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

W NDI NGS DESCRI PTI ON TECHNI CAL FI ELD The invention relates to a uni pol ar
or 5 bipolar chopping converter, operating in the quadrants (I1s>0 ; Vs>0)
and (1s<0 ; Vs<0), and with zero out put Cﬂrrent or vol tage, having
magnetical ly coupled w ndings, which may be configured with the regul ation
node adapted in current source or voltage source. It 10 applies to al

types of terrestrial, naval or aerial equipnment using this type of
choppi ng converter, particularly the electronmechanical actuator controls

of regulating autanmmnumﬁﬁCmRthmmMRRemﬁmmw$NG1éoﬁﬂﬁ§EEﬁFwitE PRbOR ART
The control of electrical actuators with an %gﬁpload (resistor and

i nductance in series) may béﬂﬁaﬁﬁrE%%Hﬁ%|€¢HﬁL%@ f¥&8i on of a regul ated
voltage at the termnals of the control coil of the actuator, 20 or by a
current source, this latter solution often being preferred in severe
environnents essentially because it RESCRERTIOM power used to control the
accessory to be limted. Chopping current sources may conventionally 25 be

gr ouped togethek ﬁﬁg@glpg&%ﬁg} sources using the inductance of the |oad as
ener gy storage eFenen during the chopplng operation, with as consequence

the application at the te@glnals t he Ioag at the 2 chop
frequency, of an alternativaPy pBSPPf¢8Nangetates to a und

5 bipolar chopping converter, operating in the quadrants
(Is>0 ; Vs>0) and (Is<0 ; Vs<0)}, and with zerc output
current or voltage, having magnetically coupled
windings, which may be configured with the regulatiocon
mode adapted 1in current source or voltage source. It

10 applies to all types of terrestrial, naval or aerial
egquipment using this type of chopping converter,
particularly the electromechanical actuator contrels 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 of a regulated voltage

at the terminals of the control coil of the actuator,

20 or by a current source, this latter soluticn often

being preferred in severe environments essentially

because it enables the power used to control the
accessory to be limited.

Chopping current sources may conventionally

25 be grouped together among 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



negative voltage, the transitions between these two states ideally being
consi dered as instantaneous, and current sources supplying a continuous
current and, 5 consequently, a continuous voltage at the termnals of the
| oad, in which the energy storage elenent 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 advantage of having a
control that is, at first sight, sinple. They conprise few or possibly no
i nductive elenments, which leads to a certain saving in the dinensions of

the circuit. OxHdmeicihetrBandnciheyofr have aieerhativBugbesodftive and
di sadvant ages. They have a 15 hi gh dependency vis-a-vis the value of the
i nduct ance of M€ Yi9Ed: VPHE2E&pabiPt yE BENEDREPOP| i PREWSRN ittt &Weous

current in the sst‘ﬁitte%he§dé’£lﬂ?eb%liwgtencr:on§9&'éf qdepends. dire rtléé/ug,n {aﬁgi

charge inductance value. The resistance to short circuits between

out put 20 ternchgirengf thercesvesteplpinpetaweerpraninontputcudtrenm nalhdand
earth is very difficult. .Indeed, in,the event of short circuit of th

| oad, it ig nofoaggsuﬁﬁé}y’e%%e%?ng§nﬁaﬂﬁnﬁo&%ﬁﬁgnéﬂis?h?ot?FW?PaEﬁeO%
i nst ant aneous t@kr riefdd, C@ﬁsﬁ%ﬂ@ﬁthﬁuai@n@féﬁt%%@rbgei%ﬁﬂ§&§ﬂ§anrtQh%5 add
an inductance at the output of the converter in order tolimt the short

circuit currenfRoPpiadd i& spitorrdad om & vasmt rabicrititwiglidevice to
limt the maxinumvalue of ~the shart ci .t cur 0 addg. Ci it
for demagnetising the output iﬁguc?ancgh%g%%ﬁlnaﬁ%%@i?%e cu?géﬁg af%@% t he
det ection of thedskbdenceciaftutheatlokle out puerglyo saveaeraghi nehsmhent t have

lnterface§03 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 high dependency vis-a-vis the value of the inductance
of the load: the capability of controlling the
instantaneous current in the switches of the current
source depends directly on the charge inductance value.
The resistance to short circuits between the output
20 terminals of the converter or between any output
terminal and earth is very difficult. Indeed, in the
event of short circuit of the lcad, it is not possible,
except by adding components, to limit the instantaneous
current. Consequently, in practice it 1s necessary to
25 add an inductance at the output of the converter in
order to limit the short circuit current, to add a
protection and very rapid cut off device to limit the
maximum value of the short circuit current, to add a
circuit for demagnetising the output inductance to
30 manage the cut off after the detection of the short

circuit at the output, tc over-dimension the interfaces



(input filtering capacitor) so that they can wthstand the short circuit
current. Concerning the electromagnetic conpatibility aspect (conducted

em ssions essentially), these converters are difficult 5 to render

conpati ble with aeronautic em ssion standards, if a high chopping
frequency is desired to |limt the size of "the passive conponents of the
converters, especially if the load is controlled at the end of several
netres of cable. The result is a 10 choppi ng frequency reduced typically to
bel ow 10 kHz and an obligation to dinmension an output filter (shared node
and differenti &linmde)fihatrivd | cpbayiaoplomiocneriat roheyi Bahheisthakianid y of
the assenbly and will have a nqgn negligible size. This type of chopping
current 15 sour€€ is &Y ct eFEEYHitgh pSWET Sapl | calCiCeRE e  whitdl a

| ow choppi ng f reaeReHdfdiote nec A% 1 andi cap.e FOr CQBUeIL LS g |
supplying a continuous 'voltage at the termnals of the |load, the chopping
no 20 |onger €akésigiracesssenthes] bad, buheshe wurvarite(orathe Ndlftiage)t i s

regul at ed t out put a chapnpi converter conprising an inductance
storing at eagg aHﬂ%%%égtma%ﬁﬁé%%g$%%ﬂsf%% 8d tSe?EEaP%ég an§"a°¢afaki t or
i s added to smeathdautdst,hei Dubputigvol dlegepind Eenseeuent i &HeievEpUs

voltage is virtually continuous at the termnals of the |oad. There is
therefore | ess*difffi ctsy it 3feeting Het onk@EfEve st GANAPHSNEST A séhe

Current in the 30 cansarter Feraine naturall y T red Schepping T e

y Iimted. oppl ng

frequenci es exeaddi rg 166vkHz lmaypebecenvicsagedpllei.m féd result is s

10 chopping frequency reduced typically to below 10 kHz

and an obligation to dimension an output filter (shared

mode and differential mode) that will play a prominent

role in the stability of the assembly and will have =a

non negligible size. This <type of chopping current

15 source 1s restricted to high power applications, for

which & low chopping frequency is not necessarily a
handicap.

For converters supplying a continuous

voltage at the terminals of the load, the chopping no

20 longer takes place in the load but the current (or the

voltage) 1is regulated at the output of a chopping

converter comprising an inductance storing at least all

of the energy transferred to the load and a capacitor

is added to smooth out the output - voltage.

25 Consequently, the output voltage is virtually

continuous at the terminals o©f the load. There is

therefore less difficulty in meeting aeronautic

standards for noise emitted in conduction. In the event

cf short circuit of the load, the current in the

30 converter remains naturally limited. Chopping

frequencies exceeding 100 kHz may be envisaged, limited



4 in fact by the efficiency of the converter and the performance of the
gate control circuits of switch elenents. Figure la is an electrical
diagramof a 5 converter of the prior art supplying a continuous voltage
at the termnals of a load. The circuit is, supplied by a positive voltage
Vp (for exanple +25V) and a negative vol t%ge Vm (for exanple -25V) with
respect to earth. Il conprises two elenents Ti and T2 10 each conpri sing
two wi ndi ngs magnetically coupled around a magnetic core. The w ndi ngs of
a sane elenment Tl or T2 are wound in opposition as indicated by a point
infigure la. The waodi ngy Ekhef &theiekenept Ji thas achiesteendiconnect ed
to the voltage Vp through the 15 internediary of a diode D5 inversely
nmounted in rePREIGFEEGhe OFol Fhe Yptei teo—erohd EndFWeihg afo seditd The
wi nding E2 of the,glenent Tl has a first end connected to a first term nal
of a switch @B in which the second termnal is connected to the voltage
Vp. The 20 second end of thegwredi hg B2 i srconhectedctd tdeagnéputof a

t erm nal SJ5P of the cti?rcuit. %E}e wi nding E3 of the, element T2 has a first
end connected £8RE NSl t &de VOE t RFGQGh PRE | SEEPIYNEr y 2of CRTELGYE 6
inversely nourbedaige retatdren terkheavel tage /moibls segondiend; 25 hei ng
to earth. The winding E4 of the element T2 has a first end connected to a
first term nal S8PP31&6® tieh &4 Pesitwhiehvehéagecofel tléemi rtansieondédted to
the voltage Vm, . The s . end windi ng- E4 i nec to th
output term naF]n i Pgofﬁ(%ﬁgg%\??cu‘?%l.tt’%&%o \é}grmo?%o:zrng e%éalﬁ)n ?‘l%t ort%l%i swrlt%
connect ed bet weespthé dut petrth. Il comprises two elements Tl and T2

