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i nvention pertains to the operation of a fue

ro [

Pdeﬁiﬁﬁiqifﬁﬁfiﬁ@ﬂ‘)\%’ AT NG EDRFLEL FROCESSOR
fuel processor. SUNTROBNSHSTRMRELATED ART

Fuel cell technology is an alternative energy source
for nore convent ng the
combustion of f @5 5 . . ally
produces electricity, water, and heat froma fuel and
oxygen. Mbre particula
electricity from ches

react i qps paREntIASGRIDE ptRadk 46 'tﬁé W&tmﬁ%?@g PPoce¥sBt and, more
other fornms of power generation in terns of

chadiaviarigse theidentifdatien ehe firstout shetdowy cofdigon ted fisl processor.
enpl oy hydrogen as the fuel and oxygen as the

oxi di zi ng agent. The power generation is proportiona

to the consunptBERSCRAPEION CRTHE ¢aUt ATES ARG A

significant disadvantage wnhich 1nhibrts the w der use

of f ueFueletellsterhnalegy [saenk altgmativeprasy sewge HoH mage gonventional

Vo Ja%tsﬁhﬁ%gyr Ag}%g%eny ?ﬁﬁﬁst nr &t %ésﬁe%l%lfsl oW f%lelt %ell typically

ric i S nore ficul
spodecandeduictys pated, aﬂdd[eat ﬁenhzy fireb and beypehuNisre part1cu1ar1y, fuel

cur ent | ed .in st ration systens,
St Brog 5‘8?%5‘0%% o‘{f]F %@WF@C&% rgfctiong ee}nd possess

p§1%ﬁi?§§1?cr a?ivalﬁﬁgesrcﬁfef) bt ?orn{soo &réeﬁéﬁﬁoﬁ‘ YO RQRR dd}%iémhness

to 25 a hydrogéen rich gas stream whicT be use
aalideefdicmﬁy f Ggpicaldy, Ifsel defid eopémblonirogeasadhé dedl sndsughen as the
atura asol.i ne, and. .di

cg)ﬁlv}szﬁrﬁ By af%c%%vgé'sg%fl%rah%n lfslﬁap%‘o?aﬁz ﬂ%eo‘iﬂng]é@p?‘%“r rate of the

neattafitdel ceIIs Current art uses nmulti-step
processes conbining an initial conversion process wth
several clean-up processes. The initial process is

:ne)fsgr %f L? ﬁé@?%&ﬁ{aﬁa&%%ﬁﬁﬁb}w %Ut terg lislrerr?tﬁl(g cells is the lack

(6P Ugspread hydrogen tidfrastriuctupar Hlydiogelx lhd@h'r@lfatlvél R@& Volumetric
The cl ean-up processes_are usual I%Fconprl sed of

CTEPHIEISEH 264 s e fiffiultAgrstosn and frgpspoe et theyserocarbon fucls
o 9= bl BRI S L, B, e i
Adifeeudigtis the yse ot ‘é&lsbpxocemsdu‘s’der “reformers” to convert the hydrocarbons to
a hydrogen rich gas stream which can be used as a feed for fuel cells. Hydrocarbon-
based fuels, such as natural gas, LPG, gasoline, and diesel, require conversion
processes to be used as fuel sources for most fuel cells. Current art uses multi-step
processes combining an initial conversion process with several clean-up processes.
The initial process is most often steam reforming (“SR”), autothermal reforming
(“ATR”), catalytic partial oxidation (“CPOX”), or non-catalytic partial oxidation
(“POX”). The clean-up processes are usually comprised of a combination of
desulfurization, high temperature water-gas shift, low temperature water-gas shift,

selective CO oxidation, or selective CO methanation. Alternative processes include

hydrogen selective membrane reactors and filters.
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hydr ogen sel ective nenbrane reactors and filters. -1
WD 2004/ 090649 PCT/ US2004/ 009939 Thus, nmany types of

wo o@mIman be used, some of them hybrids w th POBEEE1004/009939

fuels, but the ideal fuel is hydrogen. If the fuel is,
for instance, hydrogen, then the conbustion is very
cl ean and, as a practical matter, only the water is

left affth@k, hiiy tyPeshifFaélp @l BOusHAféhe SOMEMMTbIHANwWath fossil fuels,
t he heat and the consunption of the electricity. Most

r babiths idaphifhelbisehydieges. (&f dhe fyptisr Hr Hatncpripphpgen, then the

a i h .
oS A PerfRATHEE, 407 phEAEy (FART BudER bt left afer the
maissipatiod and/or otisubhtiobarfetht beht sel thel tqplsemptidaiol ans electricity.
therefore emp "fuel processor" that_ processes a

pafest ecaddy a%E%Y@t @elar(ﬁau aatuzpl a3, prorase gnd E?SQ?H@&Uéigeéfﬁn the less
SthSaBU f e ¢ OF
M gns 3 gég?gpi gﬁg%ﬂlugl%gia%ﬁl ?fl?iﬁ’llof’?é‘?e i1%‘%%’%61 i iRt molecular
s slysetoret | Sdme Muakivell implemensafione theréfoteeeraployian“fael processor” that

conplicated mann t,o produce the hydrogen for  the

£ SEeetsi p P g a0 B AslahS S B dnegh et used to fucl
Waltefuel @ir, and a fuel, and 15 reformthe m xture.

Thus, the fuel processor nmay have a separate

subsystens directed to delivering the water, air, and

fuel t ] X e oduce the .proces ‘ .
ek 28 S R T A5 NE RbaP (058D g sobstaia
t hembat ef subsydiemd likdractdnd Jonglrs®ed nheadr odti® the hydrogen for
controll ed duri,n% the m xi ng process to achieve a

& Fush cebnpissiingiences drivelipecspcmight reiwaias afadnd a fuel, and
p . r .
PEABRAR RS, TELE ATl P AR A
i to deltamingaht edhterpaineand filkkto b ehiging subsytan eés produeelthe process
canstitutes several smaller processes,. each of. ich

P e e ATOREro A (SR i a7t Jheh and process
ARS8 aRf conftBB&I AHARIthE hSing PERISULSEhiel € IR WoRDosition for
etc. may generate an_ 25 error condition in the

offer pracoss €edtgre dndeprepansciéstoorefooming. hdbe wmixingagbyystem then

S of ., these err.or conditions warr.ant shuttjn

ey e iR Pk 47 Mk BB iR B e plthed oner. The
| réformidg "rBedssl QBIf cofstitliRl sBv@slesRMert prBEdEads] ¥ach of which may
i ncludes a control system that nonitors these types

oPogk phadiffarent fenpertirerand giesticons and shuts down t he

fuel processor. Upon shutdown, an operator or a

mai nt enance technician ascertains the 30 cause of the

shut dowmy emr o€ diese ighantfes pheBIurés) detip@ntutdse efcu@hay generate an

processor .is. brought . back i nto operatijon.
error condition in the operation of the fuel processor for a host of reasons. Some of

these error conditions may warrant shutting down the fuel processor until it can be
corrected, i.e., a “shutdown.” A fuel processor typically includes a control system
that monitors these types of parameters for error conditions and shuts down the fuel
processor. Upon shutdown, an operator or a maintenance technician ascertains the
cause of the shutdown, corrects the problem, and then the fuel processor is brought

back into operation.
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-2 WD 2004/ 090649 PCT/ US2004/ 009939 The invol ved
design of the fuel processor 'frequently spawns a

waldoitiogashs problemin this context. A shut downPCBUS2004/009939

usual Iy initiated by a single shutdown error
condltlon This condition is referred.to as_the d I
"firstBig Imvolysdedesion of dthef gl Psocsssor Hiequeptly ispayns a difficult

[y nr t t Shtd
LB, SO Uil 5SS S o
C&mﬁaﬁmue ATy cordytidohie réfened tohas tha &firgowdeBlowevers thehaffects of the

b byPieny T ereatcr el TR BHOAR BT G an TRIGRTS other
thamowader&h E&Rﬂl‘i’mﬁl | Cbﬂﬁaﬁerﬁfyr Oy e Eat ehening MBksbor is shut

was the firstout 1n order to correct the problem_ The
pdmesherefm‘ctmbe detyenamiyhsmigdonn etior esinditings Pesellowhhe operator or
error con tlons was he f| Sk. O
el ISR e R A e T, B e e o, RBfmine which
r R8Oy ifiidoutdh odder k@ asitect th‘ég%‘tﬂ@n dhelpeagts ofitke détferrmhﬂlg which
probl ens nentioned above. SUMVARY OF THE INVENTION 15
rofithe sivdda crapiranditions Fas thedira ot sithbe ne épd el ti on
in a fuel processor has initiated a shutdown of the
fuel processor are disclosed. In general, the
appar aTluspregen éivahtisn & diteutedlto tegolvings ovbdieast redvcingatileast one
nal s, each corr s onding to one of a plurality of
heBrab RHAPRINed 389 i ndi cati ng whet her such
condltlon Is present. The shutdown initiator signals
are read wthin a predeterm ned wi ndow. At |east one

20 of the read shSUMMARY QF THE INY ENJITON ndi cates
that a,cor ondi ng fir.st hutdo ondi
occur r&dnd th ‘éﬁPP’%ﬁ@E& f?rh%e ¢oyres B’Y}H%f I(#’ %n " %uel processor

Sﬁ‘é&ﬁﬁ%d‘%@ﬂﬂt&d\nﬁﬁoﬁﬁe fidN Brdckdsof QﬂétdlscT&%d appasalsthe apparatus
i ncludes, in various aspects, a controller inplenented

| g\enarat«zsomdurahtg @fpwmaslmmmr signalp.oepeh meEgsRapding to one of a

h t hod S
&n {eiﬁtﬁexﬁlgt (i,on {ulo{)lns é?@{l@iﬁ\ﬂgéx{ﬂ%ﬁ@%‘sﬁxﬁ%oﬂmﬁo is rRresen’c.
t Tﬁ‘e éfﬁitdftﬁi(?h iniRgtoBRbelts A DEA Withio lﬁEdéEHEuﬁRAerBS' TA‘eleast one
i nvention may be understood by reference to th

fof I SHEdewR dRitaier SIEAREndiRatED 1ol AT acite fiys shutdown
agoq{aﬂp MG 9&?3{\%?@%@'& eé’\’tﬂec&rfe'sﬁ(g‘idﬁlrfg V\;]s?@ l?cdown condition as

nunera 5" den ke e enents
the firstout. The apparatus includes, in various aspects, a controller 1mplemented ina

computing apparatus that is programmed to perform the method and a program

storage medium encoded with instructions that, when executed, perform the method.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description
taken in conjunction with the accompanying drawings, in which like reference

numerals identify like elements, and in which:

