Power Supply The present invention relates to a power supply and, in
particul ar, but not exclusively, to a fieldbus power supply. Power supplies
are of t enypedqisoeSeot 0 del i ver power to renote devi ces/ sygtrgiBotlosiLnot e

| ocations and such a need arises in particular in relation to fieldbus
power supplies. Such supplies are enployed to deliver power, and sonetines
additionally data etc., to renote-located field devices froma centra
control /power supply location. The renote devices can take the form of any
requi red equi pnent such as sensors, actuaﬁors control switches etc. which
can be found at different |ocati ; for exanple a processing plant.
Al'l such devices require power, and often a communi cation, connectivity to
the central control location and it is not uncommon for such field devices
to be foUhd presetidmenntionselateésoio apaarapisepphy techtin adrfigulax priowit geclugyrly.rtdnment s
wher e th%fﬁmﬁhgggggwg uenching of sparks/arcs can prove inportant.

Fi el dbus "power pI| are currently widely known and generally conprise
one or nore power supply nodul es of fering one or nore channels for t he
delivery of P E a correﬁpg |ﬂg1nunber of fie dbu; pann VVthln
each moddowel BHRBTIE 1P AT yeobi o RAAIE PAVE (SrFBACIASYICT B0 AN FRVRSt her o

own dedi GgdafnRAWRGCHIRRU Yris&iih phriiekthr ﬁﬂ@laﬁ&ﬂl@'ﬂe‘l@ﬁ@bo@éﬁs@ltdplwsy in order to
feed each respective fiel dbus cﬁannel as required. It is also wdely

recogni zed that sone degree of fault tolerance is desirable so as to ensure

conti nue (o] r ely- a j j I e, or
per haps. wypR Sugiie? A’ tmbiifed BRIGkY b0 b REscrh s R CEALERRNEE. P ¢
known t0rhuo%do@u¢mﬂ@ddeﬁc&eﬁmndaﬂmyaﬁmmmDﬂpQMﬂbumﬂpdmemosuﬂbbwgsmeln one
known arr enent % 3 %he nDdu%Fs LS nkr 2% % rgg%nd%g&nﬂndule
t her eby etk et AQEH T B2 Feuk R FBYITREN SR & 3CB HACYEOR ST Hgenent |
one of t Qﬂlltmlﬂt@%ﬂléh édﬂebept@hlﬁd SRR ieBSlopaWwRE wWilid, e dxaapler £protéssindbus
channel . Should the nodul e supplying the power fail, the previously

r edundantplambduilbsuch deMisespisaping apvenand Blen aprnanaisation, fcaPn%Bé%fq %lﬁ in
order to Jgeh c%nﬁolcl%g%gﬂ)?‘ and 1P VWRGt MBﬁ%nrﬁﬂ‘étheﬁaHtc&v}@@si ks be FoRdf il | ed

nmodul e i s investi gat repal r or replacenent as appropriate. In an
al t er nat ihaeardyst don exdmeple w(otenmdw esplosive, banvironaeige dvitees dheapeoiddnse power
50. basis, for normal operation; but wherein

requi renent gene
each has Tfi¥ 85%5%PW¥V?Cf8HUgRg3@Hmfﬁﬁ@bof the requirenent should the other

fail.
Fieldbus power supplies are currently widely known and generally comprise one or more
power supply modules offering one or more channels for the delivery of power to a
corresponding number of fieldbus channels. Within each module, the plurality of
channels are often isolated and have there own dedicated Power Supply Unit (PSU) and

conditioner circuitry in order to feed each respective fieldbus channel as required.

It is also widely recognized that some degree of fault tolerance is desirable so as to ensure
continued operation of the remotely-located field devices should one, or perhaps more, of
the power supply modules fail. For this purpose, it is known to build a level of

redundancy into fieldbus power supplies.

In one known arrangement, each of the modules is mirrored by a redundant module,
thereby forming a redundant pair. In normal operation of such arrangement, one of the
modules in the pair supplies power to the required fieldbus channel. Should the module

