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d  POWER SUPPLY ARCHITECTURES

» CENTRALIZED POWER  ,, — & |[= v
y .
— 1
e MODULAR POWER SYSTEM  , _| £ v
e P W
i 1

 DISTRIBUTED POWER SYSTEM

* S. Luo and I. Batarseh, “A Review of Distributed Power Systems. Part I: DC Distribute Power
System” IEEE Aerospace and Electronic Systems Magazine, August 2005, Vol 20, No. 8, pp 5-15
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D POWER SUPPLY ARCHITECTURES
*BASIC DISTRIBUTION ARCHITECTURES
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* S. Luo and I. Batarseh, “A Review of Distributed Power Systems. Part I: DC Distributed Power
System” IEEE Aerospace and Electronic Systems Magazine, August 2005, Vol 20, No. 8, pp 5-15
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d POWER SUPPLY ARCHITECTURES

*BASIC DISTRIBUTION ARCHITECTURES

Source #1
() Somce ﬁl Converter #1

splitting Source #2 ¢ .
—9| Converter #2

Converter #1 Load #1
n
(e) Load 2
splitting =~ | Load #2
Converter #2 -

* S. Luo and I. Batarseh, “A Review of Distributed Power Systems. Part I: DC Distributed Power System” IEEE
Aerospace and Electronic Systems Magazine, August 2005, Vol 20, No. 8, pp 5-15
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d POWER SUPPLY ARCHITECTURES

*BASIC DISTRIBUTION EXAMPLES

On-board
Load
AC line converter
AC
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Load
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* S. Luo and I. Batarseh, “A Review of Distributed Power Systems. Part I: DC Distributed Power System” IEEE

Aerospace and Electronic Systems Magazine, August 2005, Vol 20, No. 8, pp 5-15
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d  POWER SUPPLY ARCHITECTURES
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CANONICAL ELEMENTS FOR POWER CONVERSION
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GENERALIZED CANONICAL ELEMENT

Block diagram of a generalized canonical element for power processing
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GENERALIZED CANONICAL ELEMENT
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GENERALIZED CANONICAL ELEMENT
DC TRANSFORMER
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

- DC TRANSFORMER SYNTHESIS
A / = R VZ = n(D)I/l
; v, I
i 4 ) I =

 n(D)
. POSSIBLE CURRENT BEHAVIOR (CONTINUOUS
CONDUCTION MODE, CCM)
1. 4 4

T T DAA Y
. I 1y S VAR VAl =

> >
It results in an important EMI level dt the t
input port
L. Martinez-Salamero, H. Valderrama-Blavi, R. Giral, C. Alonso, B. Estibals, and A. Cid-Pastor, “Self-Oscillating dc-to-dc switching
converters with transformer characteristics” IEEE Trans. On Aerospace and Electronic Systems, Vol. 41, no 2, April 2005 pp 710 — 716.
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:

SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE
 POSSIBLE CURRENT BEHAVIORA(CCM)
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It results in an important EMI level at the
input port
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It results in an important EMI level at the
output port
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J 4 STRUCTURES WITH NON-PULSATING INPUT AND QOUTPUT
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE

C
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE
« EQUILIBRIUM POINT x =[I, I, Voy, Vsl

| 2
*_|(K2) Ve KaVe (| K2, _Ko
K1) R Ky R\ K1) & K1 ¢

« EQUILIBRIUM POINT

K, | K
—~2 51 STEP-UP

N Y STEP-DOWN
K2 J Kl
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE

« STABILITY CONDITIONS
CHARACTERISTIC EQUATION:
3 n C1K1 (K1 _Kz )(L1K2 + L2K1 )_ Csz (Lle2 + L2K12)S2 n
C\C,RK, (Kl - K, )(L1K2 +1,K, )

S

4 C1R2K12 (Kl _Kz)_Kz (Lle2 +L2K12) Kle

> s — =0
CGRK, (Kl - K, )(L1K2 +L2K1) CICZR(KI - K, )(L1K2 +L2K1)

