PROTECTI VE RELAY W TH MODULAR CONTROL ‘IHmm f the Invention The
present inventWORY§¥lates to protective relay devices for provpergi€odi24ss
protective control in electrical distributiH*®ystens. Mre particularly,
the present invention relates to a protective relay device having a nodul ar
control and display panel. Background of -fhe Invention IO Protective rel ay
devi ces are necessary elenents of an electrical power distribution system
as they provide a PROTRGTIVE RELAY WITHMD BUDWR CONTRODPANEL Ot ecti ve
relays nonitor conditions in the power distribution systemand operate
circuit breakers in response to the detection of adverse conditions,

t her eby prot eF:;ti n ari ous, segnents and conmponents of the power

di stribution Odamage. O der protective relays were anal og

devi ces, which ha . ed digital protective.relays.
Digital protecti v\éﬁlre g%}él t %fgﬁéﬁ%ne?ezﬁéﬁgﬁmgg%cee%.lqy n%ﬁv 9% éﬁli Pﬁp)‘/ l%ﬂgch can be
programred t @roteovelnioMieectyigill itvib@iondyRictst | MBrepshie@aily Othelptaeht ons
than were available with analog relay devices. 20 Digital protective relays

typi cal | y i ndhyaieion rélateato panakctiverrejay aeivide hgvidp aphedulancbnrobtinddisplay
functions. Such panels are typically fixed, in a secure and rel atively
per manent marm@?l; to the protective relay circuitry. Because they are fixed
to the relay circuitry, conventional control and display panels are of
limted utility. For exanple, spaced considerations in a power distribution

substation sgp@kicf@indGkBednvedtighesi rable for protective relays to have
ei ther a horizontal or vertical orientation; conventional protective relays
are restrlct ed t o Ryatectivé eatayaddvices agsneckssacoeiemehts pdneleldcsridal pedet o t he

protective rel.ay.device during assenply. Further, hecause the confrol panel
"I's fixed in éll%g‘m}té?ﬁ YOS aﬁr[g‘?yeﬁrt‘}l"% T Varety of pRolgsting And 6PRtFR} THACHAESNt 1 of

must be perf osgRAPY réla &HEo?icﬁfe?dianst ﬁ%P?@Q&@F{ﬁ%ﬁéﬁ)&&@#géstglﬁ\éaiglg;%gﬁﬁa@ hgr 5

; abe3eRO<. | F6| T4; $2 Decenber 2002 WO 9 ﬂlﬁm * m’%/ US99/ | 2458 2 Thmdhbyer 2002
&

‘than 30 at sone |stanc,}1esqﬁr omt rotec ere

Decenber 200Zizuld.bBeakidss in riéponde wWAitBe 42Bctich doavathe tofditiofsIhérepy ot ecti ve
rel ay which includes an operating unit that can be w thdrawn from an

i nsul at i ng hdUsieadns rMaréangtsegmenpend agmponentseofitho pewer distibution sysiem {The
withdrawa1 il ic{%%%f the protective relay circuitry allows for routine
testing, in fice, and repl acement of the internal relay circuitry with
mini mal di srupt i onoRfer bRRediVVRELafy Wefd didldeQidy %S BHich HAYEYEI 1akdafy cont rol
panel of the Conrad protective relay is sl%ovvn as being fixed to t'he rel ay
processi ng cineplaced hy digid! protactive s¢laym Digitdesordchied relsy bimciude degimbabl e,
capabl e of nul tié)l e orientat] _ogs, gr r enot el g nmount abl e.. Accordingly, it
woul d be desif&h Sé‘nﬁ&ucéltﬁr%fﬁ’é {CRY 8¢ PEYZAFIINST iy PEOVAerd MAdeT VREENRal ~ cont r ol

panel whi‘ch : ' I im ' 0 ' [ cont r ol
bancl s, and afagugh pfL bl el bR P Byl BT AR el WECee T
Summary 0 t he |nybrgitappromﬁyerrasmzpicawmcnm SebMSfankhRr ppoviemdesgpldped
probl enms, and achi eves additi onal advantages, by providing a control panel
for a single dwoatiol funcriedsaySuah panelslasctypicaly fidied; ini doseciimansiyretagively
conprising a franme which is securable to a housi n%&cont aj ni ng fsai d single