supplying the power fail, the previously redundant module in the pair can then be
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The use of back-up power supply systens is in any case w dely known for
seeking to maintain a variety of possible power requirenents, whether or
not wi t hiwotbss/dimbdbus envi ronnment, and one such exanplreTicB20izsiased in
US- A- 2007/ 0162771. Wiile the |l evel of redundancy di scussed above can be
considered as that involving 2N devices (where N is the nunber of devices
needed to fulfill the power supply requirenents during normal operation);
the | evel of redundancy within this docunent includes an N+1 architecture,
agai n where N he nunber, of . devi ces F jointly nmeet the tota
power dWﬁﬂEﬁéHt I @RFIHYN bR BB O ‘Wﬁ %ﬁoﬁBVélﬂghﬁﬁWWg@e@ﬁch as
the fi el ISt RO YRIed MHARICIi§ fhvEfi giled CHIS ERLY @ft}@msce%ﬂt A ppppahgadvant ageous
and limting with regard to their general construction and nature of
redundancy in view of the high level of duplication of circuitry, and
ciroul tr Y, 6 SRERA R SIEH] e GRAALOnBGrbReddS Shift B! %@Jerregwané&ad' ng
requi renents that ca to operati onal racteristics as heati ng,
requi ri ngepoilgnon alJ0y50ebgpnisr wernmh dpoatiomehf ivbereint caah dhnthesppdeliydnsuni ng
conpensat i such as hea ng requirements etc. A desire for
greater &4 qﬁﬂﬁﬁ% fﬁﬁﬂ%ﬁ?”ﬂ%@?q5¥@¥%¥9555§®5 and/ or conpact design
considerations is therefore identified by the present invention. The

present invention seeks to provide for a power supply such as fi el dbus
power suﬂpblreylsm@.bﬁ@ Wi PaWETay@RIYOVEICTR o ih 28 635¢ VPRIV k@8N ARL 3edin8dCt o one

aspect of ahlk}&‘ P{ G55 o'f%\ﬂ?sqmrer@gw%pﬁerqﬁlrérﬁer% QVARE R 3P VWEhirS HRPEMIRRMPT i Si ng

a pIurallty of' power ul'es ‘each arranged to provide power on a
pl ural i t eneiforohmnrel sne suchberaeple 1$dl18£rl®ed@mﬂl’Se*-IZ@W/QIGZdﬁQeWWo tlghlayed an

and at 1 oheraoETdBITFY g 5L Pt ey B SRS P BB ng

arranged i§ thetduatbér bheevaets idédedab tfagd (B¢ pewéd supplyatquifeeneplsiduaing thyrnodl
channel s in each respective nodul e under all | oadin nditions. The | oad
sharing topattian); dieslepdiafaedngdpiey myigin dyis P@W@?t§HW5%§é@ SusAF M-S ng

power - hary gblhn%hgﬂgat’\]a% fhd Huh®er FUERIRS tlﬂgtat:an'S it Imedt NtH@ 2kl Oporvbdre

nodul es. n particular, 1n an arrangenent of the present invention at no
time is anmnmnenbmunvgdmamlmmdakm required to take on the full load. The
maxi mum power di ssipation for each nodel is therefore |ower than m ght

ot herwi se be the case which serves to increase reliability and reduce power
handl i ng (chasdves isepplies ssdhel testielbits pooter bipplitea digusdeéabovei cakipng.e

disadvantageous and limiting with regard to their general construction and nature of
redundancy in view of the high level of duplication of circuitry, and circuitry elements,
required and also due to the relatively high loading requirements that can lead to
operational characteristics, such as heating, requiring potentially expensive and/or
inefficient and/or space-consuming compensating features such as heat sync requirements

etc.

A desire for greater efficiency and/or cost effectiveness and/or compact design

considerations is therefore identified by the present invention.

The present invention seeks to provide for a power supply such as a fieldbus power

supply having advantages over known such supplies.

According to one aspect of the present invention there is provided a power supply

comprising a plurality of power supply modules each arranged to provide power on a
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Further, such advantages can be readily replicated within the multichannel
envi ronnent by way of the channel tracking/follow ng. Such a power supply
can incl usle oston$ant power supply functionality, and, iPoTEbiZshar an N+1
redundancy architecture. Advantageously, the current share can be
controll ed across the first channels of the respective power supply

nodul es. I n one particular configuration, the said first channel can serve
as a regul ated channel. In this nmanner each of the second, and any
subsequenhﬁéhan?ﬁgf %an be consi dered as non-regul at ed channel s.

Advant ag@SUR1Y of HEBUPr ent share controller is arranged for bal anced | oad

sharing hehnefnrhirkeomrtdilerhirdnge@to Mare cuRP Ly tidufemertaBioslhe f eedback
functionality can be included for the current sharing and, further, each

nodul e ca@hrelsnpf Pererguprly madlesipgde control |l er and control feedback
ar r angemgnfo, A% nﬁ%ﬂl{%ﬁﬁurfa tog%gang@l@%‘edm%d%le%ﬂllg%ﬁhgé’d @Rratinfrer nal

adj ust on a regul ated channe y way of a singl/e external share line.
output voltage of a first of the plurality of channels in each respective module under all

loading conditions.

