1 CONFI GURATI ON METHOD OF AN ELECTRI C POAER CONVERSI ON | NSTALLATI ON AND

| NSTALLATI ON | MPLEMENTI NG ONE SUCH METHOD. BACKGROUND OF THE | NVENTI ON 5The
present invention relates to a configuration nethod of an el ectric power
conversion installation. It also relates to an electric power conversion
installation inplenenting one such nmethpd. It finally relates to a conputer
program conpri si ng conputer program encodi ng neans suitable for execution
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Depending on their type, ships present electric equipment operating in 50 or 60Hz.
15 Thus, when a ship is at quay and its electricity generating set is not operating, an
installation enabl_i_ng its equipment to be supplied with an adequate electric power

source, at a frequency of 50 Hz or 60 Hz, has to be available on the quay.

In known manner, ships are equipped with low-voltage electric power systems.
20 Nowadays, electric power requirements have considerably increased and the
electric power systems implemented on ships are generally of the medium-voltage
type. The use of medium voltage enables cables of smaller cross-sections o be

used and power losses in supply of power systems of ships to be reduced .

25 Installations enabling electric power supply of ships at quay with a suitable electric
power source (50 Hz or 80 Hz) are based on the frequency converter technology.
Existing solutions on the market use a medium-voltage or low-voltage technology
with a unitary conversion installation. Control {of conventional type in droop mode
or of PQ type) of such an installation involves connection between the conversion

30 installation and the ship. With such an installation, redundancy is not ensured and



Shi ps supplied at quay require high powers ranging for exanple from 1WA up
to 5 20MVA according to their type (bulk carrier, ferry, container carrier,
passenger ships, etc.). According to the type of ship, frequency conversion
may be required, in which case the major problemis to ensure a sufficient
short-circuit current with a conversion_ installation to be able to
guarantee selectivity of the protectloﬁ% on the quay and on the ship, in
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met hod of an electric povver conversion installation according to the

i nvent i orSURPRESYHEMS A HhiRsnalc®#ri si ng several converters, conprises a step
of deltserm ning a set of converters to be activated and an activation step
of thi's set of converters. 5 In a particular enbodi nent, the nethod
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t he set Pr ef erably he de er,m na of the converters to be
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instal | ati@n.copfdtorit is necessary to provide installation architectures capable of
providing a good level of redundancy and a good level of power supply continuity

20  even after a fauit has occurrad in the installation.

SUMMARY OF THE INVENTION
One object of the invention is to provide a configuration method of an electric
power conversion installation enabling the problems brought up in the foregoing to
25 be remedied and improving known instaliations of the prior art. In particular, the
invention proposes a configuration method that is simple, economical and
efficient, in particular rendering the conversion installation capable of providing a
short-circuit power necessary for selectivity of protections, capable of managing
faults and improving the conversion efficiency. The invention further relates to a

30 conversion instaliation implementing such a configuration method.



i nformation on the unitary rated power of a converter, and/or information
on the nunber of electric power systens to be supplied by neans of the
installation, and/or 15- information on the power required by each electric
power systemto be supplied, and/or information on the rated short-circuit
current of a converter, and/or informatjon on the maxi num short-circuit
current required by an electric power éisten1to be supplied. 20

Advant ag C of
conver s cpagu/abntiafiefCbl af OURL SRty THBRlIafh, dbhSReC
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after confjQufgid on; ¢ @ rated power of the converters; NFc : number of
converters actl vat ed 30 Ssh,p : rated power of the power systemto be

suppl bed; SO FC rat ed short-circuit current of a converter; 4 Kk :
mul tipli at|onfator m short-circyit current gemapd?d by
step of a
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least certain of the converters of the set.

Preferably, in the determination step of the converters fo be activated, the
10  following are used:

- information on the rated power of the installation, and/or

information on the unitary rated power of a converter, and/or
- information on the number of electric power systems to be supplied by
means of the installation, and/or
15 - information on the power required by each electric power system to be
supplied, and/or
- information on the rated short-circuit current of a converter, and/or
- information on the maximum short-circuit current required by an electric

power system to be supplied.

20
Advantageously, for an electric power system to be supplied, the number of
converters to be activated can be determined according to the following formulas:
Nec = rounded.up (St / Skc) with Sy = min {m/k x Sghip, Sn ] and lscre=k % In and
lsc max = M % In,

25  in which,

Sh: maximum rated power of the conversion instaliation;
S : rated power of the conversion installation after configuration;
Skc : rated power of the converters;
Nec : number of converters activated;
30 Sanip : rated power of the power system to be supplied,

lsc rc @ rated short-circuit current of a converter,;



m: multiplication factor. S Advantageously, for several electric power
systens to be supplied, the nunber of converters to be activated can be
determ ned according to the following fornmulas: N Fc = rounded.up (St /
Spc) with S, = max Es5j,,1 mn[S" , 111 max [Ssnp, _ i=1 10in which, St,
maxi mum rated power of the conversion ipstallation; St: rated power of the
conversion installation after configuration; Sc : rated power of the

frequency, ¢ - ; .. nunber of frequency converters activated;
15S, h, p %'r'ﬁpré@h%%\i\@faggﬁt he power systemi to be supplied; k:

mul tipligatiQn fmaginoum short-eirctit pdureatti dembadeédrby the Rsmfar abpdtgm tdiebaret hod
conprises a step of determning at |east one sub-set of 20 converters to be
i nt er conf&ePlAdf r om anong the activated converters and an interconnection

step of trﬁen?tﬂﬁb’iﬁfattiSFﬁa&Brthi s at | east one converter sub-set.
Advant ageously, 1 nterconnection is perforned by control of at |east one

contrelled switch. 25 In an electric power conversion installation
according to the inyention copprisjng several cqnverters, said installation
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Ny
St = maX\iZ Sshipi ’ 1nin|iS” H % ) maX[SSffin :l:|:] !
i=]

10 in which,
Sh : maximum rated power of the conversion installation;
St : rated power of the conversion installation after configuration;
Skc : rated power of the frequency converters;
Nrc : number of frequency converters activated,;
15 Sqnipi: rated power of the power system i to be supplied,
k : multiplication factor;

m : multiplication factor.

