Inversor de Voltaje Monofasico © UdeC - DIE

lado dc inversor lado ac
Problema Estudiar el inversor de voltaje con Modulacion SPWM. -
lde
La moduladora es, M:=0.9 wg=2m50 =0 my(t) == M'Sin(ﬂ)s't +fm le SQJ
La triangular es, fy 4= 10 per:=1 lab
p— + a ' +
. 2 (. m v
tri(t) := —-asin| sin| fy rogt+ iy fh - = Vde ab
T = = 2 . L -
Se la funcion, |sl(t) = if(ma(t) > tri(t),l,Ol |s3(t) = if(ma(t) > tri(t),O,ll J J
S3 S4
ts n
Ng:= fn_tr~4-50-per n:=0.n¢ tg:=.02-per t:= 0,n—f - —e
15 T | |
) L Cuando la funcién s, vale 1 se enciende
tri() 05 el switch 1 y cuando vale 0 se enciende
el switch 3.
my(y °
0.5 So(1) = s3(b) s4(1) = s9(1)
-1
-15 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t Los voltajes se pueden escribir como,
' Van(® = s1(0-vge(®]  [Vpn(®) = 52()vge(t)
1
s1(1) |Vab(t) = Van(® - Vbn(t)|
0 ! ! ! | | | | Van(D) = 51()Vge(D) = 52(1)vge(t)
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t Vab(®) = (s1(1) = 52(0)-vc ()
| |vab(t) = sab(t)~vdc(t)|
So()
— Se define la funcién de conmutacién como,
| | | | |
0 —
0 0002 0004 0006  0.008 0.01 0012 0014 0016 0018 [sab(D) = s1.(1) = 5p(t)
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15 | | |
1 — © UdeC - DIE
tri(t) 05 — lado dc inversor lado ac
_ 0 -
0 -\ = ;
m (t) lde
a
05 X 31J SZJ
-1 lab
15 | | | | | | | | | + “ >
~0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 v v_“k
t b —
I SsJ S4J
n
s1(9
0 | | | | | | I |sab(t) = sq(t) - sz(t)| |de = 5oo|
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
| |vdc(t) = vdd |vab(t) = Sap(1) -vdc(t)|
So()
0 | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
1000 I
N := 1024 m:=1.N
0
-1 _r____ rr-- - _-_-w _____ - __$-- 4> - ___ ¥+ ____ - - - - - H_ L L____L — m
Vap( 0 X = Vab(_'tfj xf = FFT(x)
m N
-1000 | | | | | | | | | . _
0 0.002 0.004  0.006 0.008 0.01 0.012 0014  0.016 0.018 xv(m) = if(m = 1,1,2)-xF ey
t
FFT I T MV La fundamental del voltaje ac es
dev 500~ e igual a MVy. y no ha
ab dc Y y
componentes de frecuencia hasta
fo ! 2.
f
n_tr
0 | ! | ! ! |Vab1(t) = Vdc'ma(t)l f< 5
0 5 10 15 20 25 30 35 40 45 50
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Otra Primera pierna |sl(t) = if(ma(t) > tri(t),l,o] |s3(t) = if(sl(t) = 1,0,1)|
Modulacién © UdeC - DIE

SPWM . = = =
Segunda piema |32(t) = if(my(t) > -tr.(t),o,1)| |s4(t) = if(sp(t) = 1,0,1)|
15 | | | | | | |
1
tri(t) 0.5
— |Sab(t) =51(t) - sz(t)|
my(t)
—0.5
-1 |Vab(t) = Sab(t)'vdc(t)|
-15 | | | | | | | | |
T 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
I lado dc inversor lado ac
(1) ' f
S t dc
1_ SlJ SQJ
lab
0 | | | | | | | . a -,
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 s Vo
t - L é—
I
1 SSJ S4J
So() n
0 | | | | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
8OV I
N := 1024 m:=1.N
0
ab X = Vab(N ~tf) xf := FFT(x)
-800 | | | | | | | | | . _
0 0002 0004 0006 0008 001 0012 0014 0016 0018 xv(m) = if(m = 1.1.2)-xf | e
t
FFT | I M-V La fundamental del voltaje ac es
dev, %000 “ igual a MV y no hay
componentes de frecuencia hasta
fn_tr'
' | ' | ' | | Vo1 (£) = Vgearm,(t) f<f
0
0 5 10 15 20 25 30 35 40 45 50 ['ab1 de Ma(Y) ntu
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Modelo de Inversor de Voltaje Monofasico