The load sharing that arises between the modules proves advantageous in reducing
power-handling characteristics, such as heat-sinking, in each of the modules. In
particular, in an arrangement of the present invention at no time is any one individual
module required to take on the full load. The maximum power dissipation for each model
is therefore lower than might otherwise be the case which serves to increase reliability

and reduce power handling characteristics such as, but not limited to, heat sinking.

Further, such advantages can be readily replicated within the multichannel environment

by way of the channel tracking/following,.

Such a power supply can include redundant power supply functionality, and, in particular

an N+1 redundancy architecture.

Advantageously, the current share can be controlled across the first channels of the

respective power supply modules.
In one particular configuration, the said first channel can serve as a regulated channel.

In this manner each of the second, and any subsequent channels can be considered as

non-regulated channels.

Advantageously the current share controller is arranged for balanced load sharing

between the plurality of power supply modules.

Control feedback functionality can be included for the current sharing and, further, each
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A particularly conpact configuration can be achi eved wherein each nodul e
enpl oys a single power supply unit. The configuration can include a single
transf or o200 to the first, second and any subseqeemicGEbenzed2s Wt hin
each nodul e. As appropriate, each nodule can conprise a switch node power
supply controller and single transformer. It should be appreciated that the
invention is particularly relevant to adoption with any form of

mul ti-output power supply system which can also benefit fromredundancy and

channel -tracking. In.one particul ar odi ment, .the present invention
Conpr | sed kiR s So R e ity Rl A e GRR e of 't ho
p;esent invention there is provided a power supply conprising a plurality
of power supply nodul es each arranged to output power on a plurality of
channel s Asgdgﬁgqsrfﬁtwgi 8gh modulecamempley s interpgladiysken arserlspdshpdehar e an

out put CUR B ﬁ?ggyghgg?g%gﬁgﬁgﬁ§“&pe plurality of power supply nodul es.

According to this asp east a second of the plurality of channels in
each nodule is arranged to track loading of a first of the plurality of

channel s in each, respective nodul e. .Agai.n, this .aspect n_advant ageousl
compr se P b et CamRy ik o iR f R Gobef AR AN her
her ei naf kRigle fowena)ppBfuixanpl e only, with reference to the acconpanying
drawi ngs in which: ig.1l is a schematic representation of a nultichannel
fiel dbus power supply according to one enbodi nent of the present invention;

and The configuration can include a single transformer, common to the first, second and any

subsequent channels within each module.

As appropriate, each module can comprise a switch mode power supply controller and

single transformer.

It should be appreciated that the invention is particularly relevant to adoption with any
form of multi-output power supply system which can also benefit from redundancy and

channel-tracking.

In one particular embodiment, the present invention comprises a fieldbus power
supply.According to another aspect of the present invention there is provided a power
supply comprising a plurality of power supply modules each arranged to output power on
a plurality of channels, and comprising a current share controller arranged to share an

output current requirement across the plurality of power supply modules.

According to this aspect, at least a second of the plurality of channels in each module is

arranged to track loading of a first of the plurality of channels in each respective module.
Again, this aspect can advantageously comprise a fieldbus power supply.

The invention is described further hereinafter, by way of example only, with reference to

the accompanying drawings in which:



Fig.2 is a schematic bl ock diagram of a multichannel fieldbus power supply
accordi ng to anot her enbodi nent of the present invention. Turning first to
Fig.1 t hewe 2om/dohdsustrated i n bl ock schematic form a nulptiradszomalsif2rel dbus
power supply 10 generally arranged to supply power over Z channels by way
of N power supply nodul es. For ease of reference, in the illustrated
exanpl e, Z=-4 and N=3. Although not specifically illustrated, an N+1 | evel
of redundancy is also incorporated into the power supply 10 such that a

further (redundant ower supply _.nodyl.e coyld al so be included, to share
the. povierl B4t 3 TEBAE PSR RSPyt e BSOS A EEimeRer suppl y
nmodul es fadelembOgisiént HIThé Prebdl invB@ict bth W t hout any failure, four fieldbus
channel s 12 are arranged to be supplied by three power supply nodul es 14,

16, 18 of the power supply 10. In this illustrated enbodinent, each of the
pover supply i@%%ﬁ%tiééiogéﬁﬁa%éﬁ doff% rRultRHahRE f%ﬁdbfubgox%r@‘é pl?ﬁgco?&lnéma full

functional “construction detalls each are discussed and illustrated only
i n rel at iaontheoembelipever teypeseyt impatibe. 14. As not ed, each of the power

supply nodul es conprises a nultichannel nodul e supplying power to the four
channels 12. As will be discussed in further detail below, a first of the

four charnnehisg\irdthe Rigtlabre iDidiubteatddlith,blddh,scHdhatic domat 4 @&ichanmel fiellb@gul at ed)
channel , whereas the renmining three channel s %faprise addi ti.onal

(unr egul 20867 sRhn Hoecgertly AHegsd o sHRPDAPIES Q¥& 4 ¢1apBsls B ek et DRT our of
t he reguls@}%@? nfRRe ko GRCHr @ferdiie ih ilchAMAGkEmpk, ZELaRipsy nodul es (14,

16, 18) co nes with each of the respective four channels of the other
nodul es so as to share the power supply requirenents for each channel an

out put atAl%hzdugh not specifically illustrated, an N+1 level of redundancy is also incorporated into

the power supply 10 such that a further (redundant) power supply module could also be
included, to share the power supply load of the supply 10 should one of the three power
supply modules fail.