Preferably, the method comprises a step of determining at least one sub-set of
20 converters to be interconnected from among the activated converters and an

interconnection step of the converters of this at least one converter sub-set.

Advantageously, interconnection is performed by control of at least one controiled
switch.

25
In an electric power conversion installation according to the invention comprising
several converters, said installation comprises hardware and/or software means

for implementing the configuration method as defined above.



Preferably, the hardware and/or software nmeans conprise an el enent for
determ ning a set of converters to be activated and an activation el enent
of this set of converters. 5 Advantageously, the hardware and/or software
means conprise an elenent for determ ning at | east one sub-set of
converters to be interconnected fron1aggng the set of activated converters
and an interconnection elenent of the nverters of this at |east one
converter -set . .10 a Y. i rco i.an el ri ses
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conputer program according to the invention conprises conputer program
encodi ng SPQHEORYEHSBI e for execution of steps of the nethod as defined
above when the programis executed on a conmputer. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGS The appended draw ngs represent, for exanple purposes, an
enbodis e Midweintagedusdyt, ahkatardwase @nddbmgoftwartchmaamgecdmpnsat aenexgdat i on
node of a contiguration met hod according to Eh&iinYention. ﬁﬁggure lis a
wiring diSiPERNBIY ahleashear M SEf OlatPn P “AtiCol %{E%fﬂ%ﬁtﬁé ¥ heond
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short-circuit current of a converter over the rated current of the

conver t erthiseatdeasttaneeconverter gubse8 is a diagramrepresenting the variation
of the short-circuit current intensity of a 20 MVA conversion installation
versus the load which this installation has to supply. S5Figure 4 is a table
gi ving t hednitrhgsolly, CipRViptdebandQidPe elehshtvedrphsdd et Nedfdomewehtrofledn

el ectric power systemto be supplied and versus the rated power of each of
t he conveawitehs conposing the conversion installation. Figure 5 is a table
giving the |oad factor of the converters used versus the rated 10 power of
an electric power systemto be supplied and versus the rated power of each
of the converrfigegsoMpeacngcdmerepneemprieas i asfrafli@tdyorcondegi@phelegphesent s
this | oad factor versus the rated power of the power systemto be supplied
for threcantfi/Pf @ velade 6ANEGTEON giBmens.

15
A computer program according to the invention comprises computer program
encoding means suitable for execution of steps of the method as defined above

when the program is executed on a computer.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The appended drawings represent, for example purposes, an embodiment of an
instaliation according to the invention and an execution mode of a configuration

method according to the invention.

25 Figure 1 is a wiring diagram of an embodiment of an installation according to the

invention.

Figure 2 is a diagram representing the ratio of the maximum short-circuit current of
a converter over the rated current of the converter versus time.
30



15Figure 6A is a table giving the power of the configured installation
versus the rated power of a first electric power systemto be supplied and
versus the rated power of a second electric power systemto be supplied.
Figure 6B is a table giving the nunber of converters used in the configured
20i nstal l ation versus the rated power of a first electric power systemto
be supplied and versus the rated power 'of a second electric power systemto
be suppl ieg. . Figt 74l f .0 n t %_- ;
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installation according to the invention is described in the followng with
referencd@dOf§4p@% 1. 7 Providing a short-circuit power necessary for
selectivity of protections; and/or Managing default nodes. The
installation 1 enables a first input electric voltage of the installation
to bes55 daguer ddd a tehde @iseg dnel nomtpert ofet@otertiecs Yo lbeageedetsue the rated
installation. Tfhe first electric voltage is provided b first electric
pover sy 30 FeEliG PRUELSYSIBb R ERcr P IBR RN Versys B el aiverRL
second el&Qehrdany bhd@elsToHRSE INE thd SorfihBbY iRf8I&onTor e second el ectric
power systens 42 conprising electric equi pnent, such as electric power
systens equi pping a ship. 10 For exanple, the electric power system 4l

provi des first mediumyvoltage, or val e [.S . Phiis I_nput
Dol ¢ age. HIOUESdr Petih ol it TBioa b SgbBSRrRReEs AR PRty AL or
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10 and/or converted into a different voltage by 15 neans of a voltage
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second el ectric power Sl om € conver
cont r ol | edreandliffelas cbBvenabpewvesnnecti on to be 20nade to el ectric power
di stribution conductors 14 or enable each converter to be isolated from

t hese conductors.
15  Figure 6A is a table giving the power of the configured installation versus the rated

power of a first electric power system to be supplied and versus the rated power of

a second electric power system to be supplied.

Figure 6B is a table giving the number of converters used in the configured
20 installation versus the rated power of a first electric power system to be supplied

and versus the rated power of a second electric power system {o be supplied.

