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Abstract Figure lpresents the most classical structure of an
electromechanical actuator.

Development in semi-conductor production and t ' \

control of static converters leads to an increase m .-_.r!_‘

of these devices in classical electrical motor @nt .
application. But, the simulation of these elemants Figure1: General structure for electro-mechanical

a complete system involves longer computation time actuator

in order to take into account the impact of swinchi The simulation of Control-Converter-Machine sets is
on the global system. Using average models to sinffuCPU time consuming task beacause it involves the
late them brings a drastic decrease of computatinplete simulation of power static converter and
time. Such models do not take into account switc@specially of power switch commutations. Indeed,
ing. They are a good compromise between complekiassical PWM frequency may be about 500Hz to
ty, computing time and acceptable accuracy at a s§8kHz, and has to be compared to the time response
tem level. Even if the method to build these modéd$ the whole system that could be about minutes or
is well identified, it still requires a lot of mamila- more. So, it is_important to find a formulation for
tion to get from the very structure descriptiorthe POWer electronic converter that reduces the CPU
simulation code. This paper deals with a methotl tfne need.

automates the average modeling of power electroilite G2ELAB has a strong experience in this area,
converter. The associated tool prototype (AMG) thahd is involved in the automatic analysis and samul
has been implemented is also presented and saime of power electronics converters [5][7]. Beside
simulation results are shown using the Imagine.Lalstrong knowledge of engineer modeling experience

AMESIm[1] and its Modelica Platform. and its specifities lead to the development of-soft
Keywords: code generation; average model; power Ware tools to store and manage the engineer know-
electronics, Imagine.Lab AMESm ledge thanks to an object oriented language [9]. In

this way, these developments allowed to explore new

concepts about average modeling of power electronic
1 Introduction structures. In an other direction, LMS-Imagine has

long experience in multiphysical system modeling,

Nowadays, numerous electrical actuators and drij8§ code of his known software Imagine.Lab AME-
are based on the association of power electronigs 2™ has been used world around to simulate some
electrical motors driven by controller. Such asaocicomplex, multi-physical devices[4]. Using the facil
tion guarantees better time response and betier & Of Imagine.Lab Modelica Platform, the G2ELAB
ciency for the whole actuator. Indeed, the cormfol "aS been able to develop and test its approach ap-
electronic commutations allows a fine control of tHli€d to generate Modelica models for power elec-
power supply of motors, tronic converter.

Obviously, the software tools presented hereafier a

not linked to the Imagine.Lab platform. As the pro-

© The Modelica Association, 2009 576 DOI: 10.3384/ecp09430092



Proceedings 7th Modelica Conference, Como, Italy, Sep. 20-22, 2009

duced code is fully Modelica compliant, it may bplexity of a whole system, and so the required simu
used in any Modelica tool. lation time.

After, an introduction to average modeling in power _

electronics, the paper explores the way to automgté Average Model of power Electronics con-
code generation for average model in power elec- verter

tronics [7], [8]. The developed tool (namely AMG) _
deals with the following kinds of static converters 1h€ purpose of the hereafter presented tool is not
DC/DC (as in [2], [3], [4], [5]) but also DC/AC andt© question a well know process leading from a cir-
ACIAC. The generated Modelica code is shortly preYit description to an average model [2] [3] [4] [5
sented and used to create a simulation model wit i _

the AMESim.Lab Modelica Platform. The generated | '€ Paper aims at automating fully the process [7],
code is presented for two static power converrsicl for DC/DC, DC/AC and AC/AC static convert-

three phase voltage inverter (DC/AC conversion) aff- Pléase note that, in the paper, only contfolle
a boost converter (DC/DC conversion). Every exaffemmutations are considered, so discontinuous con-
ple aims at emphasizing interest point of statin-cddUction is not taken into account. _
verter average models. Then, some numerical result§€'®, & pure symbolic method (exact or topologi-
are shown and discussed and the numerical effici§Al Model) is chosen to obtain average models.