FIG. 1 illustrates one particular embodiment of a fuel processor assembled

and operated in accordance with the present invention;
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FIG 1 illustrates one particular enbodi nent of a fuel
processor assenbled and operated in accordance with

w0 b@4pemsent i nvention; -3 WD 2004/ 090649 PCT/US2004/009939

PCT/ U82004/ 009939 FIG 2A - FIG 2B detail the anode

gﬁie: 983y Iggbzeﬁ;]é ?Et(ﬂ%uf‘ rOL o%gn%“%as,:? {Zgrggnc? the autotherrnal

C@éfs&@értwltﬁeyfubiIblusésg@tlﬁmccmﬂputI ng apparatus as may
be used in the inplenentation of one particul ar

enbodi Kbt 38fand FAGp BBseneentypllyitlpshiste Hcqpumting apparatus as may be
I
bllu%)éﬂah tl?édﬁg)lérpeﬁatlt? 1?8é<on%#)§ﬂ{$ﬁ{% gr\}\lkb{lﬁegl%g tfcl# %géseﬁ?tq ention;
i mpl en#iGed 1lhlist1tatee m)albﬂooklﬂl@i‘alﬂ rifoiomefuinctdna b&)ck and a plurality
pr i nvention; FIG, K 5 de s the internal
oof ﬁgvﬁép‘émomm%r pignals oip! ?ra%f%f IhameppPERUlar cgtbodispgy of the
| Firé:ér@1n\f’ent1bﬂ(3| uding a select block and an activate
10 FIG 6A and FIG 6B illustrate the reading
| ogi ¢ LGt hidewietsabs intdrodkstriictiestof thhbustout durfetiGnaldlodniiyst shown

Fl e s th ernal, 1 ogi.c of,the activate

b o R SR tcter B an STt IoRES: Avent  on i s
suscepiFigl §A and FIR LB Mtrﬁﬂeqaé ireEn@Nébialdrand atleveblock first
15 fornms, the drawings illustrate specific enbodi nents
hehemindd$er5;88dl i n detai|l by way of exanple. It

shoul d I .

her ei nﬁ? }7”&@ %tﬂ?e gx’tergﬂﬁgg YED { th%llgﬁ%%?ﬁiogg??% gct)\!m? th F1G. 5.
limt the |nvent| on to the particular fornms di scl osed

but on thf contrary, the intention is to caver
modi f i Aoy, mé(alm%weﬂtsgepﬁa}?dto mlilwma@fi\f%thrm fmdn glternative

deér?iﬁ,ggx% E{rl‘a\?ﬁgg ﬁlgug appsé&gﬂ@ el %c?lﬁrr%nfs%%{i Ei%%ri%%d in detail by way
DeSSRIniIE.OM sbeuliHe mﬁdéi:_sfwﬂdﬂxbwweu%atathb esceiptiod iheeit sf specific

of m@pt‘ipie%selgh)b? ?Igpq 13}1%@163;1\%3}%1%3’&9 Elgq f)&t]r%Cllllgl‘”: orrr%ss disclosed,
' B’Ql! eABAE %hﬁﬂryartﬁe ‘ilﬁéﬁt'idnbf‘sdtd Bovel A1l nfodlifications, equivalents, and
speci fication. ft wil course be appreci at ed tc‘hat

i ﬁlttrh@tlwévfellmgrmﬁhmoﬂleaﬂpmtsmdhsc@pc ud the riyoziition res, defined by the
nuneenaucf,cl ﬂ?ﬁ' enment ati on-specific deci sions nust be

nddfE Y “4eHi eve the devel opers' specific goals, such

as conpliance with systemrel ated and

busi ness-rel ated constraints, which will vary from one
i npl emrent at EL RIP BTHE INVENTION

ap p r eC ![lﬂfsﬁgtn'}é@hbgéiﬁl%n@ IR EHIBIRA € hEQEbed BYBW. ' the interest

of clanty, not all features of an actual implementation are described in this

specification. It will of course be appreciated that in the development of any such
actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort, even if complex and
time-consuming, would be a routine undertaking for those of ordinary skill in the art

having the benefit of this disclosure.
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30 tine-consum ng, would be a routine undertaking for
those of ordinary skill in the art having the benefit

wotoolpw4ei scl osure. -4 WO 2004/ 090649 PCT/US2004/009939

PCT/ US2004/ 009939 FIG 1 illustrates one enbodi nent

of an apparatus 100 assenbl ed and operat ed
accor ddfeel vllesiratdseons cutodingny et %napp???éusagﬁgr%?}gbled and

‘,]g)%gra%%ngra{céf ﬁar?ce &/Hﬁlth@‘é%gﬁﬁqﬁe 1i8hk, el ara@t?sl 00l O8mprises a

devi c Intelllus at ed
efmélqﬁibcs@mr 1ouha ﬁlelettellCE(H ah03 ¢empmtivg steviveEMShahgthe illustrated

a1 i Shiondiion befHR T HEgen bu
| Ietgg%ta% 28] QEnd tH%‘aJ el ngal | T3e3invMBfién is not limited by the

part In the i'llustrated enbodi nent, the fuel
imptessction @@ theofipk dedlekd)3s dderealartivutulyain iy Bnssmted embOdlmem

;an auto her
T R Bt D e o ol bt Rl By el
that reforng sliembsell idipier t(OATRE) flORIthir paésasrthd GBidation-
10 into a reformate gas for a fuel ceII 103,

oxi di zer 'r@iw)mnmcehn et Fofarmns 1 v 18 o BiohBigeessor 100
|s an anOdemto a koqgl%teo | %rzae%lefge'ﬁTQS) 104 that mi xes

st eam fuel’, alrr t ueI m Xxture
delivered am @mmzac(ém”j eellicly ais theoﬂmhuatéc‘nemb@ﬁim@tfimen anode

b t 106, that, de
ngsylsne{nh dail g_@ qu?qhagrtd @g)se@gabgc%%feg lsjtglgmt ﬁgzﬁ 8 air to create
oxi di zer 10dg Eﬁﬁmﬁ%’d&%&&@& 95 & PRCBIFERBSas th BRAATRS 02;

delivered to t er subsystem 108, t hat
del i vers wat frel Embsyhtenni(ﬁ)@nh@rdeil@ﬂrsmmr inprt fUeh gnatara gas, in the

A NN REND R

for M xing r2PoidUeivbiie wiRcess 10ed gas delivered to
the ATR 102; and a thermal subsystem 112, that

control s t espateat fﬂﬂlbéﬁtﬁm hoﬁet%éleht’?réﬁ"’%#’r tq Fﬂée aridizen 104 for

in a manner_describged f [
hydrocar borfnﬁﬁ@g Blé ﬁlg O (E)Jsﬁgd? (?e VE}@@?@ %ehjg?wa
| npl enent at P58 s@bsyblem 1 W] Fhat GRliversl airxbdthe exidify4 184 gor mixing

illustrated in FIG 2A, FIG 2B. 25 F epicts
one part i culmﬁ)rthpﬂ?m@ﬁ%ﬁ?ﬁ%ﬁtscﬁ@héﬁr@@Ffé“-h&%ﬂ%z@? 4. The

oxi di zer 104 [ i

feeds ATCR, I&{Fﬁﬁ %{éﬁ?ﬁ 12, Wt Cbntr A8 br@drathiits @4 et dpfation of
the ATR 102 in a manner described further below.

Note that any hydrocarbon may be used for a fuel. Particular implementations of the

ATR 102 and oxidizer 104 are illustrated in FIG. 2A, FIG. 2B.

FIG. 2A depicts one particular implementation of the oxidizer 104. The
oxidizer 104 receives fuel, water, and air through the feeds ATO2, ATO4, ATOS,
ATO7 via the lines 213, 227, 223, 240, respectively, from the fuel subsystem 106,
water subsystem 108, the air subsystem 110, and the ATR 102 through a plurality of
check valves 226. The reformate gas feed ATOS5 is from a water separation system
(discussed below) associated with the ATR 102. Exhaust from the anode (not shown)
of the fuel cell 103 is returned to a water separator 248 (shown in FIG. 2B), that
separates out the water that is drained via the solenoid valve 206 to the drain pain 219
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ATO7 via the lines 213, 227, 223, 240, respectively,
fromthe fuel subsystem 106, water subsystem 108, the

w@reo4masdy st em 110, and the ATR 102 t hrough a PCT/USL004/§09939

of 30 check val ves 226. The reformate gas feed ATCG is

5 L T AR S B bt 1T Fomae 2iline 220, The

(fadl, aftpwnd deBfdraed ddédk refich ak®3IndrS nliRddiNaRe trRix8r 252, before
mater separator 248 (shown in FIG 2B), that

Qn o the tak 2dtadrihe preielizes 1 Q. aTlreteswliant nisture is then heated
S §%|2 to the drain pain 219 -5 WO
Z%B%élg%ﬁgh %%2004/ 009939 (also shown in FIG 2B)
and supplled to the oxidizer 104 through the Iineh229
The f ,air, an eh drated anode return are then
m xed i ﬁltrﬁ&‘ilﬁ& @g 2hpdegradizerfdoderctsceives Srelhwater, and air
t ko a@‘lﬁﬁf sﬁlﬁ?st@x’ﬁ' FUGZ Ql'ie W3tk B%?s{e gbé,a\% St{lg}eﬁtlygtﬁ)sgfﬁem 110

then heated by the electric
r direvgh g feedsFATDI2ATQG A T3 dverehe 1idds alsozzrzeaad \ZES descnbed

e o s oL D SRELAS BRI 98 AP

t igceligh ovbiethE aes2 ﬁTﬁﬂd 2858TERer 1 61888 colI NG ! 'W’@t%r r?eltéwed over
242, and 225, described above. The lines 211 and

aithe liteoR2Scanisas By eoislaskd ceil 960 Phxgheatid ain il ﬁu:émlmre 1n the tank
r 9@@ 'hg%g tl?@é({tltélﬁ? ok‘ LS (f%c;s%% %81% %g’é te%\%lé}gih glﬁf 21%1'% %%Siﬁ%d in the

receive

ermke:tsmi ai proi2ided td i ATR! B3P ehirdughntle free] ATROL 64cf thd)line 264.
4 heats the contents of the enclosed coils

2&@ t?ef istyented to e pxhanste@3ithropgla ling 265. 262 and

provided to the ATR 102 through the feed ATR2 over the

line 264. The oxidizer 104 is vented to an exhaust

263 t hifbgRBaldpiate o6 partitblaF irfple@Bnidapn of ShoRGR 102. The ATR

e ol ptdles i) Taiagags peisge. Soeldine TRrONR el Sxchangers 278
NHIE eRYSicNBEer$93BANGRES of e h8AJe@h8deld 8786RL&TS temperature

256. Each of the heat exchangers 278 receives
t @cm@ﬂlad wrater froomthegh¢raw] wetisgstetrld thavhethemes@70 — 273 and returns

3 t
P TR 21 LR o DB TR B ¥ SR S i 78
athe Preferbitadl @xiairen gq7r®x2)7@86 Nwhich Qe@diﬁé‘seﬂh@ Ntab@khown) from the
i di zer ( Pr Ox*" whi ch receives the (not shown

f therpalisabsysisry hid over B linecidiang refuens it tpea Wetee seppzatem2t8. Note
F @bt SiP Frohd tht era@eg% i(s) ?Apég jgmcﬁle 121ﬂ1strfﬂﬁ embphgl?qtn&tpgawded to the

fem(i)ngdltsupplly, foplth)ﬁ/lﬁ!ﬁd:eﬂo Bigroduct from the operation of the ATR 102 is
returned to the oxidizer 104 through a burst disk 284 and a feed ATO7 in the line 250
and to the PrOx 286. The illustrated embodiment also includes a burst disk 284 that,
when the ATR 102 overpressures, bursts so that the content of the ATR 102 is

dumped to the oxidizer 104 via the line 240 and the feed ATO?7.

