UNI POLAR OR BI POLAR CHOPPI NG CONVERTER W TH THREE MAGNETI CALLY COUPLED

W NDI NGS DESCRI PTION  TECHNI CAL FI ELD The invention relates to a

uni pol ar or bipolar choppi hg converter, operating in the quadrants (1s>0
; Vs>0) and (Is<0 ; Vs<0), and with zero output current or voltage, having
magnetical ly coupled w ndings, which may be configured with the regul ation
node adapted in current source or voltage Source. It applies to all types
of terrestrial, naval or aerial equipnent using this type of converter,
particularly the el ectronechanical actuator controls of regulating

automat ons for turiNIFE IR0 BIPGIN FcKdPpHT G REMIGREKEEIR WieHCORRER| oOf

el ectrical actuators with an_ RL type |load (resistor and inductance in
series) may be achieved ei M éhkﬁ¥d%?'%%ﬁ%fW§NPE§%$ated vol tage at
the termnals of the control coil of the actuator, or by a current source,
this latter solution often being preferred in severe environnents
essentially because it enables the JsBECRIBEIONO control the accessory to
be limted. Chopping current sources may conventionally be grouped

t oget her anong GHLLeRL  SQUECas using the inductance of the | oad as energy
st or age el enent during

The invention relates to a unipolar or

5 bipolar chopping converter, operating in the guadrants
(Is>0 ; Vs>0) and (Is<0 ; Vs<0), and with zero output
current or voltage, having magnetically couplied
windings, which may be configured with the regulation
mode adapted in current scurce or voltage source. It

10 applies to all types of terrestrial, naval or aerial
equipment using this type of converter, particularly

the electromechanical actuatcr controls of regulating

automatons for turbine engines.

15 STATE OF THE PRIOR ART

The control of electrical actuators with an

RL type load {(resistor and inductance in series) may be

achieved either by application ¢f a regulated voltage

at the terminals of the contrel coil of the actuator,

20 or by a current socource, this latter solution often

being preferred in severe environments essentially

because 1t enables the power used to control the
accessory to be limited.

Chopping current sources may conventionalily

25 be grouped together amcng current sources using the

inductance of the load as energy storage element during

the chopping operation, with as consequence the

application at the terminals of the load, at the



t he choppi ng operation, with as consequence the application at the
termnals of the |oad, at the 2 chopping frequency, of an alternatively
positive and negative voltage, the transitions between these two states
i deal |y being considered as instantaneous, and current sources supplying a
continuous current and, 5 consequently, a continuous voltage at the
termnals of the load, in which the energy storage el enent for the
chopping is situated on the control card itself. Chopping current sources
using the inductance of the | oad as energy storage el enent have 10 the
advant age of haviopgiagconteqhehbat ist alh falsbérahghtelsi Mbeitihey and
conprise few or possibly no inductive elenents, which leads to a certain
saving in the §9endion¥ ot afRe chPeui trathlthendt AR, HIRse Rade a
certain nunber sofyidisagyant pges. i Heydayeaardy Reavy, dependensysyi sndr vi S

the value of the inductance ~of the |oad: the capability of controlling the
i nst ant aneous current: | Actineesw tochesyohgt he cuwrrEentuosdurce mhrtectng,
depends on5§he I%a% i ndugt ance val i_stance t.0 sEort.ciEcuits

O
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bet ween t he output
term nal and eahth lisderyndivhficaulihe | 8geegy sRokhge evenieof $HOrthe
circuit of the load, it is not possible, except for adding conponents, to
limt the insCaRPRABEUS ScHATERTecConsedifednirah qamttittelt: is 25
necessary to add an inducta@ﬁgp?gnghe<ygﬂygngﬁ the,SLL rent spUrcehn

order tolimt the short circul urrent, to add a protection and very
rapid cut off inductance of the load as energy storage element have

10 the advantage of having a control that is, at first
sight, simple. They comprise few or possibly no
inductive elements, which leads to a certain saving in
the dimensions of the circuit. On the other hand, they
have a certain number of disadvantages. They have a

15 heavy dependency vis-a-vis the value of the inductance
of the load: the capability of controliling the
instantaneous current in the switches of the current
source directly depends on the load inductance value.
The resistance to short circuits between the output

20 terminals o©of the converter or between any output
terminal and earth is wvery difficult. Indeed, in the
event of shert circuit of the load, it is not possible,
except for adding components, Lo limit the
instantaneous current. Consequently, in practice it is

25 necessary to add an inductance at the output of the
current source in order to limit the short circuit
current, to add a protection and very rapid cut off
device to limit the maximum wvalue of the short circuit
current, to add a circuit for demagnetising the output

30 inductance to manage the cut off after the detection of

the short circuit at the output, to over-dimension the



device to limt the maxi numvalue of the short circuit current, to add a
circuit for demagnetising the output 30 inductance to nmanage the cut off
after the detection of the short circuit at the output, to over-di nension
the 3 interfaces (input filtering capacitor) so that they can wthstand
the short circuit current. Concerning the _electromagnetic conpatibility
aspect (conducted em ssions essentially),3these current sources are 5
difficult to render conpatible with aeronautic em ssion standards, if a
hi gh chopping frequency is desired, especially if the load is controlled
at the end of iseverfalcawet@npoud tableridhecdgseltors aochpppi Bgeyf Eaguency
reduced typically to below 10 kHz and an 10 obligation to dinension an
output filter Fdh&SedNfodéleandlartf efbrtihl mdbd)etthat GANdeEIiqg athe

prom nent rol egjich+tRG 3Rl 1Y g%mb@%i%ﬁ%?@SIy: This fype QE&ﬁBﬂB@E@g
current source is restricted to high power applicatrons, for ich alow
choppi ng frequendysiiongot eddemecebbari | ythehandiccaperfor sonreas saweces

suppl yi ng a cont.i.nuau ol tage at the termnals of the |oad, the chopping

no T onger -t akas TpiiRati it He 1 ad TP e orf She T8F ERECLGoFTAgE) OFs

regul ated at tbeaadbpdil,ofia chopRighg 8Hoggmﬁgrtﬁfe§@@@&§SHng aBskpduct ance

storing at least all _of the energﬁ transtferred to the I oad and a capacitor
8

i s added to snB&PRCéAtthel butthit VoPfaghs <Covisuyueti| gt thee ouwtrplit 0F
vol tage is virguakhy, cgatipuouscat tihe tersgnal,s gf; ¢ he d O%d-cﬁgﬁbﬁnbs 25

therefore less difficulty in neeting aeronautic
frequency reduced typically to below 10 kHz and an

10 obligation to dimensiocn an output filter {(shared mode
and differential mode) that will play a prominent rcle
in the stability of the assembly. This type of chopping
current source is restricted to high power
applications, for which a low chopping frequency 1is not

15 necessarily a handicap.

For current sources supplying a continucus
voiltage at the terminals of the locad, the chopping no
longer takes place in the lcad but the current {or the
voltage) i1s regulated at the output of a chopping

20 converter comprising an inductance storing at least all
of the energy transferred to the load and a capacitor
is added to smcoth out the cutput voltage.
Consequently, the output voltage is virtually
continucus at the terminals of the load. There is

25 therefore less difficulty in meeting  aeronautic
standards for noise emitted in conduction. In the event
of short circuit of the load, the current in the
converter remains naturally limited. Chopping
frequencies exceeding 100 kHz may be envisaged, limited

30 in fact by the efficiency of the converter and the



standards for noise emtted in conduction. In the event of short circuit
of the load, the current in the converter remains naturally limted.
Choppi ng frequenci es exceeding 100 kHz nay be envisaged, limted 30 in
fact by the efficiency of the converter and the 4 performance of the gate
control circuits of swwtch elenents. Figure la is an electrical diagram of
a converter of the prior art supplying a ¢ontinuous 5 vol tage at the
termnals of a load. The circuit is supplied by a positive voltage Vp (for
exanple +25V) and a negative voltage Vm (for exanple -25V) with respect
to earth. It comrpricses:iriosd elfements Fhtandcd2treach- comprt si nge t weriwigrdi ngs
magnetically coupled 10 around a nagnetic core. The w ndings of a sane

el enent Tl or ®F2"% & Swound in opposition as indicated by a point in

figure 1. The winding El ofpithecel egeni Tl, has i acfiLst egd gonpecied . to
t he vol tage Vp through the litgnt gr medi arsy c?f a (J:iieoglelfj)B inve?ge% rmuntaed in
15 rel ati on toccheerdletrage fVp thiet s psecand aerid Iseippd ytimg ear t konTheuwiurdi ng

