Inversor de Voltaje Trifasico © UdeC - DIE

. . . ., lado dc inversor lado ac
Problema Estudiar el inversor de voltaje con Modulacion SPWM. -
La moduladora es, M:=09 wg:=2750 fjg:=0 [my(t,M):= M~sin(cos~t +fy - O—th e
3 31J S3 SSJ
e (6, M) = Mosin| ot + fyy — 2% oo
p\® - S M 3 a
+ ‘nabc
; M.(t,M) := M-sinf ot + f _4n Ude b
La triangular es, f 4= 15 per:==1 c\™ : S M 3
- ) C
: 2
tri(t) .= —-asm(sm(fn rost+ vy o - n)
I — — S4J S6 S2J
n
—n
Las conmutaciones, |sl(t) = if(ma(t,M) > tri(t),1,o)| |s4(t) = if(ma(t,M) > tri(t),o,1)|
|s3(t) = if(mb(t,M) > tri(t),1,0)| |36(t) = if(ma(t,M) > tri(t),0,1)| Los voltajes se pueden escribir como,
|s5(t) = if(mc(t,M) > tri(t),1,o)| |32(t) = if(mc(t,M) > tri(t),o,1)| |van(t) = sl(t)-vdc(t)| |vbn(t) = sa(t)-vdc(t)|
t |Vl_ab(t) = Van(t) - Vbn(t)|
Ng:= fn_tr~4-50-per n:=0.n¢ tg:=.02-per t= 0,n—f - |Vl_ab(t) =5 (D Vge(D - SS(t)'VdC(t)|
15 I I I I I I VI_ab(®) = (s2(8) = 53(D))-vc (1)
1 A A A
\% t) = s, p(t)-vya(t
ri() 05 /\ A A /\ /\ VI_ab(®) = Sap()vyc(t)
705 \/ Se define la funcién de conmutacién como,
A
15 | ! ! ! ! ! ! ! ! [san(®) = 51(0) — s3()
T 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

\ |sbc(t) = Sq(t) — ss(t)|

|sca(t) = sg(t) — sl(t)|

1 be(®) = Spc()-Vac()

0 0002 0004 0006  0.008 0.01 0012 0014 0016 0018 VI_ca(®) = sca()vyc(t)
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15 | | | | |
1
tri(t) 0.5
myt.M) O\
-0.5
-1
15 | | | | | | | | |
o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
|
l -
sq(9
0 | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
|
l -
s3(1)
0 | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
|
Vi o=t e e YOI NI
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
FFT de T V3
v —M-Vye
I_ab 500 - 2 |
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
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© UdeC - DIE

lado dc inversor lado ac
i
SIJ S3 SSJ
¢ igabc
+ a :Ar
s b ‘nabr
. b
<
S4J Se SQJ
|sab(t) = sq(t) - 53(t)| |de = 5oo|

|vdc(t) = vdd |v|_ab(t) = sab(t)-vdc(t)l

N := 1024 m:=1.N

m
X = Vl_ab(ﬁ'tfj xf .= FFT(X)

xv(m) := if(m = 1’1’2)'Xfm~per

3
|xv(2)| = 390.691 g-M-VdC: 389.711
La fundamental del voltaje ac es
igual a 0.866MVy. y no hay

componentes de frecuencia hasta
foo /2
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Otra sup(t) = if(ma(t,M) > mb(t,M),if(ma(t,M) > Mg(t, M), my(t, M), me(t, M) if (mp(t, M) > mC(t,M),mb(t,M),mC(t,M)))

Modulacién

SPWM inf (1) = if (my(t, M) < mp(t, M), if (my(t, M) < me(t, M), my(t, M), me(t, M), if (my (£, M) < me(t, M), myy (£, M), me(t, M) Jag(1) := (sup(t) + inf(t))%dec ~DiE

|ma0(t,M) = my(t,M) — seqo(t)| |mb0(t,M) = mp(t,M) - seqo(t)| |mco(t,M) = mg(t,M) - seqo(t)|

|sl(t) = if(mao(t,M) >tri(t),1,o] |s3(t) = if(mbo(t,lvl) >tri(t),1,o] |s5(t) = if(mco(t,M) >tri(t),1,o] |Sab(t) =51(t) - 53(t)|

|Sbc(t) = s3(t) — ss(t)|

15 T

|Sca(t) = sg(t) — sl(t)|

1 A l l
maO(t,M) O” 77 B RN R s e N U 77 AN 77 - 7 A [\ | 7777777 ~— lad(ﬁc inversor lado ac
e
seqp( g5 \/ \/ \/ \/ \/ V 7] S1J S5 SsJ
S H ' i v B ] i
a

15 | | | " b "
T 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 - C o—
t <
1
Sa S6 S2
Sl(t) . J J
0 LU | | || | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t |v|_ab(t) = sab(t)~vdc(t)|
800 I
0 N := 1024 m:=1.N
I I R T B T R e || m
Xm = V| ab ﬁtf xf = FFT(X)
-800 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 xv(m) := if(m = 1,1,2)-xf
¢ \/_ m-per
3
\[3 = XZ M- =
FET de | v, |xv(2)| = 450.01 5 MV = 454663
Vi ab | _ .

L La fundamental del voltaje ac es
igual a 0.866MV. y no hay
componentes de frecuencia hasta

. | | | | | | | fo /2. M puede llegar a ser 1.17
0 5 10 15 20 25 30 35 40 45 50
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Modelo de Inversor de Voltaje Trifasico

© UdeC - DIE
Problema Estudiar el modelo del inversor de voltaje con Modulacion SPWM. lado dc inversor lado ac
—p>
La suma de las corrientes de carga es |v| ab(D = Sap() V(D) = (sl(t) - 53(t))-vdc(t)| e
cero y la carga es balanceada, entonces, = s J SsJ s
VI ho(D) = Spa(8)-Vge(t) = (s3(t) — sz (1))-vgu(t 1 >
ey e B IR O e CORE D
por lo tanto, |V|_Ca(t) = sca(t)'vdc(t) = (55(t) - Sl(t)>-VdC(t)| + a io’_abc
Udc b
Viab®) (1 -1 0 (Yoan® Vo_an(D) 2 1 1) (Vi ab® . .
1
Vi pc® [ =0 1 -1} Vo pn() Vo_pn(®) =31 1L VI_pc(t) Von®®
0 111 Vo_cn(t) Vo_cn(t) -1-21 0 S4J S6J So
Vo_an(!) 2 1 1\(1 -1 o)[%® 2 -1 1) ([%®
1 1
Vo_pn(®) =7 -1 1 1[0 1 -1/||s3® -de(t):g- -1 2 -1 || 83() |-vge(®
VO_Cn(t) -1 -21)\0 0 0 s5 (1) -1 -1 2 s5 (1)
- - : T.
Vo_an(® = Ro'ig a(t) + Lo'dig 4(1) Vie®-ige(®) = Vo n(®) i) s 1 1 1)
= : 1 T
|v0_bn(t) =Rgig_p®) + L0~d|0_b(t)| |v0_n(t) :T|n-si(t)-vdc(t)| T = 3 -1 2 1| Ty =Ty, 5;(t) := | S3(1)
Vo cn® = Rorig_o® + Lo:dig (1) . T, 1 s5(1)
0_C 0'0_C 0'0_c V() ige(t) = (Tln'si(t)'vdc(t)) (1)
. T_T.
Idc(t) :Si(t) -T|n -Io(t)
Tinsi(0-Vye(t) = Ryrig(t) + Ly-dig(t) ROE Si(t)T‘TIn'io(t) Parametros
R — 3
. 0 . 1 = 15 = =
Bo(®) = 7100 + = TinSi(0) Vac(¥) Lo =10 | Romt Vel = Vad
0 0
. y i
Simulacion tgi= 0.02  ngi= 2048 ni=1.n t:=0,—..t
f f f g f
0
D) = 2 T LT s Cl=|0|  Z: rfixed(Cl0taneD) Cli=(Z .z .2z N\ Z:= rkfixed(CL,0,tneD
(t,X) = —o.(xl X, x3> +L—o. 1 Si (0 -Vge(t) = = |xe( ,0,t6,ng, ) .—( 0.2 Zne.s nf,4) = |xe( ,0,tg,Ng, )
0
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Vo_an(®) = (Tm-si(t).vdc(t))1 Vo pn(V = (T|n~si(t)~vdc(t))2 Vo_cn(®) = (Tm-si(t).vdc(t))3

t T . | UdeC - DIE
io a(M) =2, , io b(M) =2 4 io oM =2, , ige(m = 5 n-n—f (Tin) (io_aM o p® iy c(M)
500
N := 1024 m:=1.N
‘ m
Vo_an(t) 0 Xm = V0 an(ﬁ’tf) xf = FFT(X)
_— g Sl 11 s i rnrnrrnrti -
'o_a(”)'lo ] _
P — xv(m) := if(m = 1’1’2)'Xfm~per
V,
1 dc
-500 | | | | | | | | | |xv(2)| = 259.337 Vo nrms= = M—
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 - 2 \/E
FFT de 300 Ve fotr
\; (1) = —-m_(t) f<—
Vo an 0_anl > a 5
150 1
La fundamental de voltaje de
0 L | I_IJ_| | |_|_|_|I | M, = [ = [ | cargaes igual ala moduladora
0 5 10 15 20 25 30 35 40 45 50 sobre 2.
L1, Vo 1
o_rms-= 7, \/E > >
500 Ro” + (g Lo)
Vaic(Y) N = 1024 mi=1.N
iy(n)-10 i (M —
de X = 'dc(ﬁ‘nf) xf := FFT(x)
| | | | | | | | | 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
|xv(1)| = 16.653
t.Zn 1
20 Lo
FFT I Po = 3‘Vo_n_rms'|o_rms'cos atan mS-R—
deige P °
0
IdC = V_ IdC = 16.916
dc
0 L D N =T I_I L L e | , ,