cy and reliability are discussed with regards ts<l

sic representation. Eventually, advantages and-draw )

backs of average models are discussed as weleasth Average model construction and

interest of such an approach. code Generation

3.1 Thegenerated modelsby AMG
2 Average Mode of power eectron-
icS converters 3.1.1 Exact model

For an operating mode of a static converter, Niposs
2.1 Electrical Actuator and Power Electronics  ble configurations during the commutation period T
are given.
An electrical actuator aims at converting electriche global state model for every topology (indexed
energy into mechanical one. One of the eldest tedy-i) is:
nologies used is the electrical motor. Using Direct dx N
Current (DC), or Alternating Current (AC) as an _t:Z(Aﬁ o+ B @) (1)
electrical power source, it produces a mechanig&| =
torgue through electromagnetic transformation. Mo
common electrical motors can be driven through a * N: the number of topologies (configurations)
control of the voltage of their power supply. Ths that happen during the switching period T.
achieved using power electronics switching to pro- * Ai: the state matrix for the ith configuration.
duce whether an equivalent voltage value or a given ¢  Bi : the input matrix.
frequency [5]. Designing systems based on electron- « e : the external sources.
ic power supply requires being able to simulate

simulation of power electronics must take into ag- . . : _
count the switching frequency and the transient ptﬁé’” 's assignedfy () D{O,l}or{ 1']} that depends

nomena of electronic switches. This requires aelargn f; (a configuration validation function oy
amount of CPU time and may neither compliant with L

Real Time Simulation nor with controller design ¢ - 1 for tD[ ti—l'ti[ 1 =1..,N
steps. In order to reduce the needed CPU timetosi ' |0 elsewhere

mulate such complex associations, average model of

power supply can be used. _ _ _
L . ._The global behavior of the static converter is form
Moreover, it is obvious for every electromechanlca

designer that, indirect conversion is a widely usec}ed as equation (2):
technology to control both the amplitude and tiee fr
guency of applied voltage. As a consequence, one
has to face the tricky problem of increasing thenco

dx N
azAX_FZhi(Bix-i-bl)-'-d (2)
=
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Where: dx f
* N: the number of topologies that happen dur- dt (w (6)
ing the commutation period. y =g(x,u)
* X: the state vector (dim[n]).
* A:the state matrix (dim[n,n]). where:
« B,b: the input matrixes (dim[n,n], « y:the output vector (dim[q])
dim[n,1]). * u: the input vector (dim[p]).
e d(dim[n,1]).
A, B, ,b are independent ok and the h Equation (6) is transformed into the small signal a

erage model (7):

3.1.2 Large Signal Average Model _

X AX+Bm
_ dt (7)
The large signal average model transforms an exact y=CX+D

model into an averaged one.
To calculate such an averaged model, the followi

. . . Ye matrixes of the small signal state space model
properties are used for the continuous state:

are calculated by using the following expressions:
dx d

_ = - ~ f

g {15, ")

(1130, = (R B,

By applying equations (3) on equation (2), the equa ¢ :(M] ‘D= (ai g(x, u)j
Xe. u XU

tion of the large signal average model is deduced: 0x U
] where:
—(x), =(A X =1 —
‘“N< )o = (A) 14, “ i=u-u,
. X =X—X
* 2 () 8)o B + () )+ () X
" Y=Y"VYe
« A : the state matrix (dim [n,n]).
In general, with linearization hypothesis, matriXes . B: the input matrix (dim[n,p]).
B; and b are time invariant. So (4) can be simplified i~ o
as (5): . E the output matrix (dim[g,n]).
* D :the feedforward matrix (dim[q,p]).
d
a<x>o = AI:QX>O . . .
(5) The transfer function is also deduced from (7).

3 (VR LERTL RN & o~ = =
. S —Esn-A)tB+D @)
3.1.3 Small Signal Average Model us)

e | : The matrix identity (dim [n, n]).
This model is also called the small signal statecep
model. It linearises the exact model and does .
include any nonlinear elements. @&4 Gene_rahze_d Averagg Model _
This model is calculated by a linearization arourkhis model is applied on static converters which
the balance operating point (xe, ue) of the stii- have one or several alternative variable states.

verter. The general formulation of the state derivatives is
This point is calculated fodr—x =0. d

. dt o . &) _ 409, K o) ©)
There, the modelling approach begins with equation dt/, dt K

(6).
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where: X:[Xs;xf]
* k: The range of harmonic.
Equation (9) becomes: where:

+ For alternative state variables (first harmonic,

. : the vector of slow state variables.
i.e.: k=1): %

* X, : the vector of fast state variables.