One particular implementation 300 of the computing apparatus 105, first
shown in FIG. 1, is illustrated in FIG. 3A and FIG. 3B. The implementation 300 is
rack-mounted, but need not be rack-mounted in all embodiments. Indeed, this aspect
of any given implementation is not material to the practice of the invention. The
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anode supply for the fuel cell. Byproduct fromthe
operation of the ATR 102 is 25 returned to the

w@oodiogisnd 104 t hrough a burst di sk 284 and a fReTUSION009939

inthe line 250 and to the PrOx 286. The illustrated

nb di t al Iude a burst disk t hat en
© PRSI bRy Pty Be gt B s Rtebh petsontlcsmputer, a
Ofwd'rlhseatﬁﬁ& 262bdck orqgiifﬁg Qorhﬁut then @fh‘bgdc?e%rpré%sdf' & thB Gike.

line 240 and the fee 30 One particul ar

i npl enentati on 300 of the conputlng apparat us 105,

[ " GZAOR L sy b WAL 95 24THR 12 B o

npm;tessot 36 corankmivating edthi sioragd 3 BTbed AR @stehﬂgﬁdehe storage
jven inplementation is no

L«g rffl %5%‘14%@ Iécglislé eAn{ort Fandppy, @agass rmemﬁ@/ (“RAW3) and/or
2%\@@@@4&&5@% g?%%ﬂgﬂ%ﬁ@é%eu@ Qﬁgﬁufl'?n W%?éailﬁlsﬁ%o The

may be i npl efent op persona
weliokege ad1i0ois, engodt eiithok deta stagptuop 366 rqbcmlg theadtata set acquired as
or the Ii The co

AIRERAEE£B500 I PheePhs cieR £10s Wik RER @oltyare 335, and an

| BSdliediesn 365, STRE Q6L $81eFfactOR AGRARITYEY qﬁtcbfmnwmwﬁh Qr @€flay 340,
310 over a bus system 315. The storage

i Herlgaents aﬁamlrmrﬁa@e aAa/ Giherlaﬁdmmrﬁlsc 848 mmmnpyade peripheral I/O
e such
A0 9] SPUPRL A0, U1, 35,1 Bl 6.

sproceger 309 riss &lﬁ&é@dﬁ@ cmti‘dl c&f tﬂl@t@eﬁdthgcéy'dfeﬁ*l 325, Wthh may be
stori %t he data set acquired as discussed above,

operiallygny prereng Stern SBpwh i thefaste eT{wm@mtfam is am@ked by
t
gglg’lg?é}&n% %ggtbﬁn 336, }%cﬁpg) g@? r egé:c a%® b%% rré)ﬁ{l(%lﬂ% on the

nction w
uismlemmt@mdmoﬁ t]ﬁbﬂfbper'ﬁhﬁg Bgsemi 3ﬁ(ler ffa cae SHBSWS biglﬁbdig%nt the
h key d or keyboar
LN S S T SN T B

31915n1{d# A CHBEE o & 1 5/OWHI &+ N%Ee tthQ@thQ ?ﬁér{ﬂl%é 3&\3}71%59 - can be used
330, which may be practically any at1ng syst

Kiegplemeent b eeraote entEhgenay ﬁhut«kazm swutcﬂﬁfbr ils fuml\mkmsd:ryl 005
the operating system 330 upon power up, reset, or
bot h, depending on the inplenentation of the

oper at RegrisyS{eRIG30) as Ipfevih\Rly hlekiSdeal @ FeRA0INTER on monitors

the _application 365 is used to inplenent certain
sy wdippting thepttats @fthg fagkprocessor h0kato deiemaine whether shutdown

|y b at. t he I hera
R 20 Ay MR B S, 1
egme@hrthg’ fisdh piret@esor S\ tgbhelfatel% at plerafidebf BRERHS alitidBP signals in

R turning to FIG 1, as previously nentioned, the
AR qu FORHNLIQBH pr@g‘gce each corresponding to one of a plurality of

shutdown conditions and indicating whether such condition is present. The
computing apparatus 105 reads the shutdown initiator signals within a predetermined
window. If a shutdown error condition has occurred, the computing apparatus
detects, within the predetermined time window, that at least a first one of the read
shutdown initiator signals indicates that a corresponding first shutdown condition has
occurred. The computing apparatus 105 then identifies the corresponding first

shutdown condition as the firstout.
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signals indicating the state of the fue
to determ ne whet her shutdown

processor 101

condi ti ons have

wo@ewynwd and, if so, to identify the firstoutPGHUSTHONNIIIY
condition. In general, the fuel processor 101
t down i or .Si

O G Bt e

ﬁ%ﬂamp?i'ﬁ;’% %’t’f: ngtiemna qrﬁocsk 4(510 and a

C BIur AR ON S AGo w0100 gl Pho ﬁ‘ﬂl}iléxﬁel%d iSEHH SHMEular embodiment

conditions and indicating

whet her such condition is

ppéﬂﬂémresenrhléwel@mp uEherdhuidopar iaitintor sigatsedisare lwolean signals and

Shi Aol il

fl?determned time. Wi ndow, t
0

el SHboSineat ABUNAH iniiaior SighEndd iniidallEgonominated
tRat @36051%%&9{5%@9 1 hdr

Wit hi det ermin
CrGHOLRD o siife R UGk ol Filgown iniitor
t bignglornat targ bapracatddsin dededise With oRvédi®nal practice.

In the

hat at least a first

The conputing ap%a‘krdg{ u@%%g&?{‘ﬂhﬁéﬁps%@a? 402 may be

t hengoredesPongihegniénton is siotfidoted tyothdi untrer a shhidown initiator

PCT/ US2004/ 009939 FI G 4
éklﬁF‘g ii}ﬂfll”tf‘?ﬂ @PPisrigte, there are

RS IRt ol B W A &%refore monitor no

ne particul ar enbodi nment

ofmorhikappecyd 0. iThe éntidtonsigmie48hmodideved imfhieiiustrated embodiment

occurred.

f t . -7 WO 4/ 090649

| FleRE Piiing Siomiotty FBOEEr dg Pt
bbﬁ@ﬁcﬁ%%ﬁtﬁ@n@mﬂﬂérrﬁﬂnhﬂey RiosP
signals 402 inplenented in o
BIEEiET S i AR

PR e e A TR aaie O SR

shutdown initiator 5 signals 402 can be generated in

acc
il

ordance with conventi onal
ustrat ed enbodi nEABLEOL.s

Aﬂo’

Sigh®n
402

|nH|u|HuaIIy denom-hnated

i tored. IQjghdl904Me any nu

nay he rmmtnrpd Thus,

li‘practl ce. In the
irstowh Sighalsat or si gnal s

ated—S1 - S30, are
mber of i ni tSighAD ARG S

he invention i s not

siint ed vt RGBT PRI RE shut

bei
Wi |

ng nonitored. Fowever, as
| _appreciate, there are

jg"\féwi ﬁiei jb% e 1o 'tI%n@)hﬁlzer 104 from
1 i Q’b
ations on

Séhe
non
402

nunb nt at
i tor ?ﬁghwngﬂﬂetﬁg%sggout

monitored in the illustr

0 Drac |ca
eref

| JR lflﬁel PrESSI
PR

?662321'169%)%@5& 104 from

Sher|

M

al ns

r iﬁn@ﬁ‘?ﬁ?t%re

”ﬁaﬁeo%é% fuhsd

[ naI naI Def ni.tion ST
S‘f Fﬁggjfagpﬂgg @p&rqﬂgﬁ, f upHighr@ddizerel Ggniddle bed temperature,
oxXl d| zer 104 from 1ihe tuel SJbsyst em 106. 37
SH gh_RaeiTer_ppMid freanparatiigh 1 Hagh T Osupnes bed temperature.
oxil[dizer 104 from_the fuel spbsystem 106:
6 High Tgc Top_ Temperature High ATO top bed temperature.
S7 High Tgc_Shell Temperature High ATO top skin temperature for the
exterior surface of the oxidizer 104,
S8 High ATR Inlet Temperature A high temperature on the inlet to the ATR
102 in the section 282a.
S9 High ATR Exit Temperature A high temperature on the exit from the ATR
102 section 282d.
S10 High PrOx_Exit Temperature A high temperature on the exit from the PrOx

286.




S3 High_Tgc_Bottom Tenperature H gh oxidizer 104
heater tenperature. S4 High _Tgc_Md _Tenperature Hi gh

w@xoodiozesnd 104 m ddl e bed tenperature. Sb PCT/US2004/009939
Hi gh_Tgc_UpM d_Tenperat ure Hi gh ATO upper bed
tefperature—S6—H-g UII +ge—Fop—fenperatdre Hi gll ATO t+0p-

Sbled | tHppefByde Oullét He@perhgee $rehighTempemaireioe thi gtit from the Zinc

ATQ top skin tenperature for tloxidenddergrer surface of
theloxidizer..104_ S8 Hi nh ATR! I nl et Tcmmnr

oot

ature -A-high—
Siemper@dilR@afbr Shell 'T’éhﬁferét&et hey ANER terﬁﬁ@ratuﬁe '@ reactor shell for the
sec1 ion Z82a. S9 Hgh ATR Exit sFat pgerature A high

nerature on the exit fromtlhe ATR 102 section

812382 $19, Kisgh Ifh@ér—gEisfe% JTenpe C@E;?} L%%%} the %ehvery of a reformate
t'enperature omrt Xit fromt é&g’
2004/ 090649 PCT/ US2004/ 009939

SHHQ1 Zn e eﬁpﬁ%gﬂ‘ré;it gree @Q{?hl nLe erfgrttﬂeom izer 104.

exit

sfi g *Fggggg&o;ﬁ@té)g; Rar ature @ggét ef'fmt%lg} CSitd v, catlys
Low| Rfint_DeliveryPressure A | WCBP%S Bot gpcyrwithin a sufficient
del {very of a reformate to th@cHed| 0%éune 1f3lowgyy, ipggduction of

ATO| Tenperature A | ow tenper at griglysbeonapraentsi di zer

104 SIS ATO Light O Farted ATO i ght—of —tiner .
SHxpi red, ngIeSthtatempylsalturereact iAohiglitelperttuo fou thenshifiprocess i the
a sufficient period of tine fbkladdRdofthatATRILEG2.i on of

ont 0l ot Nt 16

Wil (Shi £+ TA At A _hi nh
catau _yoL uunpunCllLo oLrO— T U" ot ICII’JCI atte—7/~A—H U"

Stenper at ur e daatrot IBSt@hi ft  pr 0¢ ®emdteicdhi®] ehetbeRSPelviadh activated.

t ho ATR 102  S17 Contr nl ESt np Renpte contr nl

SErer genc Enﬁi/geh@ﬂsw_ls&f@icﬁ d. 3t ERELeRGYsY SHtcBMak ®Ben thrown.
leen t hrown S19 Control

SE op_Swi t ¢lanfoC S’ Stviteh OP SW| tCEo RS stl%E Witk haYBben $&@wn.