L,K,+L,K, >0 with K, > 0 and K, < 0 HSll) STABLE SYSTEM
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:

SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE
J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE

Oscilloscope
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d  GENERALIZED CANONICAL ELEMENT
DC TRANSFORMER:

SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE
EXPERIMENTAL RESULTS: STEADY-STATE

Tek Run: 250kS/s Hi Res

Y V¥V Y Y VY ¥V VY v e

11.59 v
: . : . . i . . : . 1 c4 Mean
s . - . | -27.30V
L Ny
Chi 404mA & @F 1.004 M20.04s Ch1 7  2.06 A 29 jan 2004
chz 9.00v  Chd 21.0V 22:46:33
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE

EXPERIMENTAL RESULTS: RESPONSE TO LOAD VARIATIONS

Tek Run: 250_k5fs Hi Res

T I 1
........ T
C1 Mean
1.388 A
.::::;::::;::::;::::;::::”::::;::::;::::;::::;::::. C3 Mean
: : : : : - : : : : 1 11.63V
............ Vm
. . . . . i . . . . . Cd Mean
T e ] —27.98V
.......................................... Vo
0 STOmA & (12 2004 M4.00ms Ch1J  1.46 A 29 jan 2004
Ch3 9.00V Chd4 21.0V 22:24:18
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J GENERALIZED CANONICAL ELEMENT

DC TRANSFORMER:
SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

J SELF OSCILLATING CUK CONVERTER IN SLIDING-MODE

EXPERIMENTAL RESULTS: RESPONSE TO LOAD VARIATIONS

Tek Run: 250_I<st Hi Res

0. L ¥
H i I ‘F

C1 Mean
1.381 A

DETAILED BEHAVIOR
OF THE TRANSIENT
%y OUTPUT VOLTAGE

C4 Mean
—7mv

STOMA & C : M4.00ms Ch4 7 400mV 29 jan 2004
Ch3 9.00vV ~ Ch4 500mvy 29:39:07
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J GENERALIZED CANONICAL ELEMENT
DC TRANSFORMER:

SELF-OSCILLATING FOURTH ORDER CONVERTERS IN SLIDING-MODE

e OTHER CONVERTERS

Stability Step-up Step-down
SO S(X) Ueq(X) Condition Condition Condition
v2  Kilp 4
BIF | s gy rhoh r2vi2(2h) | Instable - 2
BOF | S=Kyi1+Kaip l—i—f—ﬁ(l—% Stable S -
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GENERALIZED CANONICAL ELEMENT
- DC TRANSFORMER BASED ON S(x)=K,v,+K,v,

STABLE SLIDING REGIME

=TT
+ T i N +
ZS D Ci—= Ver R, |J]
O ) Vo R
C

. Co

Two inductor voltage step down—converter
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GENERALIZED CANONICAL ELEMENT
- DC TRANSFORMER BASED ON S(x)=K,v,+K,v,

STABLE LIMIT CYCLE

* BUCK CONVERTER

o LLe— M s I
o Y N DI

Y Y\
* 5 + | +
Ra

j—
. | Cq ::\rCI C, :: V2 R
—

c —— —

Boost converter with output filter, magnetic coupling and capacitive damping
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d  GENERALIZED CANONICAL ELEMENT
* POWER GYRATOR

d GYRATOR DEFINITION

FROM A CIRCUIT POINT OF VIEW A GYRATOR CAN BE
CHARACTERIZED BY THE EQUATIONS

I,=gV, Vi=rl,
I,=gV, OR V,=rl;

where

GYRATOR

g = gyrator conductance

r = gyrator resistance
with g =r!