© UdeC - DIE
Problema Estudiar el modelo del inversor de voltaje con Modulacion SPWM.
_ _ ] ) lado dc inversor lado ac
|vab(t) = Ryigp(t) + Lo-dlab(t)l Ve ige(® = Vap®)-igp(t) —
lac
|vab(t) = sab(t)~vdc(t)| J
S1 )
Sab() V(D) = Rorign(t) + Lg-digy(t) V(D) ige(t) = San(t)- V(D) -igh(t) lab
. . + a 4’ +
igc(t) = Sap(t)-igp(t)
Udc UVab
. _ —Ro 1 - — - - b -
digy(t) = L—-uab(t) + L—-sab(t)-vdc(t) ||dc(t) = sab(t)-lab(t)|
0 0
3 SsJ S
Parametros Lo= 15-10 Ry =1
. y i
Simulacion tf :=0.02 ng:= 2048 n:=1.. Ng t:=0,—.. tf
N
D(t,x) = i(O-xl + i-sab(t)-vdc(t) Cl=0 Z := rkfixed(C1,0,t¢,ng, D) cl=2z , Z:= rkfixed(C1.0.t£.n£. D) igp(n) =7,
Lo Lo f
N := 1024 m:=1.N
750
500 [~ — X =2 xf .= FFT(X)
m nf
Vap(t) 250 m~ﬁ, 2
iap(n)-10 (M = .
a -250 xv(m) = if(m=1,1,2) Xfm-per
=500 [~ ]
—750 | | | | | | | | | M-V
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 'ab_max = > >
FRT 60 T T T T T T T T T Ro + ((”S'LO)
de iab Iab_max
30 . La carga natural es inductiva por
la naturaleza del voltaje
aplicado.
0 | | | —l | | | | |
0 5 10 15 20 25 30 35 40 45 50
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750
500 © UdeC - DIE
Vap() 250 La corriente iy, €s,
i,n(n)-10 : - .
D 550 |'dc(t) = Sab(t)"ab(t)l
=500 _ t
-750 | | | | | | | | | ige(n) = Syp| N-— 'Zn )
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 nf ’
t.Z, 1
FFT 60 T ™
de i,y ab_max
I N := 1024 m:=1.N
30 ] ) nf
X = de m-ﬁ xf = FFT(x)
0 | | | — | | | | | )
0 5 10 15 20 25 30 35 40 45 50 xv(m) = if(m=1.1.2)-xF  oor
El valor medio de la corriente iy es,
| 2
ab_max P
500 0 dc
Vg \/E Vdc
ige(m)-10
Notar que este Ultimo espectro se
puede obtner mediante convolucién,
| | | | | | | | | ] ( ) _ ( ) . ( )
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 lgc\@) = Sgple) @ igple
tvzn,l
EET T lado dc inversor lado ac
de iy, 20 |- lgc ] i

7777777777777777777777777777777777777777777777777777777777777777777777777 S1 J S2

0 .
0 5 10 15 20 25 30 35 40 45 50
s s
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Modelo Promedio de Inversor de Voltaje Monofasico

© UdeC - DIE
Problema Estudiar el modelo promedio del inversor de voltaje. lado dc inversor lado ac
At
|vab(t) = Ryigp(t) + Lo-diab(t)| Ve ige(t) = Vap®)-igp(h) fde
S1J )
Se opta |Vab(t) = ma(t)~vdc(t)| lab
por . a - -
trabajar Ma(1)-Vye() = Ryigp(t) + Lg-digp(t) V(D -ige(t) = mg(t)-vye(t)-ign(t)
con |a. Udc Uab
fundament- ige(t) = my(1)-igp(t) - b -
al. R, 1
digp(t) = ——+igp(t) + ——-my(t)-vy(t |idc(t) = ma(t)-iab(t)|
L0 L0 SsJ S
Parametros L, := 15-10 3 Ry =10
. y i
Simulacion  t¢:=0.02  ng:=2048  n:=1.ng t= o,n—f -t Vap(D) = ma(t)-vyc(t)
. _RO 1 . . 1 . . 1 H .
D(t,x) = L—o-x1 + L—o-ma(t)~vdc(t) Cl: Z := rkfixed(C1,0,t¢,ng, D) Cl=2, , Z:= rkfixed(C1.0.t£.n£. D) igp(n) =7,
N := 1024 m:=1.N
750
500 [~ — X =2 xf .= FFT(X)
m nf
Vap(t) 250 m~ﬁ, 2
iap(n)-10 (M = .
a -250 xv(m) = if(m=1,1,2) Xfm-per
=500 [~ ]
~750 | | | | | | | | | . M-V
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Iab_max = > >
t 7. RO + ((os-LO)
FFT 60 T ™
de i, ab_max
30 | Notar que desaparece solo la
informacion relacionada con la
conmutacion.
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
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750

500
iop()-10
—250
~500
~750
FFT 60
dei,,
30
0
500
Vet
ige(n)-10
FFT
de iy 20
0

Capitulo II - Rectificadores/Inversores Monofésicos

| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t,Z, 1
I I
Iab_max
| | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t.Zn 1
I
Cm 'dc'
| | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
7 de 34

La corriente iy, es,

|idc(t) = ma(t)-iab(t)|

t

. f
ige(n) == my n-n—]c -anz
N := 1024 m:=1.N
. N
X = gl m-ﬁ xf := FFT(x)

xv(m) = if(m = 1’1’2)'Xfm-per

El valor medio de la corriente iy, es,

| 2
ab_max P
P.= RO-(—J lgc :

\/E ) Ve

Notar que este Ultimo espectro se
puede obtner mediante convolucién,

idc((o) = ma(co) ® iab("’)

lado dc inversor lado ac

lde
S1 J S2
iab

© UdeC

+ v +
Vde Vab

N &J;&

- DIE
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Modelo de Rectificador de Voltaje Monofasico

Problema

Estudiar el modelo del rectificador de voltaje con Modulaciéon SPWM.

|vS(t) = Rgif(t) + Lgdig(t) + vr(t)|
Vc(t)
dc

idc(t) = Cdc-dVdc(t) +

|vS(t) = Rgif(t) + Lgdig(t) + sab(t)~vdc(t)|
VdC(t)

dc

Sap(0)-if(t) = CgedVge(t) +

vg(t)  Rg
di(t) = L (1) -

S LS S

L 5ap0Vgel®)

Vge(t) = =S, (®)-i (1) -

dc dc’ Rdc

———vge(t)

La moduladora es,

m(t) = M~sin(ms-t +

M:= 0.9 fM =

© UdeC - DIE

conversor
- o
|Vr(t) = Sab(t)'vdc(t)| e
S1J SQJ
fige® = 52,00
+ g + +
lr
Ve Ur Vdc
SsJ S4J
< L -
Parametros
L.=3010] [Ro=1 lcy.:=50010 9 [Ri.=10
g = OV ST dc -~ . dc -~
—10-% La tension de red,  [vy(t) = \/2-220-sin(wgt