relay, the frBSTEARERYRATRGT 4O SREPRRESCHiye relayBiachiEy s Becaise hsigary fFiedratie y of

i nt er changeab : i di 1.0l I kO N or
sai d single prEeRi s, coRlorlofit ol ST Py BRI AR Nl G " e

i ndependent | yexa@ipw,apheedf doRsidetaligndRdhSv&RAGEBuiGNSLbstatibB RbRGEMBE Maky a
substitute nodul e. According to another aspect of this invention, a

prot ecti v& r eitdgsirablepfarprotectjvestiays tehave aitiapa ihotinoptal oreteaticah onichiaton;

cont ai ni ng relqa% gr,ocessi ng, circuitry and a single control panel having a
frame nount ed°¥fye %@%awﬁg? TlRLY dieiTettHeled i gRe OReHAHeH. a5dhrrontol pane

configurable ive : ' I nt erchangea el
modul 0. “The SOHEGP HEREBrRHEE Bkl Hefte ARkl SEP000 LEpRE M RSRET, oy
housing, and &drRrelpRRAS fikéd M £ cétlehiiéhad pRisti Ak irkiy OfeliDEIhRoSMARRS | Nt O
which a plurality of control panel mdul es can be renovably nounted. The

control panel conichilnmsst be peifomeguehyde rechyic aara vebpreteatide retgy devaeh|rathpy/than
substi tutf nodul es to allow the control panel to be easily nodified or
upgr aded. 3Ohe 3RS ¢istapemBomthe prasectivaelB davignt ed in nul ti m
orientations, by changing the orientation of the support Stm mmm”mmﬂmmme
t he nodul e spaces allowi ng the control panel to be reconfigur abLG%? or
hori zontally or vertically oriented protective relay devices. Fur O?fer, t he
control panel is hinged, to facilitate access to the digital relay
processing circuitry, and is renovable and renotely nountable to allow the
protective relay to be renotely controlled and nonijtored. The control panel

I o o, o



Det ai I-ed Description discusses illustrative inplenmentations of the

I divention, referring to the acconpanying drawi ngs, in V\/m c%debgrﬁbé,sj@bence
indicia designate 5 |i ke elenments, and in which: FIGS. are an exanpl es
of a horizontally-oriented protective relay and a verti cal | y-oriented
protective relay, respectively ) each including a nodular protective relay
control panel according to an enbodi nent of the present invention; . Fl Gs

R Bchaow, an_ CYXRIMbA! KoT B/ 258 B €bfiRh dSidsBe W oGRS }ﬁl%ﬁkhmuﬁ? sk

attached to a protective re
an exenpl apgratingnynitothaeaiebe Wit dfawmérgmb@brmsdehrmcmmgrtbr ghen ppeniag ir tre

relay, regBRcss Me nbusihd. qhe&whrﬁirﬁvéﬂllﬁﬂBﬁfﬁboérot"éctﬁt@%fawcnrﬁ&ﬂ?'all&ﬁ&?ﬁ’ qhﬁ\ﬁhet 0 an

aspect of the present invention lagram o
di spl ay bi&sting. MARienasae. apf remlecensht efghe puareal relay F'TCG!tW:!V'thdﬁﬂ'"]ai diyuption ofc are

di agrams efe @mimt.mwgt@h HeWever, TRS! bl agmrodtrregcémaa bﬁ)twheéeénéy is
i nvention Vi ew, O

hor 1 zont aFtgTLTA St fo R PeceRYy bSPeseiy sredinkand i ahen & et es being
pr ot ect i veemmiablg, capable of mplipleloriemtetiond) ergemotetymeoyntadteent | nventi on. The

| | d g - : on.
modul o 1oa. o Accfl1EGofiate Bckiabit 0 2 BRALCES rehi6 HELEE, Allel ABRRIC .
12d. The 6oMwf aanqbamqh wallgh pleviates theylimitationsaefl gonventined tiixed conticheapsistandt | ve

rel ay houshmc@meafhnét.sﬁaﬁﬁy&we Bbeefetainy abvigne end of the control panel,
and by a suitable latch I6 at the other”end of the control panel. By

provi ding a renovabl e connection to the protective relay, the control panel

can b_et opsuﬁﬁl?d of el thvdntion ﬁccggs to thte pr ot ectiVﬁ rel ay plr;)ce_ssil ng
circuitry con ed I nsl de e rof ec ousi ng. . . will.
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orientation as shown in where the nodules 5 are oriented
verti cal | §achHpeduleis 55'1‘?5%9'96{" rﬁ*’@t'%e(pﬁ()‘le'}“élr%{?O‘ﬁP'teﬁr%" Akg modyle pragssnandist r ol
panel whi edplaceable by a substitute module.