* A. Cid-Pastor, Martinez-Salamero, L.; Alonso, C.; Schweitz, G.; Calvente, J.; Singer, S.;*Classification and synthesis
of power gyrators”, Electric Power Applications, IEE Proceedings, Vol. 153, no. 6, Nov. 2006 pp 802-808.
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d  GENERALIZED CANONICAL ELEMENT
* POWER GYRATOR

O CLASSIFICATION OF (GYRATORS

1, | M | 2
Vi 1 Va
K ?g T o
DC | DC

CONTROL

POWER GYRATORS OF TYPE G

POWER GYRATORS OF TYPE R
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d  GENERALIZED CANONICAL ELEMENT
* POWER GYRATOR

O CLASSIFICATION OF (GYRATORS
POWER GYRATORS OF TYPE G POWER GYRATORS OF TYPE R

......... —
L7
Vg -I- Vi G-GYRATOR R-GYRATOR
e |
Voltage-current conversion by means of a Current-voltage conversion by means of a R-
G-gyrator gyrator

I, =gV, V=1l
=gV, V=1l
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GENERALIZED CANONICAL ELEMENT
* POWER GYRATOR

0 Power GYRATORS OF TYPE G

SLIDING MODE CONTROL
WITH

|S(x)=i, - gv,

In steady-state

I, =gV,
L=gV,
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u
* POWER GYRATOR

d

| Non-pulsating input and output currents

GENERALIZED CANONICAL ELEMENT

Power GYRATORS OF TYPE G

4 POSSIBLE CONVERTER STRUCTURES

o-i-fYL\lf‘ 5 o——i——— o.i.fYI'd\lf\ N fYIﬁzr\ o__i___

T + 1x1 R + +0 5 e S +

Vi i Ci—— ver | Co_— V) E %R 2 E ~|:q C,_—__ Vvci Co_ v E %R

T ol —0— - — — Tod —0— - — —
S BIF e BOE
i ] NSO N S § IR EL N N N

+ 0T e+ - T E + 0T -5 + 1 < |- E_

Vi E *I ::l \(& S C2:::2 E %R Vi E ~| ::l VCa ;”é Veb \ Co::+V2 i %R
O 0= — - - O o- — -
I €, 11 S | ..Cuk with_galvanic isolation
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* POWER GYRATOR

0 ANALYSIS OF 4™ ORDER STRUCTURES WITH IMPOSED G-
GYRATOR BEHAVIOR

Universidad de
los Andes

STABILITY ANALYSIS IN THE EQUILIBRIUM POINT:
CHARACTERISTIC EQUATION

. BIF
s + ! S2—g2RS+ ! =0
. BOF
. 21 PR S P s, UNSTABLE
g LR RC,
« (CUK

2R 1 1 1
-8 ot ot =) ——> UNSTABLE
l1+gRC, LC/(+gR) RC,
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J GENERALIZED CANONICAL ELEMENT

* POWER GYRATOR
0 STABILIZATION OF 4™ ORDER STRUCTURES WITH IMPOSED G-
GYRATOR BEHAVIOR

« DAMPING NETWORK ( BIF)

e

J psy=0  (without L //R,)

Characteristic equation: [H 1
RC

2

2 2
P(S)=S3+£ L1 —gRJs%( L __&R js+ 1 =0
Rd Cd Rd Cl Cl Ll Cl Rd Cd Cl Ll Cle Cd
(€, +C,)
g°R
g°RR,’C,” + g*RL,(C, +C,)(1+ gR) < (g*'R’L, + C,(1+ gR))R,C,

Stability R,C, <
conditions:

R,C,>g’RL,
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J GENERALIZED CANONICAL ELEMENT

* POWER GYRATOR
0 STABILIZATION OF 4™ ORDER STRUCTURES WITH IMPOSED G-
GYRATOR BEHAVIOR

« DAMPING NETWORKS

« BOF
Characteristic equation: (s+ : ][s— : ](H : J:o

2
(without La//Ra) RGN ng"rR)\ RaCd
- CUK
Characteristic equation: [s + Lj P(s)=0
(without La//Ra) RC
2 2
P(S)=S3+ ! + I gk 52+ ! — g R s + !
R;Cq  RyCp CGi(gR+1) LiCi(gR+1) R, C;C(gR+]) |  LGR;Cy(gR+1)
Stability conditions: CECTE
> RyCyq < 7
RyCgq > g“ Rl g°R