Figure 7 is a flowchart of an execution mode of a configuration method of an

installation according to the invention.

25
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
An embodiment of an installation according to the invention is described in the
following with reference to figure 1.

30

A method according to the invention enables the following problems to be solved:



The second el ectric power systens are each connected to a different point
of the distribution conductors. The distribution conductors further present
controlled 25 switches 12 enabling segnents of these conductors to be
isolated. This has the result that, depending on the state of the
controlled swtches 13 and 12, a second, electric power system 42 can only
be connected to a segnent of the distribution conductors 14 and can further

only be C%@@ r?qjﬁ%ﬂg ﬁfu t LEQJI érhf'ec% rfBP%élegtl {?(ﬁﬁr@té&%oﬁ@@%ﬁ% gd to

this segnent on con ariant control |l ed
sSwi tches Maﬁa@ng@tefaaﬂemdtesand t he second eI ectrl c power systen(s) 42 can
be connected to the set of distribution conductors 14. 8 A control unit
100 performs control of the controlled switches 13 and 12. The
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102 of this C his, the activation elenent is
connect eae@\ftfﬁ & g E’P‘% gg@.pplfﬁe trol unit also preferably conprises

an eljgnment 103 for determ ning at | east one sub-set of converters to be
i nterconnected fromanong the set of activated converters. The installation
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configuration nethod is initialised. In a second step 1 i hput .
Thi's can b%q%wo?%\@rﬁ9nnﬁgﬁgerﬁf1(§éf92wsCB@Y%@C? rﬁ'&otﬂe& %ﬁﬁf&n‘éﬂ' g PRat is
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electric power source is obtained with a voltage and frequency matching those of

the second electric power system 42.

Load-side from the converters, controlied switches 13 enable connection to be
20 made to electric power distribution conductors 14 or enable each converter to be

isolated from these conductors.

The second electric power systems are each connected to a different point of the
distribution conductors. The distribution conductors further present controlled
25  switches 12 enabling segments of these conductors {0 be isclated. This has the
result that, depending on the state of the controlled switches 13 and 12, a second
electric power system 42 can only be connected to a segment of the distribution
conductors 14 and can further only be connected to a part of the converters 2 able
to be connected to this segment of the distribution conductor. As a variant, the
30  controlied switches 12 are not present and the second electric power system(s) 42

can be connected to the set of distribution conductors 14.



of this step, the following data is collected: - Sn: rated power of the
installation, and/or SFC. unitary power of the converters, and/or SFCB:
power of a set of converters, and/or 30 - Nsh: nunber of connected shi ps,

and/or - Sship i: power required for shipi, and/or 9 | sc EC rated
short-circuit current of the frequency gonverters, and/or - k:
multiplication factor, and/or | sc nmaX. maxi mum short-circuit current

demanded by a ship, and/or m multiplication factor. 5 1In a third step
120, it is tested whether there is at |east a second electric power system
42 conne® edntralachiisi @epérfomms bentealrof éns icontroltest alvit@tdsot3 ahd 12his is not the
case, we go on to a step 130 in which the conversion installation is
switched to standby and, if applicable, a main controlled switch | ocated
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10 an element 101 for determining a set of converters to be activated and an
activation element 102 of this set of converters. To do this, the activation element
is connected with the converters. The control unit also preferably comprises an
element 103 for determining at least one sub-set of converiers to be
interconnected from among the set of activated converters. The installation

15 preferably comprises an interconnection element 12, 13 or coupling cell of the

converters of this at least one sub-set of converters.

A method for executing a configuration method of such an installation is described
in the following with reference to figure 7.
20

In a first step 105, the configuration method is initialised.

In a second step 110, data is input. This can be performed by means of sensors
detecting the information that is required or by manual input, for example
25 performed by an operator via a man-machine interface. In particular, in the course
of this step, the following data is collected:
- 8n: rated power of the installation, and/or
- SFC: unitary power of the converters, and/or
- SFCB: power of a set of converters, and/or
30 - Nsh: number of connected ships, and/or

- Sship i power required for ship i, and/or



20 If this is not the case, we go on to a step 150 in which the power St
that the configured conversion installation has to present and the nunber
NFc of converters that have to be used in this configured conversion
installation are calculated or determined. It is therefore determ ned which
of the converters of the conversion installation have to be activated. A
set of converters to be activated is 25 thus defined. Furthernore, the
controlle L tC tr d switches 12
fhat have 18 be* BiSY Sfo ol Rt shb obhIREBRY e O, PRI

I nt er connggtraditislidat®etfacion, awd/eh the converters operate in parallel are

t hereby determ ned. 10 conversion installation was previously inactive, we
go on to @ 5§’c'@Qxlg@xirﬂu'ﬂﬁf&ﬁt'@'ﬁ@'m@t%ﬁmb%@%'ﬁi@@@f?ﬁ ned in the

course of_ st i e course of step 160 are switched on. In a
fol |l ow ng @t grg"‘i@@?ﬂ{’%z&%%ﬁn switch | ocated between the first electric

power 5system and the conversion installation is closed. 5 If the conversion
instal lation wa reviously active, 0 on to a step 200,in which one or
mor e addi i B SRR, st 4 drdedwietigutiteis hdeednrsoend BIPSli BRYEhe or
for € COHV%E&QSQ E@hpé‘étéd%%%%@@ﬁoﬁ{ ﬁ]é&bﬁ\@’@i@n%&anlﬂl@%ﬁ.. Iff@i‘ﬁﬁzs RGfe ONl Y