10 each comprising two windings magnetically coupled
around a magnetic core. The windings of a same element
Tl or T2 are wound in opposition as indicated by a
point in figure la. The winding El1 of the element TI1
has a first end connected to the voltage Vp through the
15 intermediary o¢f a dicde D5 inversely mocunted in
relation to the voltage Vp, its second end being to
earth. The winding E2Z 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
20 second end of the winding E2 is connected tc the output
terminal 81P 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 voltage Vm, its second end
25 being to earth. The winding E4 of the element T2 has a
first end connected to a first terminal of a switch Q4
in which the second terminal 1is connected to the
veltage Vm., The second end of the winding FE4 is
connected to the output terminal S1P of the circuit. A
30 smoothing capaciter Cl 1s connected between the output

S1P and the earth.



S1P and the earth. 5 The converter is transfornmed into current source by
the addition of nmeans of neasuring the output current, a suitable

regul ati on and nodul ator. This is shown in figure | b where the | oad
connected to the 5 output of the converter5|s represented in the formof a
resistor Rc and an inductance Lc connected™in series. The output current
is measured by a neasuring neans 1 that delivers a representative signal
to a first input of a regulation nmeans (or equaliser) 2. A second input 10
Ec of the regulation nmeans 2 receives a set point signal. The output

signal of the regul ati on neaes @ohﬁerﬂddrQ&SEGrEQSEmebﬂpuhﬂgi auredultat or
3 that delivers a command signal to the swtch @B and a command

signal SQ4 to SREEER toh TOF %ﬁ?H?%P%o%@em?%?slPfu@?ﬁéﬁéangntﬁﬁgﬁﬁéppé

conprises ther %fuqrr%nftoura\Msqu%ea%éd@a{@&{'egha QA% S Cf‘niga% to a
relatively high cost and a relatively large size o e CIrCUIt 0

DESCRI PTI ON CFSFHEmlwwavawam dkdevhneper edure lthe costrnandethetsi z&eof a

choppi ng canve a contlnuous ositive ve_or zero

vol t age atq%he t§%n1n§&1 PORE,"H CFr fe§$?¢ﬁ?mbgm}h8|58§mc85pﬁed on
a single nagnekeelgioeona:|§n@r@pp5ﬁmbu@wéﬁwglng tco e JqyEesent skrvent i on.
It is then necessary to add two diodes to the circuit, but these elenents

are of |ow costPEnPWRYtowrsT5R0t ALE| Fega sl RchY of (HRE UHidHE | BREESNSi st s
in a chopping %ﬁQYGBEQHv%HQPhiegeﬁYe@eH@ﬁ%Ebges%%h%ﬁg%x>%9 apdsa negative

voltage with respect to earth, an
of a regulatlon means (or equaliser) 2. A second input

10 Ec of the regulation 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 03 and a command
signal SQ4 to the switch Q4.

15 The converter illustrated in figure 1la
comprises therefore four windings and two magnetic
cores, which leads to a relatively high cost and a

relatively large size of the circuiz.

20 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 two windings coupled on a single magnetic
25 core 1s proposed, according to the present invention.
It is then necessary to add two dicdes 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
30 and a negative voltage with respect to earth, and

delivering an output voltage between a first output



delivering an output voltage between a first output 6 termnal and a
second output termnal, conprising two w ndings wound in opposition around
a magnetic core, the nunber of turns of the second w nding being greater
than the nunber of turns of the first mﬁnd%ng, the 5 first end of the first
wi ndi ng being connected to a md point of-“a first branch connecting the
positive voltage to the negative voltage and conprising a first diode and
a second di ode inversely nounted, the md point of the first branch being
situated between the first diode 10 and the second di ode, the second end of
the first wi ndiengib@ilngag®naeciatbid eatpht tthenfiin:st, ensnefitheg seeond
wi ndi ng being connected to a md point of a second branch connecting the
posi tive vol t agéCd"ORe WHeyat ive 9BPPAGEICPhe jpurtd of MMETRRICHnd CBE&nch 15

connecting its gied paial: tq the ROSLf i ve, VO l;SEBY Rk in
series, a first smf%ch ﬁbrning means aﬁ% aé%ﬁ??dw%?ggébnggggl?rggg%?ed in
relation to tHhéaposihé¢verwdidmagefandutogetdfer ther ningsa winidlirect tbral

switch with direct  and inverse blocking 20 capability, the rt of th
second braE%h EohREcEl g © iﬁ%%ﬁéﬁﬁé%rﬁQQé§Q$ %%@%t¥9%“96F¥§g£ocﬁnﬂﬁssing,
arranged in sepbgst afrsSecaid Wy ehd1or d Mg ie and Bosfeurthydiedge

directly nounted in relation to the negative voltage and together form ng
a unidirectiondP BSwWeeRtMEh therde aaddi marzel pirgtkind apabPipreg, the

second end of Lhe second, i ngi nig. bthQrSQEge%‘Eﬂﬁe@,”{%e %c?ﬁéo%lgﬁg‘%)@al'

Advant ageousl y, a snoothing capacitor 1s onnect ed "bet ween t
out put term nathef fthet branch being situated between the first diocde

10 and the second diode, the second end of the first
winding being connected to earth, the first end of the
second winding being connected to a mid point of a
second branch connecting the positive voltage to the
negative voltage, the part of the second branch

15 connecting its 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 direct and inverse blocking

20 capability, the part of the second branch connecting
its 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 unidirectional

25 switch with direct and inverse blocking capability, the
second end of the seceond winding being connected to the
ocutput terminal.

Advantageously, & smoothing capacitor 1is
connected between the first output terminal of the

30 converter and earth.



30 converter and earth. Al so advantageously, in the second branch
connecting the positive voltage to the negative voltage, said arrangenent
in series consists in arranging the first and second switch form ng neans
on 5 the side of the respective positive Oi negative voltages and
arranging the third and fourth di odes on he side of the md point of the
second branch. The switch form ng neans nmay be chosen anong MOS

transi stors, bipolar transistors and |GBT 10 transistors or any other
switch having a bidirectional conduction capability and a direct bl ocking
capability. The converterzmay fadthetagonpslge ameans wfcaefsuibaght he
out put voltage of the converter, said 6 nmeasuring neans delivering an output
signal 15 repr ESEREAIVE of Lihe B@PSplt Vol tHyEE 49 a ftior stthdpunedsfiye

regulation mears iR gehi Chs i gecand U iece] yes s a 38t pobal; signak, the
regul ati on means delivering a signal” supplied to the input of a nodul ator
in which a fipBstrapgtipgt Wendsivsitoanundesiognalswic drhef imstg smeech 20
form ng neans ?gg i%i é cQ} Sﬁﬁgnd out put .sends_a ., .comrand siﬁnal to the
second switch form ng ifeans; thec cEAVEFter Hei iy Thereby 2onfi'gar&d rn
vol tage sourcevoIhegeenweld esrraygl gt hele coiFd send MRANS h of i fBASUBKNG
the output current (is) of the converter, 25 said nmeasuring neans
delivering an bUEpatdsi Ghaltheepréssriat w& dhe weombRraitent of the

converter 10 afirst Inpubnel g,ieoMl akLoniABANACLASNEED. dpeSeennd hnput
receives a set point signal, the regulation ans delivering a signa
supplied to them80gi Nput ofransosiubas or Bipatdch taahiaistt ot pandsend@sTa
10 transisteors or any other switch having a bidirectional
conduction capability and a direct blocking capability.
The converter may further comprise a means
of measuring the ocutput voltage of the converter, said
measuring means delivering an output signal
15 representative of the output voltage to a first input
of a regulation means in which a second input receives
a set point signal, the regulation means delivering a
signal supplied to the input of a modulator in which a
first output sends a command signal to the first switch
20 forming means and in which a second output sends a
command signal to the second switch forming means, the
converter being thereby configured in voltage source.
The converter may further comprise a means
of measuring the output current (is} of the converter,
25 said measuring means delivering an output signal
representative of the output current of the converter
to a first input of a regulation means in which a
second input receives a set point signal, the
regulation means delivering a signal supplied to the
30 input of a modulator in which a first output sends a

