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1.- Codigo del convertidor de Matlab
1.1.-Codigo del controlador

function [modulator UPl, modulator UP2Z2, modulator UP3,
SyncUP, modulator LW1l, modulator LWZ,
modulator LW3, SyncLW] = controller(V_P1l, V P2,
v P3, I P, VN1, V N2, V N3, I N)

o)

% setup ()
persistent Ts myTime w pSyncUP pSyncLW;
persistent m UP1 m UP2 m UP3 m LW1 m LW2 m LW3 swUP swLW;

persistent Nsm Vsm invVsm Vac peak Vdc half;

if (isempty (Ts))

Ts = 250e-6; % Periodo controlador 250 us
myTime = 0;

W =2 * pi * 50; % 50 Hz

Nsm = 4;

Vsm = 800;

Vac peak = 1200;

invVsm =1 / Vsm;

Vdc _half = Nsm * Vsm / 2;

—
~e

pSyncUP
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m UP1
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m LWl
m LW2 =
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% loop ()
% Actualizacidén del tiempo
myTime = myTime + Ts;

% Generar seflal de sincronizacion
for 1 = 1:3
if (swUP (1) == 0)
if (pSyncUP (i) >
pSyncUP (i) =

1)
0;
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else

pSyncUP (i) = pSyncUP (i) -1;
end
else
if (pSyncUP (i) < -1)
pSyncUP(i) = 0;
else
pSyncUP (i) = pSyncUP (i) + 1;
end

end

if (swLW (i) == 0)
if (pSyncLW (i) > 1)

pSyncLW (i) = 0;
else
pSyncLW (i) = pSyncLW (i) -1;
end
else
if (pSyncLW (i) < -1)
pSyncLW (i) = 0;
else
pSyncLW (i) = pSyncLW (i) + 1;
end

end

o)

end % for sefial sincronizacidn

SyncUP = pSyncUP;
SyncLW pSyncLW;

% 1. Consolidacidén del estado de los polos
% Rama superior
for 3 = 1:3

if swUP(3) == % se hizo un off en el periodo
% el que no sea 1.0 que sea 0.0
if § ==
for i=1:4
if (m UPL(1i) < 1.0)
m UPL(i) = 0.0;
end
end
elseif j == 2
for i=1:4
if (m UP2(1i) < 1.0)
m UP2(i) = 0.0;
end
end
else 5 J = 3
for i=1:4
if (m UP3(i) < 1.0)
m UP3(1) = 0.0;

anterior

s L




end

end
end
else % el que no sea 0.0 que sea 1.0 (hubo un ON)
if j ==
for i=1:4
if (m UPL(i) > 0.0)
m UPL (1) = 1.0;
end
end
elseif j == 2
for i=1:4
if (m UP2(i) > 0.0)
m Ur2(i) = 1.0;
end
end
else 5 jJ = 3
for i=1:4
if (m UP3(i) > 0.0)
m UP3(i) = 1.0;
end
end
end
end
end
% Rama inferior
for j = 1:3
if swLW(j) == 0 % se hizo un off en el periodo anterior
% el que no sea 1.0 que sea 0.0
if j ==
for i=1:4
if (m LWl(i) < 1.0)
m LWL(i) = 0.0;
end
end
elseif j == 2
for i=1:4
if (m LW2(i) < 1.0)
m LW2 (i) = 0.0;
end
end
else 5 jJ = 3
for i=1:4
if (m LW3 (i) < 1.0)
m LW3(i) = 0.0;
end
end
end
else % hubo un ON % el que no sea 0.0 que sea 1.0
if j ==
for i=1:4
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if (m LWl(i) > 0.0)
m LWL (i) = 1.0;
end
end
elseif j == 2
for i=1:4
if (m LW2(i) > 0.0)
m LW2 (i) = 1.0;
end
end
else % 7 = 3
for i=1:4
if (m LW3(i) > 0.0)
m LW3(i) = 1.0;
end
end
end
end
end
% 2. Calculo del estado final del periodo de muestreo

anterior
% Rama superior

N activasUPl = m UPI1(1l) + m UP1(2) + m UP1(3) + m UPIL(4);
N activasUP2 = m UP2(l) + m UP2(2) + m UP2(3) + m UP2(4);
N activasUP3 = m UP3(l) + m UP3(2) + m UP3(3) + m UP3(4);
% Rama inferior

N activasLWl = m LWL (1) + m LWI(2) + m LW1(3) + m LWI(4);
N activasLW2 = m LW2 (1) + m LW2(2) + m LW2(3) + m LW2(4);
N activasLW3 = m LW3(l) + m LW3(2) + m LW3(3) + m LW3(4);

o°

3. Generacidn de las sefiales moduladoras (valor de 0.0 a

4.0)

% Rama superior

m Pl = invVsm * (Vdc half - Vac peak * sin (w * myTime));
m P2 = invVsm * (Vdc half - Vac peak * sin (w * myTime -
2/3*pi));

m P3 = invVsm * (Vdc_half - Vac peak * sin (w * myTime -
4/3*pi));

% Rama inferior

m N1 = invVsm * (Vdc half + Vac peak * sin (w * myTime));
m N2 = invVsm * (Vdc half + Vac peak * sin (w * myTime -
2/3*pi));

m N3 = invVsm * (Vdc half + Vac peak * sin (w * myTime -
4/3*pi));
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% 4. Calculo de moduladoras para el periodo de muestreo
actual

% Rama superior

residuo P1 = m P1 - floor(m P1);
residuo P2 = m P2 - floor(m P2);
residuo P3 = m P3 - floor(m P3);
% Rama inferior

residuo N1 = m N1 - floor(m NI);
residuo N2 = m N2 - floor(m N2);
residuo N3 m N3 - floor(m N3);

% 5. Seleccidn de las celdas gque deben ser insertadas o
retiradas
o)

% FASE 1 Rama superior
if (m P1 < N activasUPI1) % debe haber OFF (o doble OFF)

while (m_ Pl < N activasUPIl) %hace OFF una o varias veces
swUP (1) = 0;

if (I_P(1) > 0)

pos_ P1 maxV(l, V_P1l, m UPIL);
else 5 I P 0

pos Pl = minV (1, V_P1, m UPIL);
end

A

if (pos_P1 > 0)

m UPI (pos_Pl) = residuo_ PI1l;
end
N activasUPl = N _activasUPl - 1;
residuo Pl = 0;
end
else % debe haber ON (o doble ON)

while (m_ Pl > N activasUPIl)% hace ON una o varias veces
swUP (1) = 1;

if (I_P(1) > 0)

pos P1 minV (0, V_P1, m UPIL);
else 5 I P 0

pos Pl = maxvV (0, V_P1, m UPIL);

A

end
if (pos_P1 > 0)

m UPl (pos Pl) = residuo P1;
end
N activasUPl = N activasUPl + 1;
residuo Pl = 1;

end
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end

% FASE 1 Rama inferior
if (m N1 < N activasLWl) % debe haber OFF (o doble OFF)

while (m N1 < N activasLWl) $hace OFF una o varias veces
swLW (1) = 0;

if (I N(1) > 0)

pos N1 = maxV (1, V. N1, m LWl);
else ¥ I N < O

pos N1 = minV (1, V N1, m LWIL);
end

if (pos N1 > 0)

m LWL (pos N1) = residuo NI1;
end
N activasLWl = N activasLWl - 1;
residuo N1 = 0;
end
else % debe haber ON (o doble ON)

while (m_N1 > N activasLWl)% hace ON una o varias veces
swILW(l) = 1;

if (I_N(1) > 0)

pos N1 = minvV (0, V N1, m LWIL);
else $ I N < O

pos N1 = maxV (0, V. N1, m LWl);
end

if (pos N1 > 0)
m LWl (pos N1) = residuo NI1;

end

N activasLWl

= N activasLWl + 1;
residuo N1 = 1;

end
end

% FASE 2 Rama superior
if (m P2 < N activasUP2) % debe haber OFF (o doble OFF)

while (m P2 < N activasUP2) shace OFF una o varias veces

swUP (2) = 0;
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if (I_P(2)
pos P2
else 5 I P
pos P2
end

\Y%

0)
maxV(l, V_ P2, m UP2);
0
minVv(l, V_ P2, m UP2);

A

if (pos P2 > 0)

m UP2(pos_P2) = residuo P2;
end
N activasUP2Z = N activasUP2 - 1;
residuo P2 = 0;
end
else % debe haber ON (o doble ON)

while (m P2 > N activasUP2)% hace ON una o varias veces
swUP(2) = 1;

if (I_P(2) > 0)

pos P2 = minVv (0, V P2, m UP2);
else 5 I P <O

pos P2 = maxV (0, V_ P2, m UP2);
end

if (pos_P2 > 0)

m UP2(pos_P2) = residuo P2;
end
N activasUPZ = N activasUPZ + 1;
residuo P2 = 1;

end
end

% FASE 2 Rama inferior
if (m N2 < N activasLW2) % debe haber OFF (o doble OFF)

while (m N2 < N activasLW2) thace OFF una o varias veces
swLiW(2) = 0;

if (I_N(2) > 0)

pos N2 = maxV (1, V. N2, m LW2);
else 5 I N < O

pos N2 = minV (1, V N2, m LW2);
end

if (pos N2 > 0)

m LW2 (pos N2) = residuo N2;
end
N activasLWZ = N activasLW2 - 1;
residuo N2 = 0;



end
else % debe haber ON (o doble ON)

while (m N2 > N activasLW2)% hace ON una o varias veces
swLW (2) = 1;

0)

minV (0, V N2, m LWZ2);