Power Of f _Power "has heen turned off to the system

S20 PowerOff Power has been turned off to the system.

S21 Gas_Detected InCabinet Gas has been detected in the cabinet of the
fuel processor 100.

S22 Panel Stop Switch A stop switch on the control panel has been
thrown. ,

S23 Signal 23 Reserved

S24 Signal 24 Reserved

S25 Signal 25 Reserved

S26 Signal 26 Reserved

S27 Signal 27 Reserved

S28 Signal 28 Reserved

S29 Signal 29 Reserved

S30 Signal 30 Reserved
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S21 Gas_Detected | nCabi net Gas has been detected in
the cabinet of the fuel processor 100. S22

w@2amel0oBuDp Switch A stop switch on the contr oPCPESE4/009939

has been thrown. S23 Signal 23 Reserved S24 Signal

24 Reserve S25 .Signal . 25 erved S26 Signal .26
Reser vgﬁe S%’?tflog_fld?ﬂ&gmﬁ?l% eaf)?eaae S@Hge ng%zgﬂﬁseconds, or so.
REBE pyRike iR1Pyabibdfidden 281388 8 MiESion r&&%lsgg‘éh and so does not
Reserved -9 WO 2004/ 090649 PCT/ US2004/ 00993 The

s HnigBwensdope tafathe rineingiom| sTR030 anidlisscenvnpetial év ¢ fBaction of the

TR0 A B B ShE T Pl SR e o

netedefetminedt Wendooong @hichheadhnest i RBursTheTR}, in the illustrated
mllisecond period _is a function of the operational

f FEgodmspt sveryny milliseserdsrthaprocessppdpd readrpiGthesdptdogmginitiator
a b BES . J: wi ndow i n whi ch each
s%%ﬁalggg%rs. %E%Hﬁﬁ%&:oﬁg% ustrated enbodi nent,

every 50 m|liseconds the processor 305 reads all the

shut do initiato Si gnal S .40% ﬁ%t.hiﬂ 50 e s
mi |1 i s i HERY D Pl il SlactoWh’ | Yiken stagped; it indicates
stabale dRZshehdiftPEhitliinh SGRRIRhas! declidéll GRT 85t tﬁjegsyg%g‘f is to be

t he correspondi ng shutdown condition has occurre
t blatt domen. sYke Erstous fumctional Woek 4Qbidentifitsethicoskspoanding condition

fupcti l. block 400.identjfies.+he.correspondi .
c8ﬂ ax ics)lg dovgp 1ifiator gign o@?ﬁé Bnit algB’rm% iagsr‘fﬁﬂg) ag ﬁ‘aﬁl%oélt condition.
" Nte 18U, i gbrie Siectistihcds, iloié tHaH ton @ eliet sh@flown¥aftRitor signals 402
that, in _sone circunstances, nore than one of the

sHaY dsWPN nintthesasie scpgn b baugse, apgypf e shgidownrnitigtor signals 402

_ o . it
SHIPI O Rl £306 e 0 WSS PHAGL QB may
f be pteseiit. diterinfohabigih rghiding the bihes t'ONY shotddiviiigitiatorBignals 402

be present. The information regarding_the other "ON' )
sHualp i ednhewekcsr 108 repesting arbanglysisy| JPhuleaigepfifying and reporting
hOWRYRE kBt CERAfidsD ¢ ahy i bd Gadr@BAhL fhPY singl
and }igpo}rti ng rm{léllispﬁlg??{l%r ?%o%%/a%%%a&@?ons nﬁa%lh%ot }Ee stngle
afirsties; it apkell pseferdblet to figémidying Ingna at alhgbreeven a number as large as
thirty. Thus, the invention is not limited to identifying only a single firstout
condition. However, as a corollary, it is generally desirable to employ processors
with higher operational frequencies that, as a consequence, generate scans more

frequently.

FIG. 5 depicts the internal structure of the firstout functional block 400 first
shown in FIG. 4, including a select block 500, an activate block 502, and a plurality
of latches 506 that latch the output of the select block 500 until reset. The select
block 500 receives the input shutdown initiator signals 402 and “selects” the one (or
more), if any, that are active “ON” during a scan. The activate block 502 disables the
select block 500 when a shutdown initiator signal 402 is detected “ON” until such
time as the system is reset. The structure and operation of the select block 500 and
the activate block 502 are illustrated in FIG. 6A and FIG. 6B and FIG. 7,
respectively.

-10-
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firstout, it is still preferable to identifying none
at all, or even a nunber as large as 20 thirty. Thus,

W@ b@4fosnsention is not limted to identifying oPCTHUS2004/009939

single firstout condition. However, as a corollary,
it is generally desirable to enploy processors wth
hi gher operational frequencies that, as a conseguence,

gener alFEGS 6ANsmd"IG 6H ﬂmqt@ﬁettﬁeyrea&ﬁ? fbdee 0P tﬁtegal&:t 51dcRS00 first
internal structure of the firstout functional bl ock

480971 FsKIG.sholke shutdowg inifiatqr signghsi 49@ showalie FIGppAdlave already
3 ABERA STAFe PR e A TR LI sl g o

500FI@:L 5.1 The skhitdowhénisiefoe signalb |4 02 kireofhen Ke@aicd &8 the @ummer 602.
i pput shutdomn initiator signal and "sel ects”
oS p 1 85 o0 WAy iR ERIONG P W CTERE tréhe AY Daate 08

SeRfyn Thermasts vat ﬁﬁllR:la bno@é dhydplBs sﬁiﬁﬁo%%ogfﬁlilag&t signals 402

bl ock 500 when a s own Initiator signa
dmdecmt%tha't @Nhutdoinl cagwgton hedsmecarsed. hé. sympamior 560|4eth@t indicates

t re and o n.of the select blo
T et 4 S 81 SRS Bl Sbartin | fiSer: mare i ghe gathdown
ae@hdﬁh&‘a , WHicAREUiEdtlen id inpuf RYREflncN &Y block G0¥O
2004/ 090649 PCT/ US2004/ 009939 FIG 6A and FIG 6B

illustrate the reading |logic of the select block 500

first in F : i-Ni | i ona
B e
t bllﬁ)vﬁQﬂ\H'GPEKl Mk ssdtg8a) if SEIHGT 6 i thatresuld (qtthe 56@1péﬁson)

in FIG. 5. The shutdown initiator sjignals
ntth% ﬁmscalﬁﬁ%loblask é%b%wd@@zﬂw Thedewm m@atq&s\ﬁm@d‘m If

aggneoaf 1A R&Ef éﬁﬁag&aél%ﬂ%gl&c g}g&e{éﬁ gﬁdagvr@"g 9@ition has

s bedudednthenfuhétadnat blick 086 sndPstater®ii amd padshathreugh the shutdown

i SenBe RPN SCA Lol R LE AJgdnpiges tat

t BYaf@ov$ e FBF Sordtidh PR eI AWE malBeCANHE tHrQBkt anmhg Pemalmng
indication is input to the functional block 606

68hvitdoven tuiiaiemnsi gradls é@ohrspaised ﬂlﬁ@@ham f or t he
functi %nal bl,oc

5} 1 PRRer TR el Aol P el Ghiniie b bidiional

Oshutddvem efrBe cdnditidrsORas pHdsPuik (Had Gwd @@ nitsie sBadbWE ibilfiGtor signals
shutdown initiator signals 402, If 15 none of the

sHR mavmeifoind tatedicas g shutdowm grrpresndition i tehsampossan. This event

O S Y 1 IR B 10>

i ).t Thd fimctibg dll k4B rasdsahtqngh thd éhu&mﬁ/rshmﬁai@w\ﬁgnals 402 to see

initiat signal 402 indicates _ that a
wh}chain {cates %1at a shutdown error condition has occurred. The functional block

606 reads the signals in states S2 and S3, and identifies the first shutdown initiator
signal 402 indicating the corresponding shutdown error condition has occurred as the
“firstout.” The functional block then proceeds through states S5 and S6 to read the
remaining shutdown initiator signals 402 indicate that their corresponding shutdown
error has also occurred. The information from these shutdown initiator signals 402 is
also saved, but they are not marked as the “firstout.” Note that this algorithm will not
necessarily detect the true firstout, but it will reduce the number of shutdown error

conditions that must be investigated as the firstout.
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shut down error condition has occurred, it is nmarked as
the firstout and the remai ning shutdown initiator

WG r@nad®4902 are passed through. 20 Because theCEUS®04/609939

of the firstout can propagate quickly to generate
addi tional shutdown error conditions, it is possible
that two or nore shutdown initiator signals 402 may

be foumlGt @ deprisGat tridnsinytid %W‘“ﬂheeicft%tqu@éid so,zOﬁrst ghéwhﬁm FIG.
same scan. This event is 1ndicated when SELE

(B. eAn OFhEwstiom block 82 gletecdivany of thealptshes Fom ha$lattm2d 2 valued
1 | t h,t :
<kt B TR R Mo et 80 s BOU g Do shundonn signa

i nalue ahibresétat A aesdidt ORVIIn@iohHlodkONOH hdsPihs HRSimal number to each
occurred. . The functional block 606 reads the signals
i Pdon R $igsal. afbys gdlowangd STRIERE | tPXlemcptage fasrigrmeniutuisarh.  For

' Bkérﬁ(];ﬁé Ohe sSdoRBADR 4R%tion t”}’(ﬂgash%ﬁ s, B Jhtﬁﬁcﬁ%dfnﬂgator signal S2

S hut down error condition has occur

" fhertettoussdge THhEgH Matutral dhwalInlot Bmksmdﬂhntmed) Sewdswh lof tie@ystem.”
states S5 and S6 to read the renaining shutdown

initiator signals 402 indicate that their

corr eSR@ﬁhﬂﬁlﬁ? t& HEI 8V BAnGIIbRN ilRRIRsihaPaGY Bﬁf d coggs%ondmg

|nfornat|on romthese shutdown initiator si
i latchaiGfo BaphddichhPb cohjnsdiet-Restt ﬂtpiﬂ@@cthaﬂslatches the ﬁrstout signal

t th
L o o G5 TR b B O i v i
r Rappess dpreionsliriand tith AP SBIMTF R ek Bfpled ﬁfhddhhtdéﬁﬁl ihft@tor signal is
must be investi gat ed as the firstout. -

20burEh genol ¥sh0OKF 0ob 35 foF|aGpile ueﬁrecp@sw? on the vessel.
0
B T L

t Jmeaﬁpamhmas 3ghaformatiahadogeraet tag be aablk tdlréa’ibérﬂﬁ hbte after it
FO NOT ACTI VE signal, thus holding the | ast shutdown
sPUYHEFA 5 value until reset. A second OR function

bl ock 704 assigns deci mal nunber to each shutdown

signal, thus allow ng separate text nessage assi gnnent

t o eacRetufong newa’rthEG #htheslegendDAORy fwilmich ithe stateook the firstout

TRIGHREV AT 1 e QBT Bt b,
Shetrelavi hciidiEloms K@ﬂ}ema%% 15%2&“5%@&11&'10@@5 Gia the 16861204, The

shut down initiator S|g has a correspondi ng
| lagiend Bosicludss ielanzanish (@6108 dhatalrepms%ta Hetsepsmng pnd lacipansport