2, 2
g’ RR;*Cy” + g”RLi(Cy + Cy)(1+ gR) < (g*R*Ly + C4(1+ gR)R,C,y
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d  GENERALIZED CANONICAL ELEMENT
* POWER GYRATOR

PRACTICAL IMPLEMENTATION OF A BIF BASED-G-GYRATOR

120 L, L,
12 uH IRFI1010N 35 i
pc F szA ; Ry 1yl
P 2 220 —_C, R
ower & — 40CTQUS = 2 S B
Supply 100 pF 12 uF Floating
| Driver 20 mQ
y AR A
{kvg Adj. Hyst. =
10 kQ
Pl :
g —] 10 kQ

Vg — 20 V AD 835AN _ LM311

g= 0.5 Q_l Po=101W OPA227P
L=10A =90 % -
R=1Q F =175 kHz
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J GENERALIZED CANONICAL ELEMENT

* POWER GYRATOR
EXPERIMENTAL RESULTS OF A BIF BASED-G-GYRATOR IN SLIDING MODE OPERATION

Pulsating input voltage:20-24-20 V Pulsating load resistance:
1-05-1Q

09 Jul 04 13:37:55 Tek  Stopped 10644 Acgs 07 Jul 04 15:42:01
] C T Trrrrrrr? [T T T rrrrprrrr]

Chi 5.0V ohz  SOv M 40.0ps B 25MS)  1B0nsA
Chi  100Y Chz 5.0 M 40 Ops B.25M54  160nsit
Ch3  S00mY Chd 204 ©Q A Chl s 2224 Gh3 200 Che  20a 2 A Ch2 o 93¢
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J GENERALIZED CANONICAL ELEMENT

e L.oss -FREE RESISTORS
U BLOCK DIAGRAM OF A SWITCHING CONVERTER WITH LFR

CHARACTERISTICS
R — : SLIDING MODE CONTROL
L ]| 2l WITH
N R e | U Tl B I
o ‘ S(X)=Vv, - 11, ‘
1 STABILITY AROUND THE EQUILIBRIUM POINT
BOOST CONVERTER:

CHARACTERISTIC EQUATION

[+ 2]
s+——|=0 STABLE
RC

S(x) = vy - rij
Vi=rl,
Vil, =V,1,
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GENERALIZED CANONICAL ELEMENT
e L.oss - FRrREE RESISTORS

L STABILITY ANALYSIS: OTHER CONVERTERS

Buck converter with input filter (BIF)

Vi

1
e leameet D
! C, vci I C, V2 : R
1

40T

Cuk
T
Ay
Vli *“q Vel G A R
"o N .
STABLE

_____________________________________

STABLE WITH CONDITIONS
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Q IMPEDANCE MATCHING

UPHOTOVOLTAIC GENERATION
* MODELLING THE SOLAR CELL

: 1
11, RS

——

TS
TN(?) DSZ \

0

I, = PHOTO-CURRENT (A)
G = IRRADIANCE (Wm?2)
T = TEMPERATURE (K)

* J. A. Gow, C.D. Manning “Development of a Photovoltaic array model for use in power electronics
simulation studies” IEE Proc. On Electric Power Applications, Vol. 146, No. 2, pp 193-200, March 1999
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Q IMPEDANCE MATCHING

UPHOTOVOLTAIC GENERATION
. MODELLING THE SOLAR CELL

Ry 1
W—e |
— @ SF -Y
i=i, — I (e RIKT _ i, =i (T)1+K,(T-T))
i(T):G-ISC(Tl,nOm) K, = L5 (T3) = 15 (1))
el G(nom) 1, -1,
TY" oot ) Lo (1)
%2%0057 € Io(T) = — 7y,
1 € _1
M
R :_dV _ 1 nKT,
: dr, ~ /X, e