E2 of the el enent, Ti _has.a first end onnected to a first termnal of a
switch (B iesn V\nﬁi%éﬁggteheagectohned tEgrrﬁﬂilﬁglc‘tsl s° orﬁeétoé‘gi't o&ﬁﬁe ol V. The
second end of thepwikdi ngy E2 isoconnest €8 1kaqgeheyputput- 20485 1d nabs$hP of
the circuit. The winding E3 of the elenment T2 has a first end connected to
the vol tage VPl fhr BugheeRbiVat YRRy W al thndeDeaiversdy molht ed

(0 relation to blgeyel tage. Ypin!t g Seanht A PELNE1LRCRA! My ThiqWiradi ng
each comprising two windings magnetically coupled
10 around a magnetic core. The windings of a same element
Tl or T2 are wound 1in opposition as indicated by a
point in figure 1. The winding E1 of the element T1 has
a first end connected to the voltage Vp through the
intermediary of a dicde D5 inversely mounted in
15 relation to the voltage Vp, its second end being to
earth. The winding E2 of the element Tl has a first end
connected to a first terminal of a switch Q3 in which
the second terminal is connected to the voltage Vp. The
second end of the winding E2 is connected to the output
20 terminal S1P of the circuit. The winding E3 of the
element T2 has a first end connected to the voltage Vm
through the intermediary of a diode D6 inversely
mounted in relation to the wvoltage Vm, its second end
being to earth. The winding E4 of the element 72 has a
25 first end connected to a first terminal of a switch Q4
in which the second terminal is connected to the
voltage Vm. The second end of the winding E4 is
connected to the output terminal S1P of the circuit. A
smoothing capacitor C1 is connected between the output

30 S1P and earth.



25 first end connected to a first termnal of a swwtch 4 in which the
second termnal is connected to the voltage Vm The second end of the

winding E4 is

connected to the output termnal SIP of the circuit. A

snoot hing capacitor C is connected between the output 30 S1P and earth. 5
is transfornmed into current Eource by the addition of a neans

The converter
for measuring

nodul ator. This is shown in figure |b where the |oad 5 connected in out put

the output current, and a suitable regulation and

of the converter is represented in the formof a resistor Rc and an

i nduct ance Lc

regul ati on nmeapst+

connect ed i mheercesvedfheroutput rausrenineds gasured raynt a
measuring neans 1 that dellvers a representative S|%nal to a fjrst |nput

of a regul ati off éaiTs ?8r efddFFear) ot A JeIhd
tf ecel¥esnd, set 5 pgi nt; si gnalw s ghe Otttefe;tulasc!ﬂﬂ@' efd he

RBUtMERS BF 1%e the

regul ati on nmeans i s addressed to the |nput of a nodul ator 3 that
delivers a conﬁ@ﬁ@h@%ﬂﬁﬂ BEBst 6 st howwi toh G@naml abcorrmrd shgnaloa8Q4 to

theswtch

t herefore four mnn

LaIhe ceoverder il Lustgted dn figure Lo, comprl ses o

hmagnetic~ cores

relatively hlghheosﬁCamd &flwﬁeﬂne&ﬂatdﬁrgmcsiaﬁdofahhelﬁdm@ubhceZOLc

DESCRI PTI ON OF THE I NVENTION I n order to reduce the cost and the size of

choppi ng convefFPBRESEEH vithg® S Edhit | RUBUSYUSESITt iSHE TS ieght | PBABHT26r bY

vol tage at thestenghBaksngf AehQad 1a ¢ifdd cyidy Widhy three wi-pdings +qoup! ed

to a single

10

15

20
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signal to a first input of a regulation means {or
equaliser) 2. A second input Ec of the regulaticon means
2 receives a set point signal. The output signal of the
regulation means 2 is addressed to the input of a
modulator 3 that delivers a command signal SQ3 to the
switch Q3 and a command signal SQ4 to the switch Q4.

The converter illustrated in figure la
comprises therefore four windings and two magnetic
cores, which leads to a relatively high cost and a

relatively large size of the circuit.

DESCRIPTION OF THE INVENTION

In order to reduce the cost and the size of
a chopping converter supplying a continuous positive,
negative or zero voltage at the terminals of a load, a
circuit with three windings coupled to a single
magnetic core is proposed, according to the present
invention. It 1is then necessary tc add two diodes to
the circuit, but these elements are of low cost and of
low size.

A first subject of the invention consists
in a chopping converter supplied by a positive voltage

and a negative vocltage with respect to earth, and

a



25 magnetic core is proposed, according to the present invention. It is
then necessary to add two diodes to the circuit, but these elenents are of
| ow cost and of |ow size. A first subject of the invention consists 30 in
a choppi ng converter supplied by a positive voltage and a negative voltage
wWith respect to earth, and 6 delivering ap output voltage between a first
output termnal and a second output term nal, conprising three w ndings
wound around a nagnetic core, a first and a second of said w ndings being
nounted in series and 5 wound in opposition, their conmmon ends, or first
ends, being cowiectead i eartdutphe seconbendedficlkhe fi rsirsw rRdivpgtbei ng
connected to the paositive voltage through the internediary of a first

di ode inversel ¥ 40 3 eT2RT0h POLPHE PBEIENGe vEPTRGE S PHe teESNd

end of the 10 sg¢ENG,JM ngﬁﬂﬂdb%&%%n%pQQeﬁgﬁﬂe%Qct zﬂﬁgagi%ﬁé¥ﬂ!tgﬂ

through the interneditary of a second diode inversely 'nmounted in re afﬁon
to the negativeegointagef tdweld hividdiwigidi pgihavimgiradd rsn emelr tonnectded t o

a md point: of a branch connecting %Ee. ositive voltage to.the 15 negative
°t ELpB5i £V

vol tage, the paft"St Wt adh Tonhedt i e st 1t o°t h &

vol tage conpri ®iengy ardrangeted NtoSekires,, aHdrstcsniht ehd o pgenganstand a
third diode directly nounted in relation to the positive voltage and
t oget her forni WgRA1GRI St iICOHEISE RS ce wikh 2OsHF BBt VahBapRvéhgeugh

bl ocki ng capabi:hit Yin dd¥en RAMr Pf o £ béag‘%s%o'lﬂ%c&é g, dhes i ¢ ROLAL KO jLhe
negative voltage conprising, "arranged in series, a second swtch formng
relation to the positive voltage, the second end of the
10 second winding being connected to the negative voltage
through the intermediary of a second diode inversely
mounted in relation to the negative voltage, the third
winding having a first end connected to a mid point of
a branch connecting the positive voltage to the
15 negative voltage, the part of branch connecting the mid
point to the positive voltage comprising, arranged in
series, a first switch forming means and a third diode
directly mounted in relation to the positive voltage
and together forming a unidirectional switch with
20 direct and inverse blocking capability, the part of
branch connecting the mid point to the negative voltage
comprising, arranged in series, a second switch forming
means and a fourth diode directly mounted in relation
to the negative voltage and together forming a
25 unidirectional switch with direct and inverse blocking
capability, the second end of the third winding being
connected to the output terminal, the third winding
having a number of turns greater than the number of
turns of the first winding and greater than the number

30 of turns of the second winding.



means and a fourth diode directly nounted in relation to the negative

vol tage and together formng a 25 unidirectional switch with direct and

i nverse bl ocking capability, the second end of the third w nding being
connected to the output termnal, the third winding having a nunber of
turns greater than the nunber of turns of_the first w nding and greater
than the nunber 30 of turns of the second7mﬁnding. 7 Advant ageously, a
snoot hi ng capacitor is connected between the first output term nal and
earth. Al so advantageously, in the branch connecting the positive voltage
to the negative 5 vol tage, Asigad talgcan@aREnt a N ssRiteS rePNSagls iithr  is
arranging the first and second switch form ng neans on the side of the

respective posiFVEGEhEFIISFE W thHges: dhritt difyitg d hea i st dn the
side of the md point. 107heg smﬁg&@égg% Lpgs feans nry be.chosen . ampng
: : .

MOS transi stors, bipolar transistors, transistors or any other switch
havi ng a bi - di cectieonding condect posicdpabi | veyzapd atdi r ecite bl oekiagve
capability.5 For first a.%iication t he converter ma urther conprise

15 f
a neans of “meadUritA§Sthe GutPut *LvEPERIETSE e cﬁﬁgé%ﬁer,c??ﬁ%SB%as&Ping

means deliver bRgaaniout pHe SfORaE EBQr esedhat i tfh thermDald prbaXel bage to
a first input of a regulation neans in which a second input receives a set

poi nt signal, 20 héideyulati ohhfreadss@EIGhiaE ngPes St igifal Sapprleddtisge t he
input of a modylbatgpelsn WH cB-2-REG 8L AUPULiS8BYS on the side of the
mid point.

10 The switch forming means may be chosen
among MOS transistors, bipolar transistors, IGBT
transistors or any other switch having a bi-directional
conduction capakility and a direct blocking capability.