Assuming normal operation without any failure, four fieldbus channels 12 are arranged to

be supplied by three power supply modules 14, 16, 18 of the power supply 10.

In this illustrated embodiment, each of the power supply modules 14, 16, 18 is a mirror of
the other and so the full functional construction details of each are discussed and

illustrated only in relation to the power supply module 14.

As noted, each of the power supply modules comprises a multichannel module supplying

power to the four channels 12.

As will be discussed in further detail below, a first of the four channels within each
module (14, 16, 18) comprises a main (regulated) channel, whereas the remaining three
channels comprise additional (unregulated) channels advantageously arranged to follow

the behaviour of the regulated channel.

Each of the four channels of the supply modules (14, 16, 18) combines with each of the

respective four channels of the other modules so as to share the power supply
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Referring in particular to power supply nodule 14 with its PSU there is
provided a Switch Mode Power Supply (SMPS) controller 20 and associ at ed

swi tch 22vehodvossove to define a regul ated channel feegicmge20r20050427
transfornmer 24, rectifier 26 and Oring diode 28 to provide a supply current
on a regul ated one of the four fieldbus channels 12. An inportant
consideration of the present invention is that the requirenents of each of
the four channels at 12 are to be satisfied by the plurality (three in the
illustrated. exaﬁgﬁeg E ower su dul es such that the current and

| oadi ng r'EYPUTTEREAPSCST © Wé‘e]fa} E‘gﬁgt annel are shared across those three
nodul es. Such sharing is achieved advantageously in a bal anced manner by

way of a current share 32, an associated control feedback 30, circuitry
whi ch serRedering impiede tapawsi wipaljestuielk Wish its R8UItepteispupwified g such t hat

no one mogiil& 1\(4%& Pohbor S%'?Blt\/erg?%lﬁ,&@ﬂmdjd 3 atséb%laltéaas%ﬁéh ) Wh?chféefv%: h36 of

the four channels 12 uni I's discussed furt bel ow,

advant ageousfine 4 mgulaag@iaaltnhbfeedliﬁ'g direrghytraapidrmer Z4atnct1ﬁ¢ty26caﬂ1dt01mgmn®be nt
inventio That rent share and nt.r ol ack functionality
50, 3w AP halAR A PR B R BRI G ERERGNRI 1167 T8 b as
to achi eve the aforenentioned dynam c | oad bal ancing across all three

nodul es 14, 16, 18. Active current share control is therefore lied
across t han eRfiast cusidpaterepihe preseid ipveptiqmyis t%&mr%‘@w&m&é %ﬁlaﬂsog ussed

further Rl ey cRinREkal 1 CHEREHE sapiBGed BOhE PREAIP ARtk iy ik Sindshekgf or e achi eved
responsive to this across all of the respective related unregul ated

channel s egmpledof povees snprymedulegsuchhat i@ currgnicand deadiinggrequrestearmdithe 50, 52,

54 - in aﬁéil)(ﬂjl‘tl n%{l Shegrgc*gclmesrsltthon@ emo(@ﬁ?w Il be appreciated fromthe
schematic Tepr esent ron each with particular reference to

nodul e 14, each of the rectlfler pairs 38, 44; 40, 46 and 42, 48 formng

the three upregul ated, nnel s of dule 14 are fe fro the sa
t ransf or e shating 1f g Vﬁ a ‘é%“{agSCP“S[TYﬁéabéb’ﬂF B B HAY Of THETPLATT | er

pairs Ca@?%sb&@te@b&q%l@&%&k@ro ARnitAt WEch 8RPEABRLEAER dyaahid | er
arrangerrent such as those enpl oy in FETs. Each of the unregul ated

channel s %dhétréfmloéth@rlwwﬁnémgév@ Heroraag unasivied | hidn h®) atierpts terdfier  t hat
can be actﬁyro%h%#aytpgﬂﬁ?ggfﬁl@%\ﬁ%ﬁ&r{n%ls 189y, OFf the appropriate
onflguralon (0] ranst orner w ndi ngs.
As is discussed further below, this advantageously increases the efficiency and reliability

of the present invention.