<%> _ 409, , j o{x) (10) :
dt/, dt ! Now, the paper presents the steps of calculation:

* The behavior of the slow state variables giv-

» For continuous states (k=0): en by equation (15):
dx\ _ d<x>0 dx
<E>O_ dt (1) d—tS:Ag?D%ﬁLAsf X
| (15)
The exact model of equation (2) becomes: + Z(st X + BW; X )[ﬂ\ +hth +dg
i=1
d . . . .
a X), = =i Kolx), +Aldx), « The behavior of the slow state variables giv-
N (12) en by equation (16):
+§(Bi<xm >|< +<Q [y >k)+<d>k
= A? D(s + Aff |](f
The development of its terms is made by using (13): (16)

dx;

dt
N s f

+Z(Bif kg + By D(f)mi +by Oy +d;
i=1

<|_| 2 >k =2 (|_| i (a 3 )

(ji )D{_ lOJ} (13) * For the continuous state variables the

% i =k large signal average model is applied to (15):
The expressions of the alternative state variatles dxs)o _ AS Tx,)
written under their complex shape (14): dt ° (17)

i +§:(B'SS Rdxs[h%"'B.; [qu |:m>o)+bis mhi>o+<ds>o
{(a)l =Re(@)+ j Im(a) &

(a), =<a>15 =Re@) - j Im(a) » For the alternative state variabl&s the ge-

neralized average model (16) (limited in this
example to the first harmonic) is used and

In general, the applications of such a model are i X; is considered to be at its steady state:
mited to the fundamental (k=1) and averaged values

(k=0).

The large signal average model is a specific agplic d<xf >1 il )+ AT k) A

tion of the generalized average model. dt el A ), =47 e, (18)

N
. +2 B (x¢ ), +BF Ux ), +by Th), +(d
3.1.5 The Equivalent Average Generator i=1 ) 5 s ) B ) )
The approach used to make such a model is de-, Equation (18) is solved by assuming that all

scribed inFigure 2 o the continuous state variables are constant.
The equivalent average generator eliminates the

discontinuous variables. The state variables age devel ¢ of the t nﬁx > <x >
separated into continuous (slow) and alternativ I%e evelopment of the ternjst; [h 0’ s th 0’

(fast) variables. SSX ) and(x, (h ), is made by using (13).
The state vector is composed of two sub-vecto :f >1 < >1
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dx structure in P-Spice by using a dedicated
ot Foxh) simplified component library); any tool giv-
ing a P-Spice netlist is also available.
Slow state Fast state » the switching mode, i.e. the cyclic sequence
variables variables of switched configurations in an operating
B _ ¢ oxgh) dx period,
dt - ° o rOsXe.h) « the switch control, mainly the control links
By assuming of switches.
lxszconstam This description_is'given by the AMG user and in-
duces a greatd‘priori” on the behaviour of the de-
Steady state behaviour of X scribed static converter.
ax — — - _ _ The average moqlels are made from the state equa-
— =1f (%, X;,h) X¢ =F; (%:h) tions of every configuration of the converter opera
dt ing mode.
Averaging
> [d(x), N 3.3 Global model of static converters and cau-
Tt =(fol% %, )] sality

In order to automatically build the Average or ex-
average gener ator act model for static power converter, the kindhaf t
_ _ dgﬁ:‘%nnected electrical sources (or loads) must be de-
To obtain the equivalent average generator modgia One could understand that a kind of caysalit
the steady state of the alternative variableq(in s “de facto” imposed to the converter, but it sliou
d be noted that the resulting equations could be deal
; ; i Xt 1 the same way that any other Modelica model. The
equation 18) is obtained whea~——1 =0 and re- € Sd y that any -
point is that the limits of the converter have ® b
placed this steady state (stationary behaviorjjirae carefully chosen according to the kind of average

Figure 2: Required operationsto get an equivalent

tion (17). model to generate:
* An exact model shall gather only the electron-
3.2 Overview of code generation process ics switches and need a *“classical” control
law. This law shall be strictly identical to the
A large subset of the required operation as eady p one used for non average converter

sented can be automated; Figure 3 presents the gen- An average model aims at building the average

eral process that has been implemented in AMG ge-  value of state variable. As a consequence, one

nerator. must cautious to take into account the compo-
nent introducing state variable in the final de-