For a first application, the converter may

15 further comprise a means of measuring the output
voltage of the converter, this measuring means
delivering an output signal representative of the
output voltage te a first input of a regulation means
in which a second input receives a set peoint signal,

20 the regulation means delivering a signal supplied to
the input of a mcdulator in which a first output sends
a command signal to the first switch forming means and
in which a second output sends a command signal to the
second switch forming means, the converter being

25 thereby configured in voltage source.

For a second appliication, the converter may
further comprise a means of measuring the output
current of the converter, this measuring means
delivering an output signal representative of the

30 output current of the converter to a first input of a

regulation means in which a second input receives a set



a command signal to the first switch form ng neans and in which a second
out put sends a command signal to the second switch form ng neans, the
converter being 25 thereby configured in voltage source. For a second
application, the converter may further conprise a nmeans of neasuring the
out put current of the converter, this neasuring nmeans delivering an

out put signal representative of the 30 out%ut current of the converter to a
first input of a regulation nmeans in which a second input receives a set 8
point signal, the regulation neans delivering a signal supplied to the

i nput of a rmdqbloamr d iyl Chtlge f kgl ] a@dbpUeseNRdSIel CosrRaRg & gRahatio the
first swtch form.ng nmeans and in which a second output sends a 5 command

signal to the §€€Bﬁ&@9m§%ht$%rﬁﬁﬁﬁﬁn%ﬁwa radulappvertervibesthgat Kadréhy
configured in gurrent §8HE§§9 hegpi D aﬂgr‘fa?fve{é ertﬁ’aeccc%rl(}lsncg tstrlttQﬁ

invention may equip an el ectronec ani cal uator control, a regulating
aut omaton, a tﬁpbmmegengemESOEHKﬂo1merwesth|&i seavald oouapntnuﬂﬁnds a

equi pnent . The chop |n .converter ccordln to .t resent i nvention may
operate accor dift % % I | 'S ﬁ n@?ﬁ88 %&%Wﬁ%t ML HYY %8ﬂﬁ?rs§gethe

following 15 &bapextfe@r ban ngpehatdaty Quele andd o Pass- @ Negaliye . current
inthe load: - a first steEBdurln which a first swwtch formng neans are

open, the fourth diode is €BAdueRPREINIt heosEesharswhrehrHong ngome&hs are
closed and the;,ention may equip an electromechanical actuator

control, a regulating automaton, a turbine engine or
10 terrestrial, naval or aeronautic equipment.

The chopping converter according to the
present invention may operate according to the
following methods.

A first method comprises the following

15 steps, for an operating cycle and to pass a negative
current in the load:

-~ a first step during which a first switch
forming means are open, the fourth diode is conducting,
the second switch forming means are closed and the

20 first, second and third diodes are blocked during a
first part of the cycle, the converter operating in
continucus mode or in discontinuocus mode,

- a second step, following the first step,
during which, the first and second switch forming means

25 are open, the second diode is conducting and the first,
third and fourth diodes are blocked during a second
part of the cycle, this second part of the cycle not
ending the cycle 1if the converter operates in
discontinuous mode and ending the cycle if the

30 converter operates in continucus mode,



20 first, second and third di odes are bl ocked during a first part of the
cycle, the converter operating in continuous node or in discontinuous
node, - a second step, following the first step, during which, the first
and second switch form ng neans 25 are open, the second diode is
conducting and the first, third and fourth_di odes are bl ocked during a
second part of the cycle, this second par? of the cycle not ending the
cycle if the converter operates in discontinuous node and ending the cycle
if the 30 converter operates in continuous node, 9 - a third step,
followi ng the second step f at heh CoAVerter, ORET B @Snd N thieS CONEHNWOWS eDde,
during which the first and second switch form ng neans are open and the
first, second, thi%¢ &PHGHAth W deRESar 81 5AbFeeRbENHAEFPNEOdSt PR 1p&rt of

the cycl e endi ng;ah thee and-ol Lhe cyole,qASAeond FELhOd-COmmrises the

followng steps, for an operating cycle and to pass a posrtive current in
the | oad: 10 - ogehi esid Sthep durditng svieida fhisd swilt Ebhurfbr diingeseans are
closed, the third diode is conducting, the second switch formn ns are
open and %he Fﬂ?gt?gséggﬁﬂ“%ﬁ% ?%hf?hpangsi Hﬂﬁak%den%h?gngtg%%?rst
part of the cyehe, ofheéheonventer 15 operating in continuous node or in

di sconti nuous node, - a second step, following the first step, during
which the first diode is cBndGEEPRE, TRENPHr sEOMBKES§écohdeswipdRoFdRm ng

means are opensapdsthe oy a4 operating cycle and to pass a positive
current in the load:

10 - a first step during which a first switch
forming means are closed, the third diode is
conducting, the second switch forming means are open
and the first, second and fourth diodes are blocked
during a first part of the «c¢ycle, the converter

15 operating in continucus mode or in discontinuous mode,

- a second step, following the first step,
during which the first diode is conducting, the first
and second switch forming means are open and the
second, third and fourth dicdes are blocked during a

20 second part of the cycle, this second part of the cycle
not ending the cycle if the <converter operates in
discontinuous mode and ending the c¢cycle if the
converter operates in continucus mode,

- & third step, following the second step

25 if the converter coperates in discontinuous mode, during
which the first and second switch forming means are
open, the first, second, third and fourth diodes are
blocked, during a third part of the cycle ending at the
end of the cycle.

30 A  third method comprises the following

steps, for an operating cycle and to pass a negative



second, third and fourth di odes are bl ocked during a 20 second part of the
cycle, this second part of the cycle not ending the cycle if the converter
operates in discontinuous node and ending the cycle if the converter
operates in continuous node, - a third step, followi ng the second step 25
if the converter operates in discontinuou%_nnde, during which the first
and second switch form ng neans are open,(%he first, second, third and
fourth diodes are blocked, during a third part of the cycle ending at the
end of the cycle. 30 Athird nethod conprises the followng steps, for an
operating cycl ewanerito pass ahaegabikve lGhecuré@mteitethecheadribhhe in
converter operating in contjnuous node: - a first step during which a
first switch oM AGIYEaRC e closed, the third diode is 5 conducting,

the second switch forning meansears oped,and tRg fidisth apdefourt b, dicoges
are blocked during a first part of the cycle, the second di ode being

bl ocked if théosmipgt vokeage ofre he darpesit er the, inhabdol ulieodwal ue,
sufficiently | - a second step,.  follow ng the first step during
whi ch the 11 rseoRBas T8 cobtictirgrt et Fret Tai kbobRaTSw 15h FEFM ng
means are openaaod e fseeendind hFsdrand Jidddd diredes cnedl @ekesydari ng
a second part of the cycle, 15 - a third step, follow ng the second step,
during which t fdrs§&cHAF tsWiift RS TRy neamssapend diode being blocked

if the output voltage of the converter is, in absolute
value, sufficiently low,

10 - a second step, following the first step,
during which the first diode is conducting, the first
and second switch forming means are open and the
second, third and fourth diodes are klocked during a
second part of the cycle,

15 - a third step, following the second step,
during which the second switch forming means are
closed, the fourth diode is conducting, a first switch
forming means are open and the first, second and third
diodes are blocked, during a third part of the cycle,

20 ~ a fourth step, folilowing the third step,
during which the second diode is conducting, the first
and second switch forming means are open and the first,
third and fourth diodes are blocked, during a fourth
part of the cycle ending at the end of the cycle.

25 A  fourth method comprises the following
steps, for an operating cycle and to pass a positive
cuarrent in the 1load, the converter operating in
continucus mode:

- a first step during which a first switch

30 forming means are closed, the third diode is

conducting, the second switch forming means are open



closed, the fourth diode is conducting, a first swtch formng neans are
open and the first, second and third diodes are blocked, during a third
part of the cycle, 20 - a fourth step, following the third step, during
whi ch the second diode is conducting, the first and second switch form ng
means are open and the first, third and fourth diodes are bl ocked, during
a fourth part of the cycle ending at t he lénd of the cycle. 25 A fourth

met hod conprises the followng steps, for an operating cycle and to pass a
positive current in the |load, the converter operating in continuous node:

- a first stepaturi tgewnichstg fisegbnsw A B0 NhAgJERANSr &I & 10lcQsed,
the third diode is conducting, the second switch form ng neans are open
11, and the eSS écdid sdnd¥durtth diodes e bl ocked during a first

part of the cycle, a second st | ow i I y 1 i i ch
the first diode is conductin%,gﬁﬁg%?%r§¥éﬁg gﬁglggggﬁhagﬁftghgggr%?ﬁ ‘means
are open and th@rdegond;ichi tdearfd fscurdtodie odes areldsttaoked duei dgrat
second part. of the cycle, - a.third_step, follow ng the second step

Gur ng ot ch t RESeEERETE FHTPbr nRG T Rne TEALS 1678 006 § RECH oufEh

di ode i s condueticBgd,a fhisd Swd ChodOfii BY ckRaNSa A& € LapeReandidhensegond
and third diodes are blocked, during a third part of the cycle, the first
di ode is bl ock&8&PRct kérduttdut-hfolavage is, in absol ute val ue, sufficiently

| ow, ~ a third step, following the second step,
during which the second switch forming means are

10 closed, the fourth diode is conducting, a first switch
forming means are open and the second and third diodes
are blocked, during & third part of the cycle, the
first diode is blocked if the output voltage 1is, in
absolute value, sufficiently low,

15 - a fourth step, following the third step,
during which the second diode is conducting, the first
and second switch forming means are open and the first,
third and fourth diocdes are blocked, during a fourth
part of the cycle ending at the end of the cycle.