R e S T e T g L N
esvétehi (hot showndpmas S-B pl-Flep a1 Y 1a¢kbs ttl'iEﬁ“‘RESE’P’Dﬁgﬁléfl%nd outputs it
For exanple, if a shutdown initiator signal is ON and

tRathe jaciiar dileqky 40 througly s awnfiayerigdspitpe. | Khe feverted output is
PERSSHCE 597 15 Wt hout the | atches 506,
t he seeec?' %‘if g&@%g’\l}m‘ll | discard active signal after
it

The functionality of the select block 500 is enabled if the firstout functional
block 400 is not locked and waiting to be reset. The illustrated embodiment enables
this functionality by multiplying a FO NO_ACTIVE signal received over the line
504. The FO_NO_ACTIVE signal is generated by the activate block 502, which
receives as inputs the firstout status of each corresponding condition from the latches

506. If at least one of the shutdown indicator signals 402 is “ON” during the scan,
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di sappears, thus losing infonnation an operator may be
able to read only hours after it occurred. Returning

woon4neet G 4, the | ogic 404 by which the staP€r/usondien99s9

firstout 20 function block 400 may be reset is also

shown. Once a firstout condition is detected, th
f rthlgtsmwp%&atﬁéthmhe Belest lblogb § 0P dhrar el thedatehest 5 0§ttafﬂ@ activate block

I 0 I
SB0or R BohTE T 08, AROUROA gt
transport del ay, respectively The | ogic 404 receives

Cown) TheeBme 9418, BRGas 2 o0 . il 1 3% described

S 'ngféﬁhs BPAr QLG Bl B1dcks 2 5ﬂ%9ﬂ%ﬁ®’ a'i‘iﬁtdtﬂé?'tlgg@lc%éﬁtsﬂfoﬁlese elements

through its non-inverted The i nverted out put

i snayy ar sanmatmbodimentsebe enplemanted i hardwhne However, as those in the

fu tlonallt of .. th selec bl ock.500 i s enabled if .

¢ RS ol Yo AT blostie S Rt Stk climtgapalicy may

Wiletrhdilyt 6 BEple@sRitd il Rethéd hatawhRt &dsoFRRE NBRL choice may result

enables 30 this functionality by multiplying a FO_NO
Ssgrgmstralé@e PRAREIdy equstrhiats, ph @V@o&e persenal preference of the

F CH{ V] v K.

SR Byl I o L S o

eamlnlmﬁg tigs geenstiongo faegid ictrbwits. FTHwe) ﬁeft&eﬂo@ttﬁ he€$undhiofal Hlbck™ or a
st, one of the shutdown indicator signals 402 is

cﬂpp i 1,s,g for filae g]é]gﬁated smbodipent aalernge 4@ a block or section of code
PET /. 9
A DOl ARG S i o

bkwdhka h& 0@ aravdieroenti Sidwer, ditembtiedembodimeatsrmaethoose to actually

si gna in FIG ei ved. The

<1 EREReR B fohiong TR GurereRinitiohy Seic@beee,  and FI o

7 are described 5 in terns of "functional bl ocks,
“flip-flops,” and other logic circuits. These el enents

may, i ffhE@n@t Mb@pmna@ecmeﬁ il mnbdnvqmtlhar wwzhrteplcally be

wele A tﬁ 12"" in the art B’ t he, benef.it ev1ce the
t HPR'SHeRie 38 ﬁ? e a&pﬁBP%’é’P%‘te prg %f’n%‘%“i’%‘ﬁ%’lg &8

maympiith atahys 309 ihFIGEBRNFEM. 3B. ght ﬁk@tmbm&w3eb@éncoded on,
software, The choi ce nmay result from desi g

c &rsvpapkn dhe demsedle. Berfloppaidinks3 17 andipe Hie gnical disk 320. The
p?fe%&{l ?\%éﬁ&?r er?r“%r%z urlc{]lﬁ e%o 1g|e§#1rg2?§§)eg{f2 t leingutmr% aé)paratus

I propeatemed nupatorngthe hl&tlmnlecrfahda iventior. Ok another aspetts the invention
Thu reference to a_"functional.  b]ock" a
* frcfysles p GEPSTRE stqrage dayies; e ol o msHgsisws ah when executed by a

rebg ﬁﬁfged Grafusd ?c.lfrnpﬁle @65 ino@fifon 1 N, for

[ nst nce, the ap | cation own in FIG 3B) that

emul at Semlahmrtﬁmnsatf the defaileds deshnpndsm;rlmbmneare kcemsequently presented

However , Iteé‘{;atlve enb dd ments . may. choosebtlo .
il a software implemented process involving symbolic representations of
operations on data bits within a memory in a computing system or a computing
device. These descriptions and representations are the means used by those in the art
to most effectively convey the substance of their work to others skilled in the art. The
process and operation require physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of electrical, magnetic, or
optical signals capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at times, principally for reasons of
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is inplement this functionality in hardware as
initially described. Thus, at |east sone aspects of

‘WO badjormsgent i nvention wi l | typically be inplreEOSEA4/009939

as software on an appropriately programred conputing

device, e.g., the conputing apparatus 300 in FI G 3A
FPEIMeR usar&?etq Tederrto dhese pignalngs Bds. dARiSeslerats, sgmpls, characters,
e - %ga q?1 e 310, the floppy disk 317, and/or

the optical ~ 0. The present invention therefore

includes, in one aspect, a conputing apparatus
progra dt erfor e. nmet hod, of i nvent i
anot hemgblé@{ Then WV@HPP‘KEV% tha ﬂi}l%ﬁ g’ﬁ?f erms are to
she ra@%w@&y 'vﬁﬁl BRCAIREH IS BriAsd] rmu@égs aﬁ(h ato ny@aa? convenient

execut ed q% conputi ng apparatus, performthe ne
fabﬁlseipph it theee q@@tlﬁgmUp 1 Fesificatly tstrsecion ethreeise as may be

SCFI t s. herein ar n ente

pnaéetfg t'hg u§lo1f)1t1 o é)reis% Pre dﬁbers Oglgg pignS Tef (fler to e action and
Spﬂi@@dsb@of aPEleaii alidvacts it maaipatads @ﬂ&ra@@foﬁimﬁ datblrél‘jresented as
Wtihin a nenory in a conputlng system qr .a conputing
debysie! (fpriEasic anranciyt i 5reptisHY Ipapities avitin sons ebﬁ@@Ol@lﬁ glevice’s

0
con{:/%y lﬁ?tﬁgo@%bspa a%%élh{g %E%S?{HIG%% %h?%? tqﬁélﬁtgt SKI' "}édh © storage,
I or tidnéradsmhissibheor3Bisplag ciesiean oExgneylatyi ofh thiee tpuing edenoting such a
physi.cal mani pul ations. of physjcal antities,
ug%%srlpswn fHougHht fedeny i thy tPHESe POSTEINg; es computing,”
t akfolififg f’ord&e%fmrﬁh e kiR %'m o MBEAGd e, Or Optical

signal s capab e of eln ofed, transferred,
conbi ned, conpared, and ot her wi se mani pul ated. It has

proven onveni nt at t.inmes, .principally for.reasons

P8 VoTBe G B s bedimeES 48 b300 850 vel i RaR g onfl as the

r ﬁ‘fV@ﬁtIdel’nhﬁ 88 en ol BN Rsctiebd ﬁ1 dl‘fﬁféﬁe But &{uwmt ?nanners apparent
aracters, terns, nmber s, ik

stmﬁhlp@h‘ skéllesbinrige iart having, thmbm@ﬁé pf theﬁaachmgs hgrein. hEéléhermore 1no
aﬂgntiﬁgﬂsj e 1 %{1 f%{ ﬁetcf%t 1? o?%oﬁ‘&ﬁ%ﬁogto?%eg%ﬂg Iilleltem shown, other
appropriate phy quan

C €A E3 @emcnbécﬁbeltl&, alpiphd Belot:vo ![mssmemﬂmtevfid@;s thdﬂrﬁhESfﬁlrtlcular
speC|f|caIk¥ stated or otherw se as ngé par ent,

e
t APbedjpwsnts disrdossd ebayr may Se alsigd or mofilied ala%el? Syl Wigtions are
[ ;

g(grlﬁgdg}éﬂ ﬁ'ﬂﬁlnrartl‘ljﬁre”sp{he}?xgss gﬁr{cgﬁq{rig Elz&%eg{rl%? %ttzgl‘ﬁﬁrfg(l)ﬁ the protection
r squghtkartiads asset fhryisindhe clomisdsfiowni c, nagnetic, or

optical) quantities within sone electronic device's io0
storage into other data simlarly represented as

physi cal quantities within the storage, or in
transm ssion or display devices. Exenplary of the
terns denoting such a description are, w thout

limtation, the terns "processing," "conputing,"
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"cal culating,” "determning," "displaying," and the
i ke. 15 The particul ar enbodi nents di scl osed above

wae@4ioddewst rati ve only, as the invention nay PET/US2004/009939

nodi fied and practiced in different but equival ent

manners apparent to those skilled in the art having

the benefit of the teachings herein. Furthernore, no
limtations are intended to the details of

cOVEAIUES COAIMEResi gn herein shown, other than as
described in'the claims below It is therefore evident

that the particular 20 enbodi nents di scl osed above may

bé. al t & exdthor foodettingidingnchiah kosdititn waa ifedlipposessoréas initiated a
consi dere in the scope and spirit of the