if the po emand | oad- si of the conversion installation S been

nmodi f i ed.cdse, Y8 gheorpdmer steépnbdt in vdniths thie cofivartionciosiadiaidis iswichéd &0 on

i s unchanged,, there .[s i rinciple no need. to deactiva converter. or to
hot i vat o So0HY aTiet SRR Boidy Sl Ted oS el b nBBDr P fisher
syst el S)elbstrid el R hndahb NGBS FistalldtiBRtisbbahb@nf aild iStHentdsed by
the conversion installation. 15 In a followi ng step 220, the operating
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accor di ngeaneckRd laadeside ipnadee cRaversim kstalietion. Hdhigds tae €aP8i WE 9%0R he

i nventd o fhich BRLLENG! & -1h J " . ; o]
per f gﬁsm ggﬁﬁf?ﬁﬁﬂ\f"“%‘ﬁeﬁgr%t ectgl';totﬁéf %%?%3“%@%%@%@@?8@?@?@3%s t he
ability db argseriteand dhesysinder tN-geif ecdnverteati thai maxedtt dremused @r ddsof a

D o RS OSBRSS AR S bR it (e
power sysd&Bimink¥ which of the converters of the conversion installation have to be
activated to operate in parallel. A set of converters to be activated is thus defined.
20 If this is not the case, we go on to a step 150 in which the power S; that the
configured conversion installation has to present and the number Ngs of
converters that have to be used in this configured conversion installation are
calculated or determined. It is therefore determined which of the converters of the
conversion instaliation have to be activated. A set of converters to be activated is
25 thus defined. Furthermore, the controlled switches 12 that have to be open and
the controlled switches 12 that have to be closed are determined. The converters
forming interconnected sub-sets in which the converters operate in parallel are

thereby determined.

30 In both cases, we then go on to a test step 170 in which it is tested whether the

conversion installation was previously active or previously inactive. If the



the installation can thus be maximsed while at the sanme tine mnimsing
the investnent cost and preventing dowrating of the installation. To do
this, as seen in the foregoing, |ow power converters are used connected in
paral l el . For exanple, 0.5WMA converters or power val ues rangi ng between
0.5 WA and 5 5MWWA are preferably useg as shown in figure 4, to achieve a
conversion installation. Fromcharacte Psti c values for a static frequency
converter%) %Fs&%(w}:l@at%nz@éé rbréﬁBuQEg&ﬁﬁ&tr\%t &6k VBl 41930 2 @tegsﬁ@(ﬁ g HIGH! T
current/ Rat current versus tinme" 1 aracteristic of a Converter is

obt ai ned ths aoepedsenthat wene fdefemenad iftlarcohise afhdepdBHOrorsinitbe @uecsndf ol or
configuration orithmof the installation ca efined ta nur

Shor t Sof rUe 11 QL PR nP R, APer ol IERiey PR o 981 e BB S8t R ol o
of the coptRbshIe hFh?tte?édtﬁé bQﬂfer dystéih brﬁk“f&%aé&q\ﬁ@‘rabhﬁ’nﬁﬁﬂléﬂoﬁl‘sr&é%éd power

is achieved in the scope of the conversion installation by using existing
convebters in the conversion installation, by switching the latter on. The
short - ci

oo ot RV T D, e D5 RIRNFER & AL AT R

second el\@GER idhePOMRIorS BatiRIBnBRSoh erkes GRERAGIEREM loP if RRCESMHP TR vhich
installation. It is also assuned that the power of the conversion

i nst al | atdnsnon Hop KpAverigis thalsarecd st Wse arngideas of This taias rlans cabtiéd,

var o ok ek ePIbTuRESRRS B B CY AR St S BRI mdledlta o,

t he l10ad,the.powérhteraandneadsidel (ﬁfCﬂhel eOrivevEon srysﬁtamio(nf isru?r’acha@badntrﬁre figgure
4), one or npre unitary power converters (0.5 MVA or 1 WA or 2 WA or 3
MVA or 4 fw;sm@tplesnw&ﬁdépéie@m%tﬁéucwwr@ét%ﬁptévqte oPATHEReE suffi ci ent
short-circuit power. For practical reasons, a maxi mum overdi mensi oni ng
limt of 33%is set. Thus, for the exanple presented, a short-circuit
current ils @hdlovedg etep 24Dethe secdpl elgetriio pobikAyS@awh eistartpoommesntad 3x| n
for 0.8s), In fi he vari a he short-cir current is

br esent edngPaye HaEnsiallsa A pslRuRY bR CoPLPioT heflRliafi on- I n the 12
exanmgke k=2.25, m= 3 and Sship= 1 to 20 WA, the total nunber of
converters in operation N Fc is calculated according to the foll ow ng

f or mul as.Inia fallowing stepi 2 the @@eratmqma@me&erq efdlbedpstelatimwend the pewer

i mpl ement redvm hin th r5| allation to ensure a
i mum <R mER PERE b ot BRI TG RE 21 1R s O ek x
Sship , Sn N Fc = rounded.up (St / SFc) 10w th

In a following test step 230, it is tested whether the power requirement at the level

20  of the second electric power systems is modified. If this is not the case, we loop

back to step 220. If this is the case, we loop back to step 120.