According to another aspect of this invention, a protective relay is provided, said relay
comprising a relay housing containing relay processing circuitry and a single control panel
having a frame mounted on the housing; wherein the single control panel is configurable to
receive a plurality of interchangeable control panel moduies.

The control panel is securely mountable in a protective relay housing, and the support
struts define a plurality of module spaces into which a plurality of control panel modules can
be removably mounted. The control panel modules are independently removable and
replaceable by substitute modules to allow the control panel to be easily modified or
upgraded. The control panel modules can be mounted in multiple orientations, by changing
the orientation of the support struts, and hence the module spaces allowing the control panel
to be reconfigurable for horizontally or vertically oriented protective relay devices. Further, the
control panel is hinged, to facilitate access to the digital relay processing circuitry, and is
removable and remotely mountable to allow the protective relay to be remotely controlled and
monitored. The control panel modules can include any one or more of indicators, meters, a
display, a keypad, and external connections for receiving data or electrical power. As will be
described in more detail below, a modular control panel according to the present invention
greatly improves and enhances a protective relay device.



facilitates access to the relay processing circuitry of the prQt®sdembRr 2002
rel ay device: The control panel of the present invention is particularly
useful with aW@eueasé protective relaydevice in which relay pppsRRsdPYss
circuitry is enbodied in a plurality 10 of repl aceabl e nodul es 20, as t%e
hi nge or other renovabl e connection neans allows relay processing nodul es
to be easily renoved and replaced. FIG 2B-shows a control panel 10
according to the present invention which has been detached fromthe
protective reBaief Devérdptidyy of Ehg'D;avh’h?M ng the control panel off 'the hinge
or hinges 14, or renoving the panel fromlatch or |atches 16. The 15

det ached control paREArOM§teopBIE Famplytesmdesandingtaf thhinvenderche fellavehay
device, in th'bs xg Ie.btxa%_g .cabl e.ﬁZ suitable for .exchtan i.ng power and
comuni cat i on §fa§ﬁ HES AP RRe S FEES A HTtFA5IVE HRRISMERIHORHR ’ﬁgdﬂ Phe rel ay
processi ng ci Y i f. 3 |, v I - cabl e
D2 o an 8- wi et ielp sheArR RS aPE e in WGP R Ry b BRI Besidrds o7
whi ch conngct like eRBdkhrst es€ it ailc@s | ocated 20 in the rear cover of the
control panel and at a suitable location in the protective relay. The

det ached panel canFHes.nisumeradan examipss ofertiarizahtajly erientsdiprotettavd selayoandaa

renote panel (not shown ith other detached panels to allow a user to
nonitor and c ?Ft“rcﬁlfy'f’ﬁggtﬁwﬁf%‘ﬁ‘ftIV\‘/’ée]@%i LETPEEVElY e C3ErniBEfing W@gulgrshoms an

| oded vi | i = : t
Chbent on | TheRiedive SHRTROA 0P (Rb ALK ATARISHRE drtné prdsEit BLARRY
support struts 32 FIGeTa-6eNeY ad4xepdrBmdd st gaotdride deldP codifs! FinsPlBith

board 36 is held between the main plastic frame 30 and the rear cover 34.
The framel®0 isatiaghedhiosa pseagnsive relap by artings) irya periallyppemstats; asfape. The