command signal to the first switch forming means and in



command signal to the first swwtch formng neans and in 8 which a second
out put sends a command signal to the second switch form ng neans, the
converter being configured in current source. The chopping converter
according to the S invention may equip an_el ectronechani cal actuator
control, a regulating automaton, a turbine“engine or terrestrial, naval or
aeronauti c equi pnent. The choppi ng converter according to the present

i nvention may operate according to the 10 follow ng nethods. A first

met hod conprises the followng steps, for an operating cycle and to pass a

negative curremtidhn dhed@ati oculphil HerfdLpadwdnmgai ehgaafii red swiet ch
15 form ng nmeans are open, the fourth diode is conducting, the second

swi t ch fornlngsﬁéﬂﬁgzn%ﬂ%ﬂ%ﬁedfaﬁ@lﬂﬁe MERNSt, Sdvondcanderhprd dieddes are
bl ocked during_.a, i I %doairt Q- Ahe csygjrecezt he converter operating in
[

conti nuous node or iIn sconti nuous no '0 - a second step, follow ng the
first step, during which, Thee thespbiand secordtsw t ekchbadtingg reanshear e
open, the second digde is conducting and the first, third and fourth

di odes are bl o¢kEE ¢dPng % %ectAd? paF%‘ofe%?ﬁﬁﬁ?%?%ha?h?glse@&ﬁ&aﬁgFt of

the cycle not 2%nerding éh%e@ﬂmé%ﬂﬂgtQ@t@@Qﬁ@ﬁteQ109§E%Eﬁé'éh ine or
di sconti nuous node and ending the cycle if the converter operates in

conti nuous nodéerregiriipdd swepl ool laewiong uthe senominesttep i f the
converter operates in d'SCQHE'ngggﬁpggge’chverger according to the

present invention may operate according to the

10 following methods.

A first methoed comprises the following
steps, for an operating cycle and to pass a negative
current in the load:

- a first step during which a first switch

15 forming means are open, the fourth dicde is conducting,
the second switch forming means are closed and the
first, second and third diocdes are blocked during a
first part of the cycle, the converter operating in
continuous mede or in discontinuous mode,

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

25 ending the <c¢ycle if the <converter operates in
discontinuous mode and ending the cycle if the
converter operates in continuous mode,

- & third step, following the second step
if the converter operates in discontinuocus mode, during

30 which the first and second switch forming means are

open and the first, second, third and fourth diodes are



30 which the first and second switch form ng neans are open and the first,
second, third and fourth diodes are 9 blocked during a third part of the
cycle ending at the end of the cycle. A second nethod conprises the
following steps, for an operating cycle and to pass a positive 5 current
inthe load: - a first step during which a’first swtch form ng neans are
closed, the third diode is conducting, the second swtch form ng neans are
open and the first, second and fourth diodes are bl ocked 10 during a first
part of the cycle, the converter operating in continuous node or in

di scontinuous mod@ked RuSARPNY Shepd EQEkP‘an&HéW%Jréiéteﬁ&ﬁﬂ dur ing
which the first diode is conducting, the first and second SMA?Ch form ng

means are opene<afd AthéhelZysdcond, third and fourth di odes are bl ocked

during a second part of thg cyelg, s aegond part Jof the cyele, ok
ending the cycle if the converter operates’in sconti nuous MOJE "an

endi ng the cycleept,t h®or canvernieraoper ateslen gant touEES shoglepc2@ tiva
third step, follomjng the second step if the converter operates in
di sconti nuous MYdEE FurtingPenHio® 't he first and second switch form ng neans

are open, the first, seconda_gmﬂg%eggggogﬁgmngiw%%%ﬁug fka@k%Qit@%ring
a third part of the cycle ending at the 25 end of the cycle. Athird
met hod conpri sésrirhadf ol hewnag tepsclfosredan opbeat i bgicycl aiamk t oipass a

negative Curr%@kdb@t&ﬁ%,loggé %@%o%%ﬁvg&igéhOQ§ﬁ%hkﬂg %Qans are open

and the first, second and fourth diodes are blocked

i0 during a first part of the cycle, the converter
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

15 second, third and fourth diodes are blocked during a
second part of the cycle, this second part of the cycle
net ending the cycle if the converter operates in
discontinuous mode and ending the «c¢ycle if the
converter operates in continucus mode,

20 - a third step, folliowing the second step
if the converter operates 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

25 end of the cycle.

A  third method comprises the following
steps, for an operating cycle and to pass a negative
current in the load, the converter operating 1in
continuous mode:

30 - a first step during which a first switch

ferming means are closed, the third diode is



continuous node: 30 - a first step during which a first switch formng
nmeans are closed, the third diode is 10 conducting, the second switch
form ng neans are open and the first and fourth di odes are bl ocked, the
second diode being blocked if the voltage at the first output wth
respect to earth is, in absolute val ue, 53§hfficiently |l ow, during a first
part of the cycle, - a second step, following the first step, during which
the first diode is conducting, the first and second switch form ng neans
are open and the second, third and fourth diodes are bl ocked during a 10

second part of dorelu@Gle;, - tBet hiddbrad epwitehl o ng dhernseaands s8¢ eppen
during which the second switch formng neans are closed, the fourth diode
i s conducti ng, 3&% ithst SWiiatcRng ofGi fig: neapdear erepkacakdds hehei secongecond

and third 15 dides. alea bl ofkeheduLEngnd Llihdpard, ofpLhe: eyl &,-pid
fourth step, followmng the third step, uring i ch thé secon iode is
conducti ng, theiftirstreapdcsecond swatrath f oiwi, ng heansarcEl wpen aadukhe

first, thiyrd and fourth diqdes are bl ocked, during a fourth 0 part of
the cycle endi ﬁa(%étlctlﬁ@tewﬂ&ﬁﬂt Ty é B At rdth Tomfiti%es the

following steps, for an opepatdddehieyCiEe@Ndrbo1R@38g2 PRSI Fi¥er GHBpReNt in
the I oad, the converter operating in continuous nodé: 25 - a first step
during which adfirigg sWitedh ther milag tmediedar ésclapgaliicttiie t hike dilogs is
conducti ng, thSnaeCQQQo%@‘t%QiEQB”i@%r%%%@s A& n@Pel o open and the
second, third and fourth dicdes are bleocked during a

10 second part of the cycle,

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

15 dicdes are blocked, during a third part of the cycle,

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

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

A  fourth method comprises the following
steps, for an cperating cycle and to pass a positive
current in the 1load, the converter operating in
continuous mode:

25 - 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 diocdes are blocked
during a first part of the cycle,

30 - a second step, following the first step,

during which the first dicde is conducting, the first



and the first, second and fourth diodes are blocked during a first part of
the cycle, 30 - a second step, following the first step, during which the
first diode is conducting, the first 11 and second switch form ng neans
are open and the second, third and fourt JQiodes are bl ocked during a
second part of the cycle, - a third step, following the second step, 5
during which the second switch formng neans are closed, the fourth diode
is conducting, a first switch form ng neans are open and the second and
third diodes are blocked, the first diode is blocked if the voltage at

the first outpuhnam tdedoespesivittehearthinisyg | Rebabselaut @P\é@ll uend the

sufficiently low, during a third part of the cycle, - a fourth step,
foll owi ng the tRiG&%t e%}lr@urainﬁg DRLERD t Hé osiéGonir el 3O Cik§ e ohdtiERY ng, t he

first and secqpd.sw %QthﬁﬁkﬁgEQ§%n% are open and the first, 15 third and
fourth diodes are blogked, during fourth part of the cycle ending at the

end of the cycle. BRIEF DESCRIﬁﬁﬂﬂd(}%éﬁwMﬁNGSoﬁhagpnﬂsen$etnnenstep,nay

best be 2% ungerstood nd otq:r advant ages and ar%icularities w |
becone appar enf iy "et &dde t5.% he d 01T bui A CdbscF PR of. BrovPdedtss an

i ndi cation onl yiared,nthe #Mayrth nitbag arRd ndeferdd N toitbe switch
acconpanying drawings in which: 25 - figure la is an electrical diagram of
a choppi ng CoAPERL8E Fratfe Pig oPPalt abdppihy mpapntomd nbibusdveirdgs at

the termnals gf..a108%ed, the first diode is blocked if the voltage
at the first output with respect to earth 1is, in
10 absolute value, sufficiently low, during a third part

of the cycle,

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

15 third and fourth diodes are blocked, during a fourth
part of the cycle ending at the end of the cycle.

