)

Figure 15. Mill speed characteristic.

The model creation and implementation of the FOC (Field Oriented Control)
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control strategy were performed using Matlab/Simulink. This method was used to
simulate the system and the results were obtained by running the model simula-

tion.

—
Cr

Ce (N.m)
S N B O o
7

6
Speed (s)

Figure 16. Characteristic of the variation of the resistive torque and the electromagnetic
torque.

5. Discussion 2

During startup, electromagnetic torque oscillations are observed due to modula-
tion (Transient) and harmonics carried by the inverter output signal during the
startup phase. It continues with less significant oscillations due to modulation
around an average value corresponding to friction losses. These oscillations then
stabilize from 0 to 3 s which corresponds to the no-load operation of the MAS and
depending on the value of the resistive torque Cr with a progressive application of
the load at time t = 5 s and at time t = 9 S corresponds to disturbances of variable
load torque C,, = 9.5 Nm and 6 Nm the torque undergoes a transaction peak
when switching from one mode to another, then regains its value without error.
This results in a gradual variation of the electromagnetic torque, in relation to the
resistive torque.

The results obtained also demonstrate that, despite any variation in the load,
the speed remains constant at 3000 rpm, which is equivalent to 325 rad/s as shown
in (Figure 15). We also note that the system responds positively to this variation
in the load, the speed perfectly follows its new reference with a small overshoot
due to the PI regulator and it quickly reaches its setpoint during the start-up phase
without the application of a load and during the progressive application at time t
=3 sand at time t = 5 s corresponds to disturbances of variable load torque C,
=0.4 Nm and 9.5 Nm and regressive load at timet=9sof C, 6N, it undergoes
a small attenuation which disappears thereafter to regain its imposed value with
good dynamics . This means that the regulation is robust from the speed control
point of view. Consequently, a regulation and a pursuit of the speed is set up in a
completely effective manner.

The simulation undertaken involves the application of a variable load profile
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that is representative of the machine’s resistive torque (as illustrated in Figure 16).

Comparison of the Two Types of Orders

Scalar Vector

Rise time 248.673 ms = 0.248 s 19.254 ms = 0.019 s

Response time (Step Response) 829.8 ms = 0.8298 s 348 ms =0.348 s
Overshoot 9.341% 11,798%

Peak to Peak 342 352

The rotation speed of the scalar control follows the reference in regulation and in
pursuit with a rise time of 0.248 s and a response time of 0.8298 s after a transient
regime observed at the time of start-up. The speed undergoes an overshoot of
9.341% for a time of 1.7 s then it returns to its setpoint and keeps this value in
steady state until the load couples are applied, which it then regulates to return to
the setpoint again.

The response of the vector control presents good results in pursuit (precision)
of the setpoint and rejection of disturbances (Robustness) of load with an over-
shoot of 11.798%, a voltage peak of 352 V is observed then it quickly regains its
setpoint with a rise time of 0.0119 s showing the speed of the system and a re-
sponse time of 0.348 s.

To regulate the mill speed, we used both control methods: scalar control and
vector control, which provide precise control and improve energy efficiency. A
comparative study between the two methods shows that scalar control (Discussion
1), simpler and less expensive, is advantageous for a small-scale mill powered by
an asynchronous motor and a photovoltaic system. Although vector control offers
better performance (Discussion 2), its complexity and higher cost are not justified
for rural applications where scalar control effectively meets the needs. After anal-

ysis, we chose scalar control as the optimal solution.

6. Conclusion

This paper explores scalar and vector control approaches to maintain a constant
mill speed, despite variations in solar irradiance and load. Matlab-Simulink sim-
ulations confirm these results. The choice of scalar control, based on economic
and feasibility analysis, allows us to adjust the mill speed precisely, thus optimiz-
ing the quality of the final product (4800 rpm for flour, 3000 rpm for broken ce-
reals). Despite the progress made, future research could explore adaptive control
methods and the integration of machine learning to improve speed regulation and

system efficiency.
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Appendix

clear all

cle

%% Mini-grid settings

f = 50; % network frequency

Ve = 230; % Network voltage

Rrr = 0. 808; % The internal resistance of the mini-grid
Lrr = 3e-3; % The internal inductance of the network
%% Output and command parameters %%

Vsref = 565;

reference voltage

Ps = 4000; % Output power

Rch = VsrefA2/Ps; % Output resistance

Is = Ps/Vsref; % Output current

Vp=1;

Go = Vsref/Vp;

Fc = 10e 3; % Switching Frequency

Di = 1; %The current ripple

Dv = 1.5; % Voltage ripple

Lsr = Vsref/(2*Di*Fc ); % leakage inductance

C = (Ps/Vsref)/(2¥3.14*Dv*f); %Capacity

wc_i = 25005

wc_v = 10;

Tau_i =(Lsr + Lrr)/Rrr
Goi = Go/Rrr

Gov = (Rch*Ve* sqrt (2))/(4*Vsref)
Tau_v = (Rch*C)/2

% kpv = (1.14*Tau_v*wc_v — 1)/(Gov)
% kiv = (Tau_v*wc_vA2)/(Gov)

% kpi = (1.14*Tau_i*wc_i—1)/(Goi)

% kii = (Tau_i*wc_iA2)/(Goi)

Trepl = 0.001

TrepV =0.07

kpv = (Tau_v/Gov)*(1/TrepV)

kiv = (1/Gov)*(1/TrepV)

kpi = (1/Goi)*(Tau_i/Trepl)

kii = (1/Goi)*(1/Trepl)

% MACHINE PARAMETERS

Rs = 2.475; % Stator resistance

Rr = 4.446; % Rotor resistance

Ls = 270.315e-3; % Stator inductance
Lr = 270.315e-3; % Rotor inductance
Lm = 259.836e—3; % Mutual inductance

DOI: 10.4236/epe.2025.173003

53 Energy and Power Engineering


https://doi.org/10.4236/epe.2025.173003

A. Kebe et al.

= 1; % Number of Pole Pairs

J =0.023; % Moment of inertia

fr = 26e—4; % Coefficient of friction

% THE CONSTANTS

Sigma =1 — ((Lm*Lm)/(Lr*Ls));

Lss = Ls*sigma;

Tr = Lr/Rr;

%REFERENCES

Ts = 10e—4; % SVM switching period
Phi_n = 1; % Nominal flow

wref = 314; % Reference Speed

Vdc = 565; % DC bus voltage

% SYNTHESIS OF CORRECTORS FOR THE FOC
%The coefficients

wn = wn_Tr_w/Tr_w; % Clean pulsation
Tr_i = 0.00001; % Current response time
wnTrep = 3;

%Parameters for currents
Ki_i=Rs/Tr_i;

Kp_i=Lss/Tr_i;
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