I<n<?2

* J. A. Gow, C.D. Manning “Development of a Photovoltaic array model for use in power electronics
simulation studies” IEE Proc. On Electric Power Applications, Vol. 146, No. 2, pp 193-200, March 1999
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O IMPEDANCE MATCHING

Universidad de
los Andes

UPHOTOVOLTAIC GENERATION
* MODELLING THE PV MODULE

g 1
g
= e
3t *
— +
Q
¥
wn
Z
B < \%
w
.5
Z|
= -
Q
&
n columns in parallel PV MODULE
3 100
g0
e 80
70 — T=0C
* T=0°C L
z g 60 T=25°C
= T=25C =
Zs § 50 T=50°C
g T=50°C S
3 a 40 T=75°C
2t T=75°C
30 T=100°C
T=100°C
20
1+
10
(1] 0
0 & 10 15 20 25 30 o] El 10 15 20 25 30
voltage {V) voltage (V)

* G. Walker “Evaluating MPPT Converter Topologies Using a MATLAB PV Model” Journal of Electrical and
Electronics Engineering, Australia, 2001, 21(1), pp 49-55
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Q IMPEDANCE MATCHING

UPHOTOVOLTAIC GENERATION

* PHOTOVOLTAIC GENERATOR
» NON-LINEAR CHARACTERISTICS
* MAXIMUM POWER POINT (MPP)
» DEPENDENCE ON IRRADIATION AND TEMPERATURE

BATTERY
o MPP —
loptf-----------7 GGG . =
: > ¢
z ; S ]
. N Puax PVG 3
2 : ~
: *
: Prax I—
\'
T Vpy [V]
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O IMPEDANCE MATCHING

Canonical element ‘72

for power processing

LOAD

Matching a PV generator to a dc load using a canonical element for power processing
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O IMPEDANCE MATCHING

fo

fin(nl)
fin(n3)

finopt (Il(

fin(n4)

fin (Ilz)

>,

Im Isc

PV panel operating points for an impedance matching with a dc transformer
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O IMPEDANCE MATCHING

V A fin(G1)  fia(Go)
Vs fo(12)

Voc

Vs

Isc

ViGi In Vil 1

PV panel operating points for an impedance matching with a power gyrator
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O IMPEDANCE MATCHING

finop(Topt)

PV panel operating points for an impedance matching with a loss-free resistor
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O IMPEDANCE MATCHING

oL ()

Crax a) Periodic behaviour in steady-state of
OLopr the defining parameter of a canonical

power processing element.
Clmin
I I
t ti+tmeer tit+2tueer 'tr
‘u"*l(t}n
Ve
. Vu b) panel voltage
Ve

= W

n t+turer 0+ 2boer

¢) panel current

L

t: ti+t.r-.-'IF'F‘T ti+21h1PPT

—

L. MARTINEZ-SALAMERO  UNIANDES’T11 BOGOTA FEBRUARY 2011

48



SYNTHESIS OF CANONICAL ELEMENTS FOR POWER PROCESSING - universidad de
BASED ON SLIDING-MODE CONTROL los Andes

Q IMPEDANCE MATCHING

Canonical ” d()
— Q| element or |— L P “A m
power dt

processing -

< i._ Logi
circult

Generation of 0/(t) by means of means of a maximum power point tracking scheme based
on extremum —seeking control
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Q IMPEDANCE MATCHING
« MPPT USING EXTREMUM-SEEKING CONTROL

>
a b, ¢, d, X
d FALE el
A 3 dx d
dy: dt|:>< >:>—=Ksign—y
dx xdt b dy dt dx
— ==K if —| <0
\ dtt+ dxt— /

* Leyva, R., Queinnec 1., Alonso, C., Cid-Pastor, A., Lagrange D. and Martinez-Salamero L., “ Maximum power point
tracking of PV systems using extremum seeking control” IEEE Trans. on Aerospace and Electronic Systems, Vol. 42,
No. 1, January 2006, pp 249-258
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O IMPEDANCE MATCHING