That is, the current share and control feedback functionality 30, 32 within the module 14
is mirrored in each of the modules 16, 18 so as to achieve the aforementioned dynamic

load balancing across all three modules 14, 16, 18.

Active current share control is therefore applied across the regulated channels in each of
the modules and, as discussed further below, similar current sharing functionality is
therefore achieved responsive to this across all of the respective related unregulated
channels of the three modules 14, 16, 18 — and leading to channels 50, 52, 54 —in a

particularly efficient manner.

As will be appreciated from the schematic representation of each module, but with

particular reference to module 14, each of the rectifier pairs 38, 44; 40, 46 and 42, 48
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Thus, insofar as the main (regul ated) channels of each of the nodul es share
the current/loading requirenment of their related fiel dbus channel 36, so do
each of twe wsspembi ve second-fourth (unregul ated) chanrerssbizasedr7of the
second-fourth fieldbus channels 50, 52, 54. The four fieldbus channels 12
can therefore be supplied with the required current in a particularly
efficient manner. As conpared with known supply arrangenents, there is

t herefore no need for duplication of the PSU and conditioner circuitry for

each of t ech | s and, ugh, the cu nt ring techni que, the power
randl | ng PaHGETEEE e rRepetedcR B blsrcte F o fere g daterirebo r bduced
Sso as to ﬂ@@lf@@nﬂ@&rgaftﬁ@t@hra@ddrmﬁnndl e Q¥R fiePpdirsehh @6hpNRNBSE raRd Mmeet

functional characteristics, such as heat-sinking, in a E/Irtl cularly
ef fi ci entoraAy O%étppé@ﬁr@tqrﬁvte’f“lerrraﬁwaﬁemensﬂ@hémhasqfwét? eyipg MO Elspr eci at ed
fromthe illustrated enbodi nent, the topol ogy envi saged by present

i nvention enploys N+1 nodul es where N is the nunber of nbdul es needed to
nmeet the Mhpﬁthenmcpghta&rdmhamedﬁftheafom t:mwrﬁcdlowsEh@tegnbdzdIceartnalsincane conpl ete
PSU whi ch_and m@en conne%H b qur QL harln %IFCUIE all ows the N+1
modul es tBYURAIE @RS AT [}?Cﬁtj‘t C8 Py MR ESrPEIP Piedback wit hi n
each PSUdoﬂﬁg@ﬁﬁ@ﬂ@hn@@mwm&thhm gurrent sharlng circuit ensures that | oad
sharing between the nodul es remai ns bal anced. Since there is only one SMPS
controller, and one transformer, in each nodule, each additional channel
shares t he,si REife: atsrtmmr(@matea?eha%lt BEeARbPiHERIMIARLRMY ahannel . As a
particul ar advant age, the ‘construction of the transfornmer allows the

addi t i onadurientioadjug mqeuk)maﬁa)ﬁﬁ@lrselmed iclibeadtannel 34l s doceach atteef ol | ow t he
relative | oadi.n ted ha ne Suc I i on of t he
t ransf or M&r° F%%ﬁ% Omjﬁhngﬁﬂw%% S%ﬂ w“ﬁscgg%%on §?§&%%5%§§$%5H8& 1 ose
coupl ed tahahteds 505D, §4 egul at ed) secondary channel so as to achieve the
required tracking. Advantageously, the present invention can therefore
require only one SMPS controller, and one controller feedback | oop, per
modul e sorfdly ﬁéldbtﬁ cRERRIsOh&ah %e@éﬁ)fé'lﬁ 8RR thé RABIreLOARALI &M thin the
nodul e for a nere fraction of the design considerations, and indeed cost,
of a si ngtatiaiabyresficientninanher.i | | ustrat ed exanpl e of the present invention,
and to achieve the required output voltage tracking, the input stage of the
power supply conprises a single switch node circuit feeding the isol ated
primary V\Amﬁm;@rmwtt]lﬂknctwmm@bterhgerﬁmmdteems tltdnﬁ“oterrmnsefad)farelmpbdaﬁon has two

l e but d
ol (1 71 g gL e haneh RS Ol ohgr bR e TR P et Ehe

tracki ng. shkaf: te@l‘ﬂﬁﬁlﬁ’édﬁfe}boWeﬂﬁiéﬂaﬂné RQUFeRedt Sk kAdneIT tikd MmEdilés da@ provide a DC
vol tage outpu One of the out puts is voltage-regul ated by feeding-back a