Triangular,
T

trit) := E-asin(sin(fn e T (= g)

Primera pierna

|51(t)

|f ma(t) > tru(t),1,0)| |s3(t)

(sl(t) = 1,0,1)| Segunda pierna

Simulacion te:= 0.02 ng:= 2048
—RS 1 \Y (t)
T 0%

D(t,x)=| ° s s

1 Sap(t)-X X
——-Sgp(t)-X; — X,
C c Cdc'Rdc

Capitulo II - Rectificadores/Inversores Monofésicos

t¢
t—O— A
ng

n::1..nf

-5
Cl:= Z = rkfixed(ClI,0,t¢,ne, D
(315) (¢1.0-t.n.D)

t
n.2 ige(n) = Sab( J i(n)

8 de 34

i(n) = Z

|52(t) |f(ma(t)>—tn(t),o,1)| |s4(t) (sz(t)—1,0,1)|

|sab(t) = sq(t) - sz(t)|

Z
nf,2
Z := rkfixed(Cl,0,t¢,ng, D)
nf,3

tf
Vye(n) = Zm3 v(n) = Sab( J Vge(n)

Convertidores Estaticos Multinivel - 543 761



15 T T I I
1 © UdeC - DIE
tri(t) 05 La triangular ha sido modificada en
m.(t) 0 fase para minimizar la distorsion en
ar_ la sefial PWM.
0.5
-1
-15 | | | | | l l l l
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
-500 | | | | | l l l l
0
conversor
e |
i(n) s s
T _’_ + +
I @ v v Vadc
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 -
53‘@ S4J
ige(n)
-10 | | | | | l l l l
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
400 | | | | | | | | |
El tamafio del condensador define el
V(M 200 [ — ripple u oscilacion resultante. Hay un
— segundo armonico de voltaje que lo
| | | | | | | | | 0 define un segundo arménico de corriente.
0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Debiera verse una distorsion
adicional por efecto de la tension
DC no constante.
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,1
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500

&5
ip(n)-30

N := 1024

xv(m) = if(m=1,1,2)-xf

! ! ! ! ! ! ! !
-500
0 0.002 0.004 0006  0.008 0.01 0.012 0014 0016  0.018
Zn, 1

FFT 400 T
dev,

200 -

. | | MA_ . B T e
0 5 10 15 20 25 30 35 40 45 50
400

| | | | | | | | |
=200
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
4 |
FFT
de iy,
2 ]
0 | A |
0 5 10 15 20 25 30 35 40 45 50
Capitulo II - Rectificadores/Inversores Monofésicos

10 de 34

N := 1024

. n¢
Xm = IdC m-ﬁ

m:=1.N
xf .= FFT(X)
m-per
m:=1..N
xf = FFT(x)

xv(m) = if(m=1,1,2)-xf

lado ac conversor

m-per

lado dc

R, L SIJ:} o
. 1& o

—
>
%]

Al

:C\\L Rr\n§

© UdeC - DIE
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Modelo Promedio de Rectificador de Voltaje Monofasico

© UdeC - DIE

Problema Estudiar el modelo promedio del rectificador de voltaje. lado ac conversor lado dc

2

Se utiliza la moduladora

S3 S4 _I

&
Parametros
La moduladora es, M := 0.9 fig = _10.% La tension de red,  |vg(t) == \/5-220-sin(ms-t
1
m(t) = M-sin(ms-t +
. y tf
Simulacion tg:= 0.02 ng:= 2048 n:=1.n¢ t=0,—.1t
Nf
R 1 vg(t)
— Xy~ —-ma(t)-x2 + — Zn 5
Lg Lg Lg -5 . f: .
D(t,x) := Cl=| 45 ) 2= rkfixed(Cl,0, t¢,ng, D) =1 Z := rkfixed(C1,0,t¢,ng, D)
1 1
——my(t)-x, - X, N, 3
Cdc CacRdc tf tf
i(n) = Zn,2 ige(n) = my n-n—f “i(n) Vge(n) = Zn’3 vi(n) := my n-n—f V()
Capitulo II - Rectificadores/Inversores Monofésicos 11 de 34
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500

V(1)

~500
0

ir(n)

O bor” L e =

-5
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
400 T T T T T T T T T
Vge(n) 200 [~ -
0 | | | | | | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
I I I I I I I I I
0
Vr(n) O T e e e e e o
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
Capitulo II - Rectificadores/Inversores Monofésicos 12 de 34

conversor

© UdeC - DIE

.@“I
o
| I—
.. -3
¢

El tamafio del condensador define el
ripple u oscilacion resultante.

Debiera verse una distorsion
adicional por efecto de la tension
DC no constante.
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400
N := 1024 m:=1.N ©UdeC - DIE
200
Vi(n) ng
X =V m— xf := FFT(X)
. m N
i(n)-30
— T200 xv(m) = if(m = 1,1,2)-xfm_IOer
-200 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,1
FFT 400 T
dev,
Las ClI no son las mas apropiadas,
200 [~ - pues el sistema todavia no esta en
estado estacionario.
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
400
N := 1024 m:=1.N
Vge(M) 200 i
e X_ = idc(m-— xf = FFT(x)
m N
ige(n)-30
E— xv(m) = if(m = 1’1’2)'Xfm-per
=200 | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zm 1 conversor
o ]
FFT S1 S?J
de iy . ——s N
? - @5 e
0 | | | | | | | Stv;& S“J
0 5 10 15 20 25 30 35 40 45 50
Capitulo II - Rectificadores/Inversores Monofésicos
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Inversor de Corriente Monofasico

Problema

15

1

tri(t) 05
0

my(t)
-05

Capitulo II - Rectificadores/Inversores Monofésicos

Estudiar el inversor de corriente con Modulacion SPWM.