BRIEF DESCRIPTION OF DRAWINGS
The present invention may best be

20 understood and other advantages and particularities
will become apparent by reference to the following
description, provided as an indication only and in no
way limiting and by referring to the accompanying
drawings in which:

25 - figure la is an electrical diagram of a
chopping converter of the prior art supplying a
continuous voltage at the terminals of a load,

- figure lb is an electrical diagram of the
converter of figure la used as chopping current source

30 by addition of means of measuring the output current,

as well as suitable equaliser and modulator,



- figure Ibis an electrical diagramof the converter of figure |la used as
choppi ng current source 30 by addition of neans of neasuring the output
current, as well as suitable equaliser and nodulator, 12 - figure 2 is an
el ectrical diagram of a chopping converter supplying a continuous voltage
at the termnals of a load and that has I%éd to the devel opment of the
present invention, 5 - figure 3 is an electrical diagramof a chopping
converter supplying a continuous voltage at the termnals of a | oad,
according to the invention, - figures 4Ato 4N illustrate the operating

nmode of the present inventionfid@re fi gUsesndSA10-OFi 4B CHQNQY a¥B a
corresponding to different operating nodes illustrated by figures 4A to
AN, - figure 6&"SIBISIY hECPFRAREREI SWIPLsH Mg 2t heoRBhVBPEEr EeEorTR Ngtt o

the invention apokiage,oi3 sgurce, 1oLLoure, Shshows, the prd noipl ¢ of

using the converter according to the rnvention as current = source.
DETAI LED DESCRKERVIONP@ERANEVBOE VENE <O THEdrNMENMTI ON Figure 2 is an

el ectrical diagramof a chopping converter supplying conti nuous yol t age
at the terfinals of a Ioad,@éﬂﬁgﬁha Has fed % C¥ C*ﬁev@ﬁéﬁﬁ@ﬁt fhe

present inventiceBpplhicS €ORYVEFLEE @J%@yyit}eg N &be: sanBu¥AY st d the
converter described in figures la and I'b, converted into choppi ng current

source by the 486 CesAispla wéars Jodidedcamrdimdl rtecthhe invention,
- figures 4A to 4N illustrate the operating

mode of the present invention,

10 - figures S5A to 5F are chronograms
corresponding to different coperating modes illustrated
by figures 4A to 4N,

- figure 6a shows the principle of using
the converter according to the invention as voltage

15 source,

- figure 6b shows the principle of using
the converter according to the invention as current

source.

20 DETAILED DESCRIPIION OF AN EMBODIMENT OF THE INVENTION

Figure 2 is an electrical diagram of a
chopping converter supplying a continuous voltage at
the terminals of a load, and that has led to the
development of the present invention. This converter

25 may be, in the same way as for the converter described
in figures la and 1lb, converted into chopping current
source by the addition of a means (direct or indirect)
0of measuring the current of the 1load and suitable
equaliser and modulator. As for figure la, the circuit

30 is supplied by a positive voltage Vp (for example +25V)

and a negative voltage Vm (for example -25V) with



of measuring the current of the |oad and suitable equaliser and nodul ator.
As for figure la, the circuit 30 is supplied by a positive voltage Vp (for
exanpl e +25V) and a negative voltage Vm (for exanple -25V) with 13

respect to earth. It conprises a transforqgaoforning el enent and
conprising three wi ndings Lp, Lsl and Ls2 und around a uni que nmagnetic
core. The winding direction is indicated by a point in figure 2. The 5

wi ndi ngs Lsl and Ls2 are nounted in series to constitute the secondary of
the transfornmer formng elenent, their shared point (their first ends)

being to earthesPreu Adi Rg Ay const iddi@s dde privddysofrbde  doransior mer
form ng el ement. The second end of the 10 winding Lsl is connected to the
vol tage Vp t hr GRS Re aiGht épﬁﬁéﬂéﬁgﬁ%ftf&% oden®ingavépsellys hoandedsizn

relation to the yoltags YRg The S§eP a&fl?E )g%ggl ngohs2 1§ §(_)Lta ect ed

to the voltage thhrought e inter dlar e D2 inversé unt ed
in 15 rel ati ondiiaetthe onol nagemdﬁcél“cmsd vmbrydl ag lqummas ia frtgtreent. c@heect ed

to the cat hode of a diod anode of a diode D4. The second
end of therkﬁan ndrRGLDgS i gbsggnnéefied L th%r%ut BﬁPangm ndl SPebteEhet©

circuit. A fikeshstermiral tpk ass¥bhghr@ 48 G&f@e%tr%%stf%ﬁrf& 2@0@9@91% of
the diode D3 and its second termnal is connected to the voltage Vp.

first termnal eé?méntsvmtﬁﬁ@ﬁr@hasr%‘brm@mfed tléﬁitheftﬂa@hoﬁéd@ﬁ bﬁenél @@e D4
and its secondg n s nect ge V n

capacitor Cs i S “connect ed etwee a The oupput SM
may be connect Edahefom‘melnanfoainlegrtdaldmeetttI yTh@r s/e@radr%*lcst@rf the

dependlnglo winding Lsl is connected to the voltage Vp through the
intermediary of a diode D1 inversely mounted in
relation to the voltage Vp. The second end of the
winding Ls2 is connected to the wvoltage Vm through the
intermediary of a diode D2 inversely mounted in
15 relation to the voltage Vm. The winding Lp has a first
end connected to the cathode of a dicde D3 and to the
anode of a dicde D4. The second end of the winding Lp
is connected to the output terminal SP of the circuit.
A first terminal of a switch Q1 is connected to the
20 anode of the diocde D3 and its second terminal is
connected to the voltage Vp. A first terminal of a
switch Q2 is connected to the cathode of the dicode D4
and its second terminal is connected to the voltage Vm.
A  smoothing capacitor Cs 1s connected between the
25 cutput SP and earth. The output SM may be connected 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-charnel MOSFET transistor elements,

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



on the needs of the user. The switches @Q and @ are advantageously
N-channel or P-channel MOSFET transistor elenents, 30 depending on the
needs of the user. They nay be 14 replaced by any other switch having a

bi -directional conduction capability and a direct bl ocking capability. Np
bei ng the number of turns of the w nding %, Nsl being the number of turns
of the winding Lsl 5 and Ns2 being the nunber of turns of the w nding Ls2,
Np is greater than Nsl and Ns2, for exanple NsI = Ns2 = 0.75 Np. Figure 2

nmentions the follow ng voltages: - vqgl at the termnals of QI, 10 - vqg2 at
the termnals obp@Rcea MGl ABly thenkermnals ohabing -a VAZ-at kb barm nal s
of D2, - vd3 at the termnals of D3, - vd4 at the’termnals of D4, 15 -

visl at the tecsndalcsioh logipabiliiys2rat a b teartmimlabskiofg lshabiMity at t he

termnals of Lp, and - vs he termnals.of Cs, j.e. th ut put .vol t age
of the converter. 20 Fi gurgbzkgﬁgg it i ORE T he” | of TOUF nag Eﬁ rg’ﬁpgf‘“ng i I sl
flow ng throughpt hetad ndebgglslhe nuhbs2 tlEowunehd heeuaghet hei wi el ngshs2, -
ilp flowng through the wwnding Lp, and 25 - is flowi ng through the |oad Z
of the converf&f, Ns.ze.b%h%goﬁgﬁutm&}ﬂerrerﬁf. turns of the winding Ls2,

Np is greater than Nsl and Ns2, for example Nsl = Ns2 =
0.75 Np.
Figure 2 mentions the following voltages:
- vgl at the terminals of Q1,
10 - vgZ2 at the terminals of Q2,

- vdl at the terminals of DI,

- vdZ2 at the terminals of D2,

- vd3 at the terminals of D3,

-~ vd4 at the terminals of D4,

15 - visl at the terminals of 1Lsi,

- vlsZ at the terminals of Lsz,

- vlp at the terminals of Lp, and

- vs at the terminals of CCs, idi.e. the
output voltage of the converter.

20 Figure 2 also mentions the following
currents:

- 1lsl flowing through the winding Lsl,

- 11s2 flowing through the winding Ls2,

- ilp flowing through the winding Lp, and

25 ~ 1s flowing through the load Z of the
converter, i.e. the output current.