0
maxV (0, V_N2, m LW2);

if (I _N(2)
pos N2
else 5 I N
pos N2
end

A Vv

if (pos N2 > 0)
m LW2 (pos N2) = residuo N2;
end

N activasLWZ2

= N activasLWZ + 1;
residuo N2 = 1;

end
end

% FASE 3 Rama superior
if (m P3 < N activasUP3) % debe haber OFF (o doble OFF)

while (m_P3 < N activasUP3)%hace OFF una o varias veces
swUP(3) = 0;

if (I_P(3) > 0)

pos P3 = maxV (1, V_P3, m UP3);
else 5 T P <0
pos P3 = minV (1, V_P3, m UP3);

end

if (pos P3 > 0)

m UP3(pos_P3) = residuo_ P3;
end
N activasUP3 = N _activasUP3 - 1;
residuo P3 = 0;
end
else % debe haber ON (o doble ON)

while (m P3 > N activasUP3)% hace ON una o varias veces
swUP(3) = 1;
if (I _P(3) > 0)

pos P3 = minV (0, V_P3, m UP3);
else 5 I P <0
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end
end

pos P3 = maxV (0, V_P3, m UP3);

end
if (pos_P3 > 0)

m UP3(pos P3) = residuo P3;
end
N activasUP3 = N activasUP3 + 1;
residuo P3 = 1;

% FASE 3 Rama inferior
if (m N3 < N activasLW3) % debe haber OFF (o doble OFF)

while (m N3 < N activasLW3) $hace OFF una o varias veces

end

else

swLW(3) = 0;

0)
maxV(l, V N3, m LW3);
0
minV(l, V N3, m LW3);

if (I_N(3)
pos N3
else 5 I N
pos N3
end

A1V

if (pos N3 > 0)
m LW3(pos N3) = residuo N3;
end

N activasLW3 = N activasLW3 - 1;
residuo N3 = 0;

% debe haber ON (o doble ON)

o

while (m N3 > N activasLW3)% hace ON una o varias veces

end

swLW (3) = 1;

if (I_N(3) > 0)

pos N3 = minV (0, V_ N3, m LW3);
else 5 I N < 0
pos N3 = maxV (0, V N3, m LW3);

end

if (pos N3 > 0)

m LW3 (pos N3) = residuo N3;
end
N activasLW3 = N activasLW3 + 1;
residuo N3 = 1;
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end

% 6. Generacidédn de salidas
% Rama superior
modulator UPl =
modulator UP2 =

[m UP1(1) m UP1(2)
[m UP2(1) m UP2(2)

modulator UP3 = [m UP3(1) m UP3(2)

Q

% Rama inferior
modulator LWl =

[m LWI1(1l) m LWl(2)

modulator LWZ = [m LW2 (1) m LWZ2(2)
modulator LW3 = [m LW3 (1) m LW3(2)

end %$function

function pos = maxV(insertadas,
pos=0;

maxValue = -10000;

if S(1) == insertadas

if V(1) > maxValue
maxValue = V(1);
pos = 1;
end
end
if S(2) == insertadas
if V(2) > maxValue
maxValue = V(2);
pos = 2;
end
end
if S(3) == insertadas
if V(3) > maxValue
maxValue = V(3);
pos = 3;
end
end
if S(4) == insertadas
if V(4) > maxValue
$ maxValue = V4;
pos = 4;
end
end

[

end $ maxV
function pos = minV(insertadas,

pos=0;

v,

v,

m UP1(3) m UP1(4)];
m UP2(3) m UP2(4)];
m UP3(3) m UP3(4)];

m LWl (3) m LWl (4)];
m LW2(3) m LW2(4)];
m LW3(3) m LW3(4)];

S)
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minValue = 10000;
if S(1) == insertadas
if V(1) < minValue
minValue = V(1);
pos = 1;
end
end
if S(2) == insertadas
if V(2) < minValue
minValue = V(2);
pos = 2;
end
end
if S(3) == insertadas

if V(3) < minValue

end
end
if S (4)

minValue = V(3);
pos = 3;

== jinsertadas

if V(4) < minValue

end
end

o)

end % mi

pos = 4;

nv
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1.2.-Codigo de un generador de PWM

function [S1, S2, S3, S4] = pwm gen (modulator,

persistent carrier step oldSync;

if ( isempty(carrier) )
carrier = 249.5; % 0.5;
step = -1;  +1;
oldSync = 0;

end

o)

% Generacidédn de la portadora
carrier = carrier + step;

0\©

if (Sync < oldSync) 250us subiendo
carrier = 0.5;
step = +1;

end

if (Sync > oldSync)
carrier = 249.5;
step = -1;

end

o\°

250us bajando

oldSync = Sync;

o)

% Generacidn de la salida PWM

if (modulator (l) * 250 < carrier)
S1 = 0;

else
S1 = 1;

end

if (modulator (2) * 250 < carrier)
S2 = 0;

else
S2 = 1;

end

if (modulator (3) * 250 < carrier)
S3 = 0;

else
S3 = 1;

end

if (modulator (4) * 250 < carrier)
S4 = 0;

else
sS4 = 1;

end

Sync)
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end %$function
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2.- Cadigo del bloque RCPcore

2.1.-Global

// Global

#define TPWM 400

#pragma GETTIME OFF
#define MMC PROMEDIADO
#define MMC REALISTA
#define MMCO1l SLAVE
#define MMCO1 MASTER
#define UP A 1 1

#define UP A 2 2

#define UP A 3 3

#define UP_A 4 4

#define LW A 1 5

#define LW A 2 6

#define LW A 3 7

#define LW A 4 8

#define UP B 1 9

#define UP_B 2 10

#define UP B 3 11

#define UP B 4 12

#define LW B 1 13

#define LW B 2 14

#define LW B 3 15

#define LW B 4 16

#define UP_C 1 17

#define UP_C 2 18

#define UP_C 3 19

#define UP_C 4 20

#define LW C 1 21

#define LW C 2 22

#define LW C 3 23

#define LW C 4 24

#define DUTYCYCLE 1 temp 1
#define DUTYCYCLE 2 temp 2
#define DUTYCYCLE 3 temp 3
#define DUTYCYCLE 4 temp 4
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#define
#define
#define

#define
#define
#define
#define
#define
#define

// Para el calculo de la tensidén de cada rama del convertidor

V_ A REF temp 3
V_B REF temp 4
V_C REF temp 5

ESTADO ACTUAL A UP temp 1

ESTADO ACTUAL
ESTADO_ ACTUAL

B UP temp 2
C UP temp 3

ESTADO ACTUAL A LW temp 4

ESTADO ACTUAL
ESTADO_ACTUAL

promediado

#define
#define
#define
#define
#define
#define

// Variables corrientes circulantes

#define
#define
#define
#define

V_A UP PROMED
V_B _UP_PROMED
V_C_UP_PROMED
V_A LW _PROMED
V_B_LW_PROMED
V_C_LW_PROMED

IZ A temp 1
IZ B temp 2
Iz C temp 3
IZ temp 4

#ifdef MMC REALISTA

#define
#define
#define
#define
#define
#define

#define
#define
#define

#define
#endif

I UP A MMCO1
I LW A MMCO1
I _UP B MMCO1
I LW B MMCO1
I _UP C MMCO1
I LW C MMCO1
V_A GRID MMCO1
V_B_GRID MMCO1
V_C_GRID MMCO1

VDC_MMCO1

#ifdef MMC PROMEDIADO

#define
#define
#define
#define
#define
#define

I _UP A MMCO2
I LW A MMCO2
I_UP_B MMCO2
I_LW B _MMCO2
I _UP C MMCO2
I_LW_C_MMCO2

B LW temp 5
C LW temp 6

temp 1
temp 2
temp 3
temp 4
temp 5
temp 6

readAO
readAO

readAO (7)
readAO (8)
readAO (9)

readAO (10)
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#define
#define
#define

#define
#endif

#define

#define
#define

#define
#define

#define

V_A GRID MMC02 readAO(17)
V_B GRID MMC02 readAO (18)
V_C GRID MMCO02 readAO(19)
vDC MMCO2 readAO (20)
V_DC HALF 1600

INSERTED 1

BYPASS 0

INV_PERIOD 5000 // 1/200us
FREC REF

WXL EQ MMCO1l 0.39269908 // W

0.5 * Larm

#define WXL EQ MMCO2 0.39269908 // W

0.5 * Larm

#define

// cte Ts/(n°celdas*Csm) ;

#ifdef MMC REALISTA

#define
#define

#define
#define

#define
#define
#endif

K TS CSM

314.1592654 // 2 x pi x 50

0.0016666666666
n°celdas=4

KP_SYNC MMCO1 1
TS KI_SYNC MMCO1l 0.02

KP_IODQ MMCO1 0.2

TSXKI IODQ MMCOL1 O.

KPV_DC_MMCO1
TSKIV_DC_MMCOl 0.

0012

#ifdef MMC PROMEDIADO

#define
#define

#define
#define

#define
#define
#endif

#define
#define

#define

KP_SYNC_MMCO02

TS KI_SYNC MMCO02 0.02

KP_TODQ MMCO02
TSXKI_IODQ MMCO02 0

KPV_DC_MMCO02
TSKIV_DC_MMCO2

PI_LIMIT A

PERIODO

P REF

0.2

(@)

.6
.0025

(@]

2*pi*50;

2*pi*50;

Leg

Leg

Lo

Lo

SOLO EN PROMEDIADO

002 // Ts * Ki iod // 200us

.002 // Ts * Ki iod // 200us

666 // 1000kw / 200v / 1.5 +20%

200e-6;

-1000000



//

// Para la lectura de variables

//

double
double

double
double

double
double

mmcOl phA Vup[4];
mmcOl phA Vliw[4];

mmcOl phB Vup([4];
mmcOl phB V1iw[4];

mmcOl phC Vup([4];
mmcOl phC Vliw[4];

// Variables temporales

double

//

temp 1, temp 2, temp 3, temp 4, temp 5, temp 6;

// Global variables

//

int syncP, syncN;

double
double

double
double

double

double

double

double

double

double
double

Va up ref, Vb up ref, Vc up ref;
Va 1w ref, Vb 1w ref, Vc lw ref;

Vdc_ ref;
integralvdc;

Vcond UP A 1, Vcond UP A 2, Vcond UP A 3,
Vcond UP A 4, Vcond LW A 1, Vcond LW A 2,
Vcond LW A 3, Vcond LW A 4;

