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WD 2004/ 090649 PCT/ US2004/ 009939 FI RSTOUT SHUTDOAN
TRACI NG FOR FUEL PROCESSOR CONTROL SYSTEM BACKGROUND
OF THE I NVENTION s FIELD OF TEE | NVENTI ON The present
i nvention pertains to the operation of a fue

processor and, nore particularly, to the
“}3§$&J%ication of a firstout shutdown condition in a
PR 8 cessor. 10 DESCRI PTION OF THE REPGEUS2POAAFI39
Fuel cell technology is an alternative energy source
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oxygen. More partlcuLarI fuel cells provide
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PrOgRsses combining an initial conversion process with

several clean-up processes. The initial process is.
nost often steamreformng ("SR'), autothernal
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Aldffﬁ&ﬂ@"ls HEuRHP4e lsn%gessors or greformers” 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 mulii-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 unsvally comprised of a combination of
desulfurization, high temperature water-gas shift, low temperature water-gas shift,
selective CO oxidation, or selective CO methanation. Alternative procssses include

hydrogen selective membrane reactors and filters.
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hydr ogen sel ective nmenbrane reactors and filters. -I
WO 2004/ 090649 PCT/ US2004/ 009939 Thus, many types of
fuel s can be used, sone of them hybrids with fossi
fuels, but the ideal fuel is hydrogen. If the fuel is,
for instance, hydrogen, then the conbustion is very
as a practical matter, only the water is
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QL. £rror condltlons and shuts down the

AR
fue?ﬂ pro%%%gorpmﬂﬁgﬁmg RTEHEwn, an operator or a
mai nt enance technici an ascertains the" 30 cause of the
shut do Iclzeog{ﬁcts t %ﬁgr oblem and then the fuel
processo FESFH 0 EPEARESoffc: may generate an

error condition in the operation of the fuel processor for a host of reasons. Some of

these error conditions may warrant shutting down the fiel processor until it can be
corrected, Ze., 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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design of the fuel processor 'frequently spawns a
difficult problemin this context. A shutdown is
usually initiated by a single shutdown error
condition. This condition is referred to as the
" However, the effects of the firstout
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apparatus generates a plurality of shutdown initiator

signals, each corresponding to one of a plurality of

s hutd qule@ﬁﬂﬁﬁrénﬁ&smamdctédnd ke3éliing @r whedsh@uciiyC it least one
ondi ti.on |s The shutdown initiator signals
crPé ei"g‘?vgdet erm ned wi ndow. At |east one

of t he read shutdown initiator signals indicates that

a correspondi ng fIrSt. c-no|t|on has occurred

and identifies MRS N shut down -

condi Al @Rh&@Band! dpParktid Sk Qétérm:ﬁﬂigewﬁﬂp adnaitieh irth HR1 processor
di scloses, .a controller inplenented in a conputin
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R8N @ Plurdin bAGRIIRE | iMRIGNGSER Jeabh thirdspeiiding Qb loRd 6f a

at mhen executed performthe nethod. In_a first

gy o chidars %OHB'F% 9 jodicaiag Wheiher Spoueandivan i prgsent
Who G it @R sijpRlshrd M1 withth 95RIAAINANidd! iAa1as e

shut down of the fuel processor, conprising generating

PE e fead phuidown igifiatprovignalsi indiates that 2 spwsrRpndingefirst shutdown
CRhdiSstPIRR Sofifrell An®HRntifRE 113 dBird Eﬁ{dmgyﬁfefshﬁchm BdMdition as -
condi tions and indicating whether such condition is
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predetermned tine wndow that at |east a fast one
tstppage medium encoded with mstructlons that, when executed, perform the method.

In a first aspect, there is provided a method for determining which condition in a fuel
processor has initiated a shutdown of the fuel preeessor, comprising
generating a plurality of shutdown initiator signals, each corresponding to one
~of a plurality of 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 correspondmg first

shutdown condition has occurred; and
identifying the corresponding first shutdown condition as the ﬁrstout. _
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read shutdown initiator signals indicates that a

corresponding first shutdown condition has occurred;

and identifying the corresponding first shutdown

condition as the firstout. -3 In a second aspect,

there is provided a program storage nedi um encoded

wi ftha pesgnd areedt.ohee istfratidedrhpngremetugecndijuna cotfaliv et instructions
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i nitighar s ey 1 t
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appar at us O;OHdlao ¥ rrr%ﬂ}n ng which condition in a fuel
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B P B PR 143 g

cor r espondeadgshusiown enigihton sighalsr tidicatys dfat shesdeponding first
conditio nsshlﬂ&&vn condition has occurred; and
' identifying the comresponding first shutdown condition as the firstout.