The conversion installation according to the invention and the configuration
method according to the invention enable a sufficient short-circuit current to be
25 ensured to perform selectivity of the protections. What is meant by selectivity is
the ability of a protection system to detect a fault in a determined area of a power
system and to cause tripping of suitable circuit breakers to eliminate this fault with

a minimum disturbance for the healthy part of the power system.

30 The configuration method thus enables converters of the conversion installation to

be switched on or off according to the required power. The short-circuit strength of



St NFC X SFC Sn : rated power of the conversion installation; St: power of
the configured conversion installation; SFc: unitary power of a converter;
SFcg: power of a set of converters; 15-NFc: nunber of activated converters;
Nsh: nunber of second electric power systens to be supplied; Sshm power
required by the second electrlc power iisten1i; ' Sc FC rated short-circuit
current of the converters; k: nultiplication factor; -lsn max: nmaxi mum

short -ci rtﬁé'lhsfél}léﬁ@rﬁ‘tca‘ﬁeﬂﬁ&dﬁg rﬁ)ﬁxﬁn@@&%ﬁl@'a?%é@arﬁ@‘c’}\ﬁﬁe AR

mul tiplication factor; rounded.up: an application rounding up tot e%l gher
i nt eger . idgeSIend chot and ase\eEntisg i davwrgating @ialmeprrestaifatleme&' utdcot’nlsafa$59qm 160.
The choi ce ﬁ]ﬁ onverterﬁ) to be activated or to

e

it b
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the foreggisitble, 0.5MVA converters or power values ranging between 0.5 MVA and

5 5MVA are preferably used, as shown in figure 4, to achieve a conversion

installation.

From characteristic values for a static frequency converter, for example 2.25xIn for
0.8s (rated values), a “Short-circuit current/Rated current versus time”
160 characteristic of a converter is obtained as represented in figure 2. From this
characteristic, a control or configuration algorithm of the installation can be defined
to ensure a short-circuit current equivalent for example to 3xIn for 0.8s in the

whole of the conversion installation.

15  An increase of the short-circuit power is achieved in the scope of the conversion
instaliation by using existing converters in the conversion installation, by switching
the latter on. The short-circuit current strength of the conversion installation can

thus vary according to the total power supplied.

20 Itis now assumed that a single second electric power system has to be connected
to the conversion installation. 1t is also assumed that the power of the conversion
instaliation is 20MVA. The most constraining case is further considered, i.e. supply
of a single second electric power system the power of which varies from 1MVA to
20MVA. In figure 4, according to the power demanded by the load, i.e. the second

25 electric power system (first column of figure 4), one or more unitary power
converters (0.5 MVA or 1 MVA or 2 MVA or 3 MVA or 4 MVA or 5 MVA) are
switched on to be able fo obtain a sufficient short-circuit power. For practical
reasons, a maximum overdimensioning limit of 33% is set. Thus, for the example
presented, a short-circuit current is ensured equivaient to 1pu up to 15MVA

30 (where 1pu means 3xin for 0.8s). In figure 3, the variation of the short-circuit

current is presented versus the load for the 20MVA conversion installation. In the



30 where the converters can have powers of 0.5MWA, 1WA, 2WA, 3WA, 4WA
or S5MVA. According to the power of the converters chosen, the gl obal
efficiency of 13 the installation is different, as the |oad factor of the
converters varies according to the power of the second electric power
system connected. A very good efficien % is thus obtained with a constant

| oad factor in the case of use of Iom#g wer converters, for exanple 0. 5WA

or 1WA, e%gnsﬁeléwbt E}fgr- %fcngpétULaltﬁ)d%bW@Agmeetoﬁ%ﬁmﬁﬁeﬁ&fscérﬂﬁr@rs ch

col um repr nts thé a ctoP of the confi gured conversion installation
usi ng coroparaiErs N-pds palaiatetl addoctindebethei iodowirite faroiuemn lbfs detertratdde. The

first columm jndicate he power of the second electric power syste The
di agr am JFOMBRRE T S ECEREEY RVS/aiY BE IGRETBRNERST AlIOaRd SN Héhr e
conf i gur e&nkBRdiEH Lr%ftél%’ﬁénrtS%%SFé A BhcithBhDeh&reRK el 8lSeRf). O- SWA,  3WA and
10 5MVA, versus the power of the second electric power system In the case

of power supply of several second electric power systens at the sane tine
fromthe ,conversion installation, the control rules are simlar and take
account d?CFFh_ekx bwer consuned by each second el ectric power system It is
consi der qd 15=trhat there cannot be sinultaneous short-circuits on two
second el ectric power systens. The short-circuit current required for the
faul ty semenatire[reds s Sengponel systemis provided by the whole of the

oper ati ontics AT EISH6 di ng 13 the ol Pouig 20 or mil as: S, - max N
10 with
- Sy rated power of the conversion installation;
- S : power of the configured conversion installation;
- Sec: unitary power of a converter;
- Sece: power of a set of converiers;
15 - Nrc: humber of activated converters;
- Nen: number of second electric power systems to be supplied,
- Sshipi- Ppower required by the second electric power system i;
- lsc rc: rated short-circuit current of the converters;
- k: multiplication factor;
20 - lsc max: Maximum short-circuit current demanded by a second electric power
system;
- m : multiplication factor;

- rounded.up: an application rounding up to the higher integer.