Vcond UP B 1, Vcond UP B 2, Vcond UP B 3,
Vcond UP B 4, Vcond LW B 1, Vcond LW B 2,
Vcond LW B 3, Vcond LW B 4;

Vcond UP C 1, Vcond UP C 2, Vcond UP C 3,
Vcond UP C 4, Vcond LW C 1, Vcond LW C 2,
Vcond LW C 3, Vcond LW C 4;

porcentaje A UP, porcentaje B UP, porcentaje C UP,
porcentaje A LW, porcentaje B LW, porcentaje C LW;

V_A UP ave, V B UP ave, V C UP ave, V A LW ave,
V. B LW ave, V C LW ave;

TupA, IupB, IupC;
IlwA, IlwB, IlwC;

24



//
// Variables de sincronizacidédn con la RED

//

double V d ref, V g ref, integral Vqg;
double theta;

double seno mmc0l, coseno mmcO1l;
double seno mmc02, coseno mmc02;
double w;

double Io d, Io g;

double To d ref, Io g ref;

double integral Tod, integral Tog;
double Vo d ref conv, Vo g ref conv;

//
// Temporales para operar por fallos del
compilador/optimizador

//

int pos;
int ESTADO PREVIO;
double pos vector;

//

// Variables vectoriales

//

double pS mmc01([25];
double dutyCycle mmc01[25];
double valores mmc01[12];

double pS mmc02[25];
double dutyCycle mmc02[25];
double valores mmc02[12];

double fuente externa UP[3];
double fuente externa LW[3];

//
// Funciones para calcular posiciones de Vmin, Vmax

//

int posVmin (int estado buscado, double Vcond 1,
double Vcond 2, double Vcond 3,
double Vcond 4, double pS 1, double pS 2,
double pS 3, double pS 4)

{

double Vmin;



Vmin = 1600;

int pos;

pos = -1;

if ((pS_1 == estado buscado) && (Vcond 1 < Vmin)) {
pos = 0;

Vmin = Vcond 1;

}

if ((pS_2 == estado buscado) && (Vcond 2 < Vmin)) {
pos = 1;
Vmin = Vcond 2;

}

if ((pS_3 == estado buscado) && (Vcond 3 < Vmin)) {
pos = 2;
Vmin = Vcond 3;

}

if ((pS 4 == estado buscado) && (Vcond 4 < Vmin)) {
pos = 3;
//Vmin = Vcond 4;

}

return pos;

}

int posVmax (int estado buscado, double Vcond 1,
double Vcond 2, double Vcond 3,
double Vcond 4, double pS 1, double pS 2,
double pS 3, double pS 4)

{

double Vmax;

Vmax = -1600;

int pos;

pos = -1;

if ((pS_1 == estado buscado) && (Vcond 1 > Vmax)) {
pos = 0;

Vmax = Vcond 1;

}

if ((pS_2 == estado buscado) && (Vcond 2 > Vmax)) {
pos = 1;

Vmax = Vcond 2;

}

if ((pS 3 == estado buscado) && (Vcond 3 > Vmax)) {

pos = 2;



Vmax = Vcond 3;

}

if ((pS_4
pos = 3;
//Vmax =

}

return po

}

== estado buscado)

Vcond 4;

Sy

&&

(Vcond 4 > Vmax))

{
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2.2.-Setup

// Setup

Vuz = 0;

Vvz = 0;

Vwz = 0;

Vxz = 0;

syncP = 1;

syncN = 0;

// setup() ciclo de servicio mmcOl
dutyCycle mmcO1[UP A 1] = O;
dutyCycle mmcOl[UP A 2] = 1;
dutyCycle mmcOl[UP A 3] = 0;
dutyCycle mmcO1[UP A 4] = 1;
dutyCycle mmcOl[LW A 1] = 0;
dutyCycle mmcOl[LW A 2] = 1;
dutyCycle mmcOl[LW A 3] = 0;
dutyCycle mmcOl[LW A 4] = 1;
dutyCycle mmcOl[UP B 1] = 0;
dutyCycle mmcO1[UP B 2] = 1;
dutyCycle mmcOl[UP B 3] = 0;
dutyCycle mmcOl[UP B 4] = 1;
dutyCycle mmcOl[LW B 1] = 0;
dutyCycle mmcOl[LW B 2] = 1;
dutyCycle mmcOl[LW B 3] = O;
dutyCycle mmcOl[LW B 4] = 1;
dutyCycle mmcO1[UP C 1] = O;
dutyCycle mmcOl[UP C 2] = 1;
dutyCycle mmcO1[UP C 3] = O;
dutyCycle mmcO1[UP C 4] = 1;
dutyCycle mmcOl[LW C 1] = O;
dutyCycle mmcOl[LW C 2] = 1;
dutyCycle mmcOl[LW C 3] = 0;
dutyCycle mmcOl[LW C 4] = 1;
// setup() ciclo de servicio mmc02
dutyCycle mmcO2[UP A 1] = 0;
dutyCycle mmcO2[UP A 2] 1;
dutyCycle mmcO2[UP A 3] = 0;
dutyCycle mmcO2[UP A 4] 1;
dutyCycle mmcOZ2[LW A 1] = 0;
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dutyCycle mmcO2[LW A
dutyCycle mmcO2[LW A
dutyCycle mmcO2[LW A

dutyCycle mmc02
dutyCycle mmc02
dutyCycle mmc02
dutyCycle mmc02

"U"U

[UP
[UP
[UP
[UP

dutyCycle mmc02
dutyCycle mmc02
dutyCycle mmc02

L
L
L
dutyCycle mmcO2[L

[
[
[
[

dutyCycle mmcO02 [
dutyCycle mmcO02 [
dutyCycle mmcO2 [
dutyCycle mmcO02 [
dutyCycle mmc02
dutyCycle mmc02
dutyCycle mmc02
dutyCycle mmc02

S 2 S

L
L
L
L

E

[
[
[
[

// setup ()
pS mmcOl[UP A 1] =
pS mmcOl[UP A 2]
pS mmcOl[UP A 3] =
pS mmcOl[UP A 4]

"U

pS mmcOl1
pS mmcO1
pS mmcOl1
pS mmcOl

= = =
> >|>

L_
L_
L
L

[ W T W}

1
2
A 3
WA 4

—/ /o

o

pS mmcOl
pS mmcOl1
pS mmcO1
pS mmcOl

o
e

1
2
3

4

o |
IUj vy UjIUj

U
U_
U_
U

— — — —
o

pS mmcO1
pS mmcOl
pS mmcO1

]
]
]
pS mmcO1 ]

1

B 2
3

4

pS mmcO1
pS mmcOl
pS mmcOl
pS mmcO1

pS mmcOl[LW C 1] =

U —
UP_
U
U

estado polos
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pS mmcOl [LW
pS mmcOl [LW
pS mmcOl [LW

// setup () estado polos mmc02
pS mmcO2[UP A 1] = 0;
pS mmcO2[UP A 2] = 1;
pS mmcO02[UP A 3] = 0;
pS mmcO02[UP A 4] = 1;
pS mmcO2[LW A 1] = 0;
pS mmcO2[LW A 2] = 1;
pS mmcO2[LW A 3] = 0;
pS mmcO2[LW A 4] = 1;
pS mmcO2[UP B 1] = O;
pS mmcO2[UP B 2] = 1;
pS mmcO02[UP B 3] = 0;
pS mmcO2[UP B 4] = 1;
pS mmcO2[LW B 1] = 0;
pS mmcO2[LW B 2] = 1;
pS mmcO2[LW B 3] = 0;
pS mmcO2[LW B 4] = 1;
pS mmcO2[UP C 1] = O;
pS mmcO2[UP C 2] = 1;
pS mmcO02[UP C 3] = 0;
pS mmcO2[UP C 4] = 1;
pS mmcO2[LW C 1] = 0;
pS mmcO2[LW C 2] = 1;
pS mmcO2[LW C 3] = 0;
pS mmcO2[LW C 4] = 1;
V_ A UP ave = 800;

V_ B UP ave = 800;

V_C UP ave = 800;
V. A LW ave = 800;
V. B LW ave = 800;

V. C LW ave = 800;

theta = 0;
seno_mmcO1
coseno _mmcO01
seno_mmc02
coseno_mmc02

integral Vg

sin (theta);
cos (theta) ;
= sin (theta) ;
cos (theta) ;

0;



w = 0;
Vdc _ref = 3200;

Io d ref = 0;
Io g ref 0;

integralvdc = 0;

integral Iod = 0;
integral TIog = 0;

valores mmcO1[7
valores mmcO1[8
valores mmcO1[9
[1
[1

O O O OO

~e

valores mmcOl1
valores mmcO1l

]
] =

R O —

valores mmcO02[7
valores mmcO02[8
valores mmc02[9
[1
[1

O O O OO

~e

valores mmc02
valores mmc02

[ G Y S g
f—
Il

fuente externa UP[O0]
fuente externa UP[1]
fuente externa UP[2]

fuente externa LWI[O0]
fuente externa LW[1]
fuente externa LW[Z]

Ne Ne N

~e

Ne Neo o

~e

//
//
//
//
//

//
//
//
//
//

integralvVvdc
theta
integralvVqg
integral Iod
integral Ioqgq

integralvdc
theta
integralvqg
integral Tod
integral Ioqg

1600;
1600;
1600;