I | l Simulationto scription. Moreover the required input is also

T 5 analyse the different as it should also be averaged. This is
l L mode a fully explained with the boost converter ex-
et . ample, below.
a Automated analysis The model of the static converter is linked to the
and generation of
M meanmodal models of the other components of the system to
equations simulate.
D The causality on the pluging points is required

only to build the model. This causality is cancelled

.LL-J ' ‘ ‘ by connecting the generated models with other mod-

els. This is useful to create the models of statia-

Code generation to Modelica/VHDL-AMS/C verter that fed an electrical machine, without know
code ing the machine model that is generally not avéglab
Figure 3: Average model generation in a circuit shape (see Figure 4). Eventually,tthe

Each model is entirely made in an automatic w&fusality is “set” by the Modelica compiler while i
by the generator AMG, from an initial descriptioh d€organizes mathematical relations to produce an
a static converter structure: executable code.

* anetlist file: here the AMG user describes its
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! Static converter ¢

guence of switched configuration), the switch cointr
sequence and theature of state variables (slow or
fast). Figure 6 introduced an overview of this

process.
Non affected causality Firstly, the switch control and the operating mode
ﬂCOnnection are defined and the nature of state variables ere d

— . : — duced from the analyze of a simulation of the ddi
A Cmonme A Static converiy B ERronmenty A, static converter, i.e. by using a power electronics
Non affected causality ‘ simulation software.
ﬂDeﬁmtim of the Bond Graph causality Secondly, a topological description is carried out

from a Netlist file extracted by PSpice.

Aftocted causality This information is introduced into the softwarelto
AMG and finally several models are generated ac-

Figure 4 From anon oriented representationtoan . qing o the nature of the power conversion and
oriented representation: Bond Graph representation .
the state variables.

One has to be cautious, while assessing the cgusall

fqr elgctrlcal connectors, to respect the deflnlt!Ol'he obtained result is a file which contains the de
given in Bond Graph representation for the eleatric

. . sired models in an ASCII (text) shape.
field. In other words, the environment of a static (text) b
converter must be translated into equivalent s@urce
a voltage source or a current source is imposed Structure

every connection point. of convertey )

Netlist File
(PSpice) o
« Control
* Mode

3.4 Modelica Code and simulation

The process as explained above leads to the follo [A”a'yze of Sim”'a“@%
ing code as it appears in Imagine.Lab Modelica Coc
Editor (Figure 5). This code has been generated foi
Boost converter and includes both the source ai
load of static converter.

As a reminder, eventually this code shall be use Average
either by Imagine.Lab platform or any other Modeli: models l Software tool AMG’
ca tool to create a simulation code. The Imagine.Le (+) > [

platform allows to create a dedicated C fully com- Fiaure 6 Stens of modlin

pliant with the rest of the Imagine.Lab multi-phyedi 'gures. Siep 'ng

Topological
description
» State variables
(fast, slow

libraries.
i package PowerElectronicMean 41 ExaCt mOdd bUIIdlng
j model HachPar
[ ’ The first step is the analysis of the circuit Netltio
e e oL RS Reel 0 LL Sedratse e Bl =0 carry out the incidence matrix of the whole circuit
7 equation Then, this matrix is reduced for each state, adgogrd
i e L B L to the conduction state of switches (state ON $witc
- es are considered as “short-circuits” or state OFF
2 switches are considered as “open circuits”). Fohea
Figure 5: Boost Chopper Mean Model configuration, the state matrixes are calculatednfr
their simplified node equations. So, the globatesta
space model is obtained by a weighted sum of the
4 | mplementation state matrixes of each mode state.

4.2 Implementation
Every model is entirely made in an automatic way by
the AMG software tool, from an initial descriptioh . .
P In AMG, Java and Maple are combined to imple-

a state converter structure (here a netlist fileegat- . o
( ent the previous approach. The building of theesta

ed by PSpice), the commutation mode (cyclic Jaent ; . )
y pice) Htat (cycl matrixes for every configuration is developed in Ja
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va. The extraction of the averaged models from tBach control signal is a full wave control one (aot

symbolic approach is made in Maple as shown jilse wave modulation, i.e. PWM). It is a square

Figure 7. wave with a duty cycle of 50%. Moreover, to pro-
duce equilibrated three phase system, the three con

trol signals are shifted d277/3 rad. (see Figure 9).