25  These formulas constitute an example of execution of step 160.
The choice of converters to be activated or to be switched on can be random.
Figure 5 presents the results obtained for the example presented in the foregoing

30 where the converters can have powers of 0.5MVA, 1MVA, 2ZMVA, 3MVA, 4MVA or
5MVA. According to the power of the converters chosen, the global efficiency of



ES, i=1 n[S -171 max [Ss"ipi 11 Ik N Fc = rounded.up (St / SFc) 4St
= NFC SFC These formnmul as constitute an exanple of execution of step 150.
25 The choice of the converters to be activated or switched on can be
random As an illustration, a case where two second power systens are
connected at the sanme tinme on a 20MA ﬁ nversion installation is presented
in figures 6A and 6B. 30 Thus, accordi g to the power consuned on the two

second eligetindiQIRRNERK difiérent, as the load factor of the converters varies according to
the power of the second electric power system connected. A very good efficiency

is thus obtained with a constant load factor in the case of use of low-power
converiers, for example 0.5MVA or TMVA. The results are recapitulated in figure

5 5. In the table, each column represents the load factor of the configured
conversion installation using converters the power of which determines the column

of the table. The first column indicates the power of the second electric power

system. The diagram of figure 5 represents the variations of the load factor of

three configured installations respectively using converters of 0.5MVA, 3MVA and

10 5MVA, versus the power of the second electric power system.

In the case of power supply of several second electric power systems at the same
time from the conversion instaliation, the control rules are similar and take account
of the power consumed by each second electric power system. It is considered
15 that there cannot be simultaneous short-circuits on two second eleciric power
systems. The short-circuit current required for the faulty second electric power
system is provided by the whole of the configured conversion installation. The total
number of converters in operation is calculated according to the following

formulas:

Ny

20 S, = maxlz S ot min[Sn : % -max|S,,, ]ﬂ
i=1

Nrc = rounded.up (S;/ Src) > St = Npc X Sgc

These formulas constitute an example of execution of step 150.
25

The choice of the converters to be activated or switched on can be random.

As an illustration, a case where two second power systems are connected at the
same time on a 20MVA conversion installation is presented in figures 6A and GB.

30 Thus, according to the power consumed on the two second electric power



systens (Ship 1 and Ship 2), the value St of the necessary power to be

i npl emented within the conversion installation to ensure an adequate

maxi mum short-circuit current is determ ned. The nunber of converters N Fc
to be swtched on or to be activated is given by the previous fornmula. 5 To
ensure a good continuity of power supph of the second electric power
systens, in case of a fault both on converters and in the second electric
power sy t fxghiel €Chkd chit i s phefigea

Bt enna e SpeTif Frand SBRI B aaus ShoL BeCHeteRa Jo iR e o
coupl i ng iowlésentzdowithinetheoconversindangtaiatidrato Bhsurs an adeduate matieum

electric grchitecture i.s_of . sinal tenna t the, contrqlled swtches 12
ot _ext stiogrora i ents dedlets Fh U Tet B eapariars Slcnde sHicaeH

oper ati Nngrtent bé aBHvaed IdgiveAPyahb Pré@busesRidaNg to the power required by
the different second electric power 15 systens that are connected:

in thé case of use of several second electric power systems of equival ent

Copnty 12 e 5ot ool o, BBl R or R sefihd, BPRRs “PaRefioe o

a fault aysterascioncas of trfacltpmirrors yshemiterdand h theseasivl efectse pbiver
several second el ectric, power S@tems of very different powers in

parti cul SYSIETH ﬁ‘es@[‘?&H’H: peRhiteckya e mretesally @ ther dahle rrrierea dwPe- hEhpower
that can fechBt Asiadudy SPHE! pRlfeRin?! drotidgqC iHeEéﬁ@@,ga?Egs B the .

connected fo a segnent o 1'sStr1buti on conduct or i Nst
has tl6 besevonflagubesban th Anea variariy ¢hanetovhid prailestkoe denrifraphdle darsahtz hes

12. This 25 nabl es s |,y of second. electric power systens of different
povers, d¥P& Sﬁpngpligclfgﬁzﬂém%s %éé’@gﬁ"@ﬁ@%ric power system the power of
whi ch is equivalent or al nost equivalent to the total power of the

conversion installation. However, to preserve continuity of service at
gl obal | eMdre| arectywe pobsihilitiaalaf eperatien afndengatash npetatiigsewwlitiomowé the

t , | | i tch 12 be. . ti f th 30
svet ons dANAATY BEo e e P venbirel Wy e i Raeford SRR RPMET | e
switaghlh Idystemeuee peeondectadt o the power of the connected second electric

power systens. The |owest in terns of demanded power is preferably
i sol ated.” | n tiRdhe£aseviiicise ebpesral serrndbElesticpprensystems epeqyivalest
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control | edippiy failnes irl Bheaother @lddinc ponduclystesnd b be avbidedpecadd ohadasier i bed
in the above two cases. enabl es the necessary short-10circuit power to
obt ai n sélbREREPY EHCY BPWEE $HeEnd non- propagation of faults on the

feedeps af thqnsw&gs@@ﬁhéécoﬂog\éyérﬁy%c%rﬁa bRchf ;b‘%wrn%c]&tems of Ve
case of an electric architecture of single antenna type, en the
cont r ol | atiffesint gloseerd anduarntiotlaexiit a séerdsoaler ayistam dhabpaget bé wieclessary

short-ci recx%i(atedg ?I‘w"grpo%v%tr %ha béaani Pe %%ltaeiﬁ(te(ij \f)iytcypecl)'fatigrg 3 Sﬁtﬂiug r(]:o}l\?er%)eerseaﬁg rtc? d.
be connected to a segment of the distribution conductor 14, the installation has to
be configured with one or more normally closed controlled switches 12. This