0 5 10 15 20 o5 30 35 40 45 50 La cE)rrlente PC no tl,er?e segunda
armoénica. Sélo arménicas de
conmutacion.
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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
P
Como la suma de las corrientes de cargaes [ Vo_an(!) ma (1) iz
cero y la carga es balanceada, entonces, 1
i Vo_bn® | = 2| M) | vye(t aslh® s (¥ s
Seopta [l an® Vo o0 Vo a0 = o) Lm0
por o_cn c
. a —p—
trabajar por lo tanto, + joabe
con la Vde b
fundament- [ V|_ab(t) 1 -1 0)[Yo_an® 1 -1 0)[Ma® . . ’
[ 1
a Vl_bc(t) =0 1 -] Vo_bn(t) = E 0 1 —1|[|my) Vet Voo ¢
Vi_ca® 101 v en(® -1 01 {me() S4J SeJ S2
V| ap(®) ma(t) — mp(1) Map(t)
1
Vl_bc(t) = E mb(t) - mC(t) .Vdc(t) = mbC(t) .Vdc(t)
V|_ca(t) mc(t) - ma(t) mca(t)
: : : T.
|Vo_an(t) = Rgrig alt) + I-o'd'o_a(t)| Vdc(D)-ige(t) = Vg n(t) -ig(t) m,(t, M)
- - 1
Vo_bn(®) = Roig p(®) + Lodi p(0) Vo_n(®) = mj(0)-vge(t) mi() i= 2 Mp(t, M)
—— . mg(t, M)
\% t) = Ryl t) + Ly-diy «(t . T. ©
| o_cn() 0 o_c() 0 o_c( )| V() ige(t) = (mi(t)'vdc(t)) (1)
. T.
ige(t) = m;(t) -ig(t)
m;(1)-vyc(t) = Ry-ig(t) + Ly-dig(t) io(t) = mi(t)T-iO(t) Parametros
R — 3
: 0. 1 — 15. - -
dig(t) = ——ig(1) + T Mj(VVe(t) Loi= 1610 ] Ro=1 Vao(® = Vag
0 0
: g ki
Simulacion tf :=0.02 ng:= 2048 n:=1.. Ng t:=0,—.. tf
n
f
R 0
0 T 1 i T [
D(t,x) = L—o-(x1 X, x3> + L—o-mi(t)-vdc(t) Cl:= g Z := rkfixed(C1,0,t,ng, D) Cl:= (an,z Z,.3 an,4) Z := rkfixed(Cl,0,t¢,ng, D)
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Vo_an(®) = (mi(t)-vdc(t))l

500

Vo_an()
iy 5(n)-10
-500
FFT de 300
VO an
150
0
500
Vdc(t)
ige(n)-10
- 0
FFT 20
de iy,
0

i 0_a(n

) = Zm2

Vo pn(V = (mi(t)-vdc(t))z

io_b(n) = Zm3

Vo_cn(®) = (mi(t)-vdc(t))3

i 0_C(n

) = Zn,

4

. t ! _ . . T
ige(n) = | m; n~n—f '('o_a(”) ig p(n) 'o_c(”))

50

50

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t7. .
I
l I I I l l l I l
0 5 10 15 20 25 30 35 40 45
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.Zn1
I
| | | | | | | | |
0 5 10 15 20 25 30 35 40 45
7 de 46
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N := 1024

. (M,
Xm=Vo_an i

m:=1.

N

© UdeC - DIE

f) xf .= FFT(X)

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

|xv(2)| = 262.5

m-per

V

1
M Vge = 2625

La fundamental de voltaje de

on_rms=

N |-

cargaes igual ala moduladora

V
M. ¢
V2

sobre 2.

L1, Vo 1

orms— VT =

- 2 42 , 2 2

Ry~ + (ms~L0)

N := 1024 m:=1.N

. (m
X = 'dc(ﬁ'nf) xf .= FFT(X)

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

|xv(1)| = 16.888

Po = 3'Vo_n_rms"o_rms'cos(atan(

Po

Iy = —
dc
Vde

m-per

lyc = 16.916

(O] LO
—
RO

La corriente DC no tiene segunda

armonica.
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Modelo de Rectificador de Voltaje Trifasico

© UdeC - DIE
Problema Estudiar el modelo del rectificador de voltaje con Modulacién SPWM. fuente rectificador carga

Ve an(® + V¢ pn(®) + vy n() =0 Ve ab®) (1 -1 o) (Vran® “

_ _ — S1 S3 S5

Ve pe® [=]0 1 =1 | Vr_pn(®) weabe ' )
——Q a ) .
0 L1170 vy en(® i abe ] |
- || Vde ?
|vr_ab(t) = Sap(D)Vgc(t) = (s1(0) - 53(t))-vdc(t)| Parametros c - Rae
n
—3
|Vr_bC(t) = st(t)VdC(t) = (SS(t) - SS(t))VdC(t)| LS =30-10 RS = 54‘% S6J§ S
-6

Ve ca(®) = sca®vc(®) = (s5(0) - 51.(0))-vge(t) Cy = 500-10 Rgc = 10 ¢ b o

Vr_an(®) 2 1 1) (Vr_ab® 2 —1 -1\ (1 -1 o0)(%® 2 -1 1) (%20

1 1 1
Vr bn(®) =7 111 vy e =7 -1 1 1 {0 1 -1]]|s3(® ~vdc(t):§~ -1 2 -1 [ 33() |vge(®) = Typsevgel®
Vr_cn(t) -1 -2 1 0 -1 21 00 O s5(1) -1 -1 2 s5(1)
- - . T. . .
|Vs_a(t) = RS-lr_a(t) + Ls'd'r_a(t) + Vr_an(t)| Vye(-ige(t) = Vr_n(t) “i(1) Vg(t) = Rgeip(t) + Lgdif(t) + Tyy-s{(t)-vye(t)
= - .di = . . \Y (t)

|vS_b(t) Rgir p(t) + Lg dlr_b(t)+vr_bn(t)| |vr_n(t) Tyys(D) vdc(t)| Sr(t)T'TIn'ir(t): C e dvge(t) + dc

—— : dc
Vs c® = Rgir (O + Lodiy (0 + vy (1) Ve ide® = (T30 vee) 0

R
Vic(t) i () = () Ty i () = —i () — —Tyes.(1)- L
14o(t) = Cgodvgel®) + dc ige(t) = sp(t) Ty -ip(1) di(t) L i(t) L Tinsp(D)-vge() + L (1)
dc
. T .
ige(t) = sp(t) -Tyyi (D) = 1 T
dvge(t) = Vget) + =—5,1) T}y (t)
. . i CdcRdc Cac
vg(t) = (\/E.zzo.sin(ms-t) ﬁ-ZZO-sin(ws-t— 2-5) ﬁ-ZZO-sin(ws-t— 4-5))
y s(t) = s;(t)
Simulacion  t¢:= 002  ng=2048  n:=1.ng t:=0,— .t
N
D(t,x) := stack _Rs(x X x)T LT s(t)x+1v(t) RV (s(t))TT (x X X)T
X)) = - TR [ T Vs\h : P e
Ls 1273 Ls 4 Ls CacRdc 4 Cac 1273
T : T i
Cl:= (-21.463 8.749 12714 197.244) Z := rkfixed(Cl,0,t¢,ng, D) Cl:= (an,z Zo.3 Zne.a an,s) Z := rkfixed(C,0,t¢,ng, D)
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nf nf nf
Vde(M =2, 5 Vr_an(l) = (Tln'sr(t)‘vdc[t'ED Vr_pn(t) = (Tln'sr(t)‘vdc{t't_fD Vr_en(D) = (Tln'sr(t)'vdc[t'ED © UdeC - DIE
1 2 3

[
it
. . . . T /. . . T
i aM=2Z , irpM=2 5 i =2, ige(n) = (s{n-n—fD '(Tln) -(lr_a(n) ir p(n) 'r_c(”))
200 | | | |
N := 1024 m:=1.N
v R 100 [~
m
r_an g X = Vr_an(ﬁ'tf) xf .= FFT(X)
iy o()-2
-100 xv(m) := if(m = 1,1,2)-xfm.|0er
-200 | | | | | | | | |
0002 0004 0006  0.008 0.01 0012 0014 0016 0018 [xv(2)| = 97.834
t,Zp 1 1
EET de 120 I E'M'Vdc(l) = 102.624
Vr_an .
60 - La fundamental de voltaje de
fase es igual a la moduladora
0 . e B W m o B R sobre 2.
0 5 10 15 20 25 30 35 40 45 50
200 - ; =
Vge(n) N := 1024 m:i=1.N
: . (m
ige(n-10 o - L _ | ] Al | A4-1- i A X0 = ide ﬁﬂf xf := FFT(X)
xv(m) = if(m=1,1,2)-xf
200 | | | | | | | | | m-per
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Ixv(1)| = 1814 1= [xv(D)|
Zn,1
Py = Ryelyo
EET 10 T 0~ "dc''dc
dei
© lde P, = 329.069
| |_|_‘L |
La corriente DC no tiene segunda
0 i l — | l |_|| Em l I_I—— l |_| l armoénica. S6lo arménicas de
0 5 10 15 20 25 30 35 40 45 50 conmutacion.