:

C

~ In a fourth aspect, there is provided an apparatus for determining which condition in a fuel
processor has initiated a shutdown of the fuel processor, comprising:

" means for pgenerating a plurality of shuidown initiator signals, each
corresponding to one of a plirality 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

-3a-



i ndi cati ng whet her such condition is present; neans
for reading the shutdown initiator signals wthin a
predeterm ned w ndow, neans for detecting within the
predeterm ned tinme w ndow that at least a first one
of the read shutdown initiator signals indicates that
a corregtggﬁdl.yegg‘ti rst shutdown condition has

occur r B gty 198Uy sthe qogespopding ififsy ishujdewre condition as the
cdrgtegpondi ng first shutdown condition as the
firstout. In a fifth aspect, there is provided an
apparatus, conprising: .a fuel processor, and a

cont r ofn x{i&h aspectapabiserofided ge npraattisngpraprisingr al i ty of
shutdomﬁ%riotis%tor signal s, -each corresponding to one
of a plur '|?e§ ghutdovvn conditions in the fuel

pr oces g contahsystemadiubleiofg ‘Whet her such condition is

present readi th ut initiator signals within
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predet er mi ned - t toTensVof O Wb oRlshk8AM cBndifidst inO{EE fizel
at

of the read shutdown initjator signals indicat es t
a correspondi n{’fof‘fsf‘gta“grﬂﬂ%m VisHher shén cendition is present

occurred; and iseding thei hEdbWAE ireid QSRAD Wileh & bfedlierm:
ohut down' condi tion as the f1ret out. DER LR ingd
OF THE DRAW 2% nventi on may be understood by

reference Wetedting witein RYbrodbte@REd fiRd viRow Rk Qﬂea@s%ﬂrst one
conj unction w tot} t he acconpanyi ng_draw ngs, In Irch
n

li ke reference °inififereads shidown; fnftigtork sigodle niadicates dlmd a

in which: FIG &m@bﬁkﬁﬁgﬁ%@ﬁm@%&%ﬁb&ﬂ&%ﬁcﬂéﬁ%%”em |
of a fuel P({Hcl)ce.ss r assenbled and operated in”

accor dance Qiying 2t} algdogin: condihon/y® the firstout.
2004/ 090649 PCTI US2004/009939 FIG 2A - FIG 2B
detail the anode tail gas oxidizer and the autothermal

reformer of thekHRseTePPRI® b THE DRAWINGS

The invention may be understood by reference to the following description
taken in conjunction with the accompanying drawings, in which Hike 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 6B illust

FIG 3A and FIG 3B conceptually illustrate a
conputi ng apparatus as may be used in the

i npl enentati on of one particul ar enbodi ment of the
present invention; 5 FIG 4 illustrates in a bl ock
di agram a firstout functional block and a plurality

vﬂ.‘fzo? wn initiator signals inplenented in one
(U]

ar enbodi nent of the present invERVPEMOEPE,
5dep|ctsthe|nternal structure of the firstout
functi d%Gt 28| oFKGS B detaid Hwvwmodd tilgdsGoxidizer iand kieCinfghemal

se}e%ﬂw%lﬁl@wcégh ﬁld/il,te bl ock; 10 FIG 6A and
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nodi f i & ‘bﬂlgstmma ipd blevkmizgrdny @ firstont mnmﬁal blooke arll Pl HIgHS

il ts herei escri hed i
({fuﬁh{d%ﬁ 1&18%8 Xan'pg%ﬁglh ela urfe dp g’ﬁd’g}bg IBIBIH cr)} the

detail by way o
hd?KEBO’@ﬁnVE’Fm t he description herel n of specific

te L”é 0 oL Sacpfslfl inte RS bt Efflch ol Yogk by
Git including iaselead blodwamd am hdtwate tilof)k, cations,

cqi Vil g 4 B8Rkl SR (R LR A0 BB

spirit and scope of the Inven
2 Gheppiafd&dS; @Mu ms. DETAI LED DESCRI PTI ON OF THE