25  enables supply of second electric power systems of different powers, or supply of
a single second electric power system the power of which is equivalent or almost
equivalent to the total power of the conversion instatlation. However, to preserve
continuity of service at gliobal level in case of a fault on one of the connected
second power systems, controlled switches 12 can be open. Isolation of the power

30 systems can thus be performed. The choice of the normaily open controlled switch



Anot her advantage of the conversion installation and of the configuration
method is to enable the use of a m ni mum nunber of converters to ensure the
necessary short-circuit power for the installation. Too great a downgradi ng
of the installation 20 and increased investnent costs are thereby avoi ded.
This al so enabl es a good energy efficiggcy of the conversion installation
to be maintained, the |oad factor of thé converters being naintai ned at

val ues aliymysdaeadaing foamebembl thefcotflatttP 98csHP BRI RS hdwbesgstemsow
| oad factors for which the efficiency of the converters is | ess good are in

fact avoildedlomestin tegmismy deeansedveowerris roefesalkly isdtateds The configurati on
nmet hod can use an overdi nensioning rule. It enables the configured
installation to supply a sufficient short-circuit power for selectivity of

the prot agt tHNcask! whks® @iiehh esordriliedl bwiteles 4re bFeﬁpmﬁ@e@hdi@@%fdme of
| oads when everything is operati n%mgor mal |y and isolation of the feeders in

case &f £OBUCHAGY {0 bf AclivatednsDrptaibly sy tranfiomTpie isrsade lREEPBiNgnir diver
pr ef er ab'@{?eﬂfo REGHRe %@p%g&ﬁ%@%&% thd (%gerr[ &?ﬁtféﬁe%ds&iféh'g‘%"“l fgné‘.@ At

16 The different contr icular control'l ed"swtchés 12
and 13, aomdhuotoreddnple circuit breakers. 17 CLAIMS. 1. A configuration
nmet hod of an electric power conversion installation (1), the installation

conprising several converters (2), the nmethod conprising a step of

Sdet er m Rf g oBeRflon0le SQHERS Fneflt%etaggggitg@t Eé(@ésegnéﬂl‘ésaﬂﬁeaﬁé&éég%%bp%héhl-ep. of

this set of converters. 2. rati on net hod accordi to claim
1, char aciireuit pedvario phédin iselectivipy obpotectionnaret nompecpagatiostafgaolts an theast

certain qf the verter f the set. 10 . . The configuration nmethod
mccor di ngeeie® AL peprndelésiin Brper Sytame o DRRPIEMRY be ot ep of
determ ning the converters to be activated, the foll ow ng are used:
In the case of an electric architecture of single antenna type, when the controlled
switches 12 do not exist, the installation enables the necessary short-circuit power

15 to obtain selectivity of protection to be ensured.

Another advantage of the conversion installation and of the configuration method
is to enable the use of a minimum number of converters to ensure the necessary
short-circuit power for the installation. Too great a downgrading of the installation

20 and increased investment costs are thereby avoided. This also enables a good
energy efficiency of the conversion installation to be maintained, the load factor of
the converters being maintained at values always greater than 65%, with a very
good global efficiency. Low load factors for which the efficiency of the converters
is less good are in fact avoided by switching the converters on and off.

25
The configuration method can use an overdimensioning rule. [t enables the
configured installation to supply a sufficient short-circuit power for selectivity of the
protections. It also enables default modes to be managed (abundance of loads
when everything is operating normally and isolation of the feeders in case of a

30  short-circuit on a power system). The installation moreover preferably presents

means enabling it to be restarted following a fault.



information on the rated power of the installation, and/or information on
the unitary rated power of a converter, and/or 15- infornmation on the
nunber of electric power systens to be supplied by neans of the
installation, and/or information on the power required by each electric
power systemto be supplied, and/or information on the rated
short-circuit current of a converter, éﬁd/or 20- information on the maxi num
short-circuit current required by an electric power systemto be supplied.
4. The configuration nethod according to one of the foregoing cl ains,

char act erTreedifierentheintrdiied switablesctnr partisolesrcopyrotlednspvizhes d Zoand dgpkired,

the nunber 25 of canverters to be activated can be determ ned according to
t he foII§Wﬁ§am8|erﬂf%t:brﬁﬁge@'rd_l nCled. UP (St / SFC) with St = min [mk X
Sship, Sn and Iso Fc= k x In and Isc max = mx In, in which, 30Sn : maxi num
rated power of the conversion installation; St rated power of the
convebsion installation after configuration; 18 Sc : rated power of the
converters; Nc : nunber of converters activated;



Sship : rated power of the power systemto be supplied; Isc FC: rated
short-circuit current of a converter; 5k : multiplication factor; |sc:

maxi mum short-circuit current demanded by the power systemto be supplied;
m: multiplication factor. 105. The configuration nmethod according to one of
the foregoing clainms, characterized in that, for several electric power
systens (42) to be supplied, the nunber of converters to be activated can
be determpgmgccording to the following formulas: N Fc = rounded.up (St /
SFc) wth I5 S, = max in which, E ss,"Pl , mn[S" k max[S. 0"pi]] Sr, :
maxi mum rated power of the conversion installation; St : rated power of the

cony el O T LB Thb oS hh WEAHE Fwe Gorivelab S R or (! e
installation comprising several converters (2), the method comprising a step of
5 determining a set of converters to be activated and an activation step of this set of

converters.