The current source of figure 2 has a
certain advantage compared to the current source of the
prior art illustrated in figure 1la. A reading of

30 measurements carried out on an assembly such as shown

in figure 2 has made it possible to observe that, in an



The current source of figure 2 has a certain advantage conpared to the
current source of the prior art illustrated in figure la. A reading of 30
nmeasurenents carried out on an assenbly such as shown in figure 2 has nade
it possible to observe that, in an 15 unexpected manner, the anode of the
di ode D1 and the cathode of the diode D2®ere always at the sane
potential. These two points have therefore been electrically connected and
one of the secondary 5 wi ndings has been deleted. This is shown in figure 3
where the remai ning secondary winding is known as Ls, its nunber of turns

is such that NgnieSpk@ssd NRhAide, nuaber,Ofe tUENSHY Qfchbe parimagy twendi ng
Lp. Figure 3 shows a |load Z connected at the output of the 10 converter.

The operation éfttkéechogpi ifiecomvedeer D2wi WergowaB&agepl aitnedihien séefer ence

to figures 4A ; a function. of the co n clasin openi sent
to the smﬁtcheggééggﬁ§§C2. Hg% esg%ﬁgyﬁ%ﬁft heg%g%cuﬁigﬁ é*%f%t Eg%% in
the circuit arelendircatedyby dolgectésesanBs wihd berseethe t hecconderter

according to the invention jis a twy quadrant converter: (vs>0,,6 is>0)_and
(vs<0, is<0). Eigdragsadas Hpee()r?@elr%% opeiat ify FoEw? 20 vhiF'era Single

transistor QL greQR (fr M-Ba SMk £GN)keceaRdUSt S, M08 hesout ity current is

positive (is>0) or when the output current”is negative (is<0). Figures 4A
to 4C concern ahsoperdtdmge fodernshere shehoatpdt Nair ientiesss"tliannépati ve

for an 25 Opeggkhgg %%C%%JJJCNRtEP %Ret;lamary winding Lp. Figure 3
shews a load Z connected at the output of the
1¢G converter.

The operaticn of the chopping converter
will now be explained in reference to figures 4A to 4N
as a function of the commands {(closing, opening) sent
to the switches Q1 and Q2. In these figures, the

15 currents that flow in the c¢ircuit are indicated by bold
lines. As will be seen, the converter according to the
invention is a two quadrant converter:

{(vs>0, 1s>0) and (vs<(, is<0).

Figures 4A to 4F concern an operating mode

20 where a single transistor Q1 or Q2 (forming switch)
conducts when the output current is positive (is>0) or
when the output current is negative (is<0).

Figures 4A to 4C concern an operating mode
where the output current Y“is” 1s negative, for an

25 operating cycle {from t=0 to t=T).

Figure 4A illustrates a first step of the
operating cycle between the instants t=0 and t=t,
(where t3.<T). The circuit may operate 1in continuous
mode and in discontinuous mode. During this step, the

30 command of the circuit is such that:

- Q2 and D4 conduct,



Figure 4A illustrates a first step of the operating cycle between the
instants t=0 and t=t1 (where tl<T). The circuit nay operate in continuous
node and in discontinuous node. During this step, the 30 comrand of the
circuit is such that: - @ and D4 conduct, 16 - Q, D1, D2 and D3 are

bl ocked. Figure 4B illustrates a second sﬁéb of the operating cycle,
between the instants t=t1l and t=t2. The circuit nay operate in continuous
node (in this case 5 t2=T) or in discontinuous node. During this step, the
command of the circuit is such that: - D2 conducts, - QlL, @@, D, D3 and D4

are bl ocked. Figure 4C illustnates apbhig sierQf dihe k0 operating cycle,
uni quely for the discontinuous node, between t=t2 and t=T. During this

step, the command of the &iloegiet 45 sbbhsthates- aQea@d Dite20fD3hand D4
are bl ocked, - rr "is" .fl.owng..nthelo is .15 suppl,ied t he
g&)%%alct#ntgﬁrgycle .bet%vg&r? tI‘I__eI inst g U=ty tahnc:i'j =1 TlPl%

ener gy accumul e “‘capdcitor gure Shows™ t'he chrdriogr ams
correspondi ng tadriche topesat iocpgrameae it | ushtdned sy nédgures 4Mmio 4€skor a

di sconti nuqus node, therefore for an operating cycle conprising three

steps. 20 F gufé~5B Sfovkt A&SERFOABYPERS MG T eSBBHEPNG 1S t WeSBpetafi ng

mode i1 ustratedrhynd bgunes 4A-20d 4B @@ Gantd nuous node, therefore an
operating cycle conprising two steps. Figures 4D to 4F concern an operating
node - D2 conducts,

- Q1, ©2, bl, D3 and D4 are blocked.

Figure 4C illustrates a third step of the

10 operating cycle, uniquely for the discontinucus 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,

- the current “is” flowing in the load is

15 supplied by the energy accumulated in the capacitor Cs.

Figure 5A shows the chronograms
corresponding to the operating mode illustrated by
figures 4A to 4C for a discontinuous mode, therefore
for an operating cycle comprising three steps.

20 Figure 5B shows the chronograms
corresponding to the operating mode 1llustrated by
figures 4A and 4B for a continuous mode, therefore an
cperating cycle comprising two steps.

Figures 4D to 4F concern an operating mode

25 where the output current “is” 1is positive, for an
operating cycle (from t=0 to t=T).

Figure 4D illustrates a first step of the
operating cycle between the instants t=0 and t=t;
(where t;<T). The c¢ircuit may operate 1in continuous

30 mode and in discontinuous mode. During this step, the

command ©of the circuit is such that:



25 where the output current "is" is positive, for an operating cycle (from
t=0 to t=T). Figure 4D illustrates a first step of the operating cycle
between the instants t=0 and t=t1 (where t1<T). The circuit rmay operate in
conti nuous 30 node and in discontinuous nnde During this step, the

command of the circuit is such that: 17 -1’ and D3 conduct, - @@, D, D2
and D4 are bl ocked. Figure 4E iIIustrates a second step of the operating
cycle, between the instants t=t1l and t=t2. The 5 circuit nay operate in
continuous node (in this case t2=T) or in discontinuous node. During this

step, the command of the aigqug%d pyehdhat: - D conducts, - QI, Q,
D2, D3 and D4 are blocked. 10 Figure 4F illustrates a third step of the
operating cycle, uniquely F0Q2bh@1d|§@om@mh@wU§nﬂxhiocmmdmeen t=t2 and

t=T. During this step, the connand cuit i s such that:

O D2 D3 and D4 are bl ocked  Es Lt kel Car FRES Ps YT o Phe Ti5ad | s
suppl i ed by t heperergy@eswnd, ated el heveapasi 410f s Gs=t, RFrgure-t5C ghews

t he chronog{ans corresponding to the operating node illustrated by figures
4D to 4F f CAirsEont i TRIOUSPREAES t Her PG NUZWS dRO@M dpér atihy Epéice

conprising three 8 eps- 1 9UE e8RS NOWe St %%@ OBRGLARS craQ T o8 ndiag to

the operating node illustrated by flgures 4 cont i nuous node,
therefore for command of the circuit is such that:

- D1 conducts,

- 1, QZ, D2, D3 and D4 are blccked.

10 Figure 4F illustrates a third step of the
operating cycile, uniguely for the discontinuocus mode,
between t=t, and t=T. During this step, the command of
the circuit is such that:

- @1, Q2, D1, D2, D3 and D4 are blocked,

15 - the current “is” flowing in the load is
supplied by the energy accumulated in the capacitor Cs.

Figure 5¢C shows the chronograms
corresponding to the operating mode illiustrated by
figures 4D to 4F for a discontinucus mode, therefore

20 for an operating cycle comprising three steps.

Figure 5D shows the chronograms
corresponding to the operating mode illustrated by
figures 4D and 4E for a continuous mode, therefore for
an operating cycle comprising two steps.