La moduladora es,

La triangular es,

M:= 0.9 fy =0 my(t) = M~Sin(ms-t + Ty
fogr=6 per:=1
; 2 (. -
tri(t) .= —-asm(sm(fn gt + v - 5)
T = L

Primera pierna |51(t) = if(ma(t)>tri(t),1,o] |53(t) = if(sl(t)=1,0,1)|

Segunda pierna |52(t) = if(ma(t) > —tri(t),o,1)| |s4(t) = if(sz(t) = 1,0,1)|

La funcion de

|sab(t) = sq(t) - sz(t)|

switcheo es,

Las corrientes son,

|iab(t) = sab(t)~idc(t)|

|vdc(t) = sab(t)-vab(t)|

I I
s1(9
| | |
0 0.005 0.01 0.015 0.02
t
So()
| | |
0 0.005 0.01 0.015 0.02
t
14 de 34

© UdeC - DIE
lado dc inversor lado ac
At
idc
S1 S2
a T, S ——
+ +
idc Udc Uab
b S W
S3 S4
Las funciones s (t), s»(t), s3(t) y s4(t) no corresponden al
encendido y apagado de los switches para lograr la
corriente i, (t) en el circuito.
| |
0 0.005 0.01 0.015 0.02
t
! | 0
0 0.005 0.01 0.015 0.02

Convertidores Estaticos Multinivel - 543 761



Inversor de Corriente Monofasico

Problema Estudiar el inversor de corriente con Modulacion SPWM.
Auxiliar 1 |sa(t) = if(ma(t) > tri(t),1,0)| |sc(t) = if(sa(t) = 1,0,1]
Auxiliar 2 |sb(t) = if(ma(t) > —tri(t),o,1)| |sd(t) = if(sb(t) = 1,0,1)|
Primera pierna |51(t) = sa(t).sd(t)| |53(t) = Sb(t)‘sc(t)|
Segunda pierna s4(t) := 51 (1) So (1) := s3(t)
La funcién de |sab(t) =sq(t) - sz(t)l
switcheo es,
Las corrientes son, - |i (D = Sap(D)-1 dc(t)l
|vdc(t) = sab(t)-vab(t)|
15 | |
1
tri(t) 05
s¢(1)
my® ° 1
-0.5 —
-1
-15 | | |
~0 0.005 0.01 0.015 0.02
t
So()
-15 | | |
0 0.005 0.01 0.015 0.02
t
Capitulo II - Rectificadores/Inversores Monofésicos 15 de 34

© UdeC - DIE

lado dc inversor lado ac
At
idc
S1 S2
iab
+ a > " S LT
idc Udc Uab
b S W
S3 S4
Las funciones s (t), s»(t), s3(t) y s4(t) ahora si corresponden
al encendido y apagado de los switches para lograr la
corriente i, (t) en el circuito.
| | 0
0 0.005 0.01 0.015 0.02
t
| |
0 0.005 0.01 0.015 0.02
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15 T T lado dc inversor lado ac © UdeC - DIE

1 id(’
tri(t) 0.5 S1 S2
me(_° L at— -
-0.5 N lde Ud Vab
-1 . b e
-15 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Ss Sa
t
Sa(t)
. | | | | | | | | 0 |sa(t) = if(ma(t) > tri(t),1,o)|
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 - -
. |sb(t) = |f(ma(t) > —tn(t),O,lX
s.(t) := if(s,(t) =1,0,1
- | | | | | | | 0 |sd(t) = if(sb(t) = 1,0,1)|
0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
|sl(t) = sa(t)'sd(t)|
1 —
s1(D) |53(t) = sb(t).sc(t)|
0
I L L l l l l l 54(1) := sq (1)
0 4 1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t Sz(t) = S3(t)
So(1)
— | | | | | | | 0 |sab(t) =sq(t) - sz(t)|
0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 |'ab(t) = Syp(D)-i dc(t)l |V dc® = Sab(t)'Vab(t)|
t
- I N N N N 0
(D 0 B A S - S o I TTTTTY L d i6n d | d
LI I I_I ]T r[ | | I atarea de generaacion de pulsos de
— disparo la puede realizar un circuito
-20 I I I I I I I I I I6gico binario en linea. Falta la
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 distribucién del estado nulo.
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Modelo de Inversor de Corriente Monofasico