Software Tool AMG 1.0 | | 1
ns L —— h1
0.0
Symbolic Extraction of "
Functions for Averagé he s i - .
Models Mt e t‘?te 0.000 0.020 0.0¢ %, Time [s] 060 0.050 0.100
(Maple) atrix (Java) oo ‘ ‘ o
Figure 7: Softwaretool AMG 05 1 ke
At the present time, AMG deals only with conti “°7]
nuous conduction operating modes. 0.5
II?J.DDD D.DIZD D.E:ﬂ ¥t Time [s] DISD D.DISD D.IIDD

104 T t

5 First application: Three phase in- " :

verter 07
-0.5—
5.1 Description of the three-phase voltage in- -0 ; ; ; ; |
Verter 0,000 0,020 0.0¢ = Time [s] 060 0,080 0,100

Figure 9: Full wave control for a three phase voltage
Let's have a look at the static converter known as inverter
three phase inverter and the assumption needed to _ _
build the average model. Figure 8 presents a thReé Causality of the static converter

phase voltage inverter with a basic inductive load.

Obviously, such an inductive load may even be AS explained'above, AMG needs basic assumptions
electrical motor. on the electrical sources to connect. For a voltage

inverter, one cans obvious state that the power
source is a voltage while the electrical load (mdu
tive one) is a current source.

This intellectual building allows to extract thevper

static converter from its electrical neighborhoasl a
conseguence, it can be seen as presented on Figure
10.

A . MOs1 MOS3 MO8

RO j@x-jg

Ut

A

?’QK) .

Voltage sources

J J J o | Currents sources
K L g wh | .
i LphE SN h2h3 /N
.Im he \ : < i i !7
Lo b e
L 1 i

| o
Figure 8: Three phase voltage inverter feeding athree Vi ! P
phase electrical load v |

. . . . \ /7 [ / et : ’
In this case, each commutation cell is an invert '~ MEm g Lgm o
legs. For, one leg when a switch is controlled ¢o | e ‘
on (i.e. passing) the other one is off. Asa cons  {
quence, the inverter needs only three control $gn&igure 10: Causality for the three phase voltage inver-
corresponding to the upper switch of the arm ter
(MOS1, MOS3 and MOS5). In the sequel, these sig-
nals will be known as hl, h2 and h3 respectively

connected to MOS1, MOS3 and MOS5.
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5.3 Generation of the exact model /* bdded relation for Three phase load+®/

With the above assumptions on both electricder (IL1)= (Vi-[R47I1))/L1;
sources and load and on control laws, AMG is nc2er 12} = (V5-(RarIz))/L2;
able to generate the average model of the conver™=* {1h3!= V3~ [RATII1) /L3
Hereafter is a snapshot of the generated Modelica Figure 12: Equationsfor athree phase RL load

code (see Figure 11). Figure 13 presents the integration of the aboveainod
o e e s within a “complete circuit”.

60 Ul = DC_H.v;

61
v ! e .
cv b=t P |

62 VIl
L1
L1
L1

63 VIZ
64 VI3
65 I1
66 I2
67 I3
63
69 IU1l= -0.3el / 0.821 *# I1 * hl + I1 % hl * h3 / 0.8=1 - 0.3el ¢ !
0.8=1 * I1 + I1 * h3 / 0.821 + I1 * hl * hZ * hi / 0.8e1 + I1 * hl | A N
% hz / 0.8e1 + I1  ha * hi / 0.8e1 + I1 * ha / 0.8=1 + I2 * hl * — ;
hz * h3 / 0.821 + IZ2 * hl * h3 / DO.8e1 — 0.321 / O.8e1 7 IZ * hZ —
0.3e1 / 0.8el * I2 + I2 * ha * hd / O.8el + I2 * h3 / 0.8el + I2 *
hi # hz / 0.82l + I2 # hl / O.8el - 0.3el / 0.8el # I3 # h3 - 0.3el
/ O.8el % I3 + I3 * h2 * h3 / O0.8el + I3 * h2 / 0.821 + I3 * hil *
hi * h3 / 0.8el + I3 * hl * hZz / 0.8el + I3 * hl * h3 / 0.8el + I3
# hl / 0.5el;
70 IU2= I1 #* h3 / 0.8el + 0.3el / 0.8=1 * I1 - I1 * hl * h3 / 0.8=1 -
D.3e1 / 0.821 * I1 * hl1 + I1 * h2 / D.821 - I1 * hZ * h3 / 0.821 — H B H 1 H
I1 * hl = h2 / 0.821 + I1 * hl * h2 * h3 / 0.8=1 + I2 * hl / 0.8el Flgurels Threepha’%VOItagelnverter Wlth eIeCtrlcal
- Iz * hl # hz / 0.8el1 + 0.3el / 0O.8=1 * Iz - 0.3el / 0O.8el * Iz + |Oad
h2 + Iz * h3 / 0.8l - I2 * ha * h3 / 0.8zl - I2 * hl * h3 / O.8el
+ Iz * hi % h2 # h3 / 0.8el + I3 * k1l / 0.821 - I3 * hl * k3 /
0.5el + 0.3el / 0.8el * I3 - 0.3el / 0.8el * I3 * h3 + I3 * h2 / H
0.8el - I3 * h2 * h3 / 0.8l - I3 * hl * h2 / 0.8el + I3 * hl * hZ 5'5 Numerlcaj Re&"ts
# h3 / 0.5el;
71