gal vani caddvgniagesugly &6 redyaed w1 asdp gadape desienitensiints M pisye cest eHERtiveneFhe ot her
out puts ; t sharing
circui tr;\édgynﬁ%?nﬁglgf ﬁ}g ailjcts&%rgﬁtE %E'Hhsagct{t@%;kl lg(t”?%dlrpy e lllarTagﬁg%B%aﬁ]g nmodul e
attenpts ¢ost effdctiee mhmelroad unilaterally which incr eases the efficiency and
reliability of the present invention. Thus, and as the illustrated

enbodi nent of the present invention indicates, current sharing can be

achi eved Ryswaw @Bérefors bO@hRetated f6ik twﬂtnarmnﬁwdnam e mpbigyng | ine
connecting the reqgqul ated channels of N shari nq power suppl ies. This control

and noni t@Vistged Bhigesest avenion epplavayN drmedugsrvhsit Nib e ngmb e anedulsst

each of t1haql RN&E RRRu Feautranattpa(téteh BhahRelt aden &%@Q@@gtoﬁe%ﬁewt ative
of the conmbi ned output currents. The current share line is nonitored so

t hat eachPPowdichsugpiviyen enagites tautcunamtlst)atﬂg;pltcult,eﬁilljowg the Ws1 wadyet tovol t age
to achi V¢ areftﬁe F_'egqi“r'g‘ cc)iu(tputrcgﬂgnts% ngro\tmfe[e}abécﬂ%i%ilbgz{che%weiqt c%%ﬁ%%tlo%s to neet

the demant
with the current sharing circuit ensures that load sharing between the modules remains

balanced.

Since there is only one SMPS controller, and one transformer, in each module, each
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Further, insofar as the current supply requirenents of each fiel dbus
channel 12 are net in a shared fashion across each of the three nodul es,
t he i ndi wwduais/qoomwer - handl i ng requi renents of each nodulpeTtics20aseior e
reduced. This has a particularly advantageous effect on the operational
characteristics of each nodule and, in particular, the steps that have to
be taken to neet heat sinking requirenents. Such requirenments are mnmuch | ess
than woul d be the case if the pomer on each channel was supplied by a
single nndgle The uzggﬁf rac nd curr nt share sc s, such as those
sdffe

as di scus¥diionplshan Qunegdsed ytawawéawf;&&* ALAMBEr of

unr egul at g¢la g:ﬁlﬁ&ﬂ@ﬂ a‘&lvaﬁ‘b@gec&e%@ﬂst@@tl@@@ﬂ‘tﬁ@h@&kférﬁﬂ%lhﬁs th@additidwal formation
to achieve the required current sharing. Turning nowto Fig.2 there is

{11 st at @areauisigbranestup i eRth BETE tq ekl Fie rElgleniorGAg Ahtheh shares a
degree of g Mbfatelycihbd]. EP éd&é&a@H@fﬁL%ﬁ&omﬂ?% HEofd: @JgPOd' ment 56 of

the power supply I's”again ilTustrate ree separate nodul es supplying
four fiel aﬂildUE)nalkEammihls/ chhried isgihosely dohplsd mrﬂbomanemgulaaec§|sc@lnéargur rent share
st age 58 rOV|ded modul es. and |nt

et TR b R e e o, SR AR AR s RRIRD s 60, 62,

64 of t hecahhlﬁeﬁ@fofﬂl@é}lhﬂﬁon&ﬁoﬂd SMES cattedier Eh@o@@wnabumaédbhmrbbp,qﬁal ity
however of the power sup illustrated in Fi 2, particularly as

regar ds trﬁ@d%wﬂwslhﬁrmﬁablsfmatm?ﬁ%|ad@UPl?aéﬁ'eanP61|WI&JWH}j%%%\é%foéaof the main
(regul at efd e GhHRANLHS the & nrboﬁgaérm&ﬁn&nd%aéadfcaﬁtoffy sSfssadnabove in

relation to the enbodi nent of g.]. It should be appreciated that the
respectlve enbodi ments of the present i nvention can be provided with a DC

or AC su tp(e ﬁ‘lustra?? elxraed or}ctilgw tshe(r)l%j 1tnv Q%Pezglidetg cfgnvettng re?ﬁﬁecgmt ut

consi derati ohs 0 ures o0 nvention. cul ar, an
enbodi nen\tolﬂagmdhdkﬁrg &ia m&ﬁst sua@epd)ﬁ/thepmkzd shpplaicoapged alsmgtermlathnatl ve to
quite readily h the invention c provi de for a

power supPiepit f%f%éll%the akafeﬁdoalm?fy %(“Tdi“%% Hfubstrasioemer. &3t thaﬁr@aﬁa@&r

out put p%@&ha@@w@op}nereaéebéaaaeiwﬁaﬁlga%b@te&ﬁ%ebﬁb Rotlep Bt Angec Rl t he
plurality of channels in each e is arranged to track the | oadi ng of

t he fi rstfilef wahte mpiximideicoyplionz avH Arnsdhesregwr agelsgsdsingi Hechrasenndaryof a

plurality, we | &l chramnsl
mul ti rmdu‘r“% n%\(l%\e g ré‘&{h%ﬁ?ﬁﬁogw@d& 6@\/‘\%?% dtfw 6Aer equi (gle ngs for each
nmodul e ca\mltlage rrrgmawdexy feedmg -back a galvamcally isolated control 51gnal to the switch

mode circuit. The other outputs will then tend to track this regulated output.