. support struts 3? span the width.qf the frame 30, and notches 38 are

provi ded in tﬁ’éergmﬁ%o‘fotnémgﬁa%%d"%ﬁ] lgaﬁg)egg) defaghed Toemiths PROteqtive 3812y The

not ches 38 ar gesg@&g}ggﬁ of receiving renovabl e supports which define spaces
‘for control panél nodul es. Because notches are provided in 2 Decenber
2002 WD 99, | 63636 HIG. PGI 4 dG394rh 24 28ohwdlhpanbleacsupiiny tosam3dspatibftthe pedems of
the frame 30, .the renpvabl e supports can be inserted at different

ori ent ati ons. UBfNE®kNngi ng the orientation of the renovabl e supports ) the

orientati of the Qefined o can hanged Each defin e .can
receive a?gont r ol ﬂﬁef‘ 1?1633&3;&?5{6@,“3@6 @ﬁ@ﬁgﬁﬂﬁ%ﬁr&’é@&ﬁ’éﬁm@{’?gﬁ‘%&?‘ t he
defined 5 spa?gﬁelotfimgpgi,gﬁgati on of the control panel nodul es) and of the
protective relay device, can be changed. For exanple) if renpovabl e supports
are inserted in thé&loet Thés as4disgrains ofi akertpleryr oo phrel snqpindastascending to
parallel to the sug)%)or_ts 32, the control panel is configured for a verti cal
orientation of P 4HiRVEBKAMpI ) ei ght vertically arranged nodul e spaces,
as shown in FIG I|b. If renovable supports are 10‘inserted in the notches
34 such that the renovabl e supports are perpendicular to the supports 32,
the contrd panehiled Desdpphtfoanfi gured for a horizontal orientation of (in
this exanple) two rows o our horizontally arranged nodul e spaces, as
shown in FIG |a. HIG. 14 is s fronbiiswkoftd benizomadly-driemtadoprotestivpraieyt dediepl ay

board 36. The. . . .
including a modular protective relay control panel according to the present

invention. The control panel 10 includes a plurality of modules, including an
indicator module 12a, a display module 12b, a keypad module 12¢, and blank

25 modules 12d. The control panel is preferably removably connected to the
protective relay housing by at least one hinge 14 at one end of the control panel,
and by a suitable latch 16 at the other end of the control panel. By providing a
removable connection to the protective relay, the control pane!l can be opened to
facilitate access to the protective relay processing circuitry contained inside the

30  protective relay housing. It will be appreciated that the hinge 14 can be dispensed

with and replaced by another laich or other correction means which allows the



1~ display board 36 includes a connection 40 to the relay procedscatber 2002
circuitry, a controller 42 for controlling the various display and

i ndi cator funwdawesewn the control panel. a serial port conne

exchangi ng power and data signals with a device external to tﬁﬁégp%%%ééfﬁve
relay, a keypad, 45 for inputting control information to the protective

rel ay processing circuitry via the controfter 42, a 20 nodul ar indicator
array 46 conprised of, e. g . , LEDs which are sel ectively illum nated
under the cortongbl pﬁned:cmberopdned 42, widiiet dhiosypl gl dekserdbsd inygréBemdidtai can

di splay a varlf%é information to a“user. FIGS. 5a-c show various

exenpl ary nod§ %ﬁh@ﬂp%&nwb@dqpﬁme\nﬂm@my&hlm@ feplpcaale by oskdatilfom t he

Toaa 11 oPre om0 ichad PR s detfftedar BRGHRm, SPRERT! (el san
modul e 12a we%nﬁsu%ac@;aweﬁtwapmmﬁdas Rotign EREUL B h&@'[ﬁ@wdu?ersray 46

and which includes, for exanple, status an event %D I'n |cators St at us

i ndi cator$§ came bnehuedefeartallyl N SERVI CE" i ndl cator to indicate if the
protective relay is operating properly; a ' TROUBLE" indicator to indicate
if the protective Fi&-ap 5089 aﬁpﬂectﬂ\@stﬂadpfémaa|p@ﬁxarhlason§atceotrelopa@ebw@mhem a