72 VIL= -0.3e1/ 0.Bel T UL T AL + UL T Bl 7 B3/ 0.8el - 0.321 Let us run a simulation with the following parame-
Figure 11: Exact model for athree phasevoltageinver- ters:

ter generated by AMG R = 2 ohm; L=0.01H;E=320V;freq=50Hz

_ . The simulated currents are represented on Figure 14
Analyzing the code, one can see the expression ~f

oo
aom e

Current in phase 4 [8] 2 Current in phase B [A]

DC bus current as a function of: a0 . Coret 1 e €[] .
e Control signal: hl, h2, h3 ga | g _
e Currentin phase I1, 12 and I3 40 4 -

In the same way, the voltage drop applied in tl
phase is a function of:

* The DC bus voltage (U1, U2)

* The control signal h1, h2, h3
The interest of the AMG tool becomes obvious I~
having a look at the equation generated for thig ve %]
basic power converter structure. One can easily i -

T T T T 1
. . 0.100 0.110 0.120 0,130 0.140 0,120
agine the awful they may have for a multi-level col %+ Time [<]

verter. Figure 14: Simulation results: currentsin theinduc-
tors
The influence of inductors may be observed on the

. . . following results.
Let us observe the numerical results obtained with 9

three phase inductive load. This can be achieved (%!m has to note that such numerical result is bser
ther by adding specific relation like presentedhie able as there is no paras_ltlc time cqnstant plua-to
Figure 12, or by connecting this component to ele€" resistance of electronic. In fact, in classioab-

trical components from the Modelica Standard L?-IS like Ron/Roff 0'?‘35' additional time constgrrEs a
brary. (Figure 13) observed when switches are connected to inductors

(or capacitors).

Then using exact model (as well as average one)
brings the guaranty that no additional time cortstan
is added to the whole electrical circuit.

20

5.4 Building of a complete application
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6 Second application nal is the average value of the square wave control
signal, i.e. the duty cycle on every switching péri

6.1 Description of the DC-DC converter (a) (see Figure 17).

The studied converter in this part is a Boost conve Control fc’/”he exact model

ter. The electrical conversion is DC/DC. Boost-con *

Verter. —  — i — i — . —_e = —_ s — s — e —. -, — ] —

The static DC/DC boost converter allows increasing ™ Control for the average|model

the voltage level. This simple example demonstrates a

both the capacity to analyze DC/DC converter and to

generate both exact and average power convertel alTs

models. Ts

An exact model of a power converter allows to take

into account the real control on electronic swigkhe
Contrary average model aims at averaging the stat
variable of the circuit.

It should be noted that using an average model,
control law shall also be averaged:

* Incase of DC/DC conversion, the input valNumerical results for both of them are compared

ue is supposed to be the duty cycle using AMESim.Lab. Figure 18 and 20 show these

« In DC/AC conversion, average control is theomparisons
sinus law for output voltage (or the shape is)

é:igure 17: Control signal according to the model

g@ Average model of the static converter

6.2 Average mode of the static converter

Two kinds of model have been generated by AMG.
Figure 15 presents the exact model and Figured 6 th
average model (a large signal model).