© UdeC - DIE
Problema Estudiar el modelo del inversor de corriente con Modulaciéon SPWM. lado dc inversor lado ac
-
|vab(t) = Ryig(t) + L0~di0(t)| Ve ige(® = Vap®)-igp(t) ide
- - - - S1 S2
||ab(t) = Cyeravgp(t) + |O(t)| ||ab(t) = sab(t)-ldc(t)| )
b lo
Vdc(t)'idc(t) = Vab(t)'sab(t)'idc(t) + a —> + >
" . idc Udc Uab
|vab(t) = Ry-ig(t) + L0~d|0(t)| |de(t) = sab(t)~vab(t)| ) ., |
[8ab(D)idc(t) = Cac:dvap(t) + ig(t)
S3 S4
-R
0 1
di(t) = —-i,(t) + — Vv, pu(t
0( ) Lo 0( ) Lo ab( )
) 1 Parametros
AV (t) = ——-i(t) + ——-S,p(1)-iqa(t
ab 0 ab\*/"'dc _ 3 o
Cac Cac Lo = 30-10 Ro:= 10  [Cqci=100-10° | [ige(® = 19
La triangular es, fyr=10 per:=1 tri(t) .= E-asin(sin(fn rogt+ iy - g)
_| - L L
Auxiliar 1 |sa(t) = if(ma(t) > tri(t),1,0)| |sc(t) = if(sa(t) = 1,0,1)| |sb(t) = if(ma(t) > —tri(t),o,1)| |sd(t) = if(sb(t) = 1,0,1)|
Primera pierna |51(t) = S,(t)-s d(t)| |s3(t) = Sb(t)'sc(t)| Segunda pierna  [s,(t) := s4(t) So(t) = s3(t)
t -z
. y f La funcién de San(t) := S1(t) — so(t)
._ ._ — -0 — ab 1 2
Simulacion tg:= 0.02 ng:= 2048 n:=1.ng t:=0, e - switcheo es, | |
o L
C X, + . X, " an’z
0 0 . .
D(t,x) = Cl:= (315) Z := rkfixed(C1,0,t,ng, D) Cl:= Z := rkfixed(Cl,0,t¢,ng, D)
-1 1 .
ot et ) "3
ac ac _ tf _ ) i
ig(n) = Zm2 Vap(n) = Zm3 Vge(n) = sgp n-n—f “Vap(n) iap(N) = Sgp n-n—f ‘ige n~n—f
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_ 10
IdC(t)

I I I I I I I I I
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

t

© UdeC

wm o LU U f

v | AL

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1

o)

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,1
300 I
200 - -
Vye(n) 100
- 0
-100
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

Zn,1

Capitulo II - Rectificadores/Inversores Monofésicos 18 de 34

lado dc inversor lado ac
—_
>
idc
S1 S2
iab io
. a - " —p-

lde Udc Uab

S3 S4I

El tamafio del condensador define el
ripple u oscilacion resultante.

Se requiere un condensador en el
lado ac por la naturaleza de la
corriente i.

La tension en el enlace puede ser
negativa lo que exige reverse
blocking voltage capabilities a los
switches.

- DIE
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T T
el :pCH]DU/
. 0 U ou q
i, ()20
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
zn,l
12 .
T ' e
ey 0 L e
6 i
. iLifliiJ_|_||_|I|_||_|J_77I7.—.|_|I_||_|I|_|I_||_|.—.._.
0 5 10 15 20 25 30 35 40 45 50
200 I I I I I
S A ndid
lgc(n)-10 LH“[ |.| __Lr U“J |.| N 0
100 l l | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
zn,l
100 T
FFT
de vy,
50 —
0 | | | V_|_|_|J_|_|_|_|_\| | e B B
0 5 10 15 20 25 30 35 40 45 50
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N := 1024 m:=1.N
ng © UdeC - DIE
X = iab(m'ﬁj xf = FFT(x)
xv(m) = if(m = 1’1’2)'Xfm-per
M-iy(0) = 9
N := 1024 m:=1.N
N
X = Ve m~ﬁ xf := FFT(X)
xv(m) = if(m = 1’1’2)'Xfm-per

|xv(1)| = 67.51 |xv(3)| = 72.239

lado dc inversor lado ac
>
lde
S1 S2
lab io
. a -> m -
D 1 r
lde Ude Vab Cac

S3 S4I
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Modelo Promedio de Inversor de Corriente Monofasico

© UdeC - DIE
Problema Estudiar el modelo promedio del inversor de corriente. lado dc inversor lado ac
-
Vdc(t)'idc(t) = Vab(t)'iab(t) lde
- - S1 So
|'ab(t) = ma(")"dc(t)| . )
lab lo
Vdc(t)'idc(t) = Vab(t)'sab(t)'idc(t) + a —> + l 4'R
- (f) lde Ude Vab 5= Coe
[Vac(® = ma(®) vy (1) : i
S3 S4
Parametros

t

. L f
Simulacion te:= 002 ng:=2048 n:=1.n t:=0,—.1
f f f s f
o L ,
. Xq+ 0.x2 5 .2
D(t,x) := Cl:= (315) Z := rkfixed(C1,0,tg,ng, D) Cl:= , Z := rkfixed(C1,0,t¢,ng, D)
- 1 ; ne, 3
C—-x1 + ——My(t)-igc() f>
ac ac tf tf tf
in(n):=2 Vap(n) =2 Vye(n) == myl n-— |-vy,(Nn iap(N) == Myl N-— |-igs| N-—
o(M n,?2 ab(M n,3 dc(M a ne ab(M ab(M a g dc ng
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10

ige(t)

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
250 I
0
V(M) 0 T e e
-250 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l

o)

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
300 I
200 [~ —
Vgce(n) 100 [~ N
0 ™ et e
-100 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
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© UdeC - DIE

lado dc inversor lado ac
—_
>
idc
S1 S2
iab io
. a - " —p-

lde Udc Vab

S3 S4 I

El tamafio del condensador define el
ripple u oscilacion resultante.

Se requiere un condensador en el
lado ac por la naturaleza de la
corriente i.