1600;
1600;
1600;
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2.3.-Loop

// Loop

// Generar salidas de PWM sincronizadas
#ifdef  MMC REALISTA

readVector (dutyCycle mmc0Ol, 1, DUTYCYCLE 1, DUTYCYCLE 2,
DUTYCYCLE_3, DUTYCYCLE 4);

pwmConfig (UP_A 1, TPWM, syncP, DUTYCYCLE 1);
pwmConfig (UP A 2, TPWM, syncP, DUTYCYCLE 2);
pwmConfig (UP_A 3, TPWM, syncP, DUTYCYCLE 3);
pwmConfig (UP A 4, TPWM, syncP, DUTYCYCLE 4);

readVector (dutyCycle mmc0Ol, 5, DUTYCYCLE 1, DUTYCYCLE 2,
DUTYCYCLE_3, DUTYCYCLE_4);

pwmConfig (LW A 1, TPWM, syncN, DUTYCYCLE 1);
pwmConfig (LW A 2, TPWM, syncN, DUTYCYCLE 2);
pwmConfig (LW A 3, TPWM, syncN, DUTYCYCLE 3);
pwmConfig (LW A 4, TPWM, syncN, DUTYCYCLE 4);

readVector (dutyCycle mmc0Ol, 9, DUTYCYCLE 1, DUTYCYCLE 2,
DUTYCYCLE_3, DUTYCYCLE 4);

pwmConfig (UP B 1, TPWM, syncP, DUTYCYCLE 1);
pwmConfig (UP_ B 2, TPWM, syncP, DUTYCYCLE 2);
pwmConfig (UP_B 3, TPWM, syncP, DUTYCYCLE 3);
pwmConfig (UP_B 4, TPWM, syncP, DUTYCYCLE 4);

readVector (dutyCycle mmc0O1l, 13, DUTYCYCLE 1, DUTYCYCLE 2,
DUTYCYCLE 3, DUTYCYCLE 4);

pwmConfig (LW B 1, TPWM, syncN, DUTYCYCLE 1);
pwmConfig (LW B 2, TPWM, syncN, DUTYCYCLE 2);
pwmConfig (LW B 3, TPWM, syncN, DUTYCYCLE 3);
pwmConfig (LW B 4, TPWM, syncN, DUTYCYCLE 4);

readVector (dutyCycle mmcO1l, 17, DUTYCYCLE 1, DUTYCYCLE 2,
DUTYCYCLE 3, DUTYCYCLE 4);

pwmConfig (UP _C 1, TPWM, syncP, DUTYCYCLE 1);
pwmConfig (UP _C 2, TPWM, syncP, DUTYCYCLE 2);
pwmConfig (UP_C 3, TPWM, syncP, DUTYCYCLE 3);
pwmConfig (UP _C 4, TPWM, syncP, DUTYCYCLE 4);



readVector (dutyCycle mmc0Ol, 21, DUTYCYCLE 1, DUTYCYCLE 2,

DUTYCYCLE 3, DUTYCYCLE 4);

pwmConfig (LW C 1, TPWM, syncN, DUTYCYCLE 1);
pwmConfig (LW C 2, TPWM, syncN, DUTYCYCLE 2);
pwmConfig (LW C 3, TPWM, syncN, DUTYCYCLE 3);
pwmConfig (LW C 4, TPWM, syncN, DUTYCYCLE 4);

#endif // MMC REALISTA
// Definicién de variables locales
double Io a, Io b, Io c;

double Va grid mmc0l, Vb grid mmc0Ol, Vc grid mmcOl;
double Va grid mmc02, Vb grid mmc02, Vc grid mmc02;

double V dc;

#ifdef MMC PROMEDIADO

// PRIMERO: se leen las corrientes del 2° mmc
// Lectura de amperimetros del mmc02

TupA = I _UP A MMCO02;

IlwA = I LW A MMCO2;

TupB = I_UP B MMCO2;

IlwB = I LW B MMCO02;

TupC = I _UP C MMCO2;

IlwC = I_LW _C MMCO2;

// Lectura de la tensidn en continua
V_dc = VDC_MMCO02;

// Lectura tensiones red

Va grid mmcO02 = V_A GRID MMCO02Z2;
Vb grid mmc02 = V_B GRID MMCO02;
Vc _grid mmc02 V_C GRID MMCOZ;

// meter valores en vector.

writeVector (valores mmc02, 0, IupA, IlwA, IupB, IlwB,
I1lwC, V _dc);
#endif

#ifdef MMC REALISTA

// DESPUES: leer corrientes del primer mmc
TupA = I _UP A MMCO1;

IlwA = I _LW A MMCO1;

TupB = I _UP B MMCO1;

IlwB = I _LW B MMCO1;

TupC,
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TupC = I UP C MMCO1;
IlwC = I LW C_MMCO1;

// Lectura de la tensidédn en continua
V_dc = VDC MMCO1;

// Lectura tensiones red

Va grid mmc0l = V_A GRID MMCOL;
Vb grid mmc0l = V_B GRID MMCOL;
Vc grid mmcOl1 V_C GRID MMCOI;

//#endif
// Lectura tensiones de los condensadores

//#ifdef MMC REALISTA
readVector (mmcOl phA Vup, 0, Vcond UP A 1,
Vcond UP A 2, Vcond UP A 3, Vcond UP A 4);
readVector (mmcOl phA Vlw, 0, Vcond LW A 1,
Vcond LW A 2, Vcond LW A 3, Vcond LW A 4);

readVector (mmc0Ol phB Vup, 0, Vcond UP B 1,
Vcond UP B 2, Vcond UP B 3, Vcond UP B 4);

readVector (mmcOl phB Vlw, 0, Vcond LW B 1,
Vcond LW B 2, Vcond LW B 3, Vcond LW B 4);

readVector (mmcOl phC Vup, 0, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4);
readVector (mmcOl phC Vlw, 0, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4);
#endif // MMC REALISTA

/*
// Calculo de corrientes circulantes:
IZ A = 0.5 * TupA + 0.5 * IlwA;
Iz B = 0.5 * TupB + 0.5 * I1lwB;
Iz C = 0.5 * TupC + 0.5 * I1wC;

Iz = I1Z A + IZ B + IZ C;

*/

// Generacidn sefial de sincronizaciédn
syncP = syncN;

syncN = (syncN == 0);

#ifdef MMC_ REALISTA

// RECUPERAR VALORES DE INTEGRACION
readVector (valores mmcOl, 7, integralVdc, theta,
integral Vg, integral Iod, integral Ioq);



// Calculo referencia para mantener tensidén de los

condensadores

#ifdef MMCO1 SLAVE

// error = VDC - Vdc ref;

integralVdc = integralVdc + V_dc - Vdc ref;

Io d ref = KPV_DC MMCO1l * V dc - KPV_DC MMCO1l * Vdc ref +
TSKIV_DC MMCOl1l * integralVdc;

Io d ref = constrain(Io d ref, -PI LIMIT A, PI LIMIT A);

#endif

// Sincronizacion con la RED, DQ PLL

// ABC to DQ

uvw2dg (Va_grid mmcO0l, Vb grid mmcOl, Vc grid mmcOl,
seno_mmc0l, coseno mmcOl, V d ref, V g ref);

#ifdef MMCOl_MASTER
Io d ref = P REF * 0.6666666667 / V_d ref;
#endif

integral Vg = integral Vg + V g ref;

w = KP_SYNC MMCOl * V g ref + TS KI SYNC MMCOl *
integral Vg + FREC REF;

theta = theta + loopPeriod() * w;

theta = wrapToPI (theta);

// Obtener referencias para sincronizacién

seno _mmc0l = sin(theta);
coseno mmc0l = cos(theta);

// Calculos de referencias a partir de Io d Io g

Io a = TupA - IlwA;
Io b = TupB - IlwB;
Io ¢ = TupC - IlwC;

uvw2dq (Io_a, Io b, Io ¢, seno mmcOl, coseno mmcOl, Io d,
Io_q);

// errorIoD = Io d ref - Io d;

integral Iod = integral Iod + Io d ref - Io d;

Vo d ref conv = KP IODQ MMCOl * Io d ref - KP IODQ MMCO1l *
Io d + TSXKI IODQ MMCOl * integral Iod -
WXL EQ MMCO1l * Io g + V d ref;

// errorIoQ = Io g ref - Io g;
integral Iog = integral Iog + Io g ref - Io qg;
Vo g ref conv = KP IODQ MMCOl * Io g ref - KP IODQ MMCO1l *



Io g + TSXKI IODQ MMCOl * integral Iog +
WXL EQ MMCO1l * Io d + V_g ref;

dg2uvw (Vo _d ref conv, Vo g ref conv,

seno _mmcO01,

coseno mmc0l, V_A REF, V B REF, V C REF);

// Obtenciédn tensiones de referencia

(sincronizadas con la

red) superior e inferior para las celdas del MMC con 800 V
Va up ref = V DC HALF * 0.00125 - V. A REF * 0.00125;

Vb up ref = V_DC_HALF * 0.00125 - V_B REF * 0.00125;

Vc up ref = V DC HALF * 0.00125 - V.C REF * 0.00125;

Va lw ref = V_DC HALF * 0.00125 + V_A REF * 0.00125;

Vb lw ref = V _DC HALF * 0.00125 + V B REF * 0.00125;

Ve 1w ref = V_DC HALF * 0.00125 + V. C REF * 0.00125;

// Obtencién de los ciclos de trabajo de cada rama

porcentaje A UP = Va up ref -
porcentaje B UP = Vb up ref -
porcentaje C UP = Vc up ref -

porcentaje A LW =
porcentaje B LW =
porcentaje C LW =

Va 1w ref -
Vb 1w ref -
Vc 1w ref -

// Estado actual
ESTADO ACTUAL A UP

ESTADO ACTUAL B UP

ESTADO ACTUAL C UP

ESTADO_ACTUAL A LW

ESTADO_ACTUAL B LW

ESTADO_ACTUAL C_LW

pS mmcOl[UP A 1]
pS mmcOl[UP A 3]

pS mmcOl[UP B 1]
pS mmcOl1[UP B 3]

pS mmcOl[UP C 1]
pS mmcOl1[UP _C 3]
pS mmcOl[LW A 1]

pS mmcOl [LW A 3]

pS mmcOl[LW B 1]
pS mmcOl[LW B 3]

pS mmcOl[LW C 1]

floor (Va up ref);
floor (Vb up ref);
floor (Vc up ref);

floor (Va 1w ref);
floor (Vb 1w ref);
floor (Ve 1w ref);

+ pS mmcOl[UP A 2] +
+ pS mmcOl[UP A 4];

+ pS mmcOl[UP B 2] +
+ pS mmcOl[UP B 4];

+ pS mmcOl[UP C 2] +
+ pS mmcOl[UP C 4];
+ pS mmcOl[LW A 2] +

+ pS mmcOl[LW A 4];

