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Introduction

Power electronics. Control and conditioning the electric energy using solid
and states devices.

<€ DC/DC converters —> —I_I_’_\_\_\—

2-Level structure Multilevel structure

Serial Multicellular Converter (SMC). T. A. Meynard and H. Foch.
Power Electronics Specialists Conference, 1992

Advantages of SMC

Synthesize a high voltage signal using low-voltage semiconductor
components

The voltage gradient of the output waveform is decreased. There exist an
increase in the lifetime of the dielectrics of the equipment

Inverter configuration. The output waveform has a low harmonic distortion
a[1d if thed number of levels is sufficiently high, the filtering stage can be
eliminated.

Disadvantage of SMC Natural balance

7
\ Active balance

Note: Both structures require a current control regardless of application

« Unbalanced in the capacitor voltages
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<«— Common structure of control

Incorporate the “Petri Nets approach,” as a design tool of control
techniques, in power electronics systems.
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<— Proposed structure of control

e Particular objectives

- Ensure the demanded
reference of current.

- Ensure the balancing of
capacitor voltages. @




System modeling and description

Basic 4-level SMC
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Figurel. Four level multicellular converter




System modeling and description
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Effect of switching states on internal variables —

e

: Eumma:}d pulses ‘ is tu'n ard load |is tu:n'ard cum:erter S Switching e ¢
=X 32 . Assignation Vel Vez Vel k
—— S (1)on, (0)off

1, Current direction

V¢, Capacitor condition :
(1) charging mode

(0) discharging mode
(—) Not change

Multilevel
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System modeling and description

The converter model can be expressed as follows:

Z (Ve — VC(k—l)) *SCy

p
f=1
Lk = (Sc(k+1) —SC; ) "l

Ve = (VCk — Ve ) ' SC

'

Vi = Ve — VC(k—l)) - SC,

lif S is on for k=1,..,p
sc, =
¢ 0if S, is off for k=1,..,p

Ve :chd fork=1,...p—1

|
AVCk :C_k-[tl L -dt ~0




System modeling and description

The converter model can be expressed as follows:
X(1) = (S, x(2)) = A(S,)-x(£) +b(S ) -u




Hybrid control by Petri Nets

Hybrid control by Petri Nets proposed in the

multicellular converter
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Hybrid control by Petri Nets

Places Designations
P Level of voltage minimum in SMC, a = 1 (0V)
P A third of the maximum voltage level available in SMC, o = 2 {%1"‘._.,3:_

P;  Two thirds of the maximum voltage level available in SMC,a0 = 3 {%‘.-",.,i.,]

Py Level of voltage maximum in SMC, o« = 4 (Ve

° P.‘E
Petri Net of current
Transitions Designations
T]_? a=1 A ':ﬂ = .E:."t._."- E: %illlﬁ.xj M [‘3 E 1'?.rr._i" == é.-']

. ) . . ) . .. ) Ta1
T a=2 A (0<ire; < Ligax) A [ie 2 (irefs + 8)]

2 - :f = T imax) 2 = (lref J P f
_ — — — — o, errormance
Tia a=1 A [Flmax < tref = 3 tmax) LA | P '.’il'-'.'_f' — 4 ] [
. = _ - - . - — . Band of operation| ., /
T4 a=3 A (0< tref E %imax ) A [.i‘,,_ 2 (tref T é.'] 2, Load cugrent Ly t3 // z

- _1 3 v e

Tha =1 A (2 < Faop e Tmae) N [T % (1. —L'::'I] 3T //

1 ] F =~ Lpef = tmax |¥s = \¥ref J Reference current ' ’T

. . . = L. AN g
Ta: a=4 A (0<ireg < ,—gi“mx] A [is Z (frer + 8} 3 b i
g 1 3 -2 L e T o

Tas =2 A (F%max < tref < Fimax) A [1 2 S (Ipep — 4] =0 ]
T: =3 A (L1 < 1 2y ) A [Es = {4 51 V[}]A

32 0 = lF¥max < tref = Flmax) Voo ka 2 lr_'il'e.'_f' + &) Synthesis of
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e H 4 ‘ s S - s v

T2 a=2 A | Flmax < iref i: tmax | M Ir_!' s S (lpef —0)] EE 7 \‘
; = Een ; o r g -
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r e F 2 e o T 1
Tia =4 A LEEJLI:IK < lref = fmax) M [4.'- = (tref + 0)] 0 »t[s]