!arN\e/ Egrefg??l | ’}bdeehﬁ%ﬂe%t{e% y @%‘gﬁjﬂenatcg\faz bel eél%%ﬁ%]b(? Rot

all features of an actual inplenentation are described

in thi f] ' Lt Ll of -
ggg " SSRGSkt Yok NS F i
i e drayings ifbstoaisspecifid entedinghis (hBreBapEEdn‘BécEm deil 5y REP

goal S, IéJ?ﬂ&oBﬁ be%‘l? s V?‘et 5&%’%%@%5% ec:| fhﬁspecmc

bupbadinents & ok mﬂendmiristlmm the mvenion wthunphrhcm@rfynﬂs o W2

[ an Vor e
agm gm at e a‘tih%sub he® laet?/eﬁ%eﬁ ’Pm@fi?agl"fs e@QE?FnFSf and

@we%fa&l@wwlthmrﬁwcapns wand 13eppe Wi hedinbention O UEfind® by the
8&5 aglg%for those of ordinary skill in the art
ng t enefit of this disclosure. 4 WD
2004/ 090649 PCTI US2004/ 009939 FIG 1 illustrates one
enbodi ment i A q) ed aa% oper at ed

i n accorda A4 He
appar alilugratigderctmdinrents @ tha invention are descnbed below In the interest

of clarity, not all features of aun 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 apprecjated 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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fuel processor 101, a fuel cell 103, and a conputing

device 105. In the illustrated enbodinent, the fuel
cell 103 is a Proton Exchange Menbrane ("PEW) fuel
cell, but s other types of fuel cells nay be used. The

invention is not limted by the inplenmentation of the

cel|] 103. More particularly, in the illustrated
Vel

Wtht, the fuel processor 100 conprPEEES2440P3R
nodul ar physi cal subsystens, nanely: an aut ot hernal

ref or @6, @ Mdales 108 ddMRbiREY bO raﬁrsapf)ﬁ&u@ib@i akdefBled and

reduction reaction that reforns the f)ut to the
f PRSFatsd in @ecqrigpoe wigh the @resent invantiogs Jﬁlﬁﬂm@r@t&s 00 spmprises @ |

CHikd pra&gsor a0y, hdlice®nod’ Ma)comﬁ\img Qevick 1038, Eltﬁé"ﬂhiiﬁkﬁd

enbodi nent i S _an anode %as oxi di zer 104

t pafodispents the dijebegil loﬁwl’rﬂfaﬁ Ex apgeMembrane:(; ’) pell, but

MhikérUfyBesdst BMETCAIE: Ay BePhRE es’ﬁhef BIOtIBAS's 1Rt Bl U3 the
102; a fuel subsystem 106, that delivers an I nput fuel

( Fnlementatiopeaf the ﬁ%elwﬁéw?’r More pastiquisgly i therilbestiptad erahodineent,
t e ARKprEdcdBF 10bQhm s §Ev¥r'aﬂﬂoduﬁ§ﬂw§1@ﬁ ssPEERS nankepd 0as

delivered to the a water subsystem 108,  t hat

del i vérs wit @Fotb@m@héef@saea CAIR L A02 thek performs the exidation-
the procesgaulcagsirddin 4at to¥Rhe the (i1 g6t 10 IR ﬂg%roc@@olamb
subsystem 110, that delivers air to the oxidizer

for nixi ngnioAgefornate gasdrgiend edklOBeed gas del | vered to

the ATR 10 o:adisks 3! r\ﬂﬁéh A YRS YRiaRY tidodikidatis ag anode
control s t enper at ur es i n he operation of e ATR 102

in a mannetal ﬁPés’ESldlzﬁfeﬁA?Qr’)t e thas aiveswy steagos el ﬁ’é‘talfatﬁyfeatc
hydr ocar bopgaByixk: déﬁ@éilecfA aarapﬂ,césg féed gf% gie%'k%z

i npl enentations of the oxi di zer 104 are
i |1 ustr at et fichsybsystenp )06, Filﬂt}iehlgs aQSIPF‘i el @A’fﬂtﬁéﬂ%ﬂ%tﬁe

one parti cmh%tdd%b@diﬁé}hﬂb R fiizef 112 %Iﬂ’.‘rﬂét to ﬁgg)f]oct £

oxi di zer 104 receives wat er , rou
f eeds ATOQfeec}oa@s!ehvm@s)theAT@i% a the li nes 213, 227,