+ pS mmcOl[LW B 2] +
+ pS mmcOl[LW B 4];

+ pS mmcOl[LW C 2] +

pS mmcO1l [LW C 3] + pS mmcOl[LW C 4];

// VOLCADO DE VALORES AL VECTOR PARA CONSERVARLOS PARA LA

PROXIMA ITERACION
writeVector (valores mmcO1,
integral Vg,

7y

integral TIod,

integralvdc, theta,
integral Ioq);
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// Eleccidédn del que cambia y asignacidén de porcentaje

// Rk I I d AR dh db ab db b b i S 2 g 4 A UP Rk I e S dh db db ab db b b i S 2 g 4

ESTADO PREVIO = ESTADO ACTUAL A UP;

dutyCycle mmcOl[UP A 1] = pS mmcOl[UP A 1];
dutyCycle mmcOl[UP A 2] = pS mmcOl[UP A 2];
dutyCycle mmcOl[UP A 3] = pS mmcOl[UP A 3];
dutyCycle mmcOl[UP A 4] = pS mmcOl[UP A 4];

while (Va up ref > ESTADO ACTUAL A UP) ({
if (IupA > 0) |
pos = posVmin (BYPASS, Vcond UP A 1,
Vcond UP_A 2 Vcond UP A 3, Vcond UP A 4,

pS mmcOl[UP A 1], pS_mchl[UP_A_Z],
pS mmcOl[UP A 3], pS mmcOl[UP A 4]);
} else {

pos = posVmax (BYPASS, Vcond UP A 1,
Vcond UP_A 2, Vcond UP A 3, Vcond UP A 4,
pS mmcOl[UP A 17, pS_mchl[UP_A_2],
pS mmcOl[UP A 3], pS mmcOl[UP A 4]);

}

if (pos >= 0){

pos_vector = UP A 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje A UP;
pS mmcO0l [pos vector] = 1;

porcentaje A UP = 1;

}
ESTADO ACTUAL A UP = ESTADO ACTUAL A UP + 1;

}
ESTADO ACTUAL A UP = ESTADO PREVIO;

while (Va up ref < ESTADO ACTUAL A UP) {
if (IupA > 0) {
pos = posVmax (INSERTED, Vcond UP A 1,
Vcond UP_A 2 Vcond UP A 3, Vcond UP A 4,

pS mmcOl[UP A 1], pS_mchl[UP_A_Z],
pS mmcOl[UP A 3], pS mmcOl[UP A 4]);
} else {

pos = posVmin (INSERTED, Vcond UP A 1,
Vcond UP_A 2 Vcond UP A 3, Vcond UP A 4,
pS mmcOl[UP A 1], pS_mchl[UP_A_Z],
pS mmcOl[UP A 3], pS mmcOl[UP A 47]);
}
if (pos >= 0){
pos_vector = UP A 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje A UP;



pS mmcOl [pos vector] = 0;
porcentaje A UP = 0;

}

ESTADO ACTUAL A UP = ESTADO ACTUAL A UP - 1;

}

// Rk I 2 e dh db db ab I b b i 2 2 g 4 B UP Rk I e e AR dh db ab db b b S 2 g 4

ESTADO PREVIO = ESTADO ACTUAL B UP;

dutyCycle mmcOl[UP B 1] = pS mmcOl[UP B 1];
dutyCycle mmcOl[UP B 2] = pS mmcOl[UP B 2];
dutyCycle mmcO1[UP B 3] = pS mmcOl[UP B 3];
dutyCycle mmcOl[UP B 4] = pS mmcOl[UP B 4];

while (Vb up ref > ESTADO ACTUAL B UP) {
if (IupB > 0) {
pos = posVmin (BYPASS, Vcond UP B 1,
Vcond UP B 2, Vcond UP B 3, Vcond UP B 4,

pS mmcOl[UP B 17, pS_mchl[UP_B_2],
pS mmcOl[UP B 3], pS mmcOl[UP B 4]);
} else {

pos = posVmax (BYPASS, Vcond UP B 1,
Vcond UP B 2, Vcond UP B 3, Vcond Up B 4,
pS mmcOl[UP B 17, pS_mchl[UP_B_2],
pS mmcOl[UP B 3], pS mmcOl[UP B 4]);

}

if (pos >= 0){

pos_vector = UP B 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje B UP;
pS mmcOl [pos vector] = 1;

porcentaje B UP 1;

}
ESTADO ACTUAL B UP = ESTADO ACTUAL B UP + 1;

}
ESTADO ACTUAL B UP = ESTADO PREVIO;

while (Vb up ref < ESTADO ACTUAL B UP) {
if (IupB > 0) {
pos = posVmax (INSERTED, Vcond UP B 1,
Vcond UP B 2, Vcond UP B 3, Vcond UP B 4,

pS mmcO1 [UP B 1], pS_mchl[UP_B_Z],
pS mmcOl[UP B 3], pS mmcOl[UP B 4]);
} else {

pos = posVmin (INSERTED, Vcond UP B 1,
Vcond UP B 2, Vcond UP B 3, Vcond UP B 4,
pS mmcOl[UP B 17, pS_mchl[UP_B_2],
pS mmcOl[UP B 3], pS mmcOl[UP B 4]);

}

if (pos >= 0){
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pos_vector = UP B 1 + pos;

dutyCycle mmcOl [pos vector] = porcentaje B UP;
pS mmcOl [pos vector] = 0;
porcentaje B UP = 0;

}
ESTADO ACTUAL B UP = ESTADO ACTUAL B UP - 1;

}

// Rl i b g g db db Ib Ib b b b b 4 db g4 C UP Rl i b g g db db Ib ab I b b b 4 db g 4

ESTADO PREVIO = ESTADO ACTUAL C UP;

dutyCycle mmcO1[UP C 1] = pS mmcOl[UP C 1];
dutyCycle mmcOl[UP C 2] = pS mmcOl[UP C 2];
dutyCycle mmcO1[UP C 3] = pS mmcOl[UP C 3];
dutyCycle mmcO1[UP C 4] = pS mmcOl[UP C 4];

while (Vc up ref > ESTADO ACTUAL C UP) {

if (IupC > 0) {
pos = posVmin (BYPASS, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcOl[UP C 1], pS mmcOl[UP C 2],
pS mmcOl[UP C 3], pS mmcOl[UP C 47]);

} else {
pos = posVmax (BYPASS, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcOl[UP C 1], pS mmcOl[UP C 2],
pS mmcOl[UP C 3], pS mmcOl[UP C 47]);

}

if (pos >= 0){
pos vector = UP C 1 + pos;
dutyCycle mmcOl [pos vector] porcentaje C UP;
pS mmcOl [pos vector] = 1;
porcentaje C UP 1;

}
ESTADO ACTUAL C UP = ESTADO ACTUAL C UP + 1;

}

ESTADO ACTUAL C UP = ESTADO PREVIO;

while (Vc up ref < ESTADO ACTUAL C UP) {

if (IupC > 0) {
pos = posVmax (INSERTED, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcOl[UP C 1], pS mmcOl[UP C 2],
pS mmcOl[UP C 3], pS mmcOl[UP C 4]);

} else {
pos = posVmin (INSERTED, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcOl[UP C 1], pS mmcOl[UP C 2],
pS mmcOl[UP C 3], pS mmcOl[UP C 4]);



}
if

(pos >= 0) {

pos _vector

dutyCycle mmcOl [pos vector]
pS mmcOl [pos vector]

porcentaje C UP

}

ESTADO ACTUAL C UP

}

= UP C 1 + pos;

ESTADO_ACTUAL C UP -

porcentaje C UP;
0;
0;

1;

// Rl i b g g db db Ib Ib b b b b 4 db g 4 A LW Rl b g g dh dh Ib Ib b b b b 4 db g 4

ESTADO PREVIO =
dutyCycle mmcOl1
dutyCycle mmcOl
dutyCycle mmcOl1
dutyCycle mmcOl1

while
if

pos

[
[
[
[

ESTADO ACTUAL A LW;

L
L
L
L

W
W
W
W

A
A
A
A

{

Vcond LW_A 2

pS mmcOl [LW
pS mmcOl [LW

} else {
pos

Vcond LW_A 2

pS mmcOl [LW
pS mmcOl [LW

}
if

(pos >= 0){

pos vector

dutyCycle mmcOl [pos vector]
pS mmcO0l [pos vector]

posVmax

(Va 1w ref > ESTADO
(I1lwA > 0)
posVmin (BYPASS,
Vcond LW A 3,
pS_mchl[LW_A_Z]
pS mmcOl [LW A 4]

(BYPASS,
Vcond LW A 3,
pS_mchl[LW_A_Z]
pS mmcOl[LW A 4]

porcentaje A LW

}

ESTADO_ACTUAL A LW

ESTADO_ACTUAL A LW

while
if

pos

{

pS mmcOl[LW A 1
pS mmcOl[LW A 2
pS mmcOl[LW A 3
pS mmcOl[LW A 4

_ACTUAL A LW) {

11,
31,

11,
31,

Vcond LW A 1,
Vcond LW A 4,

) ;

Vcond LW A 1,
Vcond LW A 4,

) ;

= LW A 1 + pos;

porcentaje A LW;
1;
1;

ESTADO ACTUAL A LW + 1;

ESTADO PREVIO;

Vcond LW_A 2

pS mmcOl [LW
pS mmcOl [LW

} else {
pos

posVmax

posVmin

Vcond LW A 2,

(Va_lw ref < ESTADO ACTUAL A LW) {
(I1wA > 0)

(INSERTED, Vcond LW A 1,

Vcond LW A 3,
pS_mchl[LW_A_2]
pS mmcOl [LW A 4]

11,
31,

Vcond LW A 4,

) ;

(INSERTED, Vcond LW A 1,

Vcond LW A 3,

Vcond LW A 4,



pS mmcOl [LW

. pS mmcOl [LW
pS mmcOl [LW .