The current sharing circuitry dynamically adjusts the load balancing such that no one
module attempts to drive the load unilaterally which increases the efficiency and

reliability of the present invention.

Thus, and as the illustrated embodiment of the present invention indicates, current
sharing can be achieved by way of a single current share control and monitoring line
connecting the regulated channels of N sharing power supplies. This control and
monitoring line is driven by way of a current monitoring circuit in each of the N power
supplies to provide a voltage feedback representative of the combined output currents.
The current share line is monitored so that each power supply is able automatically to
adjust its output voltage to achieve near equal current sharing with the other power

supplies to meet the demand of the load.



I ndeed, it should be appreciated that the invention is not restricted to
the details of the forgoing enbodi nent. For exanple, any appropriate power
supply arwengsnemniss can be provided invol ving any appr opciraiB2of205m20f
redundancy and any required nunber of power supply nodul es arranged to
supply any required nunber of fieldbus channels. Thus, any appropriate
configuration or achieving a regul ated channel w thin each nodul e can be
provi ded along with any appropriate neans for achieving the required

current e and. |l oad bal anci ng across the.thr dul es d as .

{r acked/ TP EBtOR) % He CUERi tbalc It Seeatua s Brdieeme! & diefietin 1
A pover SUBRleY f&AMHRMcRIs§ach o tiertRdel inodeles, RRVRHIVEHRPPHvdFRERIBE each arranged
to output power on a plurality of channels; a current share

cont r ol | gequremeRiged cach sedineis dherefaregaducedsr Thishay epitieWarbhadvARREROYS t he
pluralit %ﬁ%ﬁt &Qﬂ@f)%e%{ﬂgnl ?’ ]‘BE-QH:II‘I%CS of each raé‘&ulé %hﬁarﬁ&@&%e% §t}ﬂﬁt plurality
no to trac t

of channels i n eac el ng arrange e output voltage of a
first of Hahetodieunladnitd yneof haahsinkieg ssquiterearth $1&$paut1uemntmachjhecfljlns$er al |
| oadi ng cp ndi

el ud ng PodHA TR e sl ety BF Eirecnote) pegSeSidl PSR *sionty as

claimed in daim2 and conprising an N+1 redundancy architecture.
The use of tracking and current share schemes such as those as discussed above
advantageously provide for any required number of unregulated channels, which can be

connected together in an N+1 formation to achieve the required current sharing.

Turning now to Fig.2 there is illustrated a second embodiment 56 of the present invention

which shares a degree of similarity with the first embodiment.

The second embodiment 56 of the power supply is again illustrated with three separate
modules supplying four fieldbus channels although in this embodiment, a single current
share stage 58 is provided straddling the three modules and interfacing respectively with
each of the respective control feedback circuits 60, 62, 64 of the three modules as

illustrated.

The operational functionality however of the power supply 56 illustrated in Fig.2,
particularly as regards the power-sharing and channel-current following aspects of the
main (regulated) channel, remain consistent with that discussed above in relation to the

embodiment of Fig.1.

It should be appreciated that the respective embodiments of the present invention can be
provided with a DC or AC supply as required and without any effect on the design
considerations of the other features of the invention. In particular, an embodiment

handling an AC supply could be arranged in the alternative to quite readily handle a DC
supply.

Thus, the invention can provide for a power supply, and in particular a fieldbus power

9



4. A power supply as claimed in Caim1l, 2 or 3 wherein the current share
is controlled across the first channels of the respective power supply
nmodul es. wo 2013/005280A power supply as claimed in any onepgr/gBoe/3isthe
preceding clains, wherein the said first channel conprises a regul ated
channel . 6. A power supply as clained in Caim5, wherein each of
the second, and any subsequent channels conprises a non-regul ated channel .
7. A power supply as clained in any one or nore of the preceding clains

wherein the current e control d for | shari ng
bet ween tSh%p 51 arraggec{ 10 O&#put BV%CI‘ on aﬁ)pvrallts%oo fl%l’ll’lgﬁs herein Q@e%ﬁ\g g%\?\/%cg)gguppl y as
cl ai med ithe plnyalionef dhanrrmsne eadh hbéul @rsemedgdaigo Clalt n |eithg ofcheflisngf thont r ol
f eedback neaﬁs f0£ the current sharin MD 2013/ Q01280PCT/ GB2012/ 051427