20

BRIEF DESCRIPTION OF DRAWINGS

The present invention may best be
understcod and other advantages and particularities
will become apparent by reference to the following

25 description, provided as an indication only and in no
way limiting and by referring to the accompanying
drawings in which:

- figure la is an electrical diagram of a
chopping converter of the prior art supplying a

30 continuous veltage at the terminals of a load,



15 - a fourth step, followng the third step, during which the second

di ode is conducting, the first and second switch form ng neans are open
and the first, third and fourth diodes are bl ocked, during a fourth part
of the cycle ending at the end of the cycle. 20 BRI EF DESCRI PTI ON OF

DRAW NGS The present invention may best be understood and ot her advant ages
and particularities wll become apparent 3y reference to the following 25
description, provided as an indication only and in no way limting and by
referring to the acconpanying drawings in which: - figure la is an

el ectrical diagramof a choppigigcComnyerd s, 0b1ERerPELOr dELraHPRIY ithE: a
30 continuous voltage at the termnals of a load, 12 - figure Ib is an

el ectrical d|a@ﬂmﬁﬁﬂtqﬂmpﬁoﬁV@mi@rléfuﬁ%ﬁn&ﬁI@h@@@ﬁﬂ@sCéﬁé@ﬁﬁn@@ﬂﬁQ@nﬂ
source by addi) anOf, areans, ol IPaSYE! 0O, LR QU1 PHL GUELER! o as el | as

sui tabl e equaI| er ator i's”an él ectrical |agrén1of

a chopping coawem&ﬂﬂ.sup@qmﬂabkhtﬂquaﬂmnnnsanﬂtmmﬁnkﬁtoﬁhe termnals of a
| oad, according to the invention, - ures 3Ato 3N illustrate the

operating -hode of the preseﬁtlgluﬁ\?engl 30 S gurieL At g9apIy R &
chronograns cgm%@a%dl Aenterditf engnty ppgy at neoHP@l%ougl ustrated SRy

figures 3A to 3N, i'gure 5a shows the principle of using
the termlnals cf a load, according to the invention,
- figures 3A to 3N illustrate the operating
mode of the present invention,

10 - figures 437 to 4F are chroncgrams
corresponding to different operating modes 1illustrated
by figures 334 to 3N,

- figure 5a shows the principle of using
the converter according to the invention as voltage

15 source,

- figure 5b shows the principle of using

the converter according to the invention as current

source.

20 DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

Figure 2 1is an electrical diagram of a
chopping converter supplying a continuous voltage at
the terminals of a load, according to the invention.
This converter may be, in the same way as for the

25 converter described 1in figures l1la and 1b, converted
into chopping current source by the addition of a means
(direct or indirect) of measuring the current of the
load and suitable equaliser and modulator. As in figure
la, the circuit 1is supplied by & positive voltage Vp

30 (for example +25V) and & negative wvoltage Vm (for

example ~25V) with respect to earth. It comprises a



the converter according to the invention as voltage 15 source, - figure 5b
shows the principle of using the converter according to the invention as
current source. 20 DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE | NVENTI ON
Figure 2 is an electrical diagramof a chopping converter supplying a
continuous voltage at the termnals of a | oad, according to the invention.
This converter may be, in the sane way as for the 25 converter described in
figures la and | b, converted into chopping current source by the addition
of a means (direct or indirect) of neasuring the current of the 1oad and

sui t abl e equal icsemh G ni@dul abehinds idndrgir € aha, thenshreuid 1 $nseRrplied
by a positive voltage Vp 30 (for exanple +25V) and a negative voltage Vm
(for exanpl e WaiRgings Riredpelctan®d edd twounrd avaphrilsasuaigge megnsitdcmer

formng el ement, and Gﬂﬁ@ri@é@gﬂ%‘he.eof Wicﬁgi Q&%c!i%cﬁ LeL andl %%e‘é@ﬁgy%gound

a uni que magnetic core. ifection of the wnding is Indicate
point in figureocdntThe vMiindimgs Lsthandit$2nas eLgbustedl.52i arsemoas tka
constitute the,secondaréiof t he transforner forniqg el enent, their shared

poi nt (theit frstS8hisS§ beithg COTEIHEThe Yhendi FECLPIeblst itut edPe he

primary of the:thaRstoneer fOor g el enent, Iheirseqond end,phrt Renwkndi ng
Lsl is connected to the 10 voltage Vp through the internediary of a diode

D inversely mbustednidsir diatidnteocrhéhvolitrage’ VpdiMhelpsecond isndest t he
wi nding Ls2 'Stﬁgnnggiﬁgr§0<£pethe transformer forming element. The

second end of the winding Lsl 1is connected to the
10 voltage Vp through the intermediary of a diode D1
inversely mounted in relation to the voltage Vp. The
seccnd end of the winding Ls2 1is connected to the
voltage Vm through the intermediary of a diode D2
inversely mounted in relation to the voltage Vm. The
15 winding Lp has a first end connected to the cathode of
a diode D3 and to the anode of a diode D4. The second
end of the winding Lp 1s connected to the output
terminal SP of the c¢ircuit. A first terminal of a
switch Q1 is connected to the anode of the diode D3 and
20 its second terminal is connected to the voltage Vp. A
first terminal of a switch Q2 is connected to the
cathode of the diode D4 and its second terminal is
connected to the voltage Vm., A smoothing capacitor Cs
is connected between the output SP and earth. The
25 ocutput SM may be c¢onnected to mechanical earth
directly, or via a resistor, depending on the needs of

the user.
The switches Q1 and Q2 are advantageously
N-channel or P-channel MCSFET transistor elements,

30 depending on the needs of the user. They may be



voltage Vmthrough the internediary of a diode D2 inversely nounted in
relation to the voltage Vm The 15 winding Lp has a first end connected to
the cathode of a diode D3 and to the anode of a diode D4. The second end
of the winding Lp is connected to the output termnal SP of the circuit. A
first termnal of a switch QL is connected to the anode of the di ode D3
and 20 its second termnal is connected td% he vol tage Vp. A first

termnal of a switch Q is connected to the cathode of the diode D4 and
its second termnal is connected to the voltage Vm A snoothi ng capacitor

Cs is connect edphelcarenct hergut gukeBP And @ar hhvihhe 25peutipukcBNonmy be
connected to nechanical earth directly, or via a resistor, dependlng on

t he needs of Pﬁ@d@%rlonTﬁé‘P@hltlﬂ’Fé/s a0 andliaE @Jm@m%gaﬂﬁkw ity.
N- channel or P-channel %@S%ﬁﬁoﬁnﬁiQﬁ?Q$§ tu%@sngeEﬂ gglk
y a h

needs of the user. They nay rep ace her Ravi n
bi-directionalchonﬂﬂmtbemngapa@aImmmb@ﬂdo& dhﬁﬁ&i bk ockiengw capatbd | LY. Np

bei ng the nunber of turns, of t e w ndi ng p being the n nber of turns
of the windi ng3f§l N5 ANt RE2BEi AY n%‘T%‘oEPrBF Cdr S SRS W ndfAg Ls2,

Np is greater aﬂsN@Ee@Q@ﬂwﬁﬁaﬁ(Néﬁagﬁﬂﬂﬁ%i6|fcrh§§amplg 81 Np. yEbgure 2
mentions the follow ng voltages: - vqgl at the term nals Q, 10 - vQg2 at

the terminals 8f782Np.- vdl at the ternminals of D,
Figure 2 mentions the fecllowing voltages:

- vgl at the terminals of Q1,
10 - vg2 at the terminals of Q2,
- vdl at the terminals of D1,
- vdZ at the terminals of D2,
- vd3 at the terminals of D3,
- vd4d at the terminals of D4,
15 - vlsl at the terminals of Lsl,
~ vls2 at the terminals of Ls2,
- vlp at the terminals of Lp, and
- vs at the terminals of Cs, i.e. the
output vecltage of the converter.
20 Figure 2 also mentions  the following
currents:

- 1l1sl flowing through the winding Lsl,

ils2 fleowing through the winding Ls2,
- ilp flowing through the winding Lp, and
25 - is flowing through the locad 7 of the
converter, i.e. the output current.