« MPPT USING EXTREMUM-SEEKING CONTROL
STABILITY AT THE EQUILIBRIUM POINT

2
_1(dy POSITIVE DEFINITE
Vi(t)=

2\ dx

2 2
V(t) = HEyeE_ ey (K Sign(ﬂj]

dx g2 dt  dx g2 dx
. . . 2
The concavity of y(x) implies d—g <0
dx
In addition, @sign(@j >0
dx dx

Therefore, for K>0 =) |V (¢) < 0| |NEGATIVE DEFINITE: GLOBAL STABILITY
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Q IMPEDANCE MATCHING

= IMPEDANCE MATCHING OF A PV ARRAY BY MEANS OF A DC GYRATOR
MPPT INTRODUCES VARIATIONS IN :

- CONDUCTANCE OF A G-GYRATOR (G)
- RESISTANCE OF A R-GYRATOR (R)

isa=1j i,

0 > -

[ A4 - “

| — i Battery
VSA= Vl GYRATOR V2 — IZV
PV A
Array Sopls
Module IsA

~l MPPT
Vsa >| Control
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Q IMPEDANCE MATCHING

=« IMPEDANCE MATCHING OF A PV ARRAY BY MEANS OF A BIF CONVERTER
BASED G-GYRATOR OPERATING IN SLIDING M ODE

Experimental response to a parallel connection of an additional panel

44: Tek  Stopped 1 Aoz 22 Mar 05 13:63:43
[T — Thoie 22 05 o601 Eunore) T B V. S M 013504 oD
C T 1 Math1 Position ;-'—w-—-w—-\':PV I 1 Math1 Position
-4 0ddiv IR T : : : ] -4.0di
7 HMathl Scale C < Math1 Scale
3 0.0 Bl 10w
Iheanicty 170y F Meanict) 1483
IMeaniczy 1252y [ YMeanicz)  1252v
Jneaniod)  z.g87a E Jneaniod)  z.a854
jMean(MU E0F1W r AMleanit1) 43070
2+ 24 —
Jrtawmaty sraew [ Jrtawmany 7azew
e - I e I S I S -
111, PR AT [ I [P I I N 111, I AU IR [ I [P I I N
ch1  SOv chz  100v 1 10.0ms SO.0KSs 20 Dusit ch1  SOv chz  100v 1 10.0ms SO.0KSs 20 Dusit
ch3 10V Ché 208 @ A Chd - 2824 ch3 10V Ché 208 @ A Chd -~ 3.244
Math1 10,00 10.0ms Math1 10,00 10.0ms

connection disconnection
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d POWER DISTRIBUTION

1 COMBINING OF V-1 AND I-V CONVERSION

CASCADE CONNECTION OF 3 PARALLELED POWER G-GYRATORS AND A
POWER R-GYRATOR

—

T )gC

—

T >g<

Sy

.

'

C, V2

||}—J
/
a8
-
+
FAAA—

—

]

L
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J POWER DISTRIBUTION
1 COMBINING OF V-1 AND I-V CONVERSION

PRACTICAL IMPLEMENTATION OF A CASCADE CONNECTION OF 3
PARALLELED POWER G-GYRATORS AND A POWER R-GYRATOR

EXPERIMENTAL RESULTS
P 1] S (s |

; VC1 E E Math1 Position
R A VAR AR R -4.0dn

Tek  Stopped 1228 foys
_IIII|IIIIYIIII|IIII|IIIIII

7 Mathl Scale

. 20404

Mean(C1)  20.38Y

Imeanicz)  z1.08v
L
}

] Mean(Cd)  19.734

Irteanrat)  1.035wA

1111 1 11 1 1 11
Chz Z20.0% I 100ps 5.0MS/s Z00nzAat
Chs o008 @ A o ZEEmY
Math1 2044 100ps

I A
Chi 10.0%
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POWER DISTRIBUTION
* DC-AC CONVERSION