pS_mchl[Lw:
}
if (pos >= 0){
pos _vector
dutyCycle mmcOl [pos vector]

porcentaje A LW
}

= LW A 1 + pos;
porcentaje A LW;
pS mmcOl [pos vector] = 0;

0;

ESTADO ACTUAL A LW = ESTADO ACTUAL A LW - 1;

}

// Rk I 2 S dh db Ib ab b b b b b 2b g 4 B LW Rk 2 d dh db Ib Ib b b b b b 2b g 4

ESTADO PREVIO = ESTADO ACTUAL B LW;

dutyCycle mmcOl[LW B 1] = pS mmcOl[LW B 1];
dutyCycle mmcOl[LW B 2] = pS mmcOl[LW B 2];
dutyCycle mmcOl[LW B 3] = pS mmcOl[LW B 3];
dutyCycle mmcOl[LW B 4] = pS mmcOl[LW B 4];

while (Vb lw ref > ESTADO ACTUAL B LW) {
if (I1lwB > 0) {
pos = posVmin
Vcond LW_B 2, Vcond LW B 3,
pS mmcOl [LW B 171,
pS mmcOl[LW B 3],
} else {

pPos = posVmax

(BYPASS,
Vcond

pS mmcOl[LW B 4]

(BYPASS, Vcond LW B
Vcond LW_B 2, Vcond LW B 3, Vcond
pS mmcOl [LW B 17, pS_mchl[Lw_B_2]
pS mmcOl[LW B 3], pS mmcOl[LW B 4]

}

if (pos >= 0){
pos_vector
dutyCycle mmcOl [pos vector]

Vcond LW B

pS_mchl[Lw_B_zT

1,
LW B 4,

14

) ;

1,

LW B 4,

) ;

= LW B 1 + pos;
porcentaje B LW;

pS mmcOl [pos vector] =1;
porcentaje B LW = 1;

}

ESTADO ACTUAL B LW = ESTADO ACTUAL B LW + 1;

}

ESTADO ACTUAL B LW = ESTADO PREVIO;

while (Vb lw ref < ESTADO ACTUAL B LW) ({
if (IlwB > 0) {
pos = posVmax (INSERTED, Vcond LW
Vcond LW_B 2, Vcond LW B 3, Vcond
pS mmcOl [LW B 17, pS_mchl[LW_B_Z]
pS mmcOl[LW B 3], pS mmcOl[LW B 4]
} else {

B 1,
LW B 4,

) ;
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pos = posVmin (INSERTED, Vcond LW B 1,
Vcond LW B 2, Vcond LW B 3, Vcond LW B 4,
pS mmcOl[LW B 1], pS mmcOl[LW B 2],
pS mmcOl[LW B 3], pS mmcOl[LW B 47]);

}

if (pos >= 0){

pos_vector = LW B 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje B LW;
pS mmcOl [pos vector] = 0;

porcentaje B LW = 0;

}
ESTADO ACTUAL B LW = ESTADO ACTUAL B LW - 1;

}

// Rk 2 e dh db Ib ab b b b b b 2 g 4 C LW Rk I 2 2 A dh db Ib b b b b b 2 g 4

ESTADO PREVIO = ESTADO ACTUAL C LW;

dutyCycle mmcOl[LW C 1] = pS mmcOl[LW C 1];
dutyCycle mmcOl[LW C 2] = pS mmcOl[LW C 2];
dutyCycle mmcOl[LW C 3] = pS mmcOl[LW C 3];
dutyCycle mmcOl[LW C 4] = pS mmcOl[LW C 4];

while (Vc 1w ref > ESTADO ACTUAL C LW) {

if (I1lwC > 0) {
pos = posVmin (BYPASS, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcOl[LW C 1], pS mmcOl[LW C 2],
pS mmcOl[LW C 3], pS mmcOl[LW C 4]);

} else {
pos = posVmax (BYPASS, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcOl[LW C 1], pS mmcOl[LW C 2],
pS mmcOl[LW C 3], pS mmcOl[LW C 47);

}

if (pos >= 0){

pos_vector = LW C 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje C LW;
pS mmcOl [pos vector] =1;

1;

porcentaje C LW

}
ESTADO ACTUAL C LW = ESTADO ACTUAL C LW + 1;

ESTADO ACTUAL C LW = ESTADO PREVIO;

while (Vc 1lw ref < ESTADO ACTUAL C LW) {
if (I1wC > 0) {
pos = posVmax (INSERTED, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcOl[LW C 1], pS mmcOl[LW C 2],
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pS mmcOl[LW C 3], pS mmcOl[LW C 47);

} else {
pos = posVmin (INSERTED, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcOl[LW C 1], pS mmcOl[LW C 27,
pS mmcOl[LW C 3], pS mmcOl[LW C 47]);

}

if (pos >= 0){

pos_vector = LW C 1 + pos;
dutyCycle mmcOl [pos vector] = porcentaje C LW;
pS mmcOl [pos vector] = 0;

porcentaje C LW 0;

}
ESTADO ACTUAL C LW = ESTADO ACTUAL C LW - 1;

}

#endif

//

// SEGUNDO CONVERTIDOR
//

#ifdef MMC PROMEDIADO

// RECUPERAR VALORES MEDIDOS AL INICIO Y RECORDAR VALOR DE
VARIABLES INTEGRADAS

readVector (valores mmc02, 0, IupA, IlwA, IupB, IlwB, IupC,
IlwC, V_dc, integralVdc, theta, integral Vg,
integral Iod, integral Ioq);

/*
// Calculo de corrientes circulantes:
IZ A = 0.5 * TupA + 0.5 * I1wA;
IZ B =0.5* ITupB + 0.5 * IlwB;
Iz C = 0.5 * TupC + 0.5 * I1wC;

Iz = 12 A + 1Z B + 1% C;
*/

V. A UP ave = V A UP ave + (dutyCycle mmcO2[UP A 1] +

dutyCycle mmcO02[UP A 2] + dutyCycle mmcO2[UP A 3] +

dutyCycle mmcO02[UP A 4]) * K TS CSM * IupA;

V. B UP ave = V B UP ave + (dutyCycle mmcO2[UP B 1] +

dutyCycle mmcO2[UP 2] + dutyCycle mmc0O2[UP B 3] +
U

B
dutyCycle mmcO2[UP B 4]) * K TS CSM * IupB;
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V_.C UP ave = V C UP ave +
dutyCycle mmcO2[UP 2]
dutyCycle mmcO2[UP 47)

_ (dutyCycle mmcO2[UP C 1] +
_C_ + dutyCycle mmcO2[UP C 3] +
C_ * K TS CSM * TIupC;

VA LW ave = V A LW ave +
dutyCycle mmcO2[LW A 2]
dutyCycle mmcO2[LW A 4])

(dutyCycle mmcO2[LW A 1] +
+ dutyCycle mmcOZ2[LW A 3] +
* K TS CSM * IlwA;

VB LW ave = V. B LW ave +
dutyCycle mmcO2 [LW 2]
dutyCycle mmcO2 [LW 47)

_ (dutyCycle mmcO2[LW B 1] +
B + dutyCycle mmcO2[LW B 3] +
B * K TS CSM * I1lwB;

VC LW ave = V. C LW ave + (dutyCycle mmcO2[LW C 1] +

dutyCycle mmcO2[LW C 2] + dutyCycle mmcO2[LW C 3] +
dutyCycle mmcO2[LW C 4]) * K TS CSM * IlwC;
Vcond UP A 1 = V A UP ave;

Vcond UP A 2 =V A UP ave;

Vcond UP A 3 =V A UP ave;

Vcond UP A 4 = V A UP ave;

Vcond LW A 1 = V A LW ave;

Vcond LW A 2 =V A LW ave;

Vcond LW A 3 =V A LW ave;

Vcond LW A 4 = V A LW ave;

Vcond UP B 1
Vcond UP B 2

V_B UP ave;
V_B UP ave;

Vcond UP B 3
Vcond UP B 4

Vcond LW B 1
Vcond LW B 2
Vcond LW B 3
Vcond LW B 4

Vcond UP C 1 =

Vcond UP C 2
Vcond UP C 3

Vcond UP C 4 =

Vcond LW C 1 =

Vcond LW C 2
Vcond LW C 3

Vcond LW C 4 =

V_B UP ave;
V_B UP ave;

V. B LW ave;
V. B LW ave;
V. B LW ave;
V. B LW ave;

// Calculo referencia para mantener tensidén de los
condensadores

// Si el MMCOl esta en master,
#ifdef MMCO1 MASTER

el 02 esta en slave



// error = VDC MMCO2 - Vdc ref;

integralVdc = integralVdc + V dc - Vdc ref;

To d ref = KPV_DC_MMC0O2 * V_dc - KPV_DC MMC02 * Vdc ref +
TSKIV_DC MMCO2 * integralVdc;

Io d ref = constrain(Io d ref, -PI LIMIT A, PI LIMIT A);

#endif

// Sincronizacion con la RED, DQ PLL
uvw2dg (Va_grid mmc02, Vb grid mmc02, Vc grid mmc02,
seno mmc02, coseno mmc02, V d ref, V g ref);

// Si el MMCOl esta en slave, el MMC02 esta en master
#ifdef  MMCOl SLAVE

To d ref = P REF * 0.6666666667 / V d ref;

#endif

integral Vg = integral Vg + V g ref;

w = KP_SYNC MMCO2 * V g ref + TS KI SYNC MMCO2 *
integral Vg + FREC REF;

theta = theta + loopPeriod() * w;

theta = wrapToPI (theta);

// Obtener referencias para sincronizacidn
seno mmc02 = sin(theta);

coseno mmc02 = cos (theta);

// Calculos de referencias a partir de Io d Io g

Io a = TupA - IlwA;
Io b = TupB - IlwB;
Io ¢ = TupC - IlwC;

uvw2dg (Io a, Io b, Io ¢, seno mmcO2, coseno mmcO2, Io d,
Io_q);

// errorIoD = Io d ref - Io d;

integral Iod = integral Iod + Io d ref - Io d;