" TEST NDDEC?E%; at or t gqcatelf th afyls currentgééfnatest
mode: a * TR PRCTRISCAEEY © e Y dipesting FIEREY SEshpBrainte oy SeWsc00l 63636
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indicator to indicate that an alarm con IS preesent CKUP"

i ndi cator to grodictied eelihadvidehia viich eddy pocesimycifrirged @gbaiedinpd plosglity
conditio Event indicators can be provided to indicate the cause or source
of a5 dgpect%‘dea@ﬁ%ﬁbﬁ wadyes 2reaspbgbingelos OHiep gemoyably sennertiothmeansent
indicators c i.ncl ude: “"CURRENT" indicator to indicate that the event
"Wwas caused b?QQMgJFﬁgrﬂro%dﬂagf“%EH!eséo be CV@‘I‘R@? #ﬁ%‘#&ﬁ{l%ﬁﬁdt o indicate that
.the event was causems by éovRla@@goFpMel 16 QEEoer ﬁgﬁlﬂ@ﬁt uWennSHHﬂ%h

i ndi cat or to indicate a frequency-rel ated or ot dition; phase

i ndi cators " HidASEe\detactidRHABE B! protetQve RiASHEe\GLe b;a,rtd:, ,NIEEhE[Q&le/ (BRGNP 0

i ndi cate whic hases were involved in a detected fault. course, it

wi Il be appr f eelgng%a{ higgerets élﬁlrFI&BY‘éaélﬂeaP‘Ué‘—‘l é"@ﬁﬁlaﬁkb‘?rsla&ﬁ@ E@eﬁthﬁ can be

i ndi cat eqsby dhepkbghid {)lq{aﬁ%l IE?P Yﬁgﬁ?&ﬁe@%ﬁtt e éxﬂn[?%& gggﬂg dfﬂ'\ég’r 0 ay

t he |nd|cators recei ve sourc

processing cithisudxafiple ¥y achbllb.b sRitAs fdrnehalondpowd 418 @niriiklcdtignm the 15
back of the control panel npdul e between the i ndi cators and the nodul ar

i ndi cat or ar rdgnaigbet¥een neg:qmtrpl paxsl mmb@romcmmirew proeessingdinsyitryf. In
plastic, glass, or. ofher sujtable material., The i cato

d
FIG 5a is shSrcBROGHRERT Rt %pgsgnéﬂgvaﬁntlggrtpegablq SRBS Euﬁég’ﬁlﬁjﬁpé&‘%‘?%d
that the serigli it (hifR B R Qdn¥Eb¥% DEIRBN AL th R Frecepracles located

20  in the rear cover of the control panel and at a suitable location in the protective

relay. The detached panel can be mounted, either vertically or horizontally, on a
remote panel (not shown) with other detached panels to allow a user to monitor and
control the protective relay device remotely.
FIG. 3 shows an exploded view of an exemplary control panel according to
25  the present invention. The control panel of FIG. 3 includes a main plastic frame
30, support struts 32, a rear cover 34, and a display board 36. The display board
36 is held between the main plastic frame 30 and the rear cover 34. The frame 30
is in this example substantially rectangular in shape. The support struts 32 span the
width of the frame 30, and notches 38 are provided in the supports 32 and in the
30  edges of the frame 30. The notches 38 are capable of receiving removable supports

which define spaces for control panel modules. Because notches are provided in



20 separate nmodul e. The serial port 44 is preferably capabl e of D&ra&ibér Qo2
power and dat'a signals, and can be inplenented as a RS-232 serial port. The
serial port 4Woeg9adb®s a user to connect an external device, SpERy&9/13458
personal conputer) for downl oadi ng settings, nonitoring data) generating
sequence of events reports, providing oscillooraphs, or perform ng other
functions relating to nonitoring, 25 progsanmm ng) and control of the
protective relay. The indicator nodule 12a of FIG 5a is al so shown as
including a n QW ' : re
operatively @?ﬁﬁ@g&éﬁb % {?ﬂ%%@%gggé %@ﬁ%.@;ﬁég#&%ﬂg&g?g@ﬁ% %ﬁ?ﬁl ay
devi ce (e.g. .indredtabdifeoaiopleh@tiod? Bhewinding feGrieflatioand tiearemevablked t o
reset the device and clear the status and event 30 indicators. 2 Decenber
2002 WO 99/ 638BpoRCThAUSISN I RASH the defimtd hessscan bdichpiged rfeaghldefingd spaseEch

i ncludes a display 48 operatively connected to the processing cirquiLtry of
the protecti \Fé“rfégeé X ‘B?%Pé%ﬂlﬂoqlﬁ%' [B'i‘%glyaé‘aﬂlg?ng ékp%oré%\’é%iﬂ%cfflthﬁﬁ@ t