1 MODULAR STRUCTURE

4 BLOCK DIAGRAM OF A MODULAR ONE-PHASE PV INVERTER

1:n
soLaR | "\ | vortace | % pc-to-nc | ¥ M AC
CELL ||:> STEP UP ||:> SWITCHING ||:> H-BRIDGE ||:> e
ARRAY DC-TO-DC CONVERTER
LFR G-GYRATOR
T T T T O

1
j v V3 ‘ V4 VGRID
——
t

A% t t t
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BASED ON SLIDING-MODE CONTROL

J

POWER DISTRIBUTION

* DC-AC CONVERSION
d MODULAR STRUCTURE
> VOLTAGE STEP-UP STAGE: LFR WITH MPTT FUNCTION

{  DC-TO-DC SWITCHING CONVERTER | Solar panel working point

PV

I I B | ol R
Vi ‘|' ;2 fin(r1)

o due to the LFR connection

T\

1 finopt(ropt)

A% r
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POWER DISTRIBUTION

* DC-AC CONVERSION

(1 MODULAR STRUCTURE

» BUCK CONVERTER STAGE: GYRATOR

o Wi cowrin Switching converter in sliding-
. —— ﬁ» mode operation w.itlf semi-
+c_’ _| |— :_J _mr\_9_+0 gyrator cEa.racterlstlcs

N S(x) =1;-gv,
In steady-state
| [, =gV,
h Power G-Gyrator with
1 X controlled output current

| R f
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POWER DISTRIBUTION

* DC-AC CONVERSION
1 MODULAR STRUCTURE

» SIMULATIONS RESULTS
Start-up of the PV inverter

oy VAT O Output voltage of LFR

40.00 ----------------------------- .

L e e e
L e e L.
L e e S EERRRE
0.00

5.00

P ; A4 A X | ALAR
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! U i N1 NI 0y {1 0y
100 e ! MU ey ey yy ey iy ty iy RRAILY]
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-1.00

040

ond Grid current
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040
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d POWER FACTOR CORRECTION

0 APPLICATION IN POWER FACTOR CORRECTION PRE-REGULATORS

1 BOOST CONVERTER-BASED LFR AS PRE-REGULATOR FOR PFC
OPERATING IN SLIDING-MODE.

O Y Y Y P
+ — D +

PO

A

-
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d POWER FACTOR CORRECTION

0 APPLICATION IN POWER FACTOR CORRECTION PRE-REGULATORS

100.00

80.00

60.00

40.00

20.00

0.00
280.00

O PSIM SIMULATIONS OF A BOOST CONVERTER-BASED LFR FOR PFC

Transient response to load perturbations of step type

(60 Q-30 Q-60 Q)

Steady-state response

Vin lin

AWA

AWA

AWA

300.00

320.00

Time (ms)

Vic=22 Vrms 50Hz, R=60 Q, L=100 pH, C=1000 pF and r = 3.75 Q.

340.00

360.00

100.00

80.00

60.00

40.00

20.00

lin Vin

Time (s)

0.60

L. MARTINEZ-SALAMERO  UNIANDES’T11

BOGOTA

FEBRUARY 2011

| 61

0.80



SYNTHESIS OF CANONICAL ELEMENTS FOR POWER PROCESSING - universidad de
BASED ON SLIDING-MODE CONTROL los Andes

d  CONCLUSIONS

= ASYSTEMATIC PROCEDURE TO IMPLEMENT THE THREE CANONICAL ELEMENTS

= ALL CANONICAL ELEMENTS HAVE “SLIDING INSIDE”

= THEY CAN BE DESIGNED AS STANDARIZED MODULES

* LOW-POWER TECHNIQUES FOR IMPLEMENTATION

* MODULARITY IN POWER DISTRIBUTION

* HIGH-POWER CAN BE ACHIEVED BY INCREASING THE NUMBER OF ELEMENTS

= ALL CANONICAL ELEMENTS SOLVE THE DC MATCHING PROBLEM

* PREREGULATION FOR POWER FACTOR CORRECTION BASED ON LOSS-FREE RESISTOR

* MICROELECTRONIC INTEGRATION OF THE GENERALIZED CANONICAL ELEMENT
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