9. A powdfuraiiymfy %@ewlaﬁar?éde%pﬁctmeé@%llhﬂ fiRrpdyraiity ol RRWe AR e Qyisr i ses a

current Samarssma@wuméhgﬁnem@b mrﬁh{ogmefp%e\@ba%1@&@%@&@%wer handling 10. A
power supply as cl ai med Claim9, wherein each of the nodul es
requirements for each module can be prov1ded

Indeed, it should be appreciated that the invention is not restricted to the details of the

forgoing embodiment.

For example, any appropriate power supply arrangements can be provided involving any
appropriate form of redundancy and any required number of power supply modules

arranged to supply any required number of fieldbus channels.

Thus, any appropriate configuration or achieving a regulated channel within each module
can be provided along with any appropriate means for achieving the required current
share and load balancing across the three modules and as tracked/followed by the

additional (secondary) channels.
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enpl oys an internal adjust on a regul ated channel by way of a single
external share |ine. 11. A power supply as clained in any one or
nmore of twe preendong cl ai ns, wherein each nodul e enpl opsTaRITgGSE2POVET
supply unit. 12. A power supply as clainmed in any one or nore of the
precedi ng clains and enpl oying a common transformer for the first, second
and any subsequent channels wi thin each nodul e. 13. A power supply
as claimed in Caim 12, wherein each nodul e conprises a switch node power
supply controller and single trang?orner. 14. A power supply
conprising a plurality of power s nodul es each arranged to out put
power on a plurality of channels, and conprising a current share controller
arranged to share an output current requirenent across the plurality of
power supply nedul éspower supplygmpasigandturalifyef pose S@pwmu{éﬁ eghai m 14 and

arranged a?lléﬁgedttB%Tutp%{ p(&\)@éff%tn ablurality of channels;

a current share controller arranged to share an output current requirement across

the plurality of power supply modules;
at least a second of the plurality of channels in each module being arranged to
track the output voltage of a first of the plurality of channels in each respective module

under all loading conditions.

2. A power supply as claimed in Claim 1 and including redundant power

supply functionality.

3. A power supply as claimed in Claim 2 and comprising an N+1 redundancy

architecture.

4. A power supply as claimed in Claim 1, 2 or 3 wherein the current share is

controlled across the first channels of the respective power supply modules.

5. A power supply as claimed in any one or more of the preceding claims,

wherein the said first channel comprises a regulated channel.

6. A power supply as claimed in Claim 5, wherein each of the second, and

any subsequent channels comprises a non-regulated channel.
7. A power supply as claimed in any one or more of the preceding claims
wherein the current share controller is arranged for balanced load-sharing between the

plurality of power supply modules.

8. A power supply as claimed in any one or more of the preceding claims and

including control feedback means for the current sharing.
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second of the plurality of channels in each nodule is arranged to track
out put voltage of a first of the plurality of channels in each respective
modul e.  wo 2013/0b6280A power supply as clained in dai mlpcamBomasugrng any
one or nmore of Clains 2-13. 17. A power supply as clainmed in any one or
nore of the preceding clains and conprising a fieldbus power supply.

18. A power supply conprising a plurality of power supply nodul es and
substantially as herei nbefore described with reference to, and as
'ITustrated i rb t heA nggggBloapqy nglglaicril{e VIMI’I %gasu'n 8, wherein each module comprises a

current share controller and control feedback arrangement.

10. A power supply as claimed in Claim 9, wherein each of the modules

employs an internal adjust on a regulated channel by way of a single external share line.

11. A power supply as claimed in any one or more of the preceding claims,

wherein each module employs a single power supply unit.

12. A power supply as claimed in any one or more of the preceding claims and
employing a common transformer for the first, second and any subsequent channels

within each module.

13. A power supply as claimed in Claim 12, wherein each module comprises a

switch mode power supply controller and single transformer.

14. A power supply comprising a plurality of power supply modules each
arranged to output power on a plurality of channels, and comprising a current share
controller arranged to share an output current requirement across the plurality of power

supply modules.

15. A power supply as claimed in Claim 14 and arranged such that at least a
second of the plurality of channels in each module is arranged to track output voltage of a

first of the plurality of channels in each respective module.

16. A power supply as claimed in Claim 15 and including any one or more of
Claims 2-13.
17. A power supply as claimed in any one or more of the preceding claims and

comprising a fieldbus power supply.

18. A power supply comprising a plurality of power supply modules and
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substantially as hereinbefore described with reference to, and as illustrated in, the

accompanying drawings.
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