La tension en el enlace puede ser
negativa lo que exige reverse
blocking voltage capabilities a los
switches.
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N := 1024 m:=1.N
. i

Vop(N) X = ap m-ﬁ xf := FFT(x)

i.(n)-20 — if(m = .

ab xv(m) = if(m=1,1,2) Xfm-per

| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
zn,l

FFT 12 I M-igo(0) M-i4(0) = 9
dei, | ]

6 - Se pierde la informacién de las
armonicas de la conmutacion. El
modelo es valido hasta la frecuencia

0 S I I I 1 I I I R I _ de la triangular.

0 5 10 15 20 25 30 35 40 45 50
200 N := 1024 m:i=1.N
Nf
Vae(M 100 Xm = Vg M xf := FFT(x)
i (n)-10 0 = if(m = :
dc R N S xv(m) = if(m 1,1,2)xfm_Ioer
|xv(1)| = 68.73 |xv(3)| = 73.029
-100 | | l | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 lado de inversor lado ac
zn,l A’
lde
100 | s sQf
FFT i(lb i(?
de vy, . a > - >
50 | ide l)-dL U-ab
7] a—— —
0 | | | | | | | | | 3 S“Ji
0 5 10 15 20 25 30 35 40 45 50
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Modelo de Rectificador de Corriente Monofasico

Problema

© UdeC - DIE
Estudiar el modelo del rectificador de corriente con Modulacion SPWM. conversor
—>—
|vS(t) = Rgig(t) + Lgdig(t) + vr(t)| |ir(t) = sab(t)-idc(t)| fde
_ _ s
||S(t) = Cyerav,(t) + sab(t)~|dc(t)| |de(t) = sab(t)~vr(t)|
|sab(t)~vr(t) = Lggdige(® + Rdc(t)-idc(t)| T + +
Parametros Ve Ur Ude
R — 103 = -

diglt) = —ig(0) - Li-vr(t) " Li-vs(t) L= 25010 | Rge=1

- - Cye = 2510 Lg:=5-10
dve() = ——is(®) — =—Sap(V)Tgc(t)

ac ac Rg:=

= La tension de red,  |vg(t) := \/E.zzo.sm(ms.t

. dc . 1
dldc(t) = L—-Idc(t) I L—-Sab(t)-vr(t) -
dc dc La moduladora es, M :=0.9 fy;:= —10-E my(t) = M~sin(ms-t +
. . 2 (. b
Triangular, tri(t) :== —-asin| sinl f, rogt+ fiyfy 4 - 5
T _ _

Auxiliar 1 Auxiliar 2

|sa(t) = if(ma(t) > tri(t),1,0)| |sc(t) = if(sa(t) = 1,0,1)|

Primera pierna |sl(t) = sa(t)-sd(t)|

Simulacion te:= 0.02 ngi= 2048
_—Rsx 1 X, + ! Vq(t)
Xy = T Xy + Vg
Ls Ls S
D(t,X) L X 1 S h(t)-X
t,x) = AT Pab\Y "3
Cac Cac
_Rdcx + —5 (D)X
3 “abtt %
Ldc d

Capitulo II - Rectificadores/Inversores Monofésicos

|s3(t) = sb(t)~sc(t)|

|sb(t) = if(ma(t) > —tri(t),o,1)| |sd(t) = if(sb(t) = 1,0,1)|

Segunda pierna s4(t) == 51 (t) So (1) := s3(t)

i La funcion de  [s = -
- o ab(D = 51(1) — sp(1)
n=1.ng t:=0, s - 1f switcheo es, | |
z
Ng, 2
10 f
Cl=| 0 Z := rkfixed(CI,0,tg,ng, D) Cl=|%n3| Z:= rfixed(Cl,0, tg, ng, D)
15
z
nf,4

it i
ig(n) = anz vi(n) = Zm3 ige(n) = Zn,4 Vye(n) = Sab(”'n_fj'vr(”) i(n) = sab(n-n—f}idc(n)

23 de 34
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© UdeC - DIE

vg(t)

conversor

I I I I I I I I I tde
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Sl-lg 32J

- ————a .
Ve U Vdc
S3 S4J
| | | | | | | | |

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

is(n)

El tamafio del inductor Lg y
condensador Cg define el ripple u
| | | | | | | | | oscilacion resultante en la corriente ig

-450 :
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 y voltaje v,.

Se requiere un condensador en el lado
ac por la naturaleza de la corriente i,.

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 .,
La tension en el enlace puede ser

negativa lo que exige reverse blocking
voltage capabilities a los switches.

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

La corriente iy dista de ser constante,
pero el tamafio de L. definde cuan

20
oscilatoria es. En este caso se requiere
) de un gran L. por la segunda arménica
ige(N) 10 = 7] de voltaje en v,.
0 | | | | | | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

zn,l
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50

v,(n)
ir(n)-l5
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
FFT I
dei,
10 ]
Mo . mllm.
0 5 10 15 20 25 30 35 40 45 50
400 T T T T T T
v dc(n) 200 [\ A l\
-200 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
200 I
FFT
de vy,
100 ]
0 5 10 15 20 25 30 35 40 45
Capitulo II - Rectificadores/Inversores Monofésicos 25 de 34

m=1.N © UdeC - DIE

xf .= FFT(X)

xv(m) := if(m = 1,1,2)-xfm.|0er

Aparecen arménicos no deseados de
baja frecuencia que: (1) aumentan la
distorsion, (2) exigen a los filtros en
rms, (3) reducen el potencial ancho de
banda de los controladores.