di spl ay or ot SYi.t dL. spl i i i b i i i m

i gt g P orPassy e G nRabh S8psdillol Baddl a2y bPUEBRASAR BT o
nore det ai | edielviteOb4rRbd Blibhgéd)CFOHERGNHIEXE réBEEBECS POt thedrigdeinahe
information, to a user nonitoring the protective relay, and can be used to
provi de feedbmtthes 34sucisdat fheagmanable aupmests propaetlehe thesuppotedcgie To
extend the life OL th?,vacgumfl urescent di Sfl ay fgnd avoi d c)ree}?
"burn-in" , tR8TPEP CROBEUIEAJOR A VETHCRT QT AN T S SAHBIT I8 i th a
screen saver, LGR . g r h i

cause. t he di svpel\Pg%/a%g Ca?giglr%?f@%ggleﬁ g?ﬁ% gﬁhéo?mgﬁpfﬁg}(sielzoé?rfng%@@agger fﬁ%ﬁ’g@@? a{%ir nme.
FI G 5c slitowsingeriedyinake ARehbsS4lsheh it el tentivible Suppdeeyra pedfenilaulah to the
.operatively connected with the processing circuitry of the protective relay
(e.g., via tHappons 32l thecorl pamplewilehpeanfigured for kihosizontakerientkigrsoiiy/ or
command keys 15 which allow a user .to _programth rotective relay. .The
‘user can rece‘#ﬁeeﬁa@%é&'& r?\”%ﬁ? 30%*@5’125 a&r%éﬂ?‘%gegsrﬁgqoiﬁevﬁpﬁcﬁsﬁséhoéﬂ Tthe
control panelgppdyl es of FIGS. 5a-c are exanples only, and it will be
appreci ated that other suitable nodules will be contenplated by those of

ordinary skill in Fh& 4ista blbok diageaipbétheanatror pamel disping boasi anThecl ude
l'iquid CrIZSStgclg 20 display nmeter. Further) blank nodul es can, be rgr ovided in
S

t he nodul splay RRaidedGripelyfiessa gprnepden +Q Huthe delay BRPJEsS IR ErFHHEgRi ng
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modi fied in 25 nunerous ways w thout departing fromthe spirit and scope of

t he inventi onwiths: dhviderseerinl to e prokdcdve ngjac| akaypadAd fonigputting gantrol

equi val ents. _ 7 i o i .

information to the protective relay processing circuitry via the controller 42, a

20  modular indicator array 46 comprised of, e.g., LEDs which are selectively
illuminated under the control of controller 42, and display circuitry 48 which can
display a variety of information to a user.

FIGs. 5a-c show various exemplary modules which can be individually

inserted and removed from the module spaces defined in the frame 30. Each

25  module can perform a specific function or set of functions. FIG. 5a shows an LED
indicator module 12a which is operatively connected to the modular indicator array
46 and which includes, for example, status and event LED indicators. Status
indicators can include an *IN SERVICE"” indicator to indicate if the protective relay
is operating properly; a “TROUBLE" indicator to indicate if the protective relay’s

30  self test operation has detected a problem; a *TEST MODE" indicator to indicate if

the relay is currently in a test mode: a “TRIP" indicator to indicate that the



2 Decenber 2002 8 Clains:, 1. A control panel for a single proted@dcembecle)2
in an electri'cal distribution system conprising: a frane which is

securabl e to svdww3638g contai ning said single protective relay, the franme
defining a plurality of nodul e spaces: and a plurality of intefCHENYS2ASe
nodul es for providing control and display functions for said single
protective relay) wherein each nodule is $ecurabl e i n, and independently
renovabl e from the nodul e spaces, and is repI aceabl e by a substitute
nmodul e. 2. THgO®OWYS rﬁllaypaasetssuocﬂ achalcnmanvlhem eAh AR dodicatolr tpmtiadatd that

removably attached to rot ectiv Qusi.ng via at | east one hinge,
| ocated at orf@ ?I‘H“COH B‘?n tPées@BhtaP 12 ﬁlalﬁxé[q& "adiRrae dpdicye shad et a