Hybrid control by Petri Nets

Designations

Transitions

. {_1',_.] > Urefy AT R Urefa YA (ep > el)V

{U.-] ~ w.. " Y A ( l',-; > Urefs ) M |_I:!_“] E 1)V (ez = .:'gjl_ W
Tec (Ve < Urefy ) A (Vog > Urepa ) A (e1 < e2)V
s v =2A | (Vo; > Vg ) A (Vey < Ve, )V Nler 2 e1)vViez 2 ea)] V
[ ( Ugq > Upe f1 ) M ': Ves > L'1'{.-)':1' J
a =3
a=1A|(Ve; < Urefy ) N J.'Lu.z > Urefy ]: Aler Z 1)V (e2 = 2] v
(Vo < Urefp) N (Voy < Urefy .:'V'-I
Ts7 a=2A | (vy < Vrefq ) N (Ve =0 fa | A M [[61 >e1)Vi(ez 2ez)] VW
[ (Ve = Vref )N (Vey = Urefsy) J

=23

(s ~owpap YN [Ues < ttpapa IV = . ;
a=1#a]|4 " = f1) A Vey < Vrefy ) .l Alter 2 1)V (e2 > 82)] V
(Veg = Urepy ) A (Veg < Urefa )} A (€1 < e2) 3 == ==
Tss (Vey < Vrepy ) A (Vog < Urep, )V .
i oo=2A | (Vo < VUrefy ) A (Vey > Urepz ) A (e1 > e2)V | Aller 2 1)V (€2 2 &2)] V
[ { Ueq > Ure f1 ) A [i-lrfz < 1-':--._}'2}

Petri Net to get the capacitor ”
voltage balancing

Performance

D Enitial Btatn 1. The selected state will reduce the voltage error in each capacitor or ac leasg

Places Designations

this error will remain unchanged.

Py State of the switch in the first switching cell 2. If there are two or more selectable states according to the first point, the
m : i . 5 atate that compensate the higher number of capacitors will be set
P- State of the switch in the second switching cell R _l . ;
O If there are two or more selectable states according to the 2econd point,
Ps State of the switch in the third switching cell the state that reduces che error, in that capacitor with greacese deviacion

= - ; : on its voltage reference, will be seleceed.
Py, Pig, P11 Timed places to assign the authorized time

between two switching of a switch, d;, ds, da
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Simulation Results

R=33Q, L=32mH, C, =C, =33uF
Parameters ve,(0) =ve,(0) =0V, V,, =30V, d, =d, =d, =+ =2x10"s
0=%x0.05%xi ,, & =1.5V,¢e,=2V,i  =0454

{a) Current regulation
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Simulation Results

R=33Q, L=32mH, C, =C, =33uF

Parameters ve,(0) =ve,(0) =0V, V,, =30V, d, =d, =d, =+ =2x10"s

0 =%0.05%i, i, =0.44, offset =0.45, freq=1.5Hz

{a) Current regulation
1 .

Current is [A]
[
(8]

()

time[s]

{b) Voltage balancing

Vc1'V02'Vcd [v1
— kL
oOoo o

time[s]

(€] Output voltage

Yy V]

tirne[s]
(d) Phase portrait v v,

vy [V]
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Experimental Results

Control System Diagram
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Experimental Results
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Experimental Results

Parameters

R=33Q, L=32mH, C, =C, =33uF
ve,(0)=ve,(0)=0V, V., =30V,d =d, =d, :%:1.42><10_55

§=%0.05%i,,, i,, =0.454

{a) Current regulation
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Experimental Results

R=33Q, L=32mH, C,=C, =33uF

ve, (0) =ve,(0) =0V, V,, =30V, d, =d, =d, =4 =1.42x10"s

0 =%0.05x1i,,, i, =0.44, offset =0.45, freq=1.5Hz

Parameters

{a) Current regulation

[#]

w 0.6

o o
[N

Current i

tirne|s]
{b) Yaltage balancing
I ! !
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[}

Vc1 ' V-:2' Vcd (vl
—  pa
(] (]

J64.2 64 .4 J64.6 3648 365

365.2 365.4 365.6 3658 366
time[s]

{c) Output voltage

=z
}D
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(d) Phase portrait v, v o
25 I
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Conclusions

It has been presented an algorithm to control the current and
the capacitor voltages in a SMC of 4 levels.

Its operation is based in two Petri Nets.

a) Synthesizes a voltage signal according to current
reference.

b) Generates the pulses in function of state of charge in
each capacitor and the input reference of voltage.

Incorporation of Petri Nets as a design tool of control in
power electronics systems. Integration of redundancy of
switching states in the PWM technique.

Simulation and experimental results demosntrate the
effectiveness of the control strategy.