Capitulo III - Rectificadores/Inversores Tridsicos 9 de 46 Convertidores Estaticos Multinivel - 543 761



Modelo Promedio de Rectificador de Voltaje Trifasico

© UdeC - DIE
Problema  Estudiar el modelo promedio del rectificador de voltaje. fuente rectificador carga
Pardmetros fae
Vr_an(® s1 S5 S5
= oy -3 T vsabe
Ve bn(®) | = my(t)-vge(t) Lg:= 30-10 |RS = 1| . I . ' )
Vr_en(® Cye = 500-10‘1 Rac = 100 | il IR e S
- dc- dc-
c - Ric
n
S4 Se S2
- . . T. . .
|vs_a(t) = Rs"r_a(t) + Ls‘d'r_a(t) + Vr_an(t)| Ve ige(t) = Vr_n(t) “i(t) Vg(t) = Rgip(t) + Lgdi(t) + my(t)-vyc(t)
—R.i di = ) Vi
Vs b® = Rg'iy (D) + Lgdip p(t) + vy pn(t) Ve_n() = m(0)-vgc () (710 = Cygtvge(d) + de
—— : dc
Vs c® =Rgir O + Lgdiy (O + vy (1) VgD = (mr(t)'vdc(t))T'ir(t)
-R
1 1
. Vc(t) i (1) = m(t) i () di (1) = —-i (t) — —-m(1)-Vy(t) + —-Vg(t)
ige(t) = Cgedvge(D) + Rec de AN AT AT

io(t) = mr(t)T-ir(t)‘

— 1 T.
dvy(t) = Vae(t) + ——-my(t) i (t)
CacRdc Cdc
=
vg(t) = (\/E-zzo-sin(ms-t) \/E-zzo-sin(ms-t—z-g) \/E-zzo-sin(ms-t—4%)j
t p—
Simulacién =002 ng=2048  ni=l.n = 0,— .t m(® = mi®
n
f
D(t,X) := stack _Rs(x X x)T 1m(t)x+1v(t) 1 m(t)T(x X X)T
X) = . - —m(1). = vg(), . —m() -
Ls 17273 Lg 4 Ls dcRde 4 Cdc 17273
T . T .
Cl:= (-22.073 9.004 13.069 191.267) Z:= rkflxed(CI,O,tf,nf,D) Cl:= (an,z an,3 an, A an,s) Z:= rkflxed(CI,O,tf,nf,D)
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FFT de

VdC( n)

igo(n)-50

FFT
de iy

Capitulo III - Rectificadores/Inversores Tridsicos

Vge(n) = Zn’5

i J(M =2,

i p(n) =2, 4

N
Vr_an(t) = m(t)-vye t-t—f
1

i (=2,

N
Ve pn(t) = | m(t)-vye| t-—

N
Vr_cn(t) = m(t)-vye t-t—f
3

© UdeC - DIE

. Uf . . . T
ige(n) = | m, n~n—f '('r_a(”) ir p(n) 'r_c(n)>

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t,Z, 1
120 T
60 —
0 I I I I I I I I I
5 10 15 20 25 30 35 40 45 50
300
200 —
100 —
0 | | | | | | | | | 0
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
2 |
1 —
0 | | | | | | | | |
5 10 15 20 25 30 35 40 45 50
11 de 46

N := 1024 m:=1.N

m
X = Vr_an(ﬁ'tfj xf == FFT(x)
xv(m) := if(m=1,1,2)-xf

m-per

|xv(2)| = 99.254

1
2 MVg(1) = 99.554

La fundamental de voltaje de
fase es igual a la moduladora

sobre 2.
N := 1024 m:=1.N

. (m
X = 'dc(ﬁ'”f} xf .= FFT(X)
xv(m) := if(m = 1’1’2)'Xfm~per
Ixv(1)| = 1.808  lyo:= [xv(1)]

2

Po = Rac'lde
Py = 327.065
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Modelo Promedio dgO de Rectificador de Voltaje Trifasico

© UdeC - DIE
Problema  Estudiar el modelo promedio en dq0 del rectificador de voltaje. fuente filtro ac rectificador filtro dc  carga
Vrdg 0D = Mrgg( Ve .
| rdg_n rdq dc | ss
T wvsabe R; Lg
4e(0) = Mhgg® irag0) e o e
Ude o= e
Vsdq(®) = Rgirgg(D) + Lg (dirgg(t) + Weirgg(D)) + mpgq()-Ve(® c - Rae
<
T. Vc(®)
mrdq(t) ‘Irdq(t) = CdC.dde(t) + S4 S6 S2
Rac
Parametros
0 -og
=500 ] = -
og 0
R . Y R T
sinfo.t) sinl mgt—2-—| sinf o t—4.-—
T 5[ olost) so{ost-25] sfose-a3)

Vsgq(® = (V3220 0) Mraq(® = |3 . 2 ™

cos(ws~t) cos| ogt - 23 cos| og't — 43

tf
Simulacion tgi= 002  ngi= 2048 n:=1.n¢ t:=0,—.1t

N
D(t,X) := stack W(x X )T+ s (x X )T Lom ()-xg+ — ! (1), 1 i Lm (t)T (x X )T
)= - o - rd Vad ~ o ~ 'rd ‘
1 72 L 172 L q q CycRdc 3 Cyc q 1 72
T : T :
Cl:= (2.948 -27.293 184.503) Z := rkfixed(CI,0,t¢,ng, D) Cl:= (an,z 2,3 Zn, ) Z := rkfixed(CI,0,t¢,ng, D)
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N N
Vge(n) = zn,4 Vr_dn(t) = (mrdq(t)vdc(t-t—fD Vr_qn(t) = (mrdq(t)vdc(t-t—fD © UdeC . DIE
1 2

. . . . . ) . T
i dM =2, i g =2, 4 ige(M) = | Myg n-n—f -(lr_d(n) 'r_q(”))
N := 1024 m:i=1.N
Ve (L m
r_dn() 0 Xm = Vr_dn(ﬁ'tf) xf = FFT(X)
: - =
I d(n)2
—_— xv(m) := if(m = 1’1’2)'Xfm~per
' ' ' ' ' ' ' ' ' 2 0.01) 0.01)% = 97,697
0 0.002 0004 0006  0.008 0.01 0012 0014 0016 0018 3\ Vran(0:00)"+ vp gn(0.01)" = 97.
tZn 1
2
FET de 150 I \/; |mrdq(0.01)| Vqe(l) = 97.44
Vr_dn
ICRN 7 1 B
> MVge(1) = 97.44
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
Vge(n) 200 | - N := 1024 m:i=1.N
. . m
igc(n)-50 X = 'dc(ﬁ'”f} xf := FFT(X)
xv(m) = if(m=1,1,2)-xf
0 | | | | | | | | | 0 m) ( 1D i per
0 0002 0004 0006  0.008 0.01 0012 0014 0016 0018 v(D)| = 1876 Ige:= [xv(D)]
Zn,l
Py = Ryelyo
FET 2 I 0~ dc’'de
doi
© lde P, = 352.03
L |
0 ] ] ] ] ] ] ] ] ]
0 5 10 15 20 25 30 35 40 45 50
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Punto de operacion del Rectificador de Voltaje Trifasico en dg0

Problema Encontrar un punto de operacién fuente filtro ac rectificador filtro dc  carga
Y; lac
Vsq 0 vsabe RS LS L [
) @ + Cd(
igabc Ve b >
12 —_
c.i. para Given/Find que deben ser igual en nimero al nimero de incognitas I _dc Ry ?
C c
lrd 10 Mrg 05 n ' ‘
= = V¢ = 500
Irg 0 Myq 0. s S6 S2
Given )
. T
(rd 'rq Vde Mrd Myq) = Find(lg. g Vc: Mrg-Myg) (rd 'rq Vdc Mrd Myq)=(13.787 ~7.96 707.107 0413 -0.173)
. . T . T
sm(cos-t) sm(o)s-t - Zgj sm(mgt - 4§j
Tl T 2 b4 T
Mygq(t) = (Mrd qu) Vsgq(h = (Vsd 0) Tabc_dgqo® = j; cos(ms-t) cos(oas-t - 2§j cos(cos-t— 45)
1 1 1
V2 V2 V2
: L i
Simulacion tf :=0.02 Ng:= 2048 n:=1.. ng t:=0,—.. tf
n
f
D(t,x) := stack W(x X )T + s (x X )T Lm (t)-x, + Ly 0 RV ((m (t)))T ((x X ))T
, = - . _— _ —_— rd . _— Sd - _— rd .
12 Ls 12 Ls a 3 Lg a CdcRdc 3 Cdc q 12
T . T .
Cl:=(lyg Irq Vec) Z := rkfixed(C1,0,tg,ng, D) Cl:= (an,z 2,3 Zng, 4) Z := rkfixed(C1.,0,t¢,ng, D)

Capitulo III - Rectificadores/Inversores Tridsicos 14 de 46
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N N
Vge(n) = zn,4 Vr_dn(t) = (mrdq(t)vdc(t-t—fD Vr_qn(t) = (mrdq(t)vdc(t-t—fD © UdeC . DIE
1 2

. . . te)) . . T
i dM =2, i g =2, 4 ige(M) = | Myg n-n—f -(lr_d(n) 'r_q(”))
400
N := 1024 m:=1.N
vr dn(t) — m —
_ 200 - | X = Vr_dn N te xf .= FFT(X)
i, 4(n)-10
—_— , xv(m) := if(m = 1’1’2)'Xfm~per
O _— =
| | | | | | | | | 2 2 2
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 j;'JVr_dn(O-Ol) + Vp_gn(0.01)" = 258.568
t,Zy 1
2
FFT de 400 | J; |Myg(0-01)| V(1) = 258.568
Vr_dn
2000 ¢ = .
iy g(1)
atan L @ =-30
0 | | | | | | | | | irg1)) =
0 5 10 15 20 25 30 35 40 45 50
1000
Vge(n) N := 1024 m:=1.N
. 500 [~ m . m
igc(n)-10 X = 'dc(ﬁ'”f} xf := FFT(X)
xv(m) := if(m=1,1,2)-xf
0 | I | | | | | | | 0 m-per
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 Ixv(1)] = 7.070 4= [xv(D)]
Zn,l
Py = Ryelyo
FET 10 T 0~ "dc''dc
deiy, Py =5x 10°
5 _
0 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
15 de 46 Convertidores Estaticos Multinivel - 543 761
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Punto de operacion del Rectificador de Voltaje Trifasico en abc