223, 240, 5%&?@&155%&4@{4@ MO defifrd Witbr ﬁ;uﬁh&b%}d‘féé} %&ﬁfor
wat er subsystem 1 he ‘ai r subsystem 110, and

ATR 102 t hinbnghntg theipmesssifeey sasrdeBrrradiie the ATR 185 226
The refornpf g Qﬂ%{ste&leﬁ 0 hEReliverd 4P mewggﬁ& 108 @@rfﬁkin n

system (discussed bel olw) associ ate the ATR 10
Exhaust f r#inthheroessoiged gapéeliverrdiathe AR 1§2hend uel cel |

103 is retphpet; kdshehei el ma oﬂttéﬂipegﬁlﬁe% fa&elvageﬂaﬁbn of

FIG 2B), that separates out e water t
dr ai ned w@emi@éwmer\ﬂ&wbe@@emd@m drain pain

248t 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 fiiel, water, and air through the feeds ATO2, ATO4, ATOS3,
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 ATOS 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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5 WD 2004/ 090649 PCTI US20041009939 (al so shown in
FIG 2B) and supplied to the oxidizer 104 through the
line 229. The fuel, air, and dehydrated anode return
are then mxed in the m xer 252, before introduction
to the tank 254 of the oxidizer 104. The resultant
mxture is then heated by the electric heater 256. 5

WG 340994 erring to FIG 2A, the oxidizer BORUSDED09939

receives fuel, water, and air fromthe fuel subsystem

0 hevnra 5 e Id i
oommntat, a4 A 8541 s A EURSHESS

11 elthrouﬂtg%feed ATO

211 oy 20d; fehydisted agade refugpare ey wixed Tinetht imies 252, baford
2 4idtradvetiqur 1o tieaid s s b egikizaly € e

r fﬂ%‘?e}gc over, t i nes 211&2% gﬁ%@#?@ﬁf@%q%ﬁgﬁ%ég

Col TGRS 2Bacei ved over the line 225 enters the
encl osed coil 260. The heated air and fuel mxture in

the ta 4 he the contents of the enclosed coils
258, 2?51,1 TR CaPE e e STAGER 104 As1ecoivosx, 362 andlai

prionas dhedtutioubdy e 86, 102 weks Qi fos! SRS TRALBYSE, 15
| i 64, h idizer 104 is vented to an exnauar
2&@‘%%‘%} %ﬁ &?Laﬁﬁae%g AHY qvexghe digesfd i 24025 angh225, described
aabbvec UTh lines 2 ERO DAY bQ e AR .10
(F:)ogcpri es eeﬁgr sta esrpg%éc;éd[‘@y ZéSL-ZEE% qmlgﬁecé‘l 2ugéi n@r and %le?
IR 675 B S G A enie o coptopowbaicAsh Vi adeived ove
25%e lilea@2b etrs taanflieal a fyes .
t rat fe rScontn 'gl I ggl(%/\‘igt gfgg fdg%%tﬁlgé@?ﬁg&n@emmemk
s?ggglg%e ef‘i"zte%ﬁl%’{ ¢ Felospdhenils 278 260,27i8ckaard theptmiketsin2h:
| tmiReted62 tati pokiaeB tod K e except |
are t he. helﬁli}.:excht ngeﬁgﬂg%h?%‘fgﬁ?ﬁeefg%l%?g?é)ﬁ Jri>&§‘:'f fine 222,
K| 8??@’?“( Grutyd toap sxhapst 243 thisughi adine 26hie (not shown)
fromthe thermal subsystem 112 over the line 274 and

return t,.to a water separator 248. Note that air
from t e iR GPictseps patislarigglementation offfies ATRUSEr The ATR

i eb ts, se | _ : |y f t he fuyel
cel | ;%f’g‘g e ror nEHIREE Al ohesCoro i
281% & ﬁilaat% 20t e Fash af the rheatoexchangassi g7 aeckivess tempratiere
28dntmllell Watdrdieh thd Bérmiads ' e 1R 00 418, Pr ox
'él'gee‘aﬁL Irg%st r.at eré]iag nli‘g%gtl&r?ggtg Oﬁ%% 0 ]@ﬁc 71l9d e%ﬂgnf&??’?’tg

