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Manon Doré, Yassine Ariba, Germain Garcia - LAAS-CNRS, INSA, Toulouse, France

Neutral point clamped (NPC) rectifier model Power balance equation

o DC side Converters are power electronics systems using switches
Switching arm Lp P 'R and storage elements to modulate electrical energy
AC side S*% S*% S*'G ”1[ Y ‘) S : : FEnergy exchanges and system trajectories are con-
L z Z mk fa Sk L) Sk L i ——s c Sa%x " strained by the power balance equation
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izifié’ié;"?_ - > \Sa@ | > .> 84% For inductors and capacitors, the stored power is
ec = E cos(wt — i) LN N N N

P = Lirir
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Assume balanced signals : ¢, + e, +e. =0 and 7, + 1 + 2. =0

Modeling of switches : boolean variables, u;; = 1 < phase 7 is connected to point j
= 9 control variables, u = [uap Ugo Uan Ubp Ubo Ubp Uep Uco ucn]

For ¢t =a,b,c, Ujp + Ujo + Ui, =1 = 27 possible values of u, defined in Ucom

Using Klrchhoff 's laws, we obtain a bilinear model

As the state variables are usually inductor currents and
capacitor voltages, the power balance equation can be
derived from the state-space model.

The power balance equation is a powerful tool for ref-
erence design and control

i o g ) 2 -1 -1 ( Uap (Uan )
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Cvy = Uapla + Ubply + Ueple V1t V2 Y1 : :
R o e Using the state-space model of the converter, we retrieve
Cirs = —(Uania + Ubpip + Uepic) — - };Uz :2 its power balance equation:
C

Using Clarke-Concordia transform C, we obtain a bilinear state-space model of the form Li,i, + Li 5; 5+ %

L3
Vi = V1 + U9

UV_ — VU1 — U9

eq = Vg cos(wt)

‘eg = Vop sin(wt)

ala +egig—rr(i2 + z%)

e Control objectives :
— Ensuring an unit power factor

I3 cos(wt)

(voltages/currents in phase) Iopsin(wt)

— Stabilize y to a reference et
— Balanced capacitors voltages

Control

Ay ~ NPC+Inmerloop — "in=7i%ed i _________ o Evaluating (1) with = xyef for yYrer < Vg
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Inner loop - argmin control |2]

e Argmin control law: For V = e! Pe, u min-
imizes V (e, u), s.t. e =0 where e = & — Xt
is asymptotically stable for

(A(d)x — Bovin>

e Quadratic stability condition:
JP = PT > 0 for Q¢ > 0 s.t.

Vu € Ueom
A(uw)!' P+ PA(u) +2Q¢c < 0
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Outer loop - Integral action ro

The system is affected by constant perturbations on the load Ay/input voltages AV,

Assume inner loop is much faster than the outer loop.

integral

The outer loop with an action adapt I,s with an extra term

)7 iﬁ — (IOéB T
and retaining

Evaluating the power balance equation (1) with ¢, = (Ia 3+ Al,p) cos(wt
Al,p)sin(wt), vy = Yret — Avy et v— = 0 — Av_, taking into account (2)
first order terms, we get the transfer function
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is obtained in closed-loop for Kj =
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