Problema Simular el punto de operacion.

dif(t) =

Ry
i(t) -

T|n f(0)-vye(t) + i Vg(t)

S

de(®) C

dc’ Rdc

C

Veld) + é.sr(t)T-T,n-ir(t)

T
M(®) == Tapc_dgo(®) -

Mg

qu

|ma(t) = 2~mr(t)]l

|mb(t) = 2-mr(t)2|

M = E-Jma(0)2 + mp(0) + m(0)°

M =0.731

|mc(t) = z.mr(t)3|

M
fM = atan[ rq)
Mg

180
fy-—— = —22.655

T

sup(t) := if(ma(t) > mb(t),if(ma(t) > mC(t),ma(t),mC(t)), if(mb(t) > mc(t),mb(t),mc(t)))

inf(t) := if(ma(t) < mp(t), if(ma(t) < mc(t),ma(t),mc(t)), if(mb(t) < mc(t),mb(t),mc(t)))

|ma0(t) = my(t) - seqo(t)|

fuente

sedp(t) == (sup(t) + inf(t))%

|mbo(t) = mp(t) - seqo(t)|

|mc0(t) = mg(t) - seqo(t)|

|51(t)

|f mao(t) > tri(t), 1 o)|

|53(t) = if(mbo(t) > tri(t), 1,o)|

|s5(t) =

if(mco(t) > tri(t), 1,o)|

15

AW AAMAN

-0.5
-1 _
-1 5 | |
0. 002 0. 004 0. 006 0. 008 0.0 0. 012 0. 014 0.016 0.018
t
. y i
Simulacion tf :=0.02 ng:= 2048 n:=1.. Ng t:=0,— tf
Nf
D(t,x) := stack s (x X, X )T L1os ()-x, + — Ly ), X, + ( (t)) T (x
2= T 1% T2 M3) T Inr\ Ay s 47~ In"| *1
Ls Ls Ls Cdc dc Cdc

Capitulo III - Rectificadores/Inversores Tridsicos
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© UdeC - DIE
rectificador carga
lac
S1 S3 S5
L <
——Q a
igabe vy abe + S
b Udc }
c Ric
. 2 .
tri(t) .= —-asm(sm(fn rost+ vy o — n)
Sl(t) VSd
T
s() = | 30 | |vg(D) = Tape dqo(® | Vsq
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T T .
Cl:= stack(Tabc_qu(O) '('rd g O) ’Vdc) Z:= rkflxed(CI,O,tf,nf,D)

nf nf
vdc(n) = Zn’5 Vr_an(t) = (Tm‘Sr(t)Vdc[t'Ejj Vr_bn(t) = (Tln.sr(t).vdc[t't_f]j
1 2

Cl:=

T
(an,Z an,3 an,4 an,5)

N
Vr_cn() = | Tip'se()-vgq t'g
3

Z:= rkfixed(CI,O,tf,nf, D)

© UdeC - DIE

500
Vr_an(9
ir a(n)'30
—500
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t.Zn 1
FFT de “4uy I
Vi an
200 ]
0 | I o N B o . m o e I 0
0 5 10 15 20 25 30 35 40 45 50
1000
V()
. 500 [~ ]
ige(n)-30
0 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
FFT 10
de iy,
5 ]
0 | | [l | /| = | | | |
0 5 10 15 20 25 30 35 40 45 50
Capitulo III - Rectificadores/Inversores Tridsicos 17 de 46

ige(n) = (sr(

t

-
f ) _ -
nn_JJ '(Tln)T'('r_a(n) 'r_b(n) 'r_c(n) )T

N := 1024

m
X = Vr_an(ﬁ'tf) xf .= FFT(X)

m:=1..N

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

|xv(2)| = 257.318

1
E.M.Vdc(l) = 258.83

La fundamental de voltaje de
fase es igual a la moduladora

sobre 2.
N := 1024 m:=1..N
. (m
X = 'dc(ﬁ‘nf) xf .= FFT(X)

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

Ixv(D)| =7.126  1go:= [xv(D)]

2
Po = Ryc'lde

Py = 5.078 x 10°
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T © UdeC - DIE

. . LA LA i T. .
Vabe(t) = Vg(D) iabc(D) = [ if a t't_ Ir b t't_ Ir ¢ t.t_ Pabc() = Vape(t) -Tape(t) Gahc(t) = Vape(t) X igpe(t)
- f - f - f
, 2 2
500 Sapc(t) = (|Vabc(t)|) '(|'abc(t)|)
vg(t)1 - Papc(t)
i o120 abe Sapc(t)
(Tabc_dqo(t)'iabc(t))2
| ! ! ! ! ! ! ! | ¢(t) := atan .
- T )1 t
500 5 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 ( abc_dqo(t)Tabe ))1
6000 | | | | | | | | |
n 0)
pabc(t) . , P
— 1000 F | El sistema todavia no estd en S.S.
|qabc(t)|
2000 : : : : : : : : : ; Qué rangos puede alcanzar el
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 ¢ gos p

sistema ?... La Regién de
1 | | | [ | | | I I Operacién entrega esta respuesta.

NN~ AN N N T NN

fpabc(t) 05

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

fuente iltro ac rectificador filtro dc  carga

R R ¥ (3

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
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Region de Operacion del RFV Trifasico en dg0

Problema

Estudiar el modelo promedio en dqO del rectificador de voltaje.

mr_albc('vI ’fM) :

N |-

. 0-
M~sm(ws~t + fM - T’T)

M-sin(ws-t + fM - )

i

3

. 4.
M-sm(cos-t + fM - T)

Xa(M,fM) = mr_abC(M,fM)l
Yb(M,fM) = mr_abC(M,fM)z

ZC(M,fM) = mr_abC(M,fM)g

Las sefiales en abc en funcion de M y f,,.

1~
¥ & N

~—_
I
T H“H__

H"x\__ H“““*—-.___h
I

< 0.6

(Xa: Yo Zc)

Capitulo III - Rectificadores/Inversores Tridsicos

t:=0

19 de 46

© UdeC - DIE
fuente filtro ac rectificador filtro dc carga
lae
S1 S3 S5
wvsabe R\ L\ ¢ <
@ abc + C(Z(
izabe Vr >
I b Vie == }
c - Rdc

n [ <

|mf_dq0(M .fm) = Tanc_dgo® My anc(M 9f|v|l

xd(M,fM) = mr_qu(M,fM)l
Yq(M,fM) = mr_qu(M,fM)z

zO(M,fM) = mr_qu(M,fM)3

Las sefiales en dq0 en funcion de M y f,,.

i

~
i~ ™~
~\ —
- \“‘ H‘-%\H
H\% —~
N7 T
/ ~
-~ i -] : ™~
" /._:2 x‘h f & \‘m
L —y x —
0.3 o o
0~ "] ;\
0.3 - L 706
T~ ~— A 03
-0.6 \_ﬁ
\H ~ 0
0.6
0.3
K i 0.3
03 0.6
(%6:Ya 20)
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c.i. para Given/Find que deben ser igual en nimero al nimero de incognitas

| M V.
rd 10 rd 0.5 sd \/3-220 1 /3
= = V. = 500 = Max := —- [—
| ( 0 M ( 0. j V, ( 0 22

q q sq

© UdeC - DIE

fuente filtro ac rectificador filtro dc  carga

Given I}} J(}} 4
S1 S3 Ss
vee  Rs Ls

S
SO' Myg-M rq —F'nd rd’ rq’Vdc

Se graficara para M, 4 y qu en el rango -Max a Max.

me := 40 miq := —-Max maq := Max mi, := —~Max ma, := Max
A graficar |4, I,y Vyc
'rd(xd’xq) = Sol(xd,xq)l 'rq(xd’xq) = Sol(xd,xq)g Vdc(xd’xq) = Sol(xd,xq)g
SI rd = CreateMesh(Ird,mi2,ma2,mi1,ma1,me) S| 1q= CreateMesh( rq,mi2,maz,mil,mal,me) SV dc = CreateMesh(Vdc,miz,maz,mil,mal,me)
Corriente I 4 Corriente |, Voltaje V.

1004

a0
1006
0.5 -5
S| rd Sl rq SV_de
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» ) y ) © UdeC - DIE
La tension V4. negativa no es opcion, por los diodos en

antiparalelo de la topologia.

Hay dos entradas M,y y M,q y hay tres variables de estado.
Las potenciales salidas podrian ser Ig € l;g, Iiq Y Ve, Vg €

I

Es posible controlar |4 € Iy, Vyc e_qu,
controlar |4 y V4. por el rango minimo.

pero NO se puede

1500 1500
10004 1000
500+ 5004
190F -1
('rdﬁqu’vdc) ('rdﬁqu’vdc) ('rdﬁqu’vdc)
fuente filtro ac rectificador filtro dc  carga o -50 0 50
lde
S1 S3 Ss
vsabc RS LS < <
p & abe + Cdc 304
ipabe Ve >
I b Vae = p3
c - Rdc
n < < 100+
JPE 1& .