Wi t
i ﬁ%ﬁ?‘?’%ﬁgt@cfﬂ‘grpa?w&?% COESPEot ecti on  sought herein
| s as @ﬁ 50 ;§t IuPalftggf SliRddP REIRY signkds, Wdh correspondl% to one
2004/0 0649 CT?USZO 4/ 009939  WHAT I'S CLAI MVE
met hod for eétaephiralitnpiwhiutdeveondidifiars aml andicasing whether such
processor has F‘ i tiated ta 2 shutdown of the fuel
processor, 81?45 PR SrPéeseg generating a plurality of
shut dowedidyl the sln@dowh BHadten si@al wikih 65 bR iged Windoe;
4 of a plurali tﬁ’@df shut down conditjons and indicating
whet hefletseigte wEhiadhe predefsrrniged ﬁle@éﬁmdow thetzadlergt ¢ Fest one of the
shut down i n'r zida lﬂ{tdcﬁ)llrg kigto st ' d eﬁﬁ{ '1] Qcﬁ‘gespondmg first
wi ndow; 7 detec W EhrnoE B &rm ned “t i
wi ndow t hat shnitdb\eﬁsbncatlcﬁﬂ lliestocarreeckpfand he 8 read
h I h
corr ggmwﬁa' %é %ter%r@ffgépg’gglﬁg %%hc BHAcPRGHoR s the firstout,
occurred; and 10 identifying the corresponding first
shut do"l"ﬁe Rl d b0AaidS 1 Wierbiht8d Stfidown ﬁ]ltléEbpSIEi%ﬂpﬁféhﬂE signals
claimi1, wherein the shutdown initiator signals
i sticatiog sit derst one dfi andinslgsiradgteatpetaturst awmmdediredrpressure, and an
und Si rﬁ?d ten%)etr ature, an undesired pressure, and an
uidRaes Prca it ration. 3. The nethod of claim 1,
mhereln the shutdown initiator signals include signals
53i ndi qat nigh&t of @aigt 1,0Meeréih the blﬁi@d&“dﬁim@ét@ﬁﬁgﬁas in@lude signals
h fuel essure, a hi gh anode tailg oxi di zer
siliGafing @h@éﬁm (o 2 log m% Rresfielet igh lﬁg‘-‘é@reéﬁurm ghigh anode tailgas
[ [ r
B%‘a%zs%%égﬁ%{ iy Ahigfa00R, W SRR (ilibanye, bigh
t enmkertaﬂgzrseox@zhn ghid aad)dempanat@asa highdinpée tdilpps skidiver top bed
te erature %‘; nper at.ur e Ethelnlet tg. n
Fiem P tai S Zetrett‘?ﬁé 1 fROAPEEHULe, adygh temperature

f 6RMhE Kflet to an autothermal reformer, a high temperature on an exit from the

autothermal reformer, a high temperature on the exit from a preferential oxidizer, a
high temperature on an exit from a Zinc Oxide bed, a high temperature in a reactor
shell for the autothermal reformer, a low pressure for the delivery of a process feed
gas to the autothermal reformer, a low temperature for an anode tailgas oxidizer, an
anode tailgas oxidizer light off timer expired, a high temperature for a shift process, a
remote control emergency switch activated, an emergency stop switch has been
thrown, a control stop switch has been thrown, power has been turned off to the
system, a gas has been detected in the cabinet of the ATR, and a stop switch on the

control panel has been thrown.
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10 autothermal reformer, a high tenperature on the
exit froma preferential oxidizer, a high tenperature

woepoandexdt froma Zinc Oxide bed, a high tenpkPCHUS2084/009939

in a reactor shell for the autothermal reforner, a

| ow pressure for the delivery of a process feed gas

tq the.aut ot her reformer, .a |ow tenperature for a

a%ode gg‘?l’ﬂsgog)rﬁjd?l_?’é? irarvﬁ]er%iﬂo ecﬁ’é‘ﬁ?@‘ﬁ%%iﬁéﬁtzw of the read
| sRtowh finitibide si@3Ri ih@late @ ik E&?&%ﬁgﬁ&ﬁé @irdt Qhulown condition
shift process, a 15 renote control energency swtch

abey eastead inghndsadetgeniningshaghe fiist ohe bdthe Megdown nitatns signals is
a«gRmt rol stop switch has been thrown, power has been
turned off to the system a gas has been detected in

t he cabinet of the ATR, and a stop switch on the

cont r oThpamethobas digign 11 Hiuohwd. condfrisidd0dRAPKMID AR Pon of further
Pg/é52004/,0099.39 4., The method of claim1, wherein_
dETHERYR FUHHAE SieRs 1 Pibse@ivat predetrningd dmeswidaynandicating that
| RirleAbRfd 9B Rid Bl @Arbaat the corresponding

first shutdown condition has occurred includes

determ ning that the first one of the shutdown
i Ai ti atlbe nuithpdedfscliim 5, GRONTCOMpEsifig dEteeting withh the predetermined

cl ai 1,.further conprisi i bl i ng .detection .of.
iRy e, send; oife; PR BY g\“ﬁ‘ﬁ’éﬂ‘ff’s iffatoy b%@ﬁag% rfflglcates that a
peqeepenidhg sstohd BRutdb W enRlitidrdhgakémeed hat  furt her
shut down conditi ons have occurred. 6. The met hod of

claimb, further conprising detecting within the
pledet dheimathod gf glagy 6 Hathes compwisingosteriag thehinformation that the

S bt AP WLt WA beHdRtio 'a%@%v.grédf‘di cates that a io
correspondi ng second shutdown condition has occurred.
7. The method of claim®6, further conprising storing

t Be i nTbe naethod dfhelpim he fisthen rdnphisingown lewndint | @h storing the

has. occurred., 8. The thod .of claiml1, further .

C B RrEh g st ot rrond fign hag ORHE i G Shipvingfhat the frst
t fiaftddviecddditidn IRWtERMg. condi tion has occurred and

di splaying that the first 15 shutdown condition has

occurred. 9. A program storage nedi um encoded w th
i fst r ubthregEn: sgrage medime secoded withyinstauationp thasrwhen executed by

p ] i I.ch condition in a
PEENRBILE pBBLAT niod 19} SiPuh I ML BSRRB bivcliel i Bessor has
pmdteasoshutdonipof the ig] p@eesbAcb@rising] ural i ty of

shutdown injtiator signals, each corresponding to one

20 of &eYSTatngIa Rlyragty shiown iavistarsigsals, easd corresponding to one

I ndi cating yhgt NELBRMSP shutdown conditions and indicating whether such
condition is present;
reading the shutdown initiator signals within a predetermined window;
detecting within the predetermined time window that at least a first one of the
read shutdown initiator signals indicates that a corresponding first
shutdown condition has occurred; and

identifying the corresponding first shutdown condition as the firstout.

10.  The program storage medium of claim 9, wherein the shutdown initiator
signals include signals indicating at least one of an undesired temperature, an
undesired pressure, and an undesired concentration.
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condition is present; reading the shutdown initiator
signals within a predeterm ned w ndow, detecting

~ wowvdhiommeshe predeternmined tine w ndow that at PERES2084/009939

first one of the read shutdown initiator signals
indicates that a corresponding first 25 shutdovvn

ditiqQn has occurred nd identifvyin
cc} r esﬂg’r‘?dpli‘PéTaFli‘ rsgqra&%wam of oheim Por el{l rfée shutdown initiator
f 's[éﬂé@uﬁlclulig s1g-1rﬂfs RIRGGAMaP 1A R 'T7 Efggésme?’a high fuel

1
wherein the shutdown initiator signals mc?
S|pg¢$a1lus |anh1ghaanqtﬂg mtlgaseazsmiimnheabér temperadersi metligh anode tailgas

cORELie BT Pere b RGP o Gbieh 6 XM URBDt Gobsgre o igh

1hno&_6h@ul@ﬁsp gLidines k6 BEE t&ﬁﬁélﬁfﬁk@fa Righiib&s taM38E SkidideRQop skin
shutdown initiator = signals include signals indicating

atiemagiaiurg e high terpsitingeon pheddlar &0 an Hitgthetmpé|reformer, a high
?gﬁ‘péérﬁatt%ﬂ 4 e,l Qfé %ﬁllt éﬁ{c}&gﬁlg ﬁ{otlge?ﬁqag%%fgfgf(e?r H%ﬁtterﬂperflture on the exit

t éimeaque&nuh]li cgdildlaémdmghaﬂeh@a&hﬁéloﬁl abedxitdrembedine OX1de bed, a
t erature, a high 5 anode tailgas oxidizer top bed
BIPGTaBITe 3 #TGROR FRAUEIOF el 6@&3 hgmairefemer gplogiprgssure for the

t RGO, eproé’esg1 gy éa@"t'@ﬁ{ea%]lﬂ&ﬁeﬁ{hltrgﬁnh&] Gloly Qe crature for an

aut ot hermal™ ref or ner tenperature on an e
f apode Imlga&tmdlmrnah aneﬂmrtan@a,s mlﬂnguh llglearrpﬁfr e expnmed a high
the exit rom referential oxidi

f
¢ St Goh P EROESS b RS e 2gat” Syt agiivated, an
t QEREIALY 5@ IsWitBh h&AR 'Ehr@%l 4 céiftfol tsﬁ)ﬁ s@Jﬂ&HhQ@Bé'éﬁlthrown power

refornmer, a |low pressure for the io delivery
plh@%b@@ theed oyt the sysh@n,amgaﬁt lpsrbean detettod methe cabimmpf the ATR,

rature | as OX|d|zer an anode
tal gggc’posﬁlt&pfgrtﬁef ?Od]ﬁ%)? ES Wled a high

tenperature for a shift process, a rem)te contr ol

erIEr germy sugtaeistaaid wrtliRegh ofblaire 9 enty deketgSthat e first one
% been thrown, a contrql stop switch has been
S, regb whwtdowa sinfiatos dghaedd dhe engodedemsihofeindicgtes that the

g@g E’s@%nﬁﬁﬁg rﬁlgleglﬁﬁ&cﬁ’% h@mﬁp@n 720 L& ﬁglﬂﬁgﬁ-drgiermlﬁglg that the

a stop“swtc e control panel 'has
t Hﬁtrsiwne of the shihidopmanjtiator sipoalage‘Odi um of cl aim 9,
wherein detecting that the fi rst one of the read

tdo initiat [ theecode
I ot e rPoze R e SRR RO Y < dhe, Pasgi mothod further
C @Bﬂphs&ndlﬁﬁﬂmgc&étécﬁl%ﬂ ofh ﬁirblﬁi? Sshﬁtﬂb%ninﬂia@& 5i8adls tilSsubsequent
first one of e shutdown initiator signals is "ON'.

oprefgtermpnedpmgr wimdowsr sgkcatingi that dhrtberashvtdownhemditions have
t ggcumﬁpded nmet hod further

14.  The program storage medium of claim 13, wherein the encoded method
further comprises detecting within the predetermined window that a second one of the
shutdown initiator signals indicates that a corresponding second shutdown condition

has occurred.

15.  The program storage medium of claim 14, wherein the encoded method
further comprises storing the information that the second shutdown condition has

occurred.
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conpri ses disabling detection of further shutdown
initiator signals in subsequent predeterm ned tine

wowrmdoss4d ndi cati ng that further shutdown condPCT/08204/009939

have occurred. 14. The program storage nedi um of
claim 13, wherein the encoded nethod 25 further

rises detecting withint erm ed wi.n
CHE L R abrereoriote B Fheren %Fn%qd@& gpeghod further
| REpAE&Sat 1AL ot ST rﬁ%ﬁ.ﬁé‘ ﬂifﬁﬂnaﬁféﬁcﬂi&t tBd it QMM down condition has
condition has occurre 15. The program st orage

medewrdomdglisplayingithaihe fiedt shutdewr nowtigen hastdvodired.
further conprises storing the information that the