N := 1024

Nf
Xm = VdC m~ﬁ

xv(m) = if(m=1,1,2)-xf

m:=1..N

xf := FFT(X)

m-per

|xv(1)| = 135.245 |xv(3)| = 132.929

lado ac conversor

-
ldc
S1 SQJ

* [+ * L(ic
Ve T Ca v, Vdc
= . ) Rac
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Modelo Promedio de Rectificador de Corriente Monofasico

Problema

Capitulo II - Rectificadores/Inversores Monofésicos

Estudiar el modelo promedio del rectificador de corriente.

|ir(t) = ma(t)-idc(t)|

|vdc(t) = ma(t)~vr(t)|

Parametros

Se utiliza la moduladora m,(t).

i
Simulacion te:= 0.02 ngi= 2048 n=>1.n¢ t:=0,—.1%
N
_—Rsx 1 X, + ! Vq(t)
Xy = Xy Vg
Ls Ls s
Dlt.x)=| ¢ 17 a7 Cl=| 0|  Z:= rkfixed(Cl.0.t;.ng.D)
15
_Rdcx + ! m,,(t)-x
Xg + =My (t)-X,
Lac Ldc

(=2, (=2 5 igM=2,

26 de 34

© UdeC - DIE

lado dc

4’
lac

lado ac

conversor

Cl:=| "ng3

La tension de red,  [vg(t) := \/E-zzo-sin(ms-t

La moduladora es,

T N
M:=09 fy:= —10.E m(t) = M-sm(ms-t +

Z
nf,2

z Z = rkfixed(CI,0, t,ng, D)

VA
nf,4

tf ki
Vge(n) == my n.n_f v(n) i(n) == my n-n—]c ige(n)
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Vo( 0 s e s
conversor

| | | | | | | | | lac
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Slf szJ

Vdc

is(n)
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
450
0 . . .
() I e — No hgy ripple en la corriente i y
voltaje v, pues i, es cuasi-sinusoidal.
-450 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
25 -
No se puede hacer disefio de Ly y C,.
) con este modelo.
ir(n)
-5 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
400
300 [~ 1
200 [~ 1
Vy(N
del™ 100 |- 0
0 e __ e __= -
-100 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 . . .
La corriente iy dista de ser constante,
20 pero el tamafio de L. definde cuan
oscilatoria es. En este caso se requiere
) - de un gran L. por la segunda arménica
ige(n) 10 - N de voltaje en v,.
0 | | | | | | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
zn,l
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v,(n)
ir( n)-15
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
FFT I
dei,
10 m
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
400
Vg 200
idC( ms 4~ N 0 _
-200 | | | | | | | | |
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
200 T
FFT
de vy,
100 .
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
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N := 1024

X_ =ifm—
m I N

xv(m) := if(m=1,1,2)-xf

m:=1.N

xf .= FFT(X)

m-per

Aparecen arménicos no deseados de
baja frecuencia que: (1) aumentan la
distorsion, (2) exigen a los filtros en
rms, (3) reducen el potencial ancho de
banda de los controladores.

N := 1024

ng
Xm = VdC m~ﬁ

xv(m) := if(m=1,1,2)-xf

m:=1..N

xf .= FFT(X)

m-per

|xv(1)| = 133.818 |xv(3)| = 133.698

conversor

-
ldc
S1 SZJ

© UdeC - DIE
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Selective Harmonic Elimination en un Inversor de Voltaje Monofasico

© UdeC - DIE
Problema Estudiar la técnica SHE en un inversor de voltaje. lado dc inversor lado ac
4,
La sefial de voltaje v,, se N « para, e
espera que tenga —1+2 (1) -cos{n-ay) [ = M, _ SIJ SQJ
arménicas v, , dadas por, 2:m kZ::1 ( ) n=135.2N-1 i
_ . N . . a -,
con N-1 par e igual al nUmero armonicos a eliminar, o los
angulos a encontrar y M, es la amplitud de la armonica n. Vde Vab
M - b -
N-1=2 N:=3 n=1,3,5 M1::? M3 :=0 Mg =0
T T T S3J S4J
o :=25— a9:=30— oaq:=80-—
1 180 2 180 3 180 A
Given
2
—(1 - 2-cos{l-aq)+ 2-cos{l-ay) — 2-CcOs{1l-0q)) =M
{1 2oty + 2-cos1-ag) ~ 2-cos1-ag)) = My
2
—-(1 - 2-cos{3-09) + 2-cos{3-09) — 2-C0OS{3-0q)) = M
(1 2o ay) + 2-cos3ag) ~ 2-cos3-ug)) = Mg
2
—-(1 - 2-cos{5-09) + 2-cos{5-09) — 2-C0OS{5-0q)) = M
{1 2eos5ay) + 2-cos5.a5) ~ 2-c0s{5-ag)) = M
Y
(11>0 (12>(11 (13>(12 (I3<E
. 180
Sol := Find(oq, 09, t3) Sol' == = (26.286 38.174 87.93)
Y
i . 21
Ng:= fn_tr~4-50-per n:=0.ng tg=.02-per t.= 0,n—f v HI:=0 LO:=if(HI > 0,0,1) o= O,Q-per..zn-per
ga(m) = if(u) > Soll,HI,LO) gb(m) = if(u) > SOIZ,LO,ga(m)) gc(m) = if(u) > SOI3,HI,gb(m))
. T . 2-m : =
gx(m) = If(co > E,gc(n - m),gc(m)] gy(m) = If(u) >m,l- gx(2-n - m),gx(m)> sq(t) = gy[t-? |s3(t) = |f(sl(t) = HI,LO,HI)|

So(t) = s3(t) s4(t) := sq (1)

|sab(t) = sq(t) - sz(t)|
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vp#¥  oP---+A-t----———4+Hp--------+4-rt-r--—-H---1-Ft -7

500 —
devy, VL]

1
sq(D
0 | |
0 0.002 0.004 0.006
So()
0 | | |
0 0.002 0.004 0.006
1000
— | | |
1000
0 0.002 0.004 0.006
FFT
0 | |
0 5 10 15
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0.014 0.016

I I
0.014 0.016

I I
0.014 0.016

I

35 40
30 de 34

© UdeC - DIE

lado dc inversor lado ac
-
—p-
lde
31J SQJ
lab
>
+ a I +
v Vab
b —

S3J S4J

|sab(t) =sq(t) - sz(t)| |Vdc = 500|

|vdc(t) = vdd |vab(t) = sab(t)-vdc(t)|

N := 1024 m:=1.N
m
X = Vab(ﬁ'tfj xf .= FFT(X)

xv(m) := if(m = 1’1’2)'Xfm~per

La fundamental del voltaje ac es
igual a MVy. y no hay
componentes de frecuencia como
disefiado.
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SHE en un Inversor de Voltaje Monofasico