('rda Irq’Vdc)
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Inversor de Corriente Trifasico

© UdeC - DIE

Problema Estudiar el inversor de corriente con Modulacién SPWM. lado dc inversor lado ac

' =
Lamoduladoraes,  M:=1 wg= 2150 fyg:= = |[my(t,M) = M~sin(ws~t + g - 0—“) fdc
6 3 S S3 Ss
La triangular es, fi =15 per:=1 i . 2 Voabe i, abc
n_tr mb(t,M) = M.sm(ms-t + fM - T) ., a - 1 1 ° .
tri(t) = 2-asin(sin(f t+ fan-f 2. i v iyabe .
I’I( ) = - aSIn(SIn( n_tr(,os + M n_tr aF Tl:) mc(t,M) - MSIn(Q)St n fM _ _TEJ dc -(1(1
3 co——1 5 ...
Q Qo
Auxiliar 1 sy (1) = |f(ma(t,M) > tn(t),l,o)| Sy () == |f(sX(t) =1,0,1 s s s
ili — i : e i = L]
Auxiliar 2 sy(D) := |f(mb(t,|v|) > trl(t),1,0)| syn(D) = |f(sy(t) =1,0,1
Auxiliar 3 s, (1) = if(mc(t,M) > tri(t), 1,0 S,n(t) = if(sz(t) =1,0,1 - )
lra piermna 51(D) = 55 (1) S7p() 84(1) = S7(1)-Sxn(D) Las corrientes se pueden escribir como,
2da pierna s3(t) = sy(t).sxn(t) sg(t) = sX(t).syn(t)
3ra pierna 5500 = 5,(0)-5y(0) 5200 = 5 (D -57(0) liia® = (5100 = 54(0)-ige(0)
|iib(t) = (ss(t) - s6(t))-idc(t)|
i
ng:= f, +-4-50-per n:=0.n¢ te:=.02-per t=0,—..t - -
£ Tn_r @500 £ 0P ne T [ic® = (550 = 550) Tgc0)
15 | | | . - -
1 Se define la funcién de conmutacion como,
tri(t) 0.5 |Sa(t) =sq(t) - S4(t)|
0
m t,M =] —
A )_0.5 |sb(t) s5(1) 56(t)|
-1 |sc(t) = sg(t) — sz(t)|
-15 | | | | | | | | |
) 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t |iia(t) = s,(t):i dc(t)| Hay un desfase
entre la moduldora
|iib(t) = Sb(t)'idc(t)l y la sefial _Qe
sa(t) conmutacion.
—_ |iic(t) = sc(t)-idc(t)|

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
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15
1

ti(ty 05
0

-0.5

-1
-15

s1(9

s4(9

ia(® 0

10
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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
I
| | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
I
| | | | | m
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

_IU]_ﬂ_IlUIlULITJJII_m,mU”U[m_m_

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
| |vI§
N =M1
2 dc
1 fl_ﬂLﬂiliiAﬁil_lll_l I I o I O El |
0 5 10 15 20 25 30 35 40 45 50
23 de 46

© UdeC - DIE

lado dc inversor lado ac
—_
>
lde
S1 S3 Ss
Voabe igabc
s a —> & >
ijabe

lde Ude b o

Sq Se S2
e

|sa(t) =sq(t) - s4(t)|

Hay un desfase
entre la moduldora
y la sefial de
conmutacion.

IdC =10

liia(0) = sa(0)-igc (1)

N := 1024

i (m,
Xm.— Iia Nf

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

m:=1.N

xf = FFT(x)

m-per

|xv(2)| = 8.602 E-M-I = 8.66
2 dc

La fundamental de la corriente ac
es igual a 0.866Ml4; y no hay
componentes de frecuencia hasta
foo/2
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tri(t)

m,(t, M)

s1(9

)

La moduladora es,

La triangular es,

M:=1 Og = 2-1-50 fM =0

fn_tr =15 per:=1

. 2 (.
tri(t) := —-asm(sm

g

T
(fn_tr'“)s't L VR e Ej

ma(t,M) = M-sin(cos-t + v -

=
a

)

2|

mMp(t, M) = M-sin(coSI + vy -

N
a

)

m(t,M) = M-sin(cos-t + v -

i
3 w

;)

- -1
Auxiliar 1 My (8. M) = (ma(t,M) - mb(t,M))-(\ﬁ) |sX(t) = if(max(t,M) > tri(t),l,Ol
- -1
Auxiliar 2 Mpy(t, M) = (mb(t,M) - mC(t,M))'(\/?) |sy(t) = if(mbx(t,M) > tri(t), 1,0
Auxiliar 3 Mex(t,M) = (Mg(t, M) — ma(t,M))-(\ﬁ)_ [5,(0 = if(mg,(t.M) > ti(®). 1,0}
1ra pierna S1(1) = sy (t)-szp(t 54(1) 1= 57(1)-syp(t
2da pierna s3(t) = sy(t)-sxn(t sg(t) = sX(t)-syn(t
3ra pierna sg(t) = sz(t)'syn(t So(t) = sy(t)-szn(t
15 I I I I I I
1 )
0.5
0
0.5
-1
15 | | | | | | | | |
o) 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
T
1 _|
0 ! ! ! ! ! 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
T 1 T T
NLTUTUTTU LT :
| | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
24 de 46
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Hay un desfase entre la moduldora y la

sefial de conmutacién que se corrije con

las sefiales auxiliares m,,, m,. y m.,.
|sxn(t) = if(sX(t) = 1,0,1]
|syn(t) = lf(sy(t) = 1,0,1]
|szn(t) = if(sz(t) = 1,0,1)|
lado dc inversor lado ac

|sa(t) =sq(t) - s4(t)|
|sb(t) = s(t) - 36(t)|

|sc(t) = sg(t) - sz(t)l

IdC =10

|iia(t) = sa(t)-idc(t)l
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Modelo de Inversor de Corriente Trifasico

Problema

La suma de las corrientes de carga es
cero y la carga es balanceada, entonces,

|Vo_an(t) + Vo _pn(t) + Vo _cn(t) = 0|

|v0_an(t) = Rgrig_at) + L0~di0_a(t)|

|v0_bn(t) =Rgig_p®) + L0~di0_b(t)|

|v0_cn(t) = Rgrig_¢(®) + L0~di0_c(t)|

Estudiar el modelo del inversor de corriente con Modulacion SPWM.

|ii_a(t) = Sa(t)'idc(t) = (Sl(t) - 54(t))-idc(t)|

|ii_b(t) = 5p(1)-ige(t) = (53(t) - 56(t))-idc(t)|

|ii_c(t) = 5(1)-ige(t) = (55(t) - sz(t))-idc(t)|

|ii_a(t) = CodVg_an(t) + io_a(t)|

|ii_b(t) = CodVg_pn(H) + io_b(t)|

|ii_c(t) = CodVg_en(t) + io_c(t)|

|Vo_n(t) = Rgig(t) + L0~di0(t)| 55(0)
q o t
[5i(0)igc(®) = Cordvg (D) + ig (1) si(0) := | Sp(®
sc(t)
di,(t) = ;Ro.i (1) + i.v @) [dv, () = _—1-i (t) + L-S'(t)‘i (t)
0 L 0 L, o_n o_n c 0 c i(©-igc
. . te
Simulacion tg:=0.02  ng:= 2048 n:=1.ng t:= 0,n— -t
f

-R

0

0 T
D(t,X) := stack{L—-(x1 X, x3) +

T T
Cl:= stack((ZnPZ an!3 znf,4) 7(an,5 an,6 an,7) j

Capitulo III - Rectificadores/Inversores Tridsicos

~(x4 Xg xe)T,—-(x1 X, x3>T+Ci~si(t)-idc(t)

o] 0

25 de 46

|
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lado dc inversor lado ac
idc
S3 Ss Vonabc
é ® ioabc

idC

Vae()-ige(® = Vo_n(t)T'ii(t)

|ii(t) = si(t)-idc(t)|

Ve ige() = vo_n(t)T-si(t)-idc(t)

Vgl = vo_n(t)T-si(t)

Vgl = vo_n(t)T-si(t)

Parametros

L =1510 ] [R.=1d [c.:= 10010 §
0) (0

Cl:= stack|| 0 |,| Z := rkfixed(Cl,0,t¢,ng, D)
0)\o

Z := rkfixed(C1,0,t¢,ng, D)
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t t
Vo_an(n) = 205 Vo_pn(n) = 26 Vo_cn() = 207 li_a(n) = Si[n'n_fj'idc(n'n_fj © UdeC - DIE

ki
io_c(”) = Zn,4 Vge(n) = (Vo_an(“) Vo_bn(”) Vo_cn(n) )T'Si(n'n_fj

io_a(n) = Zn,2 io_b(n) = Zn,3

I I
N := 1024 m:=1.N

m
X = VO_a”(ﬁ'nfj xf .= FFT(X)

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 |xv(2)| = 105.242

lado dc inversor lado ac

FFT de 150 T >
v lde
Slﬁ Saf SS_E Vonb*
L a —»>
ijabe

O - -
>
lde Ude b o
| | [T R— | | | | | | G
O g

%0 5 10 15 20 25 30 35 40 45 50
Sa Sa_’E Sz_li )|
I I
M1 o ) “\‘“ ] 0 N := 1024 m:=1.N
ia
e . m
‘ ‘ \ ﬂ ‘ | H ‘ ‘ ‘ X = 'i_a(ﬁ'nf)l xf := FFT(X)
L L L L

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

| | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 m-per
Zo1 |xv(2)| = 8.602
FFT 10 ! ﬁ M-1,4. = 8.66
de lde 2 de '
|_| |_| La fundamental de la corriente ac es
ol v BBy a BB o0 B = 1 o= B jgual 20.866Ml, y estén en fase.
0 5 10 15 20 25 30 35 40 45 50
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Modelo Promedio de Inversor de Corriente Trifasico