Vo d ref conv = KP IODQ MMCO2 * Io d ref - KP IODQ MMCO2 *
Io d + TSXKI IODQ MMCOZ2 * integral Iod -
WXL EQ MMCOZ2 * Io g + V_d ref;

// errorIoQ = Io g ref - Io q;

integral TIog = integral Iog + Io g ref - Io g;

Vo g ref conv = KP IODQ MMCO2 * Io g ref - KP IODQ MMCO2 *
Io g + TSXKI IODQ MMCOZ * integral Iog +
WXL EQ MMCO2 * To d + V_g ref;

dg2uvw (Vo_d ref conv, Vo g ref conv, seno mmc02,
coseno mmc02, V_A REF, V B REF, V _C REF);
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// Obtencidédn tensiones de referencia (sincronizadas con la
red) superior e inferior para las celdas del MMC con 800 V

Va up ref = V DC HALF * 0.00125 - V A REF * 0.00125;
Vb up ref = V DC HALF * 0.00125 - V.B REF * 0.00125;
Vc up ref = V DC HALF * 0.00125 - V.C REF * 0.00125;
Va lw ref = V_DC HALF * 0.00125 + V_A REF * 0.00125;
Vb 1w ref = V _DC HALF * 0.00125 + V_B REF * 0.00125;
Ve 1w ref = V_DC HALF * 0.00125 + V_C REF * 0.00125;

// Obtencidén de los ciclos de trabajo de cada rama
porcentaje A UP = Va up ref - floor (Va up ref);
porcentaje B UP = Vb up ref - floor (Vb up ref);
porcentaje C UP = Vc up ref - floor (Vc up ref);

porcentaje A LW = Va lw ref - floor (Va lw ref);
porcentaje B LW = Vb lw ref floor (Vb 1w ref);
porcentaje C LW = Vc 1w ref - floor(Vc lw ref);

// Estado actual
ESTADO ACTUAL A UP

pS mmcO2[UP A 1] + pS mmcO2[UP A 2] +
pS mmcO2[UP A 3] + pS mmcO2[UP A 4];

ESTADO ACTUAL B UP

pS mmcO2[UP B 1] + pS mmcO2[UP B 2] +
pS mmcO02[UP B 3] + pS mmcO2[UP B 4];

ESTADO_ACTUAL C UP = pS mmcO2[UP _C 1] + pS mmc02[UP C 2] +

pS mmc02[UP C 3] + pS mmc02[UP C 4];

ESTADO_ACTUAL A LW = pS mmcO2([LW A 1] + pS mmcO2[LW A 2] +

pS mmcO2[LW A 3] + pS mmcO2[LW A 4];

ESTADO ACTUAL B LW = pS mmcO2[LW B 1] + pS mmcO2[LW B 2] +

pS mmcO2[LW B 3] + pS mmcO2[LW B 4];

ESTADO ACTUAL C LW

pS mmcO2[LW C 1] + pS mmcO2[LW C 2] +
pS mmcO2[LW C 3] + pS mmcO2[LW C 4];

// VOLCADO DE VALORES AL VECTOR PARA CONSERVARLOS PARA LA

PROXIMA ITERACION

writeVector (valores mmc02, 7, integralVdc, theta,
integral Vg, integral Iod, integral Ioq);

// Eleccidn del que cambia y asignacidn de porcentaje

// R e e A A dh db ab b b b i S 2 g 4 A UP R e e e A dh db ab b b b b 2 g 4

ESTADO PREVIO = ESTADO ACTUAL A UP;

a7



dutyCycle mmcO2[UP A 1] = pS mmcO2[UP A 1];
dutyCycle mmcO2[UP A 2] = pS mmcO2[UP A 2];
dutyCycle mmcO2[UP A 3] = pS mmcO02[UP A 3];
dutyCycle mmcO2[UP A 4] = pS mmcO2[UP A 4];

while (Va up ref > ESTADO ACTUAL A UP) {
if (IupA > 0) {

pos = posVmin (BYPASS, Vcond UP A 1,
Vcond UP A 2 Vcond UP A 3, Vcond Up A 4,

pS_mchZ[ 17, pS mchZ[UP A 2]
pS mmcO02[UP A 3], pS mmcO2[UP A 4]
} else {

) ;

pos = posVmax (BYPASS, Vcond UP A 1,
Vcond UP_A 2 Vcond UP A 3, Vcond UP A 4,

pS mmcO2[UP A 1], pS_mchZ[UP_A_Z]
pS mmcO02[UP A 3], pS mmcO2[UP A 4]

}

if (pos >= 0){

pos vector = UP A 1 + pos;
dutyCycle mmcO2[pos vector] = porcentaje A UP;
pS mmcO02 [pos vector] = 1;

porcentaje A UP = 1;

}

) ;

ESTADO ACTUAL A UP = ESTADO ACTUAL A UP + 1;

}

ESTADO ACTUAL A UP = ESTADO PREVIO;

while (Va_up ref < ESTADO ACTUAL A UP) {
if (IupA > 0) {

pos = posVmax (INSERTED, Vcond UP A 1,
Vcond UP_A 2, Vcond UP A 3, Vcond UP A 4,

pS mmcO02 [UP A 17, pS_mchZ[UP_A_Z]
pS mmcO02[UP A 3], pS mmcO2[UP A 4]
} else {

) ;

pos = posVmin (INSERTED, Vcond UP A 1,
Vcond UP_A 2, Vcond UP A 3, Vcond UP A 4,

pS mmcO02 [UP A 17, pS_mchZ[UP_A_2]
pS mmcO02[UP A 3], pS mmcO2[UP A 4]

}
if (pos >= 0){

pos_vector = UP A 1 + pos;
dutyCycle mmcO2[pos vector] = porcentaje A UP;
pS mmcO02 [pos vector] = 0;

porcentaje A UP = 0;

}

) ;

ESTADO ACTUAL A UP = ESTADO ACTUAL A UP - 1;

}

// Rl i 2 g db db Ib Ib b b b b 4 db dh 4 B UP Rl i i g g db db Ib Ib b b b b 4 db 4 4
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ESTADO PREVIO = ESTADO ACTUAL B UP;

dutyCycle mmcO2[UP B 1] = pS mmcO02[U
dutyCycle mmcO2[UP B 2] = pS mmcO02[UP
dutyCycle mmcO2[UP B 3] = pS mmcO2[UP
dutyCycle mmcO2[UP B 4] = pS mmcO02[U

while
if (IupB > 0) {

pos = posVmin (BYPASS,
Vcond UP B 2, Vcond UP B 3,
pS mmcO02 [UP B 17,

pS mmcO2[UP B 3],

} else {

pos = posVmax (BYPASS,
Vcond UP B 2, Vcond UP B 3,
pS mmcO02 [UP B 17,

pS mmcO2[UP B 3],

}

if (pos >= 0){
pos vector
dutyCycle mmcO2[pos vector]
pS mmcO02 [pos vector]
porcentaje B UP

}

P B
_B_

B_
P B

(Vb_up ref > ESTADO ACTUAL B UP)

{

Vcond UP B 1,

Vcond UP B 4,

pS_mchZ[UP_B_Z],
pS mmcO02[UP B 4]);

Vcond UP B 1,

Vcond UP B 4,

pS mchZ[UP B 2],
pS mmcO02[UP B 4]);

= UP B 1 + pos;

porcentaje B UP;

1;
1;

ESTADO ACTUAL B UP = ESTADO ACTUAL B UP + 1;

}
ESTADO ACTUAL B UP = ESTADO PREVIO;

while
if (IupB > 0) {
pPos = posVmax
Vcond UP B 2,

pS mmcO2[UP B 1],
pS mmcO2[UP B 3],
} else {

pos = posVmin
Vcond UP B 2,
pS mmcO02 [UP B 17,
pS mmcO2[UP B 3],

}

if (pos >= 0){
pos vector
dutyCycle mmcO2[pos vector]
pS mmcO02 [pos vector]
porcentaje B UP

}

(Vb_up ref < ESTADO ACTUAL B UP)

{

(INSERTED, Vcond UP B 1,
Vcond UP B 3, Vcond UP B 4,
pS mch2[UP B 2],

pS mmcO2[UP B 47]);

(INSERTED, Vcond UP B 1,
Vcond UP B 3, Vcond UP B 4,
pS_mchZ[UP_B_Z],

pS mmcO2[UP B 47]);

= UP B 1 + pos;

porcentaje B UP;

0;
0;

ESTADO ACTUAL B UP = ESTADO ACTUAL B UP - 1;
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// R I AR dh db ab b b b i 2 2 g 4 C UP Rk I I d dh dh db (ab db b b b S 2 g 4

ESTADO PREVIO = ESTADO ACTUAL C UP;

dutyCycle mmcO2[UP C 1] = pS mmcO2[UP C 1];
dutyCycle mmcO2[UP C 2] = pS mmcO2[UP C 2];
dutyCycle mmcO2[UP C 3] = pS mmcO2[UP C 3];
dutyCycle mmcO2[UP C 4] = pS mmcO02[UP C 4];

while (Vc up ref > ESTADO ACTUAL C UP) {
if (IupC > 0) {
pos = posVmin (BYPASS, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcO2[UP C 1], pS mmcO2[UP C 2],
pS mmcO2[UP C 3], pS mmcO2[UP C 41]);
} else {
pos = posVmax (BYPASS, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4, pS mmcO2[UP C 1],
pS mmcO02[UP C 2], pS mmcO2[UP C 3], pS mmcO2[UP C 4]);
}
if (pos >= 0){

pos vector = UP C 1 + pos;
dutyCycle mmcO02[pos vector] = porcentaje C UP;
pS mmcO02 [pos vector] = 1;
porcentaje C UP = 1;

}

ESTADO ACTUAL C UP = ESTADO ACTUAL C UP +

1;
}

ESTADO ACTUAL C UP = ESTADO PREVIO;

while (Vc up ref < ESTADO ACTUAL C UP) {

if (IupC > 0) {
pos = posVmax (INSERTED, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcO02[UP C 1], pS mmcO2[UP C 2],
pS mmcO02[UP C 3], pS mmcO2[UP C 47]);