3%2&3%31' ylines 276 and thedged T. A‘hﬁe)g:gmiog\apzrtpq: b echangerd DTSSR S
oo st 5 445, G o e
gmb% P2 0N s g 224 andmetwooit o a whter sepmgiot J4B.Note
atbpidioftdns thd Qater Sephirdibr 248 is, in the illustrated embodiment, provided to the
anode supply for the fuel cell, Byproduct from the operation of the ATR 102 is
returned to the oxidizer 104 through a burst disk 284 and a feed ATO?7 in the line 250
and to the PrOx 286. The illustrated embodiment also inciudes 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 ATO7.

One particular implementation 300 of the cotnputing 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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shown in FIG 1, is illustrated in FIG 3A and FI G
3B. The inplenentation 300 is rack-nounted, but need
not be rack-mounted in all enbodi nents. Indeed, this
aspect of any given inplenentation is not material to
the practice of the invention. The 6 i W 2004/090649

vﬁ%{{ﬂé]) 004/ 009939 conputing apparatus 300 may be
| Hied as a deskt op personal conput ePCI/ES2004/009939

wor kst ation, a notebook or |aptop conputer, an
enbertEnE prperiss SO0 mayrbet itplekielied ash Q{egg%%&goﬂg compirter, a
an

ap 1 illustrated in FIG, 3A FIG 3B

i ng?ikg%@hg&gebg?koo §?§°3r°°§6‘§6fcmﬁlﬂm$d@gpmﬁ@ssw qrithediker age
310 over a bus system 315. The storage 310 may

i nclud i Sk /

(e e cetftod SRR D0 b el dn PG A s G Ppgudes
T oRRs, 1S, snaoda it heia creisdtis $m T Tho sorage
s .S, engo a data structure

st %{0?% ?‘#@“‘Sa"t gmé eg&aﬂl\ég(ﬁr rBRdoRy aceess memeny (RIS, andlor

 opemavblectasaes tsaiin 23 AFoppis mgrent @8 ATens o bIRLE33Bo, 9d

an [ [ 65.. The user_interface software
33h eﬁﬁ@ol%j%%g%] Hﬁhmaﬁ BHe 5124 Foting the dlate ket mequizsd as
us@roussed ebdvacen SgdatinEhastuaeT30] BiceihiadRe WhwiRYssb Nl
pes bﬁ’ﬁﬁ&naéﬁsl /T? oégwe%%s such as_a key pad or Keyboar
35_(‘?, a nouse 35ESTgp %%ﬁéﬁS,%e?nJ%@nm%@@sﬁws4o,
goslplemnw_ Bimgbe int%rfaee B430 t’1;h_@ |usefi’{int&rk‘a€e IBELA {n_@lﬂd ‘3%&%% 70
. e ragti y any operating system
kﬁ%\?ﬁ%&?ﬁ? ke Pad i é‘eﬁ’ﬁaﬁi%é%tq BALSSEES) @ 4 evebikl 360y Thes
{ foocepper 3051 mos syat 6 OACLI P @R §RNERRE Yton] SKEwhichmay b
b - nding on the inplementation of the ¥ he
o?é%%‘%auﬂﬁ Egy},%?s&aéﬂs %’étﬁl?l‘?‘ilﬁw’%nﬁéhq g} (e eplisation 365 thimwoked by
t Hee opgrgtingcaybienn 3306 apéit poi&&duf, OrebdiP bE R &ggnmg Non the
aqﬁgﬁﬂ%mglfmto?%#)res nt |nver31t| on in a nanner
descri bed nore f AT BEVER S/t dn fheaillugirated partiogienialthe
| /agpligahioncés ic ased e indpledent tcitak SHLHE the ot IR ivention in a
egﬁﬁ&?ﬁgﬁﬁbseﬁutdom@\eﬂc& for the fuel processor 7d0.
20 Returning 1o clqw. Nete Biatthe peripher d¢vinaechn be heed
priemirmehimrentts eneIE6y sfdwn Sihdbthd A g&tegs&%?b.h e
state of the fuel processor 101 to determ ne et her