second end of ‘Iﬂg panel of claim1, wherein
t he control arhte} ml%s)F%ér%) Q%Fla% eTdraoll)“rﬁc ec%;agﬁorél(:tl ve relay housing, and is
connected to said m&&%xéamsrcﬁﬁevpyd@m QR GR b&x@e‘é?‘%ﬁce%f aThe
control panel of claim3, wherein the communication cable Is an 8-wire

shi el ded twi sdesettquacandatadnl f thepoweradiedibutidh sf3deth. CRirreetoindicators dore contr ol
panel of claim3, wherein the nodules can be attached to the nodul e spaces
in one of at igde: & we URREWE atridcbq«ﬁsorvspttﬁdm@gﬁ@étthq pvenh@ap SaLseA Py agiarent

wh f h d
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circuitry; anf

downloading settings, monitoring data, generating sequence of events reports,

providing oscillographs, or performing other functions relating to monitoring,

25  programming, and control of the protective relay.
The indicator module 12a of FIG. 3a is also shown as including a reset
button and various function buttons. These buttons are operatively connected to the
processing circuitry of the protective relay device (e.g., via the controller 42 shown

in FIG. 4), and can be used to reset the device and clear the status and event

30 indicators.
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app;ecxated that other suitable modules will be contemplated by those of ordinary
skill in the art. For example, one or more modules can include liquid crystal

20  display meter. Further, blank modules can be provided in the module spaces where
modules are not required.

While the foregoing description includes many details and specificities, it is
to be understood that these are included for illustrative purposes only, and are not
limitations of the invention. The embodiments described above can be modified in

25  numerous ways without departing from the spirit and scope of the invention, as

defined by the following claims and their legal equivalents.
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a plurality of interchangeable modules for providing control and display

functions for said single protective relay, wherein each module is securable in, and
independently removable from, the module spaces, and is replaceable by a substitute
module.

2. The control panel of claim 1, wherein the control panel is removably
attached to the protective relay housing via at least one hinge, located at one end
of the control panel, and a latch located at a second end of the control panel.

3. The control panel of claim 1, wherein the control panel is removable from
the protective relay housing, and is connected to said protective relay via a
communication cable.

4, The control panel of claim 3, wherein the communication cable is an 8-wire
shielded twisted pair cable terminated with RJ45 connectors.

5. The control panel of claim 3, wherein the modLlles can be attached to the
module spaces in one of at least two orientations with respect to the housing,
and wherein g first orientation is a horizontal orientation, and a second orientation
is a vertical orientation.

6. The control panel of claim 1, wherein at least one module includes a
vacuum flourescent display.

7. The control panel of claim 6, wherein the vacuum flourescent display is
provided with a screen saver.

8. The control panel of claim 7, wherein the screen saver cycles through
messages to avoid burn-in.
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10% & () q‘Jf.O/di %hg)control panel of claim 1, wherein at least one module includes one or

more status indicators.

12. The control panel of claim 11, wherein the status indicators comprise light
pipes which are aligned with light sources contained in the relay housing.

13. The control panel of claim 1, wherein at least one module includes at least
one serial port for receiving power and data signals.

14. The control panel of claim 13, wherein the serial port is an RS-232 port.

15. The control panel of claim 13, wherein the data signals communicate
between the protective relay and a remote monitoring and control device.

16. The control panel of claim 1, wherein at least one module includes a LCD
meter.

17.  The control panel of claim 1, wherein:

said frame includes a plurality of support struts, wherein said module
spaces are defined by said frame and said plurality of support struts; and

said support struts having first and second ends,

wherein said support struts are moveable to a plurality of positions within
said frame to modify the location and orientation of said module spaces.

18. The control panel of claim 17, wherein said frame includes a plurality of
opposed notches for receiving said first and second ends of said support struts.

19. A protective relay, comprising:
a relay housing containing relay processing circuitry; and
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attached by at least one latch.

23. The protective relay of claim 20, wherein the control panel is operatively
connected to the relay processing circuitry via a communication cable.

24, The protective relay of claim 20, wherein the control panel frame can be
configured to accept the control panel modules in more than one orientation with
respect to the housing, a first orientation being a horizontal orientation, and a
second orientation being a vertical orientation.

25. The protective relay of claim 19, wherein the control panel modules include
at least one of:
an indicator array, a display, a key pad, and a meter.