15 parameter Resl Rl (fixed=false)=1:

19 parameter Feal Ll (fixed=false)=1;

Z0 parameter Feal C1lifixed=false)=1:

21

2z Real U1;

23 Fesl WC1;

24 Fe=l iL1:

25

26 egquation

27 U1=DC_SH.v-DC_SL.w;

28 DC_SH.i = iL1;

29 DC_SL.i= -iL1:

30 der (VC1)= - (¥C1 - iLl * R1 + iL1 * R1 * hi) / C1 / R1:
31 der (iL1l)= (-WC1 + Vo1 + hl + U1} / Li:

Figure 15: M odelica exact model of the boost converter

132 parameter Rezl Rlifixed=false)=1:
133 parameter Real Llifixecd=false)=1;
134 parameter Real Clifixed=false)=1:
135

158 Real Ul:

137 Real VC1_av:

138 Real iLl av;

139

140 equation

141 U1=DC_3H.w-DC_SL.w:
14z DC_SH.i = iLi:
143 DC_SL.i= -ili;

144 der (VC1_av)= - (VCl_av - iLl av * Rl + iLl_av * R1 ¥ hl_av) / C1/ Rl:
145 der (iL1_av)= (7VC1_av| + WC1_av * hl_av + U1) / L1:
Figure 16: Modelica large signal model of the boost
converter

In the case of the boost converter, the averagesimod
and the exact model are similar. As it has expthine
above, the difference is the model of the contigl s

nal. For the exact model, the control signal is a
square wave. For the average model, the contrel sig
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: 7 Advantages and drawbacks

VC (Exact Model)

vemor (Lerge signal srerage mode) Average models of static converter do not represent
the commutations, so the simulation is faster. So,
average models fit very well to system simulation o
real time simulation.

The exact model represents switches by a short-
circuit at on state and an open circuit at off estat
Such a modeling that does not introduce parasitic
time constants like the classical modeling withi-a b
nary resistance. For this last modeling, every dwit

is represented by a resistor which resistanceghk hi
at off state and low at on state.

However, for both average models and exact models,
i e eee e e e see—w  @n a priori has to be carried out on the behavior o

e the studied static converter. This means that agga
Figure 18: Capacitor Voltage[V] general overview of the control mode may induce a new generation of
a new dedicated model.

1 —— Standard sodel - Capacitor YoliaqelV13 — Exact sodsl - capasitor wohage v 1NE USE Of Modelica as non causal modeling lan-
2~ Average Mo - Cepazitor Voltage [V] ., guage allows achieving the model generation of
630 - power electronics converters by not being con-
sn0 ] 3 strained by the causality. This aspect is very impo
tant and allows to deals with small power electsni
structures as well as with large power electronics
structures.

The use of Modelica also allows describing and ge-
nerating the model of the static converter indepen-
dently of the Modelica simulation environment.

In order to help the engineer to select the apjptgr
o L T A representation, we will also provide some guideline
X Time 5] to select the model to be used.

200 -

Output Voltage ¥C (v)
@
g

100 -

=]
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=}
|

5504
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500+

=

450

400

3504

3004
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Figure 19: Capacitor Voltage [V] comparisons aver -
age/exact/standar ds models .
The following array emphasizes the CPU tim§ Conclusions

needed to perform the complete simulation for each . ,
kind of representation (see tables 1 and 2) In thls_paper, a methodology to get a fully funotb
Modelica code for a average model of power elec-

P_aram?ter : Value tronics converter has been presented. Its impleanent
Time simulation 5s tion within software has been briefly presented: Nu
PWM frequency 10kHz merical tests for this code have also been intreduc

R 10 Ohm using the Imagine.Lab Modelica Platform. The effi-

L 0.001H ciency of the proposed method has been discussed as
C le-5F well as some criteria to select the right apprdpda

E 100 V sub-model according to the needs of engineer. A
Duty cycle 08 Modelica library of static converter controls (e.qg.

PWM), will be developed in future works as well as

Table 1: ParametersValue L LT :
a guidelines for the modeling in discontinuous mode

M odel CPU Time
Standard representation 6.64s
Exact model 5.5s Refer ences
Average model 0.016s
Table2: CPU time [1] http://www.Imsintl.com/imagine-amesim-1-d-

multi-domain-system-simulation
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