Z5 Figures 4G to 4N concern an operating mode
where the two transistors Q1 and Q2 (forming switch)
conduct when the output current is negative (is<0) and
when the output current is positive {1s>0). The

operation described is in continucus mode.



an operating cycle conprising two steps. 25 Figures 4G to 4N concern an
operating node where the two transistors QL and 2 (form ng sw tch)
conduct when the output current is negative (is<0) and when the out put
current is positive (is>0). The operation described is in continuous node.
18 Figures 4G to 4J concern an operating]ﬁ%de where the output current
"is" is negative, for an operating cycle (fromt=0 to t=T). Figure 4G
illustrates a first step of the 5 operating cycle, between the instants
t=0 and t=t1. During this step, the control of the circuit is such that:

- Q1 and D3 conduct, - Q2, Fguaed D4 are Rlockethe A0 an Dg?é?:a@hﬁﬁk%dief the

voltage in output SP with respect to earth is, in absolute value,
sufficiently | hers glite 4PuEPPEst paresna steohd st epadfattiie, ofe@rmat iamg

cycle, between J @%JHE%fQSQJF:H%F%Q?ﬁgﬁ}%o é;HDuring this step, the

command of the cCircuit 7 s-suc conducts, - Ql, @, D2, D3 and
D4 are bl ocked. Figure 41 Flhbustratesiaitbirdtstem ofithe sApoper atiheg
cycle, between the instants E:tZ and t=t3. Dunin% this step, the command
of the circuit 9P§T&GARY t A¥Fie: TRt dvhddestanter, tol, #pdadd D3 are

bl ocked. During this step, the control of the circuit is such
that:
- @1 and D3 conduct,
- @2, Dl and D4 are blocked,

10 - D2 is blocked if the voltage in output SP
with respect to earth is, in absolute value,
sufficiently low.

Figure 4H illustrates a second step of the
operating cycle, between the instants t=t; and t=ts.

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

- DI conducts,
- Q1, Q2, D2, D3 and D4 are bleccked.
Figure 41 illustrates a third step of the

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

During this step, the command of the circuit is such

that:
- Q2 and D4 conduct,
- Q1l, D1, D2 and D3 are bleocked.
25 Figure 4J illustrates a fourth step of the

operating cycle, between the instants t=t; and ¢t=T.
During this step, the command of the circuit is such
that:

- D2 conducts,

30 - @1, Q2, D1, D3 and D4 are blocked.



25 Figure 4J 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: - D2 conducts, 30 - Q, @@, D, D3 and D4 are bl ocked. 19
Figures 4K to 4N concern an operating node where the output current "is" is

positive, for an operating cycle (fromt2¢ to t=T). Figure 4K illustrates
a first step of the 5 operating cycle, between the instants t=0 and t=t1.
During this step, the conmand of the circuit is such that: - QL and D3
conduct, - @, DI, D2 and D4 are bl ocked. 10 Figure 4L illustrates a second

step of the operating cyckeg hetwesn the hnstapisf 3t 8p8-E5t &g niBdEl NG
this step, the conmand of thé circuit Is such that: - D conduc?s, 15 -
Q, @, D2, D3vasdeDAthee bhopked.cFrgant 4M$Y | ust r ateesl tE tehi r F ost epnof

the operating l.e,. _between t instants t=t2 and t=t3. During this
step, the connﬁﬁ%ggilpﬁeQ%éiﬁndgﬁ%?iﬁ%ﬁtQFﬁﬁ: 20 - @ and D4 conduct -
Q, D2 and D3 are bl ocked, rFighei 4ibl 0Ckedtirbtbhe okt age igtequt pat 5B

with respect to earth is, in_absolute value, sufficiently |ow
5 operating cycle, between the instants t=0 and t=ti.

During this step, the command of the circuit is such

that:
- @1 and D3 conduct,
~ Q2, Di, DZ and D4 are bklocked.
10 Figure 4L illustrates a second step of the

operating cycle, between the instants t=t; and t=t,.
During this step, the command of the circuit is such
that:
- D1 conducts,
15 - Q1, Qz, D2, D3 and D4 are blocked.
Figure 4M illustrates a third step of the
operating cycle, between the instanis t=t, and t=tj;.

During this step, the command of the circuit is such

that:
20 ~ Q2 and D4 conduct
- @1, DZ and D3 are blocked,
- D1 is klocked if the voltage in cutput SP
with respect to earth is, in absolute value,

sufficiently low.

25 Figure 4N illustrates a fourth step of the
operating cycle, between the instants t=t; and t=T.
During this step, the command of the circuit is such
that

- DZ2 cenducts,

30 - Ql, ¢2, D1, D3 and D4 are bhlocked.



25 Figure 4N 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 - D2 conducts, 30 - QL, @2, DI, D3 and D4 are bl ocked. 20

Fi gure 5E shows the chronograns corresponding to the operating node
illustrated by figures 4Gto 4J, therefo for an operating cycle
conprising four steps. 5 Figure 5F shows the chronograns corresponding to
the operating node illustrated by figures 4K to 4N, therefore for an
operating cycle also conprising four steps. Figure 6a shows the principle

of using the 10 converter rage@di Ng 40 theshdyenti ophas volhaae o seukee by
the addition of nmeans 11 of neasuring the differential voltage between the
out puts SP and CSMESEPOSG1Ngb| & Ceqirdls seper2tiadei Viodg a isetspaiatedEcband a

sui tabl e nodul at:or . e t S du or.13 15 I
conmand voltagesagé%%anges (yogHéhegkfﬁgﬁgggto¥§ECﬂé%né%%§%H§?5%r%ggéeshoms
the principl e cbmpsiimsgnohe€owaomrentser according to the invention as current

source by the addition of neans 21 %%1nea§§{in "is" output 20 currents of
%W%g

the converter, a suitable &484FFser re a §BE poi APTRECHRAMS

sui tabl e nmodul abeheddondlhe Oulpui$eof chhe rBdYl aheke23 13upRkYsthe cegmand
vol tages SQL and SQ2 of the transistors Q and Q. 21
figures 4K to 4N, therefore for an operating cycle also
comprising four steps.
Figure 6a shows the principle of using the
10 converter according to the invention as veoltage source
by the addition of means 11 ¢f measuring the
differential voltage between the outputs SP and SM, a
suitable egualiser 12 receiving a set point Ec and a
suitable modulator 13. The outputs of the modulator 13
15 supply the command voltages SQ1 and 8Q2 of the
transistors Q1 and Q2.
Figure 6b shows the principle of using the
converter according to the invention as current source

WL

by the addition of means 21 of measuring “is” output
20 currents of the converter, a suitable equaliser 22
receiving a set point Ec and a suitable modulator 23.
The outputs of the modulator 23 supply the command

voltages 501 and SQ2 of the transistors Q1 and Q2.



CLAI M5 1. Choppi ng converter supplied by a positive voltage (Vp) and a
negative voltage (Vm with 5 respect to earth, and delivering an out put

vol tage between a first output termnal (SP) and a second output term nal
(SM, the latter termnal being connected directly to earth or through a
resistor, conprising two wndings (Ls, L f-mound in opposition 10 around a
magnetic core, the nunber of turns of the second w nding (Lp) being
greater than the nunber of turns of the first winding (Ls) , the first end
of the first winding (Ls) being connected to a md point of a first
branch connecting the positive voltage egyprMso 15 the negative voltage (VM
and conprising a first diode (D) and a second diode (D2) inversely
nounted, the md point of the first branch being situated between the

first diode (D1) and the second-d] D2) on . of t first
wi nding (Ls) being connectgd tocggﬁgg?&zo-??é§lf?§f end”ggﬂvﬁi s% onda_
wi ndi ng (Lp) bebrdtivenneditedid 0@ m dnpokntecafs ta weecontt dyanctimgonnedt i ng

the positive voltage (Vp) to the negative voltage (Vn), the part_of the
second branch ESERgEFin Oit%aﬁ?ﬁfpd? qq}%Wﬁ¥éh%iﬁg%eOVGFPégeVP@E?ge
conprising, arpaRgedni Na25¢ $LEt SouBpht I Ste SMALD fQIdN NG ¥Rans EEbhnand a

third diode (D3) directly nounted in relation to the positive voltage
(Vp) and toget RBEPRSr mitRyrelimd di féMt i ondihe swileEhew t H-alinigstl andeiinder se