© UdeC - DIE
Problema Estudiar el modelo promedio del inversor de corriente. inversor lado ac
Se utiliza la relacion entre la fundamental de corriente y la moduladora.
. S3 Ss Vonabc
Ii_a(t) \/_ ma(t) é P ioabc
: 3 . o
Ii_b(t) :7. mb(t) .IdC(t) >—
ij (V) m¢(t)
- c o——o—
[ ] (-]
Vo_an(® = Rgrig_a(® + Ly-dig 4(1) [ii_a® = Codvg an(® + ig a1 S _It! SQJ" ]
|v0_bn(t) =Rgig_p®) + L0~di0_b(t)| |ii_b(t) = CodVg_pn(H) + io_b(t)|
|v0_cn(t) = Rgrig_¢(®) + L0~di0_c(t)| |ii_c(t) = CodVg_en(t) + io_c(t)|
. T.
Vye(-ige(t) = vo_n(t) §(1)
Vo n® = Roig(®) + Lo-dig (1) 7 my(t, M) [0 = mi(0-go(0)
= 3
- - m;(t) = ~—-| Mp(t,M)
m:(t)-iga(t) = Co-dvy (1) + i(t ! . T .
| i(0-igc(t) 0 o_n() of )| 2 (. M) Ve ige(t) = v p(0) -m;(t)-ig(D)
c\™ -
T
VgD = vo_n(t) -m;(t)
di(t)-i!oi(t)Jriv (t) |dv (t)-_—li(t)+im-(t)i (t) T
0 L, 0 L, o_n on C, 0 C, i‘Y"ldc V(D) = Vo_n(t) -m;(t)
Parametros
t
. L f — 3 —
Simulacion te:= 0.02 ng:= 2048 n:=1.n t:=0,—..t L,:= 15-10 R,:=1 C, = 100-10
f f f _— 0 0 0 PECE
0 0
D(t.x) = stack] 2 T2 T T, i Cl:=stack | 0 [,| 0 Z = rkfixed(ClI,0, t,n¢, D
(t,X) = stac L—-(xl X, x3) +L—~(x4 Xg x6) ,C—-(xl X, x3> +C—~mi(t)~|dc(t) = stac , = |xe( ,0,t6,ng, )
0 0 0 0 o) lo
Cl=stack((Z. .z .z Nz .z .z \ Z = rkfixed(Cl,0,t¢, ne, D
= stac ( nf,2 nf,3 nf,4) ’( nf,5 nf,6 nf,Y) =T Ixe( -9l Ng )
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t t
Vo_an(”) = Zn,5 Vo_bn(”) = Zn,6 Vo_cn(”) = Zn,7 Ii_a(n) = m; n-—j-ldC n-— © UdeC - DIE

t
o c(N:=2, , Ve = (Vo_an(M Vo pn(M Vo_cn(”))T'mi n.n_f

io_a(n) = Zn,2 io_b(n) = Zn’3

N := 1024 m:=1.N
m
X = Vo_an(ﬁ'”fj xf .= FFT(X)

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

m-per

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 |xv(2)| = 105.456
Zn,l
lado dc inversor lado ac
FFTde 150 T >
lde
Vo_an s S3_,g SS-E Vonabe
Gl — joabe
. a - S
. ijabe N
0 I I I I I I I I I e Vite b 3
0 5 10 15 20 25 30 35 40 45 50 i o !
S4 86"5 Sz_li
L]
ii_a(n)l 0 N = 1024 m .= 1 .. N
— . m
X = i a N-nf 1 xf == FFT(x)
I I I I I I I | | xv(m) := if(m:1,1,2)-xfm or
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 P
Zo1 |xv(2)| = 8.66
FRT 10 ! ﬁ M-1,.= 8.66
deige 5 Vide T
La fundamental de la corriente ac es
0 B Oy I Iy I I R W R W igual a 0.866Ml. y estan en fase.
0 5 10 15 20 25 30 35 40 45 50
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Modelo de Rectificador de Corriente Trifasico

Problema Estudiar el modelo del rectificador de corriente con Modulacion SPWM.

|ir_a(t) = Sa(0)-1gc(t) = (Sl(t) - S4(t))-idc(t)| Parametros

lir b(®) = sp(®-ige(®) = (s3(1) = 56(D))-igc(0) L=3010 |  [Ry=

lir ¢() = sc(®)ige() = (s5(0) = sp())igc() c,=5010 9  [Rac=?
Vs a0 = Reg o0 + Lglis (0 + Vy_on(0) Lyc = 30-10°

|vS_b(t) = Ry'ig p(t) + Lgdig p(t) + vr_bn(t)|

|vS_C(t) = Ry'ig ¢(t) + Lgdig (1) + vr_cn(t)|

lis a0 = ir a(0) + Crdvy gn(0) 110 = 5,0V

|is_b(t) =i p(t) + Cr-dvr_bn(t)|

|is_c(t) =i () + Cr-dvr_cn(t)|

|vdc(t) = Lge dige(t) + Rdc-idc(t)|

Vgl = vr_n(t)T-sr(t)

-
vg(t) = (\/E.zzo.sin(ms-t) ﬁ-ZZO-sin(ws-t - 2%) ﬁ-ZZO-sin(ws-t - 4%))

i
Simulacion tf :=0.02 ng:= 2048 n:=1.. Ng t:=0,— -~tf
N
D(tx)-—stack_—Rsx X, X i ix Xg X TJriv(t)_—ls(t)x+
2T LS(l 2 3) LS(4 5 6) LS S ’Cr r 7

Cl = (5537 —38.684 33281 —371.682 —81.54 490274 43.18)
Cl=(z .z .z 7z -z .z -z \
'_( Ng2 g3 g4 Tne 5 g6 g7 nf,8)
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Vge(l)ige(t) = vr_n(t)T~ir(t)

Vae®)ige® = Vp o5 (0)-ige(t)

Vgl = vr_n(t)T-sr(t)

(Xl X, x3) ,

© UdeC - DIE

fuente rectificador carga

idc
Sl—le S3—|€ 35—|
viahn Vra be irahc ) !
—p——Pp———0 a
isabc * >

|| S- b Vdc § Rac

— C °

| 54_":} 56-":{ 52—|

V(D) = Rgrig(t) + Lg-dig(t) + v (1)

ig(t) = Crdvy () + i(D)-ige()

vr_n(t)T-sr(t) = Lgedige(t) + Ryerigelt

R 0 1

dig(t) = —-ig(t) — ——-v, (1) + —-vg(t
S L S L rn Ly S
-1 : 1.
dvp n(t) = C_'Sr(t)"dc(t) i E-Is(t)
r r
_Rd
dige(t) = L C'idc(t) + Li'vr_n(t)T‘Sr(t
Sy(t) := sj(t) dc de

T —Ryc 1
-X
Lac

g s XG)T'Sr(t)J

rkfixed(CI ,0,t6,ng, D)

rkfixed(CI ,0,t6,ng, D)
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g = Z, 4
is oM =2,

Vyn(n) = s/ n-—
dc() -

¢ T

is_b(”) = Zm3

, L
'r_a(t) =] s{t)-igc t-t—f
1

is (=2, ,

ng ng
ip (D) = | sp(O)-ige t— ip o(0) =] s (D)ige t—
- tf ) - tf 3

© UdeC - DIE

Ve an(M =2, 5 Ve pn(M =2 6 Vr_en(N) =2, 5

'(Vr_an(n) Vr_pn(M) Vr_cn(”))T

500

1500

1000
Vd C( n)

. 500
|dc(n)'5

~500

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
YU T U1 h_L} "U,,, U]
| I | | | | I | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l
30 de 46
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rectificador filtro dc carga

fuente filtro ac
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—1000
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,l,t
FFT de 40 '
It a
20 I
0 | | |_| | |_|_._| A m, M L L = |
0 5 10 15 20 25 30 35 40 45 50
1500
BN R N
]
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zy 1
EFT 600 I
deVae 400 .
200 H I
0 | | | I_I | - I_I | | |_| |
0 5 10 15 20 25 30 35 40 45 50
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N := 1024 m:=1..N

L m
Xm = 'r_a ﬁtf

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

xf .= FFT(X)

m-per

|xv(2)| = 35.445

N
7-M~Idc(1) = 37.524

La fundamental de corriente es
igual a 0.866 M |4,

N := 1024 m:=1..N

L m
Xm = VdC ﬁnf

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

xf .= FFT(X)

m-per
[xv(1)| = 413522 Vo= [xv(1)]
2

) Vde
Poi=——

Py = 1.71x 10°
Rdc

El voltaje DC no tiene segunda
armonica. S6lo armodnicas de
conmutacion.
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Modelo Promedio de Rectificador de Corriente Trifasico

Problema Estudiar el modelo promedio del rectificador de corriente.

fuente

i r_a(t) ma(t) Parametros
i _\/§ i abc
iy b(t) =X mb(t) () o -3 - Y
" 5 dc Lg:= 30-10 Ry :=
'r_c(t) mc(t) 1|

c;=5010 ]  [ac=1

|vS_a(t) = Ry'ig a(t) + Lgdig o(t) + vr_an(t)| —3
Lge = 30-10

|vS_b(t) = Ry'ig p(t) + Lgdig p(t) + vr_bn(t)|

Vs (D) = R'ig o(0) + Lgdig o(t) + vy cn(t)

Vge(l)ige(t) = vr_n(t)T~ir(t)

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

|is_a(t) =i () + Cr-dvr_an(t)|

lis b(® = i (D) + Cpavy pn(0)

Vge®ige® = Ve (' my(0)-ige(0)

© UdeC - DIE

rectificador carga

idc

Sl—l Sg—l 35—|
Vrahc irahc ¢ !
is >

0- b Vie ? Rac

— Cc )

| 54_":} 56-":{ 52—|

V(D) = Rgrig(t) + Lg-dig(t) + v (1)

ig(t) = Cpdv, (1) + my()-ige(t)

vr_n(t)T-mr(t) = Lgerdiget) + Rerigeld

|is_c(t) =i () + Cr-dvr_cn(t)| - _ R 1 1
VgD = Vr_n(t) -m(t) dig(t) = T-ls(t) — f"’r_n(t) + L—-vs(t
S S S
V(D) = Lo dige(t) + Ryerige(t) = T, =
| | V(D) = Vp n(t) -my(t) dv, () = _1.mr(t).i ol + i-is(t)
-~ Cy Cy
T fat:M) —Ryc 1 T
vg(t) = (\/E~220~sin(ms-t) ﬁ-ZZO-sin(ws-t _ 2%) ﬁ-ZZO-sin(ws-t _ 4%)) m(t) == g my(t, M) dige(t) = —de [ige(t) + L—dc.vr_n(t) “my(t)
me(t, M)
. y i
Simulacion tg:=0.02  ng:= 2048 ni=1.n t:=0,—..t
f f f g f
-R -R
S T 1 T 1 -1 1 T dc 1 T
D(t,x) := stack T-(xl X, x3> - r-(x4 Xe XG) + f'Vs(t)’C_'mr(t)'X7 + E-(xl X, x3) T L—-(x4 Xg XG) ‘m(t)
S S S r r dc dc
Cl:= (4.868 —38.653 33.835 —398.658 —69.957 475.516 41.046)T Z:= rkfixed(CI,O,tf,nf, D)
T .
Z:= rkflxed(CI,O,tf,nf, D)