The operation of the chopping converter
will now be explained in reference to figures 3A to 3N
as a function of the commands (closing, opening) sent

30 to the switches Q1 and Q2. In these figures, the

currents that flow in the c¢ircuit are indicated by bold



- vd2 at the termnals of D2, - vd3 at the termnals of D3, - vd4 at the
termnals of D4, 15 - vlsl at the termnals of Lsl, - vls2 at the
termnals of Ls2, - vlp at the termnals of Lp, and - vs at the termnals
of Cs, i.e. the output voltage of the converter. 20 Figure 2 al so nentions
the followng currents: - ilsl flowng through the winding Lsl, - ils2
flowing through the winding Ls2, - ilp f1ow ng through the w nding Lp, and
25 - is flowng through the load Z of the converter, i.e. the output
current. The operation of the chopping converter wll now be explained in

reference to filguees 34 twi BN bassachynetHeoon:-afvdhe cogpandsifgl 08i R@e
opening) sent 30 to the switches QL and . In these figures, the currents
that flow in tREVENAGEY 18 & il Bt polVes-elines. As will be seen

the converter according to,ihe invuention. s A tweguadrant converter:
vs>0, is>0 and vs<O0, is<0.vFigﬁrés 3A Po SE%cdnéérn'an operating node 5

where a single transistor @igore@ IA orei AF swiriceh)h axondpetstinhenmbhie
out put current is_negative (js< or , ghen e out put rrent is positive
('520). i glr e¥ MR o s Duenr hEaR=05EraL I S e LwnehE T ot Roe”
current "is" iscRe@atisveshdrOrtidd cutput current is negative {is<0) or
when the output current is positive (is>0).
Figures 3A to 3C concern an operating mode

Mo

1S

r

where the output current is negative, for an

10 operating cycle (from t=0 to t=T).

Figure 3A illustrates a first step of the
operating cycle between the instants t=0 and t=t,
(where t3<T}. The circuit can operate in continuous
mode and in discontinuous mode. During this step, the

15 command of the circuit is such that:

- 2 and D4 conduct,

- @1, D1, D2 and D3 are blocked.

Figure 3B illustrates a second step of the
operating cycle, between the instants t=t; and t=t,;. The

20 circuit may operate in continucus mode {in this case
t:=T) or in discontinuous mode. During this step, the
command of the circuit is such that:

- D2 conducts,

- Qi, @2, D1, D3 and D4 are biocked.

25 Figure 3C iliustrates a third step of the
operating cycle, uniquely for the discontinuous mode,
between t=t; and t=T. During this step, the command of
the circuit is such that:

- Ql, ©2, D1, D2, D3 and D4 are blocked,



10 operating cycle (fromt=0 to t=T). Figure 3Aillustrates a first step of
the operating cycle between the instants t=0 and t=t1 (where t1<T). The
circuit can operate in continuous node and in discontinuous node. During
this step, the 15 conmand of the circuit is such that: - @ and D4
conduct, - Q, DI, D2 and D3 are bl ocked. Figure 3B illustrates a second
step of the operating cycle, between the-i*nstants t=t1 and t=t2. The 20
circuit may operate in continuous node (in this case t2=T) or in

di sconti nuous node. During this step, the conmand of the circuit is such
that: - D2 conducts, - Q, -QhhdlcubBeand-P4~arg Rfackedg 26, Fiayr e 3@
illustrates a third step of the operating cycle, uniquely for the

di sconti nuous ASJdEUPHIERkETY t ER §AE TEYT 2 TR Ha sl%tgb{-ﬁ fReacdENnd of
the circuit issguch that: - Q, @, D1, D2, D3 and D4 are bl ocked, 16 -
the current "is" circulating in the load is supplied by the energy

accunul ated in the capaciténcu€s. Fi dure 4Ashows t hehehr onogranegrbms

correspondi.ng to_the operating node illustrated by figures 3A to 3C for a
i scont§ nudus. FBGSSPRBRATGr o 1o o '&n BHEFALRRG oYerE cOmPRPLPAG Sthr B
steps. Figure 4Bgshews 3Mecehrnnoghans €oEresp9Adbng trdde eperatrbrg node
illustrated by
for an operating cycle comprising three steps.
Figure 4B shows the chronograms
corresponding to the operating mode illustrated by
10 figures 3A to 3C for & continucus mode, therefore an
operating cycle comprising two steps.
Figures 3D to 3F concern an operating mode
where the output current “is” i1is positive, for an
operating cycle (from t=0 to t=T).

15 Figure 3D illustrates a first step of the
operating cycle Dbetween the instants t=0 and t=t;
(where t;<T). The circuit may operate in continuous
mode and in discontinuous mode. During this step, the
command of the circuit is such that:

20 - Q1 and D3 conduct,

- 2, D1, D2 and D4 are bklocked.

Figure 3E illustrates a second step of the
operating cycle, between the instants t=t; and t=t;. The
circuit may operate in continuous mode {in this case

25 t,=T) or in discontinuous mode. During this step, the
command of the circuit is such that:

- D1 conducts,

- Ql, ©2, D2, D3 and D4 are blocked.

Figure 3F illustrates a third step of the

30 operating cycle, uniquely for the discontinuous mode,



10 figures 3A to 3C for a continuous node, therefore an operating cycle
conprising two steps. Figures 3D to 3F concern an operating node where the
output current "is" is positive, for an operating cycle (fromt=0 to t=T).
15 Figure 3D illustrates a first step of the operating cycle between the
instants t=0 and t=t1 (where t1<T). The circuit nmay operate in continuous
node and in di scontinuous node. During thil step, the conmmand of the
circuit is such that: 20 - @ and D3 conduct, - @@, D, D2 and D4 are

bl ocked. Figure 3E illustrates a second step of the operating cycle,

bet ween the i ngeafleert Fde anchd =t 27, Therifhl ¢diils By OPefRE ecbALeaNt igpuous
mode (in this case 25 t2=T) or in discontinuous node. During this step, the
command of t he tier @dincyid suchudiatthat Dl conducts, - QL, @, D2, D3 and D4

are bl ocked. Figure 3F ill usty.at a ;hird st f.t 0 ,0per,ating cycle,
uni quely for the discontinuo & é,zﬁ7 [%%tdggﬁgFLt aﬁ%}té}ﬁcééﬁﬁng this
step, the control of the eirdistcusrsuch tikat  floWng@n Bhe D2oa®3iand D4

are bl ocked, - the_current "is" flowing in the lpad is 5 supplied by the
energy accuhul SPERTE% B dFa& e YCS CC YR E U s Hote ?@Rﬁ%ﬁﬁ%ﬁdﬁgans

corresponding to the operatipgapde idd ustrated by fhgures BP4Leg3En0r a
di sconti nuous node, therefore
corresponding to the operating mode illustrated by
figures 3D to 3F for a discontinuous mode, therefore
for an operating cycle comprising three steps.

10 Figure 4D SNOWS the chronograms
corresponding to the operating mode 1llustrated by
figures 3D to 3F for a continuous mode, therefore for
an operating cycle comprising two steps.

Figures 3G to 3N concern an operating mode

15 where the two transistors Q1 and Q2 (forming switch)
conduct when the cutput current is negative (is<0) and
when the output current is positive {is>0). The
operation described is in continuous mode.

Figures 3G to 3J concern an operating mode

20 where the output current “is” is negative, for an
operating cycle (from t=0 to t=T).

Figure 3G illustrates a first step of the
operating c¢ycle, between the instants t=0 and t=t;.
During this step, the command of the circuit is such

25 that:

- Q1 and D3 conduct,

- Q2, D1l and D4 are blocked,

- b2 1is blocked if the continuous output
voltage is, in absolute value, sufficiently low.

30 Figure 3H illustrates a second step of the

operating cycle, between the instants t=t; and t=t,.



for an operating cycle conprising three steps. 10 Figure 4D shows the
chronograns corresponding to the operating node illustrated by figures 3D
to 3F for a continuous node, therefore for an operating cycle conprising
two steps. Figures 3G to 3N concern an operating node 15 where the two
transistors @ and @ (formng switch) conduct when the output current is
negative (is<0) and when the output curréft is positive (is>0). The
operation described is in continuous node. Figures 3G to 3J concern an
operating node 20 where the output current "is" is negative, for an
operating cycl euehirem tr0st ackp]) ¢ g@bﬁma@dl ldastrat @S ra fiitf st s Skepnof
the operating cycle, between Fhe instants t=0 and t=t1. During this step,
t he command of ttlé&:circuit is such 25 that - Q and D3 conduct, - @, Di
and D4 are blocked, - D2 is ? E%gulf t he conti nuous out put voltage is,

in absolute val ue, sufficien 5 Figure 3H illustrates a second step
of the operating cycle, bet@eenQQheDQnsman@&d=H¢L&ﬂuiﬂradked3 Durlng
this step, the command of the circuit is such that: - D_ conducts, -

@, D2, D3%nd D4 are bl ocKédUrs Flguielystrprast raat*éelédt FteP step 8@ t he
operatlng cycl gpehgikween theibnstantad st 2r@ndifist3nts t=t, and t=t;.