Dol e 19 SoPaRkbhbYerkle aPALL.l (RS Seeand Rhanch comRect noeLlg gL
point to 30 thée negative voltage ( conprising, arramged’in "sSeries;, a

second swi tch tomproginganssd QRYinaddcad foLst h123 wound in opposition

10 around a magnetic core, the number of turns of the

second winding (Lp) being greater than the number of

turns of the first winding (Ls), the first end of the

first winding (Ls) being connected to a mid point of a

first branch connecting the positive voltage (Vp) to

15 the negative voltage (Vm) and comprising a first diode

(D1} and a second diode (D2) inversely mounted, the mid

point of the first branch being situated between the

first diode (D1) and the second diode (D2), the second

end of the first winding (Ls) being connected te earth,

20 the first end of the second winding (Lp) being

connected to a mid point of a second branch connecting

the positive voltage (Vp) to the negative voltage (Vm),

the part of the second branch conneciing its mid point

to the positive voltage (Vp) comprising, arranged in

25 series, a first switch forming means (Q1) and a third

diode {D3) directly mounted in relaticn to the positive

voltage (Vp) and together forming a unidirectional

switch with direct and inverse blocking capabkility, the

part of the second branch connecting its mid point to

30 the negative wvoltage (Vm) comprising, arranged in

series, a second switch forming means {(Q2} and a fourth



diode (D4) directly mounted in relation to the negative voltage (Vn) and
together formng a unidirectional switch with direct and i nverse bl ocking
capability, the second end of the second wi nding (Lp) being connected 5
to the output terminal (S). 2. Chopping converter according to claiml, in
whi ch a snoot hing capacitor (Cs) is connect’ed between the first out put
termnal (SP) of the converter 10 and earth. 3. Chopping converter
according to one of <clains 1 or 2, in which, in the second branch
connecting the positive voltage (Vp) to the negative 15 voltage (Vm , said

arrangenent inSejdeesmONSdstsci 1y M EAGhngnt pe1birsh (Qlknhandcsgeand (Q2)
swtch formng neans on the side of the respective positive or "negative
vol tages and aredigigsy t{Yet hignd (b¥peaher f derin@D4R diuodes restibeadi de
of the md poi .Qf .t h 0,.secand anch. 4, i n nverter according
to any of cl aigkrf%%fht cgﬁtik?idnue ?%ghar$<§1ell?Y?§?e(%?Qaﬁagséggﬁgl%&)\/’ %\%ietch
form ng neans akecthkiosand anbngHMOSd4camns$i st anHs ng25 iy )pobaingr ansnsarst and
| GBT transuftors or any other switch having a bidirectional conduction
capabi | i ty “and “Ca @ AP o &G "eapalbi/li ty. 5. Choppi ng converter
according to any of 30 clainms 1 to 4, further conprising nmeans (11) of
nmeasuring the output voltage of the converter, this 23 neasuring neans
del i vering an output signaF- Céppesent atdnwedfert hecowtging vodt ageito la

first input Ogna &%%%%atEPnéﬁ%%fhféf) égbg@ﬁggra ?Eandignp%Ennected
petween the first output terminal (8P) of the converter

10 and earth.

3. Chopping converter according to one of
claims 1 or 2, in which, in the second branch
connecting the positive voltage {Vp) to the negative

15 voltage (Vm), said arrangement 1in series consists in
arranging the first (Ql) and second (Q2) switch forming
means on the side of the respective positive or
negative voltages and arranging the third (D3) and
fourth (D4) diodes on the side of the mid point of the

20 second branch.

4. Chopping converter according to any of
claims 1 to 3, in which the first (Ql} and second (Q2)
switch forming means are chosen ameong MOS transistors,

25 bipolar transistors and IGBT transistors or any other
switch having a bidirectional conduction capability and

a direct blocking capability.

5. Cheopping converter according to any of
30 claims 1 to 4, further <comprising means (11) of

measuring the output voltage of the converter, this



receives a set point signal, the regulation neans (12) 5 delivering a
signal supplied to the input of a nodulator (13) in which a first output
sends a command signal (SQL) to the first switch form ng neans (QLl) and

in which a second out put sends a command signal (SQ) to the second switch
form ng neans (@), the converter 10 bei t hereby configured in voltage
source. 6. Chopping converter according to any of clainms 1 to 4, further
conprising means (21) of rmeasuring the output current (is) of the
converter, 15 this measuring neans delivering an output signal

representatlvemﬁagdﬁaﬁgnpuhegggremdéjl¢g@a§@nve%her @&kﬁh{lfS%ﬂdﬂ&ﬂ of
a regulation neans (22) in which a second input receives a set point

signal, the rdFRRTIVH Ftedits @QZFthQuﬁﬁ¢mgvaléﬁgﬁaﬂxsuppfnéattdﬂﬂmuhe
i nput of a moduj.at ar a.first, outpu nds a. co nd na
"Hfa 9 ﬁ%@%}lé?or . % Jt_IIlo 1cef1 2 agoleng 51%“%1 put

(SQL) to the first sw m ng nean I'n"whi'ch™a secon
sends a comuanccsigral A SERY) poihhesi@maﬂd %Md(ib@@l@tﬂ@nnﬁaaﬁs (@2)), the

converter gﬁinglﬁqnfi ured in current source. 25 7. Electronechanica
actuat or coht %Sy aS%%%ﬁglnéuEBﬁﬁéﬁteﬁxhcdHFﬁlnbn?ﬁtan9 fof @

claims 1 to 6. n3Qu8.atRagulad)i ngn ayh QAR gn QN | $itg, @ s&HQQDbn%oﬁﬁ&%%”ef

according to any of claims 1 to 6. 24 9. Terrestrial, naval or aeronautic
eqU|pnent conpFilsingg dS&Hdpﬁkhgﬂvbn®%¥$@rS@Qt@hdfﬂgmlog anynef (Qlai medl to

6. in which a second output sends a command signal (5Q2)
to the second switch forming means (Q2), the converter

10 being thereby configured in voltage source.

6. Chopping converter according to any of
claims 1 to 4, further comprising means {(21) of
measuring the output current (is) of the converter,

15 this measuring means delivering an output signal
representative of the output current of the converter
to a first input of a regulation means (22) in which a
second input receives a set point signal, the
regulation means (22} delivering a signal supplied to
20 the input of a modulator (23) in which a first output
sends a command signal (SQ1) to the first switch
forming means (Ql) and in which a second ocutput sends a

command signal (SQ2) to the second switch forming means

(Q2), the converter being configured in current source.
25
7. Electromechanical actuator control
comprising a chopping converter according to any of
claims 1 to 6.
30 8. Regulating automaton comprising a

chopping converter according to any of claims 1 to 6.



10. Turbi ne engi ne conprising a chopping converter according to any of
clains 1 to 6. 11. Method for operating a chopping 10 converter according
to any of clains 1 to 6, the converter being supplied by a positive
voltage (Vp) and a negative voltage (Vm wth respect to earth, the
converter delivering an output current (i “in a | oad (Z) connected
between the first output termnal (SP) 15 and the second output term nal
(SM, the nmethod conprising the follow ng steps, for an operating cycle
and to pass a negative current in the load (2): - a first step during which
a first swwtch formng neans (Ql) are open, the fourth diode (D4) is 20
conducting, the second switch form ng neans (@) are closed and the first
(D1), second (D2) and third-(D3) exdicsdasiake bloekad dupiing aefionstutpart of

the cycle, the caonyerter i LN i.nuou de or Ln i nt.i_nuous
node, 25 - a seé%h %§¥%b,c§%ﬁ¥§§%%% %héﬁgﬁﬁgé%%téQ%%%%ﬁﬁfnacﬁﬁ?ggggthg
first (QL) andasgcorfd (1@ )mss tteh 6.f orm ng nmeans are open, the second di ode
(D2) is caqnducting and the first (D), third (D3) and fourth (D4) diodes

are bl ocked during a second part of the 30 cycle, this second part of the
cycle not ending the cycleolf the,caBVeEiLl OPIAhSs: d 14 scorbipuous mode
25 and ending the cycle if the converter Ooperates in continuous node, - a
third step, foFPaResdetrhécsegsiadstiap anyt athe lcomerk gro dperates in
di sconti nuous node, during 5 which the first (Q) and second (@) swtch
form ng

11. Method for operating a chopping

10 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
converter delivering an output current (is) in a load
(2) connected between the first output terminal (SP)

15 and the second output terminal (SM), the method
comprising the following steps, for an operating cycle
and to pass a negative current in the load (2):

- a first step during which a first switch
forming means (Ql) are open, the fourth diode (D4) 1is

29 conducting, the second switch forming means (Q2) are
closed and the first (D1), second (D2) and third (D3)
diodes are blocked during a first part of the cycle,
the converter operating in continucus mode or in
discontinuous mode,

25 - a second step, following the first step,
during which, the first (Ql) and second {Q2) switch
forming means are open, the second diode (D2) is
conducting and the first (D1), third (D3) and fourth
(D4) diodes are blocked during a second part of the