Cl:= (an,z znf,3 an,4 an,5 an,G an,7 an,8)
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g = Z, 4

is o =2,

V() :=m/| n-—
dc() N

T

. . f
i gt = mt)-igg t-—
— tf

is_b(n) = Zn,3

n

i (=2,

1

'(Vr_an(n) Vr_pn(n) Vr_cn(n))T

. . f
ir p(t) = [ m(t)-igg t—
— tf

n

2

. . f
ir o) = mt)-igg t-—
—_ tf

n

500

—500
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
1000
500
Vr_an(
. 0
Ir_a(t)-5
—500
-1000 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
600
Vdc(n) 400
ige(n)-5
- 200
0 | | | | | | | | | 0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn,1
33 de 46
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Ve an(M =2, 5 Ve pn(M =2 6 Vr_en(N) =2, 5

fuente rectificador carga
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1000

500 [~

Vr_an(M

ir 4(0-5

=500 [~

—1000
0

0.002

0.004

0.006

FFT de 40

20

10

15

20

25

30

35

40

45

50

600

Vdc(n) 400 =

igc(n)-5

200

0

0.002

0.004

0.006

0.008

0.012

0.014

0.016

0.018

FFT 600
deVac 400

200
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15

20

25

30

35
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40

45

50

N := 1024 m:=1..N

. m
Xm = Ir_a ﬁtf

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

xf .= FFT(X)

m-per

|xv(2)| = 35.586

V3
- Mrige(1) = 35545

La fundamental de corriente es
igual a 0.866 M I,

N := 1024 m:=1..N

. m
Xm = VdC an

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

xf .= FFT(X)

m-per
[xv(1)| = 409.071 Vg := |xv(1)]

2
Vde
P, = —

. Py = 1.673x 10"
R
dc

El voltaje DC no tiene segunda
armonica.

© UdeC - DIE
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Modelo Promedio dqO de Rectificador de Corriente Trifasico

© UdeC - DIE

Problema Estudiar el modelo promedio dg0 del rectificador de corriente. fuente filtro ac rectificador filtro dc¢

irdq(t) = Megq(t)-ige(t) ie L
lsa) = P o) mﬁ#g ’

carga

Ve

isdq(t)=Cr-(dvrdq_n(t)+W~vrdq_n(t))+mrdq(t)-idc(t) —U 54—":| SG-":{ Sz—l

T . .
Vrdg_n(® Mrgg(d) = Lye dige(t) + Rgeige(t)

T A Rs I—s
Vdc() = Vrdg_n(D) Megq(D) > .
| - b Ve 5 Rac
Veda(t) = Rei t) + Lo (digqq(t) + W-i t))+v t ¢
sdq() S sdq() s( sdq() sdq( )) rdq_n() C, s

Parametros

sin

T T
ot) sinl oet—2-—| sin oo t-4-—
s ( s 3) ( s 3)

—_—

T My = | my(t)
Vsdg(t) = (y3-220 0) rdg\” = |3 i O
cos(cos-t) (oolS cos~t—2~— cos| gt —4-—
3 3
. > tf
Simulacion tf :=0.02 Ng:= 2048 n:= 1..nf t:=0,— ..tf
n
f
B0 o stack] T R T 1 Tl w L DN § T Rde 1 .
(t,X) := stack| — -(x1 x2) T ~(x1 x2) - -(x3 x4) an Vsdg(D-~ -(x3 x4) + 2 Myt Xg + - ~(x1 x2) T st -(x3 x4) Mg ()
S S S r r dc dc
Cl:=(51.206 6.078 386.785 -488.94 41.089)T Z:= rkfixed(CI,O,tf,nf,D)

T .
Cl:= (an,z Zo.3 Znc4 Znes an,e) Z := rkfixed(C1.,0,t¢,ng, D)
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g = Z,

is g =2, , is q() =2, 4

t

T
f
Vge(n) = mrdq[”'n_f] '(Vr_dn(”) Vr_gn(n) )T

i g(t) = (mrdq(t)'idc[

Vr_dn(”) = Zn,4

nfjj
t-t—
f 1

. ) i
I g0 = (mqu(t)"dc[t't_fD © UdeC - DIE
2

Vr_qn(”) = Zn,5

400 T T T T T T T T T
vsdq(t) 1
. 200
|s_d(n) -5
0 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t,Zy 1
“4uu i i i T T T T T T
Vr_dn(M
. 200
'r_d(t) -5
0 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zy 1t
ouUY T
Vdc(n) 400
idC( n)-5
- 200
0 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zn, 1
Capitulo III - Rectificadores/Inversores Tridsicos 36 de 46

fuente

v

&

J i, (0017 + ir_q(o.01)2- % _ 35557
2 .
3 |mrdq(0.01)| -ige(1) = 35.557

V3
o Miigg(1) = 35.557

La fundamental de ir es 0.866 M |
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Punto de operacion del Rectificador de Corriente Trifasico en dqO

© UdeC - DIE
Problema Encontrar un punto de operacion fuente filtro ac rectificador filtrodc  carga
——YY
i« L
Vsd) ({3220 .o
Foco =70 LR
Vsq 0 Vrabc irabc ) !
a

A Rs L
= g ) N o
c.i. para Given/Find que deben ser igual en nimero al nimero de incognitas : N S Re
c
lsq 10 Vrd 300 Mrg 0.5 “TT l | |
ISq —6 qu 0 qu 0.0
Given

. T
('sd Isq Vid qu lgc Mrg qu):= I:'nd(lsd’'sq’Vrd’qu’'dc"\/lrd"v'rq)

=

Mrgg(®) = (Mg Miq) (lsd 'sq Vid Vrg 'dc Mrd Myq)=(10.914 -6.301 310.749 -96.562 20 0.47 -0.559)

Angulo de Corriente Potencia en la Carga Ampl. Mod. en abc Filtro AC Frec. de Resonancia:
|

. 5 _ 2 2 |2 2 2 3 _ -1

¢ := atan| — Pdc 0= Rac'lde My = —~jj~\/(Mrd) +(Myg)” |Ls'20” =30 o = (05, /L5 C))
lsg \/§ 3

¢330 _ 3 P 110 S=4 M, = 0.689 C.10° = 50 © = 2599

n dc 0 r= r rn= 4

¢, Especificar un indice de
modulacion M, ?
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Punto de operacion del Rectificador de Corriente Trifasico en dqO

© UdeC - DIE
Problema Encontrar un punto de operacion

fuente filtro ac rectificador filtro dc carga

—p— VYV
ie Lg
bio-t-] o3 K T
Vsabc RS LS Vrabc irabc ) !
i%bc _= a +
s >

. . . . . , S | b Ve } Rac

c.i. para Given/Find que deben ser igual en niumero al nimero de incégnitas }

C
| Vv M cTTT ] '
=
sd =(10.914] rd =(310.749) rd z( o.47) o | | 54—":| 36‘":1 5|
lgq) \-6.301 Vig) \-96.562) |( Mg ) \-0.559

Given

. T
('sd Isq Vid qu lgc Mrg qu Cr) = I:'nd('sd’'sq’Vrd’qu’'dc"\”rd"v'rq’cr)

Se encuentra el Capacitor AC apropiado

Mrgg(t) = (Mrd Mg )T

-5
(Isd 'sq Vid Vig 'dc Mra Mrq cr)=(10.914 6301 310749 96562 20 0413 0741 8727 x 10 °)

Angulo de Corriente Potencia en la Carga

Ampl. Mod. en abc Filtro AC Frec. de Resonancia:
|
. q . 2 2 |2 2 2 3 ) -1
¢:= atan(EJ Pdc_0*= Rdcldc My = ﬁ'j;\/('v'rd) * (MrQ) Lg107 =30 Opp = ((”s' I-s.'Cr)
S
180

0= =30 Pac 010 =4 c,10° = 87.273 o = 1.967

¢, Epecificar una frec.
de resonancia ?
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Punto de operacion del Rectificador de Corriente Trifasico en dqO

© UdeC - DIE

Problema Encontrar un punto de operacion fuente filtro ac

v Rs I—s
'EDC +
[8 >
. . . . . , S || b Ve } Rac
c.i. para Given/Find que deben ser igual en niumero al nimero de incégnitas }
T :

lsd 10.914 Vrd 310.749 Mg 0.413 CT

)=o) || v Cansee) || e |- (o) | = LI ST ]
% -6.301 Vig ~96.562 Myq ~0.741

Given

. T .
(Isd 'sqg Vid Vrg 'de Mrd Mg Cr Ls) = Find(lsg. lq: Vig: Vigs dc: Mrg> Mg Cr Ls) Se encuentra el Inductor AC apropiado

rectificador filtro dc carga

5 0.016)

T] _
Mgg® = (Mg Mig)'|  (lsd 'sq Vid Vig 'ac Mrd Mrq G LS)=(10.914 -6.301 338.629 —48.273 20 0.492 —0.691 7.073 x 10

Angulo de Corriente Potencia en la Carga Ampl. Mod. en abc Filtro AC Frec. de Resonancia:
|
. sq . 2 2 |2 2 2 3 ) -1
6= atan(gJ Pdc 0= Rac'lde My = g ’E' J(Mrd) +(Myg)” |Ls'20° = 15917 o = (05, /L5 C))
¢330 _ 3 P 110 S=4 c.10° = 70.73 P
i dc 0 r : mn