During this step, the command of the circuit is such
that:

- 02 and D4 conduct,

10 - Q1, Dl, D2 and D3 are blocked

Figure 3J illustrates a fourth step of the
operating cycle, between the instants t=t; and t=T.
During this step, the command of the c¢ircuit is such
that:

15 - D2 conducts,

-~ Q, 02, D1, D3 and D4 are blocked.

Figures 3K to 3N concern an operating mode
where the output current “is” 1is positive, for an
operating cycle (from t=0 to t=T).

20 Figure 3K illustrates a first step of the
operating cycle, between the instants t=0 and t=t;.
During this step, the command of the circuit is such
that:

-~ ¢l and D3 conduct,

25 - Q2, D1, D2 and D4 are blocked.

Figure 3L illustrates a second step 0f the
operating cycle, between the instants t=t; and t=t,.
During this step, the command of the circuit is such
that:

30 - D1 conducts,

- Ql, ©2, D2, D3 and D4 are blocked.



During this step, the command of the circuit is such that: - Q@ and D4
conduct, 10 - Ql, DI, D2 and D3 are bl ocked Figure 3J illustrates a fourth
step of the operating cycle, between the instants t=t3 and t=T. During
this step, the command of the circuit is such that: 15 - D2 conducts, -
Q, @, D, D3 and D4 are bl ocked. Figures 3K to 3N concern an operating
node where the output current "is" is posligtive, for an operating cycle
(fromt=0 to t=T). 20 Figure 3K illustrates a first step of the operating
cycle, between the instants t=0 and t=t1. During this step, the conmand of
the circuit is such that: r4gQkeamsh D31caBdYGE 2% - tRRrdDstdR andtd are
bl ocked. Figure 3L illustrates a second step of the operating cycle,

bet ween the i n®P&FES 1St 1CEALS L =B TWERR | iget hiBsspBpS thetacomP@nd s t he
circuit is suc - 4130, - condyct - : : : ar,

bl ocked. 19 Flrﬂ)éltf%gl%gl\}_[}?][ ugﬂegt’es a tﬁ?maggje;?%ft%ecg%é:?}g% %S c??lcg
between the inshanmt:s t=t2 and t=t3. During this step, the conmand of the
circuit isssuch that: 02 and D4 conduct

- Ql, D2 and D3 are blocked,

- D1 1is Dblocked if the continuous output

voltage is, 1in absclute value, sufficiently low.
Figure 3N illustrates a fourth step of the
10 operating cycle, between the instants t=ty; and t=T.

During this step, the command of the circuit is such

that:
- D2 conducts,
- Ql, 02, Di, D3 and D4 are blocked.
15 Figure 4% shows the chronograms

corresponding to the operating mode illustrated by
figures 3G to 3J, therefore for an operating cycle
comprising four steps.
Figure 4F shows the chronograms
20 corresponding to the operating mode illustrated by
figures 3K to 3N, therefore for an operating cycle also
comprising four steps.
Figure 5a shows the principle of using the
converter according to the invention as voltage source
25 by the addition o©f means 11 of measuring the
differential voltage between the outputs SP and SM, a
suitable equaliser 12 receiving a set point Ec and a
suitable modulator 13. The outputs of the modulator 13
supply the command voltages SQ1I and SQ2 of the
30 transistors Q1 and Q2.



5 - @@ and D4 conduct - QL, D2 and D3 are bl ocked, - D is blocked if the
continuous output voltage is, in absolute value, sufficiently low Figure
BN illustrates a fourth step of the 10 operating cycle, between the
instants t=t3 and t=T. During this step, the command of the circuit is
such that: - D2 conducts, - Q, @@, D, D3 and D4 are bl ocked. 15 Figure
4E shows the chronograns correspondi ng t &% he operating node illustrated
by figures 3Gto 3J, therefore for an operating cycle conprising four
steps. Figure 4F shows the chronograns 20 corresponding to the operating
node illustrated by figuresgdket asB3Nsnbher ehar . 4191c 13N opsF atknggCyelee
also conprising four steps. Figure 5a shows the principle of using the
converter accofdWg eIt MECIMEmd ohoadheolirage tslour ces  28rbgnthécaddet i on
of means 11 of [ . i ffer ial ol tag the_ou SP
and SM a sui tbgjgﬁgt%eqggﬁﬁgggglégfe@%%b?ngﬁa égt Eﬁ%’%&ﬁ%@ angsa to%& ?lécbl e
nodul at or 13. Thereutput sfofthbe cmdutater, 13 supplap e ecpmirndwvol2ages
SQ and SQ2 of the, 30 transistors g and . 20 'Ftir?\%:'rﬂﬁ 5b sgovvs tg%
principl e uSERG L HE I ShveTt ePPadlor et ng"t ot ) i BRYBLAEGF r ént
source by theraddi biepuot MBans Rl bamBasyr NG3" i SipPW PWne command

voltages SQ1 and 35Q2 of the transistors Q1 and Q2.



currents of the converter, a suitable equaliser 22 5 receiving a set point
Ec and a suitable nodulator 23. The outputs of the nodulator 23 supply the
command voltages SQL and SQ of the transistors QL and 2. 21 CLAIM 1.
Choppi ng converter supplied by a positive voltage (Vp) and a negative
voltage (Vm) with 5 respect to earth, and delivering an output voltage
between a first output termnal (SP) and & lsecond output termnal (SM,
the latter termnal being directly connected to earth or through a
resistor, conprising three windings (Lsl, Ls2, Lp) wound around a 10

magnetic core, a first (Lsl) and a secopdaths?) of said w ndings being
nmounted in series and wound in opposition, their shared ends, or firsts
ends, being connected to earth, the second end of the first winding (Lsl)

bei ng connected to the poshtivecxggégggn(yg%%%grég%gut eé fié@teﬁﬂydi ry of

a first diode (D) inversely nbun ion ositive-vol tage
(Vp), the secopdsendvef tdie sscondoW ading (lssA)tibed ngol cagaecvag tvatthe

negative v%%tage gVn) through tﬂe i nterpedj ary, of a second di ode _(D2)
i nversely mount&§P565 ntPel GFFbR’ t Pthe GGV Yoldag@ UMyt  ¥Ré teRer d

winding (Lp) hawiRged fhrstiend conpectedd@na i d (poj ntypf a brapehg
connecting the positive voltage (Vp) to the negative voltage (Vm, the
part of branchouvéshfiectisignimel mi dSPoi-nt the t héaposict | Vieexol tabe P¥pRo25

A R A e
comprising three windings (Lsl, Ls2, Lp) wound around &
10 magnetic core, a first (Lsl) and a second {(Ls2) of said
windings being mounted in series and wound in
opposition, their shared ends, or firsts ends, being
connected to earth, the second end of the first winding
(Lsl} being connected to the positive veoltage (Vp)
15 through the intermediary of a first diode (D1)
inversely mounted in relation to the positive voltage
(Vp}, the second end of the second winding (Ls2) being
connected to the negative voltage (Vm) through the
intermediary of & second diode {(D2) inversely mounted
20 in relation to the negative voltage (Vm), the third
winding (Lp) having a first end connected to a mid
point of a branch connecting the positive voltage (Vp)
to the negative voltage (Vm), the part of branch
connecting the mid point to the positive voltage (Vp)
25 comprising, arranged in series, a first switch forming
means (Ql) and a third dicde (B3} directly mounted in
relation to the positive voltage (Vp), and together
forming a unidirectional switch with direct and inverse
blocking capability, the part of the branch connecting
30 the mid point to the negative veltage (Vm) comprising,

arranged in series, a second switch forming means (Q2)



relation to the positive voltage (Vp), and together formng a
unidirectional switch with direct and inverse blocking capability, the
part of the branch connecting 30 the md point to the negative voltage (VM
conprising, arranged in series, a second switch form ng nmeans (@) 22 and
a fourth diode (D4) directly mounted in relation to the negative voltage
(Vm, and together formng a wunidi rectiofél switch with direct and inverse
bl ocking capability, the second end of the third winding (Lp) 5 being
connected to the first output termnal (SP), the third w nding (Lp) having
a nunber of turamst gr eaterth tdiesd hepaundere6f 1§ unBEnek4t he kenst iwhndiong
(Lsl') and greater than the nunber of turns of the second winding (Ls2).
10 2. Choppi ng %&énvEFGet iy&cordiltgdo dIVai)m 12nd n tikiedhex sfsetingg @
capacitor (Cs) 4 - b he, f i ut - i.pal .GSP) :and
carth. 15 5 Chomsing canisrter accor diny torese ort of ErTEed! bRl

whi ch, in the lbegabh lcdmmecthag stethendposidi we vioh¢ agdiG\dp)windihe négative
voltage (Vrd, .said arrangenent in_series consists in arrangin he first
(Ql) and sergcong’e(léﬁ) ER cecchrw n@ﬁﬁegr]@%n Do %‘?H@l%‘??t Ifwgpﬁ espBétive
positive or negatirve vohdages (and aevang g therdodgs (LBnd4yrencthe
side of the md point. 4. Chopping converter according to any of 25

claims 1 to 3, *PANwREh AP ST st {(W@ins afd slee ohbir ¢ Ry IngWnechLEd) ming
means are Chos%?e@@@QgtMgﬁt{ﬁg5h§$8£§’of turns of the second winding