} else {
pos = posVmin (INSERTED, Vcond UP C 1,
Vcond UP C 2, Vcond UP C 3, Vcond UP C 4,
pS mmcO02[UP C 1], pS mmcO2[UP C 2],
pS mmcO02[UP C 3], pS mmcO2[UP C 4]);

}

if (pos >= 0){
pos_vector = UP C 1 + pos;
dutyCycle mmcO2[pos vector] porcentaje C UP;
pS mmc02 [pos vector] = 0;
porcentaje C UP 0;
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ESTADO ACTUAL C UP = ESTADO ACTUAL C UP - 1;
}

// R I e AR dh db I i b b i S 2 g 4 A LW R I e e AR dh db ab db b b b S 2 g 4

ESTADO PREVIO = ESTADO ACTUAL A LW;

dutyCycle mmcO2[LW A 1] = pS mmcO2[LW A 1];
dutyCycle mmcO2[LW A 2] = pS mmcO2[LW A 2];
dutyCycle mmcO2[LW A 3] = pS mmcO2[LW A 3];
dutyCycle mmcO2[LW A 4] = pS mmcO2[LW A 4];

while (Va_ lw ref > ESTADO ACTUAL A LW) {
if (IlwA > 0) |
pos = posVmin (BYPASS, Vcond LW A 1,
Vcond LW_A 2, Vcond LW A 3, Vcond LW A 4,

pS mmcO02 [LW A 17, pS_mch2[LW_A_2],
pS mmcO2[LW A 3], pS mmcO2[LW A 4]);
} else {

pos = posVmax (BYPASS, Vcond LW A 1,
Vcond LW_A 2, Vcond LW A 3, Vcond LW A 4,
pS mmcO2 [LW A 1], pS_mch2[LW_A_2],
pS mmcO2[LW A 3], pS mmcOZ2[LW A 47]);

}

if (pos >= 0){

pos_vector = LW A 1 + pos;
dutyCycle mmcO2[pos vector] = porcentaje A LW;
pS mmcO02 [pos vector] = 1;

porcentaje A LW = 1;

}
ESTADO ACTUAL A LW = ESTADO ACTUAL A LW + 1;

}
ESTADO ACTUAL A LW = ESTADO PREVIO;

while (Va lw ref < ESTADO ACTUAL A LW) ({

if (I1lwA > 0) {
pos = posVmax (INSERTED, Vcond LW A 1,
Vcond LW_A 2 Vcond LW A 3, Vcond LW A 4,
pS mmcO2[LW A 1], pS_mchZ[LW_A_Z],
pS mmcO2[LW A 3], pS mmcO2[LW A 4]);

} else {
pos = posVmin (INSERTED, Vcond LW A 1,
Vcond LW_A 2, Vcond LW A 3, Vcond LW A 4,
pS mmcO02 [LW A 17, pS mchZ[LW A 2],
pS mmcO2 [LW A 3], pS mmcOZ2[LW A 4]);

}

if (pos >= 0){
pos_vector = LW A 1 + pos;
dutyCycle mmcO2[pos vector] porcentaje A LW;
pS mmc02 [pos vector] 0;



porcentaje A LW
}
ESTADO ACTUAL A LW =
}

ESTADO ACTUAL A LW -

0;

1;

// Rl i b g g db db Ib Ib b b b b 4 db g 4 B LW Rl i g g db db Ib Ib b b b b 4 db g4

ESTADO PREVIO = ESTADO ACTUAL B LW;

dutyCycle mmcO2[LW B 1] = pS mmcO2[LW
dutyCycle mmcOZ2[LW B 2] = pS mmcO2[LW
dutyCycle mmcO2[LW B 3] = pS mmcO2[LW
dutyCycle mmcO2[LW B 4] = pS mmcO2[L

while (Vb lw ref > ESTADO ACTUAL B LW)

if (I1lwB > 0) {
pos = posVmin (BYPASS,
Vcond LW_B 2, Vcond LW B 3,
pS mmcO2 [LW B 1],
pS mmcO2[LW B 3],

} else {
pos = posVmax (BYPASS,
Vcond LW_B 2, Vcond LW B 3,
pS mmcO02 [LW B 171,
pS mmcO2[LW B 3],

}

if (pos >= 0){

pos vector
dutyCycle mmcO2[pos vector]
pS mmcO02 [pos vector]
porcentaje B LW
}
ESTADO ACTUAL B LW =

}

ESTADO ACTUAL B LW = ESTADO PREVIO;

while (Vb _lw ref < ESTADO ACTUAL B LW)
if (I1lwB > 0) {
pos = posVmax
Vcond LW_B 2,
pS mmcO02 [LW B 17,
pS mmcO2[LW B 3],
} else {
pos = posVmin
Vcond LW_B 2, Vcond LW B 3,
pS mmcO02 [LW B 17,
pS mmcO2[LW B 3],
}
if (pos >= 0){

pos_vector

WB_

B_
B_
B
B

{

Vcond LW B 1,

Vcond LW B 4,

pS_mch2[LW_B_2]
pS mmcO2 [LW B 4]

) ;

Vcond LW B 1,

Vcond LW B 4,

pS_mchZ[LW_B_Z]
pS mmcO2 [LW B 4]

) ;

= LW B 1 + pos;

{

pS mmcO2 [LW B 4]

porcentaje B LW;
1;
1;

ESTADO ACTUAL B LW + 1;

(INSERTED, Vcond LW B 1,
Vcond LW B 3, Vcond LW B 4,
pS_mchZ[LW_B_Z]

) ;

(INSERTED, Vcond LW B 1,

Vcond LW B 4,

pS_mch2[LW_B_2]
pS mmcO2 [LW B 4]

14
) ;
LWw B 1 + pos;
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dutyCycle mmcO2[pos vector] = porcentaje B LW;
pS mmcO02 [pos vector] = 0;
porcentaje B LW 0;

}
ESTADO ACTUAL B LW = ESTADO ACTUAL B LW - 1;

}

// Rl i b g g db db Ib ab b b b b 4 db g 4 C LW Rl i b g 2 db db Ib Ib b b b b 4 db g 4

ESTADO PREVIO = ESTADO ACTUAL C LW;

dutyCycle mmcO2[LW C 1] = pS mmcO2[LW C 1];
dutyCycle mmcO2[LW C 2] = pS mmcOZ2[LW C 2];
dutyCycle mmcO2[LW C 3] = pS mmcO2[LW C 3];
dutyCycle mmcO2[LW C 4] = pS mmcO2[LW C 4];

while (Vc 1w ref > ESTADO ACTUAL C LW) ({

if (I1lwC > 0) {
pos = posVmin (BYPASS, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcO2[LW C 1], pS mmcO2[LW C 2],
pS mmcO2[LW C 3], pS mmcOZ2[LW C 47]);

} else {
pos = posVmax (BYPASS, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcO2[LW C 1], pS mmcO2[LW C 2],
pS mmcO2[LW C 3], pS mmcO2[LW C 4]);

}

if (pos >= 0){

pos_vector = LW C 1 + pos;
dutyCycle mmcO2[pos vector] = porcentaje C LW;
pS mmc02 [pos vector] = 1;

porcentaje C LW 1;

}
ESTADO ACTUAL C LW = ESTADO ACTUAL C LW + 1;

}
ESTADO ACTUAL C LW = ESTADO PREVIO;

while (Vc lw ref < ESTADO ACTUAL C LW) {

if (I1wC > 0) {
pos = posVmax (INSERTED, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcO2[LW C 1], pS mmcO2[LW C 2],
pS mmcO2[LW C 3], pS mmcO2[LW C 47);

} else {
pos = posVmin (INSERTED, Vcond LW C 1,
Vcond LW C 2, Vcond LW C 3, Vcond LW C 4,
pS mmcO2[LW C 1], pS mmcO2[LW C 2],
pS mmcO2[LW C 3], pS mmcO2[LW C 47);
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if (pos >= 0){

pos_vector = LW C 1 + pos;
dutyCycle mmcO2[pos vector] = porcentaje C LW;
pS mmcO02 [pos vector] = 0;

porcentaje C LW = 0;

}
ESTADO ACTUAL C LW = ESTADO ACTUAL C LW - 1;

V_A UP PROMED (dutyCycle mmcO2[UP A 1]

+
dutyCycle mmcO2[UP A 2] +
_I_

dutyCycle mmcO02[UP A 3]

dutyCycle mmcO2[UP A 4]) * V A UP ave;

V B UP PROMED = (dutyCycle mmcO2[UP B 1]

dutyCycle mmcO02[UP B 2]

dutyCycle mmcO02[UP B 3]

dutyCycle mmcO2[UP B 4]) * V B UP ave;

+ + +

V_C UP PROMED = (dutyCycle mmcO2[UP C 1]

_I_
dutyCycle mmcO2[UP C 2] +
_|_

dutyCycle mmcO02[UP C 3]

dutyCycle mmcO2[UP C 4]) * V C UP ave;

V_A LW PROMED = (dutyCycle mmcO2[LW A 1]

+
dutyCycle mmcO2[LW A 2] +
_I_

dutyCycle mmcO2[LW A 3]

dutyCycle mmcO2[LW A 4]) * V A LW ave;

V_ B LW PROMED = (dutyCycle mmcO2[LW B 1] +
dutyCycle mmcO2[LW B 2] +
dutyCycle mmcO2[LW B 3] +
dutyCycle mmcO2[LW B 4]) * V. B LW ave;

V_C LW PROMED = (dutyCycle mmcO2[LW C 1]

+
dutyCycle mmcO2[LW C 2] +
+

dutyCycle mmcO2[LW C 3]

dutyCycle mmcO2[LW C 4]) * V. C LW ave;

// ENVIAR TENSIONES PROMEDIO A LAS FUENTES DE TENSION
EXTERNAS
writeVector (fuente externa UP, 0, V_A UP PROMED,

V_B UP PROMED, V_C_UP PROMED) ;

writeVector (fuente externa LW, 0, V_A LW PROMED,
V_B LW PROMED, V _C LW PROMED) ;
#endif

Vuz = loopMicroseconds();
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