2. The configuration method according to claim 1, characterized in that it
comprises an interconnection step of at least certain of the converiers of the set.
10
3. The configuration method according to claim 1 or 2, characterized in that, in
the step of determining the converters to be activated, the following are used:
— information on the rated power of the installation, and/or
— information on the unitary rated power of a converter, and/or
15 ~  information on the number of electric power systems to be supplied by
means of the installation, and/or
-~ information on the power required by each electric power system to be
supplied, and/or
- information on the rated short-circuit current of a converter, and/or
20 — information on the maximum short-circuit current required by an electric

power system to be supplied.

4. The configuration method according to one of the foregoing claims,
characterized in that, for an electric power system (42) to be supplied, the number
25 of converters to be activated can be determined according to the following
formulas:
Nrc = rounded.up (Si / Sgc) with S; = min [m/k % Sghip, Sn ] and lge re= k X In and
semax = M % In,
in which,
30 S, : maximum rated power of the conversion installation;

St : rated power of the conversion installation after configuration;



20 Nc : nunber of frequency converters activated; Sshipi: rated power of
the power systemi to be supplied; k: nultiplication factor; m:

mul tiplication factor. 256. The configuration nmethod according to one of the
foregoing clains, characterized in that it conprises a step of determning
at | east one sub-set of converters to gs i nterconnected from anong the
activated converters and an interconnection step of the converters of this

at | east e g WEF offHR-®flert A9 7. The configuration nmethod according to
t he prew\c%&s CFJH’%(S ch%ract erlgeg in that interconnection is performed by

control d\ﬂpoatnUrebertofavaectBtsad:thaﬂe@*vm tch (12, 13). 58. An electric power
conver si i nstallation n everal. converters (2), the

i nst al | at¥on - CHRPPOYES fm%a Hgto(stﬁsua@ €413, 100) and/or software
means for_i. Irgf@grgﬂomgc,pm &gpgdtg#raaédrﬁ,@rtgpt hod according to one of the

f or egoi ng ¢Faims. 109. The installation (1) 'according to the previous claim

char aét erk zeltipticaticat facka; har dwar e and/ or software neans conprise an

el enent (,101) for determining a.set of onvert o be activ ted and. an
et vati dir erenBretuso g et et SETRGLRE s e S AR s on
(1) accorglippfledio claim 8 or 9, characterized in that the hardware and/or
sof tware nmeans conprise an el ement (103) for determning at |east one

sub- set dP :dowtieliaadips f@efope i nt er connect ed from anobng the set of activated
converters and an interconnection elenment (12, 13, 14) of the converters of
this at | east one converter sub-set. 20 11. The installation (1) according
to the privi ol cianfigurativar aneiodz estcordibdpato tdres | oft eheofaregdingn chdiesent
conprises at |east one controlled switch (12, The install ation

(1) accordiaRgc ?Bz%éﬁ thate fofj spvesal glegtfic W@%ﬁ!@%"%é&zﬁ R0 theagunnfiegda dhe
convert er, o v%rSEFseﬂH?é‘%tn?é?Qéf RLR SRR 4 3HdiRGES Bhe BOINNiING IS
conversion e rrent (I1).

formulas:

Nrc = rounded.up (St / Src) with

Ny,
15 S, —maxliZSS,”p,,mm[S ?C-— max[Ss,,,F,.]ﬂ,

=]
in which,
Sr - maximum rated power of the conversion installation;
S : rated power of the conversion installation after configuration;
Sec : rated power of the frequency converters;

20  Ngg: number of frequency converters activated;
Sship) : rated power of the power system i to be supplied;
k : multiplication factor;

m : multiplication factor.

25 6. The configuration method according to one of the foregoing claims,
characterized in that it comprises a step of determining at least one sub-set of
converters to be interconnected from among the activated converiers and an

interconnection step of the converters of this at least one converter sub-set.



13. A computer program conprising conputer program encodi ng neans suitable
for execution of steps of the nethod according to one of clains 1 to 7 when
the 30 programis executed on a conputer.

19

7. The configuration method according to the previous claim, characterized in
that interconnection is performed by control of at least one controlled switch (12,
13).

5 8. An electric power conversion instaillation (1) comprising several converters
(2), the installation comprising hardware means (11, 12, 13, 100) and/or software
means for implementing the configuration method according to one of the

foregoing claims.

10 9. The installation (1) according to the previous claim, characterized in that the
hardware and/or software means comprise an element (101) for determining a set
of converters to be activated and an activation element (102) of this set of

converters.

15 10. The installation (1) according to claim 8 or 9, characterized in that the
hardware and/or software means comprise an element (103) for determining at
least one sub-set of converters to be interconnected from among the set of
activated converters and an interconnection element (12, 13, 14) of the converters
of this at least one converter sub-set.

20
11. The installation (1) according to the previous claim, characterized in that the

interconnection element comprises at least one controlled switch (12, 13).

12. The installation (1) according to one of claims 8 to 11, characterized in that
25 each converter comprises a frequency conversion element (10) and/or a voltage

conversion element (11).

13. A computer program comprising computer program encoding means suitable
for execution of steps of the method according to one of claims 1 to 7 when the

30  program is executed on a computer.