Capitulo III - Rectificadores/Inversores Tridsicos 39 de 46 Convertidores Estaticos Multinivel - 543 761



Punto de operacion del Rectificador de Corriente Trifasico en abc

© UdeC - DIE
Problema Estudiar el modelo del rectificador de corriente con Modulacion SPWM. fuente rectificador carga
Pyt
T S1 Ss S5
La moduladora es, my(t) = Tabc_dqo(t) : qu e v e ) |

S r [
0 isabc a + 9
|| S- b Vdc } Rac
2 | .
me(t) == —-my(t)3
c \/§ r

2 2
ma(t) = ﬁ'mr(t)l mp(t) = ﬁmr(t)g

2 2 2 2 Mf
M = E J m,(0)% + mp(0)” + m(0) fog = atan[M—r:)
M =08 fM-@ = —54.556 c,10° = 7073
Y > L
. 3 3
La triangular es, f tr= 15 per:=1 i) = 2 _asin(sin(fn ot fyt g g) Lg10° = 15.917 | [Lge10° = 30 | [Rge = 20
- N B
-1
My (1) = (ma(t) - mb(t))-(\/ﬁ) |sX(t) = if(max(t) > tri(t),1,0)| |sxn(t) = if(sX(t) = 1,0,1]
-1
Mpyy (1) = (mb(t) - mc(t))~(\/§) |sy(t) = if(mbx(t) > tri(t),1,0)| |syn(t) = if(sy(t) = 1,0,1]
Mex(®) = (mg(t) - ma(t))-(\/ﬁ)_ [5,00 = if (e, (0 > (D). 1.0] [520(0 = (5,0 = 1.0.1]
51(D) = 5, ()5, (1) 54(1) := 57(8)Syn() Sa(l) = 59.(1) — 54(t)
s3(t) = sy(t)~sxn(t) sg(t) = sX(t)~syn(t) Sp(1) = s3(t) — sg(t)
s5(t) = sz(t)-syn(t) So(t) = sy(t)~szn(t) sc(t) == sg(t) — sp(t)
Sa(t) Vsd
se(t) = | Sp(0) | |vs(®) = Tabc_dqo(t)T' Vsq
15 T T T T T T T s¢(D) 0
1
tri(t) 0.5
my® °
-0.5
-1
-15 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
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't
Simulacion tf :=0.02 ng:= 2048 n:=1.. N¢ t:=0,—.. tf

Ng © UdeC - DIE
D(t,x) := stack[_TRs-(x1 X, xs)T—Li-(x4 Xe XG)T+Li-vs(t),;—l-sr(t)~x7+Ci-(x1 X, x3)T,_de~x7+Li-(x4 Xg X6)T'Sl’(t)J
S S S r r dc dc
Cli= (-5.208 —4.926 10.134 —20.061 —230.723 250783 20.47)' Z == rkfixed(CI,O,tf,nf,D)
Cl:= (an,z an,s an, A an,s an,e an,7 an,s)T Z:= rkfixed(CI,O,tf,nf,D) i a(M) =2, s p(n) = Z, 3 is (=2,

: : L : L : L
ige(n) = Zn,8 'r_a(t) = (sr(t)-ldc(t-t—fD 'r_b(t) = (sr(t)-ldc(t-t—fD 'r_c(t) = (sr(t)-ldc(t-t—fD Vr_an(”) = Zn,5 Vr_bn(”) = Zn,evr_cn(”) = Zn,7
1 2 3

T
ki
Vgc(n) = sr(n'n_fj '(Vr_an(”) Vr_pn(n) Vr_cn(”))T

500

=500
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t, Zn, 1
500
fuente rectificador carga
Vr_an(M ]
iy 4(0:10
— SR
-500 l l | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zy 1ot
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© UdeC - DIE

500
N := 1024 m:=1.N
v, (N i m —
r_an X = 'r_a(ﬁ'tf) xf .= FFT(X)
iy 5(t)-10 . f
—_— xv(m) = if(m=1,1,2)-x e per
-500 | | | | | | | | | |xv(2)| = 13.886
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
Zy 1,t
FFT de 20 '
Ir_a
10
0 | | m o, B 1 !I! | I e I
0 5 10 15 20 25 30 35 40 45 50
500 [~
Vdc(n)

| . | I || N:= 1024 m:=1.N
m
. . . . . . X = Vdc(ﬁﬂf) xf := FFT(x)

= II I I I JIlh I II I I I T
oF mimnin xv(m) := |f(m:1,1,2)~xfm_Ioer
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 |XV(1)| = 203.235 Vdc = |XV(1)|
Zy1 2
) Vde 3
EET 400 I PO = _Rd PO =4.13x 10
de vy, ¢
200 W 7] El voltaje DC no tiene segunda
armonica. Solo armonicas de
0 | | |_| | |_| | | H | | I_l | conmutacion.
0 5 10 15 20 25 30 35 40 45 50
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n ng) n
Vape(t) = vg(t)

. . f
iahc(D) = | s g t—

500

Vs(t)l

ig_a(n)-20

=500
0 0.002 0.004

0.012

0.014

0.016

0.018

5000 |

Pape(D) 4000 [~ oS A e B

|qabc(t)|
3000

2000
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
1 T T T | T T T T T
0 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
—25 T T T T T T T T T
A 180
180 N
0O— =301 \J/ "V /N 7V vV NN/ N NN\ V] <
T
—35 | | | | | | | | |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
t
43 de 46
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dabc(t) = Vape(t) x igpe(t)

sanct® = [vae®] /2 J1apc0] )

Pabc(®)
Sabc(D)
(Tabc_dqo(t)'iabc(t))2

fPanc(t) =

¢(t) := atan :
(TabC_dqo(t)"abc(t) )1

El sistema si esta en S.S.

¢, Qué rangos puede alcanzar el
sistema ?... La Region de
Operacién entrega esta respuesta.

fuente rectificador carga

@
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Region de Operacion del RFC Trifasico en dq0

© UdeC - DIE
Problema Estudiar el modelo promedio en dqO del rectificador de voltaje. t:=0 fuente filtro ac rectificador filtrode  carga
VY
0m e b
M-sin| @qt + f ——) S1 l:} S3 [f S5
( S M 3 VSabc RQ I_q Vrabc irabc -| > -| y -|
\/§ - 2-1‘C o -Ebc _= a +
My_abe(M- ) = =~ M'S'“(ws't + Ty - ?) |H—® . : w SR
~N c
, 4.1 _____L > ]
M-sinl ot + fyg — —— CT
3
1T 5415 sq[& 5]

|mr_dq0('\/I ’fM) = Tabc_dqo(t)'mr_abc('v| ’fMX

Xa(M.fp) = My ane(M )1 Xg(M-fn) = mp_ggo(M-fm)1
Yp(M.fm) = Mp_ape(M-fiv)2 Yq(M.fam) = mp_ggo(M-fm)2
Ze(M.fi1) = My apc(M.fm)3 Zo(M. ) = m;_gqo(M.fm1)3
Las sefiales en abc en funcion de M y f,,. Las sefiales en dqg0 en funcion de M y f,,.
h‘mm~ T~
. ~_ g
{ MH::“R‘H R~: H‘m - T~ :R‘\H
O T~ U7
1~ i S l“/ Y u\xm\mﬁ
0.5+ ._ - ™ 0.5+ ﬂ"',«{m U mwﬂwﬁﬁ
0~ :::H‘“‘ - 0] - — : A
-0.54 1 0.5+ 4 ) \ - 1
™~ 7~ 705
-1 -14 ~—
T / 0
05 > : 05
0.5 -1
(Xa: Yb-Zc) (Xg:Yq-Z0)
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c.i. para Given/Find que deben ser igual en nimero al nimero de incognitas

| V M
sd 10 rd 100 rd 0.5
-( - -
lsq -10 Vig 0 Mg 0.
Given

Sol(Myq. Myq) = Find(lsg. s Vrg: Vrg: ldc)
me := 40
A graficar Igy, lsq Y lac

'sd(xdﬂxq) = Sol(xd,xq)l

S| sd= CreateMesh(Isd,miz,maz,mil,mal,me) SI sq= CreateMesh(I

Corriente lsq Corriente Isq

Ved

sq

_ (\/5-220

mll = —Max

'sq(xdﬂxq) = Sol(xd,xq)z

sq°

maq = Max

Se graficara para M,y y Mq en el rango -Max a Max.

fuente

m|2 = —Max

mi2,ma2,mi1,ma1,me)

Corriente 1,

\/§ © UdeC - DIE
2

filtro ac rectificador filtro dc carga

may := Max

'dc(xdﬂxq) = Sol(xd,xq)5

SI_dc = CreateMesh(IdC,miz,maz,mil,mal,me)

S| sd Si_sq
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La corriente |y, negativa no es opcion, por switches
unidreccionales de la topologia.

Hay dos entradas M,y y M,q y hay tres variables de estado.

Las potenciales salidas podrian ser I, e Isq, lg € lger lgc © Isq.

Es posible controlar Iy € lsq, Idc'e_ lsq»
controlar I e 1. por el rango minimo.

pero NO se puede

© UdeC - DIE

Y] 304
:"z":”‘“"“"‘o'*=’=a;a‘,h' .
R T S P LS
204 20
104 Lo
18- " ) . N
lsg-lsg- Ig lsg-lsg- Ig lsg- g Ig
Sa° 'sq C Sa° 'sq c sd-sq c
fuente filtro ac rectificador filtro dc carga
—— YV il ? 1.0 2.0
i de
S1-| 53-| 35-|
v.be RS I—S Vrabc irabc
- L 5
® - .1 +
isabc |
I|— b v SR,
_T_ ¢ 10-
S e L T 2 R
| | S;zl—lt+ Se-ll:1 Sz—l T [ R
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('sd’ 'sq’ Idc)
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