30 cycle, this second part of the cycle not ending the

cycle 1f the converter operates in discontinuocus mode



means are open and the first (D), second (D2), third (D3) and fourth (D9)
di odes are bl ocked during a third part of the cycle ending at the end of
the cycle. 10 12. Method for operating a chopping converter according to
any of clains 1 to 6, supplied by a positive voltage (Vp) and a negative
voltage (Vm wth respect to earth, the &onvert er delivering an output
current (is) in aload (Z) connected between the 15 first output term nal
(SP) and the second output termnal (SM, the nethod conprising the
followng steps, for an operating cycle and to pass a positive current in

the load (2): and fkh8lingt eprdurkpgivhi ch acfd rsiosticdy 20400800 speans
(Q) are closed, the third diode (D3) is conducting, the second switch

f or mi ng neans Gﬁmﬁl@P@USoﬁ@ﬁeand the first ([1) second (D2) and fourth
(D9) diodes are bl ocked durlrmkﬁag&rgkggart Wlngy%%% écon % rter

operating in continuous node or I écoﬁflnuous nmo a secon step,
follomﬁng t he ﬁﬁrsmeskemmenhﬁnrqpa%Htésthﬁ fissondindeutDnpdes comdueti ng,

th t d witch f d th
second (D2)" "t HPEGR 0)° arkd gur TA-( DOJ 80 Sa0sEG. A0 bIBHG dgPFAg"d

second part of mtelaescxécﬂee,opéﬁl sngeqond pard: ofiphhe cycl g nofpendi @all‘rtae
cycle if 26 the converter operates in dlscontlnuous mode and ehding the

cycle if the cdﬁ@er@@ﬁ(ﬁﬂﬂﬁﬁ@s P4) cénvfingoagenddeckedh dibitag stephird
foll owi ng the nd s he converter erates | di sc ntlnuous node,
during 5 mhicﬁg?ﬁe |%§E féff d% @bﬁﬁléfﬁ$eghnt€% rrﬁngL

10 12. Method for operating a chopping
converter according to any of claims 1 to 6, supplied
by a positive wveoltage (Vp} and a negative voltage (Vm)
with respect to earth, the converter delivering an
coutput current {is) in a load (Z) connected between the
15 first output terminal (SP} and the second output
terminal (SM), the method comprising the following
steps, for an operating cycle and to pass a positive
current in the load (Z):
- a first step during which a first switch
20 forming means (Q1l) are closed, the third diode (D3} is
conducting, the second switch forming means (Q2) are
cpen 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
25 discontinuous mode,

- a second step, following the first step,
during which the first diode (Dl) is conducting, the
first (Ql) and second (Q2) switch forming means are
open and the second {(D2), third (D3) and fourth (D4)

30 diodes are blocked during a second part of the cycle,

this second part of the cycle not ending the cycle if



nmeans are open, the first (Dl), second (D2), third (D3) and fourth (D4)
di odes are bl ocked, during a third part of the cycle ending at the end of

the cycle. 10 13.

Met hod for operating a chopping converter according to

any of clains 1 to 6, supplied by a positive voltage (Vp) and a negative
voltage (Vm wth respect to earth, the Ghvert er delivering an output
current (is) in aload (Z) connected between the 15 first output term nal
(SP) and the second output termnal (SM, the nethod conprising the

foll owing steps,

for an operating cycle and to pass a negative current in

the load (2), the coventerr opetadddd iR aCoRLHAURUSLIORBHe28ny ankiihst
step during which a first switch formng neans (Ql) are closed, the third
di ode (D3) is tWEndurétiend  ttHe Seuoifd A (e FoTel ng: meamsi @) s arede open

and the first (D) and fourth ({ﬁ
(D2) being blocked if the 25 voltage t

Jed o088 i Dot s g

h réspect

to earth is, if ahsolatrerevalare, ostfdies ent | gisovntduniagsambbest dupanly of

the cycle, - a se
(o}

first diode

form ng neans akeng7’arepepeand de ﬁ%d%mgz) sdbbrd (B3)
di odes are bl ocked during a second part o

d step.. fol lowing the first st durj ng which th
FY CoRbucking, (he) 30 i Peconel) (dhl sBEdrch (CRFTSRL ch

apd;ft-quriph) (D4)
the cycle, - a fthird step,

fol l owi ng the 3&8oA@ustép,(Dddurdimfashiate theoskednddewi pehaf bhirdgraesns
(Q) are 5 cl e@hetE9cE%“%%%'%i°%% Q%@ és %qu%%jé1 léifirSt switch
?%)areo and 't (“ﬂ), ’

form ng neans

10

pen tthe Tirst

13. Method for operating a chopping

converter according to any of claims 1 to 6, supplied

by a positive voltage (Vp) and a negative voltage (Vm)

with respect to earth, the converter delivering an

output current {is) in a lecad (Z) connected between the

15 first output terminal {8P) and the second output

terminal (SM), the method comprising the following

steps, for an operating cycle and to pass a negative

current in the load (Z), the converter operating in

continuous mode:

20

- a first step during which a first switch

forming means (Q1l) are closed, the third diode (D3) is

conducting, the second switch forming means (Q2) are

open and the first (Dl) and fourth (D4) diodes are

blocked, the second diode (D2) being blocked if the

25 voltage to the first ocutput (SP} with respect to earth

is,

in absolute value, sufficiently low during & first

part of the cycle,

- a second step, following the first step,

during which the first diocde (D1l) 1is conducting, the

20 first (Ql}) and second (Q2) switch forming means are



second (D2) and third (D3) diodes are blocked, during a third part of the
cycle, - a fourth step, following the third step, 10 during which the
second diode (D2) is conducting, the first (Q) and second (@) swtch
form ng neans are open and the first (D), third (D3) and fourth (D4)

di odes are bl ocked, during a fourth part 6? the cycle ending at the end of
the cycle. 15 14. N@thod for operating a chopping converter according to
any of clainms 1 to 6, the converter being supplied by a positive voltage
(Vp) and a negative voltage (Vm wth respect to earth, the 20 converter

delivering an Qeputacdr keat dd&ind n(d2hoad hi(4 Qgemecatrﬁad bst yeen (the

first output termnnal (SP) and the second output termnal (SM, the nmet hod

conpri sing t he dadeswiarg Stlessied &u@m%@rwqqrgﬂ dgﬁ;rr’@ ohnthe ocypaks: a

positive current in the | oad_( e C ratin i nuous
node: - a first step during mh%%léAE?F%S ot tch rﬁgﬁ% %%%%EQ(EEF are

cl osed, the thmmdlqukhiiﬁ)ths semmhun$mmmcmheosaﬁagdmﬁﬂﬂgh OOy Mmang
nmeans (Cﬁ) open the fi gDh% second (EQ) and fourth (D4) 30 di odes
are blockeé duF#ﬁ& eglif i trlse §§PFt HedeydP8) 285 cordsetdng stepfirst

follow ng the Ew&%hwﬁﬂa%mfhglﬁgbﬂ@'@?1%“3:&'Eﬂéﬁ“éﬁ&fﬁﬂé)fh§s€03%@92'”9
the first (Ql) and second Wtc orm ng neans are open and the
second (D2), tﬁﬁﬁ@n@Dﬁ)DEan@rfdou:rmrrq D435 @h@@l@s are blocked, ddriraggaa

second part oftkgedc¥%&e oF %heh%@%lstep, foll owi ng the second step,

- a fourth step, following the third step,
10 during which the second diode (D2) is conducting, the
first (Ql) and second (Q2) switch forming means are
open and the first (Dl), third (D3) and fourth (D4)
diodes are blocked, during a fourth part of the cycle
ending at the end of the cycle.
15

14. Methed 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 wvoltage (Vm) with respect to earth, the

20 converter delivering an output current (is) in a lecad
(Z} connected between the first output terminal (SP)
and the second output terminal {SM) , the method
comprising the following steps, for an operating cycle
and to pass a positive current in the load (Z), the

25 converter operating in continuous mode:

- a first step during which a first switch
forming means (Ql) are closed, the third diode (D3) 1is
conducting, the second switch forming means {Q2} are
open, the first (D1), second (D2) and fourth (D4)

3C diodes are blocked during a first part of the cycle,



during which the second switch form ng neans (@) are closed, the fourth
diode (D4) is conducting, a first switch formng neans (QL) are open, the
second (D2) and 10 third (D3) diodes are bl ocked, the first diode (D) is
bl ocked if the voltage to the first output. (SP) with respect to earth is,
in absolute value, sufficiently |[|ow, durizr% athird part of the cycle, - a
fourth step, following the third step, 15 during which the second di ode
(D2) is conducting, the first (Q) and second (@) switch form ng neans
are open and the first (D), third (D3) and fourth (D4) diodes are

bl ocked, during a fourth party ofeddreicyebg, erdingiadly the-endrof thecycle.
during which the first diode (D1) is conducting, the
first (Ql} and second {(Q2) switch forming means are
open and the second (D2), third (D3) and fourth (D4)
5 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 (Ql} are open, the second (D2) and

10 third (D3) dicdes are blocked, the first diode (D1) 1is
blocked if the voltage to the first output (SP) with
respect to earth is, in absolute wvalue, sufficiently
iow, during a third part of the cycle,

- & fourth step, following 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.