L R e

mediditionf inc b afusl Grosssr ehasy titated co dadtdawinhed tﬁél r fubB fprocessor,
conpri.ses at | east one of storing the information that

t REPHFEE" shut down condition has occurred and

di spl a TciTT e

bt ggﬂ&aﬁﬁ?& pfu?ﬁlt{rj'toi; ?&uﬁ?&(}%ﬁ? il dfﬁgﬁjdl &1 @&?espondmg to one
met hod for déftae pl’urahtyl opfwtiuedowib conditionsi aum |1md1aatﬁ1|ge1;vhether such
processor has i.nitiated a shutdown of the fuel

processor, CBHBPE SiMigMGenerating a plurality of

shut dovendin the 8hu@fowh SRSy si SR WwaRI EREQAEIGed QiR

of a plurality of shutdown conditions ‘and indicating

whet hedetegidng witbidhe prﬂdeﬁegnmﬁéélmwmﬂowrtbwt hepst méirst one of the

shut down inifj.a n Wi t hi deter m ned

wi ndow; detréea(‘:lt %}(lr%do % lgttoﬁ esb%jlagd E}d&ﬂfﬁ é’&{ #j figresponding  first
wi ndow t hat sﬁﬁtdb\eﬁtsbncmlcﬁﬂ K&tocomeefand he read shut down
initiator signals indicates that a corresponding first

shut dod#enéibriag thesarpwending dirstshutdgya coadition pythedirstaut.
correspondi ng first shutdown condition as the

figst oq'the %1 J G&n @95@61&5‘91?% 11‘?rth uﬁigmgtlator signals
vvherelnt n|t|ator si'g I nc

surgzhalesmgmls amilcatglgaat leesiséneoof anfurﬂasuﬁdd‘&mplemﬂure, an undesired
t enper at ur.e, H eS| red essure, and an undesired
CB%EIH?’raé]fil AFmagere fﬂ%ceﬂfr@)'ﬂ;‘g"am“red conput er of claim

17, wherein the shutdomn initiator signals include

siignal Thepedgeahingd céthphtePst c1AfL1 BiwlRrdiR Whe dBldown initiator signals

pressure, a high fuel pressure, a
include signals indicating at least one of a low fuel pressure, a high fuel pressure, a

high anode tailgas oxidizer heater temperature, a high anode tailgas oxidizer inlet
temperature, high anode tailgas oxidizer mid bed temperature, a high anode tailgas
oxidizer top bed temperature, a high anode tailgas oxidizer top skin temperature, a
high temperature on the inlet to an autothermal reformer, a high temperature on an
exit from the autothermal reformer, a high temperature on the exit from a preferential
oxidizer, a high temperature on an exit from a Yinc Oxide bed, a high temperature in
a reactor shell for the autothermal reformer, a low pressure for the delivery of a
process feed gas to the autothermal reformer, a low temperature for an anode tailgas
oxidizer, an anode tailgas oxidizer light off timer expired, a high temperature for a
shift process, a remote control emergency switch activated, an emergency stop switch

has been thrown, a control stop switch has been thrown, power has been turned off to
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20 high anode tailgas oxidizer heater tenperature, a
hi gh anode tail gas oxidizer inlet tenperature, high

W@nmdeotedd | gas oxi di zer mid bed tenperature, arpdn/gk2004/009939

anode tailgas oxidizer top bed tenperature, a high

anode tail gas oxidizer top skin tenperature, a high

t E?Pp%&is oSi5rhaE heeT fFtattod in e calisl Abfeeh [Rewt wrsiop svitch on
hitg e dn@ PSR! s bR ti@bwneXi t from the autot her mal

refornmer, a high tenperature on the exit froma

preferential 25 oxidizer, a high tenperature on an

edlt f dbspzegrameedrimpuised! clainhil hwheeaipaictcting that theafirst one of

r aac far.. ot.hermal reforner, .a. | ow.
p?gesge%r'&eﬁ@gc{rokxinhgﬁ%%ﬁe \s/%ir‘%/ls aft tée pﬁp%rgme%}sgfggm&agl\g[c&tes that the
t herrespbndihg rifred shuefoornmesndittor] BYY bestPRA ahsli8es’ @te@hining that the
anode tail gas oxidizer, an a_nqple tai | gas oxi di zer

I %@qﬁpngpfthpishgﬁo‘@;g prifiaer signals Bh'QMenper ature for a

shift process, a renote control emergency swtch

ag{iva , it

B %2 xaRpIGCAGH 0P AL gL et metvod
h&gthse e¢pnaprisne ddisgbling odetediBn WO A0ME 0HOMGI initiator signals in

P US2004/ Q09939 ,t.he system. as has_been detected _
TR B e Emned HaeATRRoRA dn oS v B ST conditions
chste dcupénel has been thrown. 20. The programmed

computer of claim 17, wherein detecting that the first

ope of the read shutdown initiator signals in the

ptogr athe dressemeed; ansiareaf elaim 21hevhebein dhe awpgmninreg method

fi I rred include

B O e o (s REE G et 3 scoond one of the

| stitdeawmoinigitgngifsals Sididabds.thatla cdfeppridifs s6osRd sERIABWH Yondition

o% claim17, wherein the programmed nmethod further

cOICEEL di sabl i ng detection of further shutdown

initiator signals in subsequent predeterm ned tine

W dowWghd el gathi u dd

0 e e Qe o A 108 Phogrlied method

2firthgh epraprises hasorjrreo theaimferchatien Hbat the iretdret slondpeh $esdition has

d o kng within the predeterm ned wi ndow that a

second one of the shutdown initiator signals

i ndicates that a correspondi ng second shut down

cohdi t TenpropasmeraoniRier cldm2B7, wikfiP fRYPrasMREned method further

conputer of claim 22, wherein the programed nethod

f SAPHIRESES BlolRst pae el sprrg fig mf%mﬂmfb&#bt%ﬁ dhsttshatdopiecondition has
- frt C .24, Th

R i in BP0 oy R e By

met hod further

25. An apparatus for determining which condition in a fuel processor has initiated

e

a shutdown of the fuel processor, comprising:

means for generating a plurality of shutdown initiator signals, each
corresponding to one of a plurality of shutdown conditions and
indicating whether such condition is present;

means for reading the shutdown initiator signals within a predetermined
window;

means for detecting within the predetermined time window that at least a first
one of the read shutdown initiator signals indicates that a

corresponding first shutdown condition has occurred; and
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conprises at | east one of storing the information that
the first shutdown condition has 20 occurred and

wale@plognsitng that the first shutdown condition PEBEUS2004/009939

occurred. 25. An apparatus for determ ning which

condi ti a fu essor has.initiate
shutdon%%n?q?ﬁéd? %8@§§5? ;&glﬂﬁgdﬁ@%ﬁ§n@%Pn as the
gdistbait | Ng a pIurallty of shutdomn initiator signals,

each corresponding to one of a plurality of shutdown

Cc gditi ns and 25 indicating whether such condition

i g pre tappﬁ‘égﬁsoﬁ 61F*~mi1 e |W¥§$rftlh dhe shetdewn inHiataragigrals include

S's%ﬁisgmd%att rért foalt &ngfg%%ﬁ&%ed &‘H?é}%ré@ﬂglﬁdes?ﬂ’ed pressure, and

det'ecting mn hin the etermne
| eagndsirkd cetcenipatdnof the read shutdown initiator
signals indicates that a 30 corresponding first

5004 oo Be PP 085 0B s ST B S dttieiar,Figngls include
t bignalerindispipdatngadt i dnst oS4 Udve Gue ISi@Mfet 'aol\‘,i/\hﬁﬁsﬂﬂelhﬁressure a high

firstout, 26. The apparatus of claim?2 erein th
sARYovilgani exidizer hegieyntaneperaieteudee high garalds faikgis atidiger inlet

oishERstn 6Pl ST PRI U516 i
ap}mdlzar usp béd cerapernidibe, avitigh enstiel thRgsuxidomntdpiikid Qérﬁperature a
S s include _signals indicating at |east one of

h&ﬂfatﬁ%lperﬁ%% Shrthe udetjoan pyjathenpad Jeformer, # high Hemmr@@ee on an

t kit 43 18X 'agﬂoﬁf‘ermﬁ‘l%f”%ef %rﬁfigﬁ ?etnﬁfe?atm% A}htganoig O a preferential

tai |l gas oxidizer inlet tenper
t Qxlldgas achxg}dﬁempramw obhed ek et ameod})xﬁe bedgjh lagio ténperature in a
erature, a high anode

g‘eaptg ilxq %o?]é E}re% e]gl'é?‘t]ig% 2 ]eﬁe%sur%‘ or ﬁlpeg livery of a process
t RRPhSiche aﬁ’t@tﬁeﬁﬁal‘ Rf@el, & 1@@/ mb@rﬁlﬂﬁé ! anha%foﬁé Fﬁ?fgas Bxidizer,

hi gh tenperature on an exit e aut er m
r &F opade tailgan ogirlizes nhight aafl rtenfwnexpmm,exrhlglﬁ rtemperature for a shift

pér%]::gsrs egﬁ'én%tb(&greo LJerZe”rgarrgeéch hla'ﬁt ?tgﬁ%@@?@? Ea# rgreqegge&r%}r) SteO)I() switch has
r ezentthfowsi @ lcbntidlrstdph@viedht 1k e Biredro WS W has ﬁeénOMﬁned off to the
pressure for the delivery of a process 15 feed gas t

tWé egbtaogqq dRprRpery @ﬁt@ﬂ*%rﬂ thg cpbiet efrpe VETRr and @rstoarswﬂch on the
%eﬁgggq,egfflﬂgb%,ﬁr an anode tail gas oxidi zer

Ilgh timer explred, a high tenperature for a
shift process, a renote control energency swtch
adt.i vatledeppamtened geint 25 swhereisivthe edeahafor detecting that the first one

of the read shutdown initiator signals indicates that the corresponding first shutdown
condition has occurred includes determining that the first one of the shutdown

initiator signals is “ON”.

29.  The apparatus of claim 25, further comprising means for disabling detection of
further shutdown initiator signals in subsequent predetermined time windows

indicating that further shutdown conditions have occurred.

30. The apparatus of claim 29, further comprising means for detecting within the
predetermined window that a second one of the shutdown initiator signals indicates

that a corresponding second shutdown condition has occurred.
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been thrown, a control stop switch has been thrown,
power has been turned off to the system a gas has

whe@n/ogstected i n the cabinet of the WIR, and BCHUSI04/009939

switch on the 20 control panel has been thrown. 28.
The apparatus of claim 25 wherei n the neans for

datecti e f the read shutdo .
e ardy SBkheof i, 30° fidher, RimbiSSRe Slbein ey storine the
i umnmtumttﬁa\me sezond kiit@dvi asndafdiiak @8R udes

deterrri ning that the first one of t he shutdovvn
" ON' The par at us of

t |
2 I a%@ E?rgf?ti?}%?’f 1%12% P?sﬁuﬁbﬂrﬁ@mﬁlsmﬁ agiylei afgneans for storing
d @ﬁee GhfoBRath tﬂa@ rdbef p gﬁﬁﬂB% &(ﬂ%ﬁﬁo@lt Phs f?cg nal dc' n{;ihglteans for

subsequent predeterm ne

f displigmgghafttidofirst slondiwi coslitiantes @ccun‘dded 30. The
apparatus of claim?29, further conprising neans for
dggect i B"a{@ﬁftn the. edeterm ned wi ndow t hat a
second oné’ Phe ‘%l?ﬂﬁl wn initiator signals indicates
30 t hat fizcl peoces@paimdi Ng second shut down condition has
occurred. -20 WD 2004/090649 PCT/ US2004/ 009939 31.
The app&PHtUsysemeppatie 8B, further conprising means

for storinggt f t t.h econd. shu

condi tion h sd%g%léf %r@g% ZQPSF%E% ﬁﬁlﬁfoﬁlggﬁlsc? &‘rﬂOIESSpondmg
further conpri sitwg oat biéasplm'ﬂaﬂﬁyqﬁf BR&8SwhH Ofordlit¥nk B the fuel
the informati on that the f| rst shutdown condition has