© UdeC - DIE
Problema Estudiar la SHE en un inversor de voltaje.
_ _ ] ) lado dc inversor lado ac
|vab(t) = Ryigp(t) + Lo-dlab(t)l Ve ige(® = Vap®)-igp(t) —
lac
|vab(t) = sab(t)~vdc(t)| J
S1 )
Sab() V(D) = Rorign(t) + Lg-digy(t) V(D) ige(t) = San(t)- V(D) -igh(t) lab
. . + a 4’ +
Idc(t) = Sab(t)-lab(t)
UVdc UVab
. _ —Ro 1 - — - - b -
dige(t) = L—-uac(t) + L—-sab(t)-vdc(t) ||dc(t) = sab(t)-lab(t)|
0 0
3 SsJ S
Parametros Lo= 15-10 Ry =1
. y i
Simulacion tf :=0.02 ng:= 2048 n:=1.. Ng t:=0,—.. tf
N
D(t,x) = i(O-xl + i-sab(t)-vdc(t) Cl=0 Z := rkfixed(C1,0,t¢,ng, D) cl=2z , Z:= rkfixed(C1.0.t£.n£. D) igp(n) =7,
Lo Lo f
N := 1024 m:=1.N
750
500 X =2 xf .= FFT(X)
m nf
Vap(t) 250 m~ﬁ, 2
iap(n)-10 (M = .
a -250 xv(m) = if(m=1,1,2) Xfm-per
—500
—750 | | | | | | | | | M-Vyc
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 'ab_max = > >
FRT 60 | | | | | I I I I Ro + ((”S'LO)
de iab Iab_max
30 . La carga natural es inductiva por
la naturaleza del voltaje
aplicado.
0 | |_|_I_L|_.—|_.—| 1 — 1 | | | |
0 5 10 15 20 25 30 35 40 45 50
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750

500
iop()-10
—250
—500
~750
FFT 60
dei,,
30
0
500
Vet
ig(M-10 ok
~500
FFT
de iy 20
0

Capitulo II - Rectificadores/Inversores Monofésicos

I I I I I I I I I
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t, Zn, 1
T T
Iab_max
I |_|_|_|_L|—|_|—| A | AL I I I I
0 5 10 15 20 25 30 35 40 45 50

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t, Zn, 1
I
o 'ac']
| |
0 5 10 15 20 25 30 35 40 45 50

32 de 34

La corriente iy, es,

CEETCING

i
iy~(N) = Sop| N-— [-Z
dc( ) ab ng n.2

b

N := 1024

. i
Xm = IdC m-ﬁ

xv(m) = if(m=1,1,2)-xf

m:=1.N

xf := FFT(X)

m-per

El valor medio de la corriente iy, es,

| 2
ab_max P
P.= RO-(—J lgc :

\/E ) Ve

Notar que este Ultimo espectro se
puede obtner mediante convolucién,

idc((”) = Sab(co) S iab(o))

lado dc inversor lado ac
-
>
Tde
S1J S2
iab
-
+ a g +

© UdeC

- DIE
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SHE en un Rectificador de Corriente Monofasico

© UdeC - DIE
Problema Estudiar la SHE en un rectificador de corriente. lado ac conversor lado dc
4,

|vs(t) = Rgig(t) + Lgdig(t) + vr(t)| |ir(t) = sab(t)-idc(t)| lde
|is(t) = Cyerav,(t) + sab(t)-idc(t)| |vdc(t) = sab(t)~vr(t)|
|sab(t)-vr(t) = Lggdige(® + Rdc(t)-idc(t)| + Ly

UVdc

) Rdc

Parametros

s s

La tension de red, |vg(t) == \/E-zzo-sin(cos-t

i
Simulacion t:=002 np=2048 n:=1.n¢ t:=0,—.1t
N
—Rs 1 1
—-X ——-x2+—-vs(t)
Ls Ls Ls z
nf,2
1 1 0 10
D(t.x) =| —X,——:s -X i .
(t.x) Cac b Cpe 20773 Cl=|0 Z := rkfixed(C1,0,t¢,ng, D) Cl=|%n3| Z:= rkfixed(Cl.0, t,n¢, D)
15
~Ryc 1 Zn 4
Xy + _'Sab(t)'xz f>
Ldc Ldc

it i
ig(n) = Zn,2 V(n) = Zn,3 ige(n) = Zn,4 Vge(n) = Sab(”'n_fj'vr(“) i(n) = sab(n-n—f}idc(n)
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0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
FFT I
dei,
10 .
0 1 L e [ e W, i
0 5 10 15 20 25 30 35 40 45 50
500 T T T T T T T T
Vge(n)
idC( n)-15
-500 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
200 T
FFT
de vy,
100 .
0
0 5 10 15 20 25 30 35 40 45 50
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N := 1024 © UdeC - DIE

X =il m—
m r N

xv(m) = if(m=1,1,2)-xf

m:=1..N

xf .= FFT(X)

m-per

Aparecen arménicos no deseados de
baja frecuencia que: (1) aumentan la
distorsion, (2) exigen a los filtros en
rms, (3) reducen el potencial ancho de
banda de los controladores.

N := 1024

N
Xm = VdC m-ﬁ

xv(m) = if(m=1,1,2)-xf

m:=1..N

xf .= FFT(X)

m-per

conversor

' < +I
S o+
S +
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