{Ls2).
10
2. Chepping converter according to claim 1,
in which a smoothing capacitor (Cs) is connected
between the first output terminal {SP) and earth.
15 3. Chopping converter according to one of

claims 1 or 2, in which, in the branch connecting the
positive voltage (Vp) to the negative voltage (Vm),
said arrangement in series consists in arranging the
first (Ql) and second (Q2) switch forming means on the
20 side of the respective positive or negative voltages
and arranging the diodes (D3, D4) on the side of the

mid point.

4. Chopping converter according to any of
25 claims 1 to 3, in which the first (Q1) and second (Q2)
switch forming means are chosen among MOS transistors,
bipolar transistors, IGBT <transistors or any other
switch having a bi-directional conduction capability
and & direct blocking capability.
30



bi pol ar transistors, I GBT transistors or any other switch having a

bi -di rectional conduction capability and a direct blocking capability. 30
23 5. Chopping converter according to any of clainms 1 to 4, further
conprising a neans (11) of neasuring the output voltage of the converter,
this neasuring nmeans delivering an output signal 5 representative of the
output voltage to a first input of a reg@ﬁation nmeans (12) in which a
second input receives a set point signal, the regulation neans (12)
delivering a signal supplied to the input of a nodulator (13) in which a

first output sends a command Ithsbgnah SRY:rke h@cé&féinéwtfo(:haﬁs)@r @ing
means (Ql) and _in which a second output sends a command signal (SQ2) to
the second sw CéRif6r nitngtdredhs @)therhecesavértias beifrpiheridhy of

configured in I u : ChopRi conve r ' t y of
clainms 1 to 4, %%S%?%gr@go%%rgi scl;l%cq&ét ms\angea 1) 8§f Eg}r%ascﬁoﬁqﬁﬁ%rdgt%g’ oﬁ%‘g{%’t
current (is) ofrebberdomverteeanst hi daidasuriimg means dehutveri ng adgaatiput

si gnal reQ{esentative of the o tFut current of the converter 20 to a first
i nput of a regﬁpgfﬁéﬁnﬁ€§ﬁ§f12§§ REwWiiR Y Secbd®i Aput? retEf ved "RUSet

poi nt signal, the ar gy AldtonreaRsn622) 19e! iMeriRgcd Skonalcspphihgdtt o
the input of a nmodulator (23) in which a first output sends a conmand
signal (SQl) t&°erRevhisrst vl tehint PopnbAg rdenstQL)atahen i meahbchla)
second output §eRdved:ngOMANG ARl (356):L8 hE sqand sybLen Lermang
mocdulator (13) in which a first output sends a command
10 signal (SQl) to the first switch forming means {Ql) and
in which a second output sends a command signal (SQ2)
to the second switch forming means {Q2), the converter

being thereby configured in voltage source.

15 6. Chopping converter according to any of
claims 1 to 4, further comprising a means (21) of
measuring the output current (is) of the converter,
this measuring means delivering an output signal
representative of the output current of the converter

20 to a first input of a regulation means (22) in which a
second  1nput receives a set point signal, the
regulation means (22) delivering a signal supplied to
the input of a modulator (23) in which a first output
sends a command signal (SQ1l) to the first switch

25 forming means {Q1) and in which a second output sends a
command signal (SQ2) to the second switch forming means

(Q2), the converter being configured in current source.

7. Electromagnetic actuator contreol
30 comprising a chopping converter according to any of

claims 1 to 6.



(@), the converter being configured in current source. 7. Electronmagnetic
actuator control 30 conprising a chopping converter according to any of
claimse 1 to 6. 24 8. Regulating automaton conprising a choppi ng converter
according to any of clains 1 to 6. 5 9. Terrestrial, naval or aeronautic
equi pnment conprising a chopping converter according to any of clains 1 to
6. 10. Turbine engine conprising a choppiﬁ& 10 converter according to any
of claims 1 to 6. 11. Method for operating a chopping converter according
to any of clains 1 to 6, the converter being supplied by a positive
voltage (Vp) and 15 a negative voltage (V) with respect to earth, the
converter delivering an output current (is) in a load (Z) connected

bet ween the first output térnm nBRILSPEingnd Bhéocsedend oGOPHE Lsding nald

(SM, said ternm.nal. . i t e l.y. a istor to 20
earth, charact g&ﬁggg&rﬁ%ﬁ ﬁé%%;}%%gc?%r&s%gﬁ hteO f‘%?’f g{vf;%lhalg?geg‘iéé oel?(' an
operating cycle and to pass a negative current in the load (2): - a first
step durinqimhich a first switch formng nmeans (é%%}are open, the faqurth
diode (D4) G's 25 conducting, tHESESTHT i t cHFBHhi ng®hean§SEEPPIARE

closed and theefiihphnebBd )oorgReionichd D2) cangdpliBigr bR r+ i oglescanenbl ecked
during a first part of the cycle, the converter operating in continuous
nmode or in di 888nbifngGd@s mepdeto 6.

10. Turbine engine comprising a chopping

10 converter according to any of ¢laims 1 to 6.

11, Method for operating a chopping
converter according to any of c¢laims 1 to 6, the
converter being supplied by a positive voltage (Vp) and

15 & negative voltage (Vm) with respect to earth, the
converter delivering an output current (is) in a load
(2) connected between the first output terminal (SP)
and the second output terminal (SM), said terminal
being c¢onnected directly or through a resistor to

20 earth, characterised in that it comprises the following
steps, for an operating cycle and to pass a negative
current in the load {Z):

- a first step during which a first switch

forming means (Q1l} are open, the fourth diode (D4) is

25 conducting, the second switch forming means (Q2) are
closed and the first (D1l), second (D2} and third (D3)
diodes are blocked during & first part of the cycle,
the converter operating in continuous mode or in
discontinuous mode,

30 - a second step, following the first step,
during which, the first (Q1) and second (Q2) switch



30 - a second step, following the first step, during which, the first (Ql)
and second (@) switch 25 form ng neans are open, the second diode (D2) is
conducting and the first (D), third (D3) and fourth (D4) diodes are

bl ocked during a second part of the cycle, this second part of the cycle
not ending the 5 cycle if the converter ogﬁ{ates i n discontinuous node and
ending the cycle if the converter operate n continuous node, - a third
step, followi ng the second step if the converter operates in discontinuous
node, during 10 which the first (Q) and second (@) switch form ng neans
are open and tHerfiirgt @BElans seqend opd),, thig d sgdaF)d ard daeur t(n2()D4)i s

di odes are bl ocked during a third Fart of the cycle ending at the end of
the cycle. 15 FPPRWGHEY fordopdat i hgSh dﬁﬁﬂpinéhlé%ndé¥@era%@céfﬂﬁﬁélto

any of claims L 65:488s GORVeRtgrihal ng, supp! heds iy, p%%irtti v&r Vell.age
(Vp) and a negative voltage (Vm wth respect”to earth, the converter
delivering an 6vycpst cukientsedos)d i paat| gad 20e( Z)yconnectedehdi meert fehe

first outpq; t%rghgalkésg%e and .t he second ogégut termn

al. (SM,
characterised id _"that it conprises the ¥off ndj%t%h§?o?%$ng%u%pgpgﬁ ng

cycle and to passl aepdshti veneurcéeniei nifhelwaddilsrrerd fdgestatsisep iguri ng
which a first swtch 25 formng neans (QL) are closed, the third di ode
(D3) is conduCPPhgnUCHE ¥866nd switch forning means (@) are open and the

first (D1), second (D2) and fowdiyd Ddkepdi odes; af &bl oaked dusing sl rst
part of the cycle,
if the converter operates in discontinuous mode, during
10 which the first (Q1) and second (Q2) switch forming
means are open and the first (D1}, second (D2), third
(D3) and fcurth (D4) diodes are blocked during a third

part of the cycle ending at the end of the cycle.