occurred and neaR9oFsPr a8d dindispting H@efhﬁat such ecomidition is present
shut down condi ti %dﬁllgsthg %ﬁﬁ'tﬁ[)\%g mfgﬁtor ' O?{t%;i/lg? glr‘ﬁdeterm1ned

conprising: a fuel processor;
capabl e of: enewatdowg a plurality of shutdown

g
initiator sij ach cor ondj n 10 to one of a
plurality oﬁig%“l% d’%‘\ﬁ?ﬂ 5 q%%'ﬁ'% drf“%ﬁ@’@‘i%‘f that at least a first one
processor and i ngf Gagi fkﬂd%ﬁﬁtﬁ@&nsﬁﬁpat&ong ndall nln:%ﬁ:aﬁs that a

present reading the shutdown initiator si S
a predeternined caapRWingigstetitdngmmanditiont ee occurred; and

predet e AR LSRRy B SRRt 0 o

that a corresponding first shutdown condition has
o¥k ur r'Ble appartus of claim 33, wherein the fuel processor comprises:

an autothermal reformer capable of reforming a fuel, air, and steam mixture;

an anode tailgas oxidizer capable of mixing a fuel, air, and steam to the gas,

‘. air, to create a process feed gas and delivering the process feed gas to
the autothermal reformer;

a fuel subsystem capable of delivering the fuel to the anode tailgas oxidizer
subsystem;

a water subsystem capable of delivering water to the anode tailgas oxidizer
subsystem;

an air subsystem capable of delivering the air to the anode tailgas oxidizer
subsystem; and

a thermal subsystem capable of managing the operational temperatures of the

autothermal reformer and the anode tailgas oxidizer.
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identifying the corresponding first shutdown condition
as the firstout. 34. The apparatus of claim 33,

wob@revwed he fuel processor conprises: an aut oPCEHUSRNN4/009939

reformer capable of reformng a fuel, air, and steam
m xture; 20 an anode tailgas oxidizer capabl e of

Mm% Ng f [ nd steamt.o the s, air, ta .
cr%'at e F%e pdlﬁgérggi's% f.8 4 a% ’ é’ﬁﬁ%’éltﬁ% éP?ﬁ@WPH@tWQfC%?@S include
f erglalg dsditaingtab teastiretdTanh MAlediRl @éiBdratue, bH Yhdesired pressure, and
subsyst em capabl e of delivering the fuel to the anodde

t 4P i‘“ngS‘J(F cepiratiafyhsyst em 25 a water subsystem

capabl e of delivering water to the anode tail gas

oxpdi zate a%?ﬁ%ﬁl%t SE1aRN 38 Laskes YRl @ﬁﬂtﬁ%ﬁﬁéﬁ%ﬁo& signals include

delivering the air to the anode taillgas ox
s S1889ls tindiratimgdataleadt emerd! £ lbs fstleressaeall kighf fusBpRgiung a high

A AT Bt | et w ot BE e i
208Ap &9 %i FHCA dde30iBA: QRARAY mﬁﬁbedﬂi@nﬁé?&ﬁfétalthzgﬁ bnode tailgas

claim 33, wherein the shutdown initiator signa
i AEIdizge tons befh dpaperaigre athigly arade] teidgas axidizarf togrskin temperature, a

' rat une, . an desired pre re,.and an
B IEEGaLETBANAL 1S 10 MNOGRA e BRGE0 S Bieh HPpesitire on an
38xit fiher the autotierablutettomer, iatigh &n@erfi@na the iRE FHEa pReferential

signal s inglcatin at | east one of a |ow fuel
’gglszﬁ% & high ismpRTafyre on gp &1 diog 2 Zingi Qride hed dehighatemymeature in a

Odabto? @Hell%ﬂh%rauﬁcﬁﬁ@ﬁfaﬂéf&%ler & ﬁ%ﬁ%glgedﬁ)é }tl?eiggegglséry of a process

oxi di zer 1nlet enperature, hig

ofeedigaeto the dutotitbrmenmpéraier radowaeipefatad Gstent ot slgas oxidizer,
oxi di z(grtt]% bed..t e rat%,;r_e, a high anaode tail gas )
ot 4f%er Es SRz 4t e PRt R Highyemaeigiee dpr a shif
t fiecés8] £tenidle @&ﬁﬂteﬂ{e?gé’nwlfsw{tgﬁ Qﬁtmaarﬁed 4n I%h&g%ﬁncy stop switch has

tenperature on an 10 exit” from the aufother
r edearthiorn, a chittet] stamgyeitchthas deemthirdren,epovter haobrean turned off to the

ntial .oxidizer,.a _high te rature on an exit
PRl s B L e a7 e bineh b Ract . Kl & iop Switch on the
r em@bbparehkdsibeb@thrbwa, aut ot hermal reforner, a | ow
pressure for the delivery of a process feed gas to
t autothermal reformer, a low tenperature for an
bde thE MRPREtE PHIckER 33, avhesgin dlstecting daat th iftstzene of the read

| dnaffowal fnitfak PR ' i ratur r s
o ARl ) SPOBSEA ol Sy contion
dus iovatred, inclindenietayminiyg #iadtheSibttonl off s shutdown initiator signals is

G‘ON!J.

38.  The apparatus of claim 33, wherein the control system is further capable of
disabling detection of further shutdown initiator signals in subsequent predetermined

time windows indicating that further shutdown conditions have occurred.

39.  The apparatus of claim 38, wherein the control system is further capable of
detecting within the predetermined window that a second one of the shutdown

initiator signals indicates that a corresponding second shutdown condition has

occurred.
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been thrown, a control stop switch has been thrown,
power has been turned off to the system a gas has

whe@n/ogstect ed i n the cabinet of the ATR, and BCHUS04/009939

switch on the control panel has been thrown. 37. The
apparatus of claim 33, wherein det ecti ng that the

fiznst utdo tiator si

49 i caﬁglg a? Em{ Hi%hgefecg%lﬂg p‘gﬂ?ﬂe]ﬁ |C|°§ OJSWG? gu’t%er capable of
c studingitninfdrasition et tRtetdiel UdRIBwWARKLARRA hﬁﬂoédﬁﬁ‘édt he
first one of the shutdown initiator signals is "ON'

3 p arat us _o m 33, wherein the control
é&t PAtee of ekﬁa&%waﬁremdﬁh@ SNl ysemeistiingher sapable of at
f llléatsﬁﬁ{e cﬁ"@tﬂlﬂl%vi’ﬁe brlFhitnh AR rtléa?t g glsp sﬂ@d&%@é@ﬂfﬁ?&% has qceurred and

predet erm ned time w ndows i ndicating
s Hisplioing theribe ﬁr&b slsutéhewee comditio ted oc88redThe appar at us
of claim 38, V\,hereln the control systemis further

bl hin . d d
AR 1uEerpdiSHRE A% fh Whcleladfn GO et Leomputng

| devicapegranatd o @@treéte‘éh@ QB ﬂﬁlt(ﬁﬁ\ﬁpﬁﬁitlaiaﬂjﬁlgmhat indicates that a
condition has occurred. -22 WD 2004/090649

PESITESBOtAE dngohytdonn. copdisiondiss osewsedotnd:idshiify3the corresponding
WS Shitdd e ¢ &ﬂﬁﬁ&%s ,ﬁgﬂﬁ}ﬂtl s further capable of
mat1on tha

storing the infor t the second shut down
condition has occurred. 41. The apparatus of claim 33,
WA2r ei Whe hppacasng obdlaisy 33, evherein fherdohol s;@mﬁb&mnlﬁﬁseat

| east one o nfornmation that the firs
shut doWaIEsogﬁa ﬁ?’iefstﬁna%gétﬂ’&ctbﬁ Predgternined simg wilday thgt %tH%St a first
the first shud depnngondid | QRtddds, OhRIAdE (C)Lﬂ ﬁ?s ﬂ;ﬁl%ates that a

apparatus of claim 33, wherein the contr
conpri ses acmmmdmgﬁrﬂdmtd@mpcm@ntmnmwwrd@tm t he
es t hat

d t | that
Eg?r ezglg%%'l ng f | rs al%olrﬂl?sjlc? g%’(?ﬁgll?lgl J{;ﬁgh%?;‘ d@&‘@uF?‘édduon as the

and identi f firstdig. correspondi ng first shutdown
conditi on as the firstout. 10 43. The apparatus of

3 wherein the control, é‘setem conpri ses:. neans
Rewnnatptys efglEm 4% wheesie ellenst wee of theedejdctidgweans and the

ot A o

initiator signa cor respondi ng
first shutdown condytlon has occurred; and neans for
i tent i Tlya appardtes efolainssi mdierein & leadt oabuf thewleteeting irteh@and the

%%eﬁtﬂ?dngln?egnls Essitn%fémented in hardware.

46.  The apparatus of claim 33, wherein the control system comprises:
a first out functionality block capable of receiving shutdown initiator signals
and determining whether any of the shutdown initiator signals
indicates that a firstout error condition has occurred; and

areset for the first out functionality block.

47.  The apparatus of claim 46, wherein the firstout functionality block comprises:
a select block capable of selecting which of the shutdown initiator signals

indicates that a firstout error condition has occurred;

23



44. The apparatus of claim 43, wherein at |east one of
the detecting neans and the identifying neans is

w0 ppemene ed i n hardware. 45. The apparat us of PCT/ab2004/009939
43, wherein at |east one of the detecting nmeans and
the identifying neans is inplenented in hardware. 20.. .
46, THoShSdHaPGsCBRDE) o, HCBBE TeE T BLLGH pighal Mdicating
SySt em COoMpiSefisioft bidrion@idbn hed6ddufRa day bl ock
capabl e of receiving shutdown initiator signals and
det er rinnactiyatehbidekr capayle ofe-dchiwatittpu thtovsledtnbloplatuppn receiving a

signals indicates .that.a firstout error. condif]
occurred; gﬁ’iﬁfﬁ%& fatiater signal H’éﬁ ﬁpgttﬁ%tu% q‘rﬁtﬁ‘é{j Fgéﬁ?ﬁ@ﬁom has
bl ock. 25 AjcutHErBRNAE 3t6S 18thes Liafila bt sidhal Birsceied.

firstout functionality block conprises: a select
bl ock capabl e of sel ecting which of the shu

48t i akhsrapongies of Clainu @ Athesein Ableag o;aproét%%u%%@.ﬁw block and
I Li-Or warl3 WD 2004/ 090649
%@Q%%égg325%%§ﬁ%§%éh§g?mg | at ches capabl e of [atching

any shutdown initiator signal indicating that a

f49. st OTie spamtuscehdaiti 46) Wigscivetsesteue odnlbe Smctienaliableck and
bl ock c_apab{e de-actiyating the sel ect bl ock upon

riBe &5565 18 gnRlemeRicdiB 4O WREi at or signal indicating that
a firstout error condition has s occurred fromthe
set of latches until a reset signal is received. 48.
The apparatus of claim46, wherein at | east one of the
functionality block and the reset is inplenented in
hardware. 49. The apparatus of claim 46, wherein at

| east one of the functionality block and the reset is
i npl enented in software. -24
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