15 12, Method for operating a chopping
converter according te any of c¢laims 1 to 6, the
converter being supplied by a positive voltage (Vp) and
a negative voltage {(Vm) with respect to earth, the
converter delivering an output current (is) in a load

20 (Z) connected between the first output terminal (SP)
and the second output terminal (3M), characterised in
that it comprises the following steps, for an operating
cycle and to pass a positive current in the load {(Z):

- & first step during which a first switch

25 forming means (Ql) are closed, the third diode (D3) is
conducting, the second switch forming means {(Q2) are
open and the first (D1), second (D2) and fourth (D4)
diodes are blocked during a first part of the cycle,
the converter operating in continuous mode or in

30 disceontinuous mode,



t he converter operating in continuous node or in 30 discontinuous node, 26
a second step, following the first step, during which the first diode (D)
is conducting, the first (Ql) and second (@) switch form ng neans are
open and the second (D2), third (D3) and fourth (D4) 5 di odes are bl ocked
during a second part of the cycle, this second part of the cycle not
ending the cycle if the converter operat@é i n di sconti nuous node and
ending the cycle if the converter operates in continuous node, - a third
step, follow ng the second step 10 if the converter operates in

di scontinuous node, during- whigdrdhe tept EQiLocandgsegandr( R}y swiehgh
formng neans are open, the first (D), second ﬁDQ), third (D3) and
fourth (D4) di 64&sngr evibidekéde dbifnly &itonter d{Phit 1sofcem@ueytier efdieng at

the end of thesoyele. (35 13, eLbod fOr @PEraljNg A ¢HORRLAT nEANyeLLer

according to any of clains 1 to converter ing supplie y a
positive vol t ageefiVvpnandhea swgatd véDYol t ade (Vm LW t kndesecttib o (@dnt h,

t he 20 converter. gﬁliveri an ogt ut .current (is) in a load %Z) Cﬁnnected
bet ween he fi PSECBEL RC LBHATFaT (&P MSarft EREORECEd ol puEDE eFfinaY
(SM, charactethsed ddrorihatatt eemprsesydéhe Hokl @M StERs, cfeleans

operating cycle and to pass a negative current in the load (Z) , 25 the
converter oper &N SESRET FIRSUS Gffdekn -dbs¢ersingpep WaeEngn@heeRiadfirst

switch form ”theég}%l(eQ%)f e %lo%%%(}’tet#%pteqiart%sdii%d%ér@ndcﬁls mode,
- a third step, following the second step
10 if the converter operates in discontinuous mode, during
which the first (Ql) and second (Q2) switch forming
means are open, the first (D1), seccond (D2), third {D3)
and fourth (D4) diodes are blocked, during a third part

of the cycle ending at the end of the cycle.

i5

13. Method for operating a chopping
converter according to any of claims 1 to 6, the
converter being supplied by a positive voltage {(Vp) and
a negative voltage (Vm) with respect to earth, the

20 converter delivering an output current (is) in a load
(2) connected between the first output terminal (SP)
and the second output terminal (SM), characterised in
that it comprises the following steps, for an operating
cycle and to pass a negative current in the load (Z},

25 the converter operating in continuous mode:

- a first step during which a first switch
forming means {(Ql) are closed, the third diode (D3) is
cenducting, the second switch forming means (Q2) are
open and the first (D1) and fourth (D4) dicdes are

30 blocked during a first part of the cycle, the second



conducting, the second swtch formng neans (@) are open and the first
(D1) and fourth (D4) diodes are 30 bl ocked during a first part of the
cycle, the second 27 diode (D2) being blocked if the output voltage of the
converter is, in absolute value, sufficiently low, - a second step,
following the first step, during which the first diode (D) is conducting,
the 5 first (Ql) and second (@) swtch 2o mi ng neans are open and the
second (D2), third (D3) and fourth (D4) diodes are bl ocked during a second
part of the cycle, - a third step, followng the second step, during which

the second swi twhdeor mng Beang ER)ciie 1 A0rgkosedputhe,d otudd diodes(D4)
is conducting, a first switch form ng nmeans (Ql) are open and the first

(D1), second COPYVear@n Hisrd {rD3Yo s Bdes et gekdell crirtihy oWt hird part
f th le, - f th step, i h [ .St 15. [ ich
o] e cycle a four S e%u sfeoégrpa\ntﬁgeéfierfg)?ll%%ﬁgepc e ?lggEl(%%)e él C

t he second diode (D2) is conducting, ) “and Ssecon wi tch
form ng neans aweingpemiand the fiistt (Blipdet hibd) (D3) a@ndddotthd, (Dhe

di odes are bl ocked, during a fourth par f the cycl endi ng at the end of
the cycle. E}Z)O %&.rsli\—/bt K@%{]f @rnc{)péteﬁf:’?lﬁg éQghoquﬁ cofVBrP8r HeTot difi§ to
any of clainms bpk@ GindheheCoierder (bl Ng tSURR| | ed3 by A posblive veltage

(Vp) and a negative voltaaecéq\ég W th respect to earth, the 25 converter
del i vering an 84Ppge édger &ne durigd gadeq@)d qenitectied lvetveeke t he

first output termnal (SP)_ a third step, following the second step,
during which the second switch forming means (Q2) are
10 closed, the fourth diode (D4) is conducting, a first
switch forming means (Ql) are copen and the first (D1),
second (D2Z) and third (D3} diodes are blocked, during a
third part of the cycle,
- a fourth step, follcwing the third step,
15 during which the second diode (D2) is conducting, the
first (Ql) and second (Q2) switch forming means are
open and the first (D1), third (D3) and fourth (D4)
diodes are blocked, during a fourth part of the cycle
ending at the end of the cycle.
20
14, Method for operating a chopping
converter accerding to any of c¢laims 1 to 6, the
converter being supplied by a positive voltage (Vp) and
a negative voltage ({(Vm) with respect to earth, the
25 converter delivering an output current (is) in a load
(Z) connected between the first output terminal (SP)
and the second output terminal (5M), characterised in
that it comprises the following steps, for an operating
cycie and to pass a positive current in the load (2},

30 the converter operating in continuous mode:



and the second output terminal (SM, characterised in that it conprises
the followi ng steps, for an operating cycle and to pass a positive current
inthe load (Z), 30 the converter operating in continuous node: 28 - a
first step during which a first switch formng neans (Q) are closed, the
third diode (D3) is conducting, the second switch form ng neans () are
open and the first (D), second (D2) and fSurth (D4) 5 diodes are bl ocked
during a first part of the cycle, - a second step, following the first
step, during which the first diode (Dl) is conducting, the first (Ql) and

second (Q) switch form ng-neans; e sePgNdardnyherseaond €P2)t thiikdr( D3)
and fourth (D4) 10 diodes are bl ocked during a second part of the cycle, -

a third step, ffEMdWichgraadies sé@bhdaseeplosddri rdiantilchrd héiséeodB3swiltsch
f i | , f 1, dj i d i ng,
ormng means (c%u%ﬁﬂrgrlé;gn??%l)sterbeoncou%tﬂtghogfor(n%ﬁ%'ngxe%%%) u{i{? )gggrt%hi fd

first switch formng are open an e Séc
(D3) di odes ar epklhocked, tderifigrst t hbe d, pardcoraf the) cyalde, cdhetki r(sH )di ode
(D1) is bl cke%.if t he o%tput voltage is, in absolute value, sufficiently

low, - a fourtRIEES, 36 PTG R HT ¢ et REES iyt WHIEH ¥ Re® second

diode (D2) is conducting, thg 2Q.did sttéQL) randosecend P} suit ghformi ng
means are open and the first (D), third (D3) and fourth (D4) diodes are
bl ocked, duringuaifigurviihi@ar thef fihestydiedeentdhy as tdendnetbist hébeycl e.

25 first (Q1) and second (Q2) switch forming means are

open and the second (D2), third (D3) and fourth (D4)
10 diodes are blocked during a second part of the cycle,

- a third step, following the second step,
during which the second switch forming means (Q2) are
closed, the fourth diode (D4) is conducting, a first
switch forming means (Q1l) are open and the second (D2)

15 and third (D3) diodes are blocked, during a third part
of the cycle, the first diocde (D1) is blecked if the
output voltage is, in absolute value, sufficiently low,

- a fourth step, following the third step,
during which the second diode (D2) is conducting, the

20 first (Q1l) and second (Q2) switch forming means are
cpen and the first (D1), third (D3) and fourth (D4)
diodes are blocked, during a fourth part of the cycle

ending at the end cof the cycle.

25