shutdown conditions have occurred and, if so, to
i dent i Repurbing tof FIGS tt Castprehubiol eavhvion ) Gl ﬂr&glilt_ﬁll‘%nﬁ(%%o%tglls :
t Elgn%}‘iﬁbice%o&%sfa 1 éﬁ)l enerates a plurality o
sht down 1 AP {1 ator P yieh mogeson! e deemminecebeitior shutdown
c Q‘leénlm lpwebeqprrad bide &, 50 L8 GlenGR the BRAME éﬂﬁglom cgﬂﬁio%.f iy
\%&éﬁl ItV Qf rocshutﬂﬁwn caondi tions and I ndicating

il Hhe’ g Procgsser 10 Cﬁflmqr@equ, dualily of hyedown initiator signals in
accordance with conventional practice, 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 bas 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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conmputi ng apparatus 105 reads the shutdown initiator
signals within a predeterm ned w ndow. If a shutdown
error condition has occurre
detects, within the predete
| east a first one of the read 30 shutdown initiator
' | ndi cates that a co
v&%ﬁﬂgﬁé% has occurred. Th
then identifies the corresponding first shutdown

d, the conputing apparatus
rmned time wi ndow, that at

rrespondi ng first shutdown

e conmputing appaleizepsooes

~ condi t i¥3%- 4dllusiyetes inrasbloek diagzai\® REOW/BRMEAD block 400 and a

PGlitrkiS20 = i]lustrafes in | ock .
At GHRGR 538 e S A 53t Bl Sl
presprigpvention: didwmhitdawn inttigtor Sgngls 403 ard@dolean signals and

pl

o 8 bl A S

R ain hegerabreted inl ac@alkheecwith espetiithall fradice. T the

ey el bR P T i S R ma iR o

ar

wi g

e G0 FER N i3 GheSi L AR

i ndi vi dual' | y “denom nat e

a

ment

Th~ S8Pwasn oniteaed. plrathtdrg,eany Inombéreof ifikihtos kp@llesh2 may be

o0l 3 e g

t ey beipgaponiterdde However, ni thbmtskifledin ghreaktswitl @gprévitte, BRre are

VI TaT TYe e inventi.on. is not limted by the
o BRackieh Sfitaiol B o At 1 RN iBBietRonlions ol herShen thotipe
HIWRS han abeyt 30n Jheinitlaior biguhls 402 dogitasd in WielillusBRET @HodkRat

i mp

et b 0GP  Bte

t at.i.ons, an..t he t{}(yfﬁrf?iglrwik“]I\/bst
an

about 30. The initiator signals 402 nonitored in the
illustrated enbodi re. identjified in Table 1
bel ow, which al so ¢b% 'giﬁsﬁﬁsqﬁf@?&lﬂ #%n of those

SiSiag al s. TA%LE iﬁ‘ FITstout [Srgnat s Srgnal—Srghat—Nare
B2 hal Def i MEEMORMS] L ow Ngl nl et Pr eSiguwal®efinition  uel
dr epsure; 1o oxLdi zer 1024 Jrom the fuet—subsystem
106 S2 H'GH RYFRTETYSr ess|reloX Helgressue o the exidiasrd 04 fom
the| oxi di zer 104 from t he |fodbe! sipBysiess Kid 106. S3 '
3 gp_TgcyRgt Tgnperaturdé H.gh_ oxi di zer 104 fneater
t enper at U eﬁMuE?gC_M ﬁe %ﬁi‘fsﬁ‘frétQ—ﬁh@Hm@%‘?fdp‘iéﬁm
104] ni ddl e bed_t enperature. tem 106.
sBgc} Ugl Sinel] | gh u erqla d tenperature.
S6_Hi g];\él‘cl%g}:Tn p%‘gér%@rmg? gr 3 l{% quﬁ%%‘fﬂ g]ﬁatﬁéggpmme'
S4enper gigr N Hﬁﬂhﬁ rahBE_Shet t U i.,gh AT
+opL-oki {gﬁ{g%—g%r_m A fagg thgﬂé.h—eIﬁE&eer% nithdle edQSmpera e.
S5 High Tge UpMid_Temperatre | High ATO upper bed temperature.
56 High Tge_Top_Temperature High ATO top bed temperature.
S7 High Tgc_Shell Temperature High ATO topskin temperature for the
exterior surface of the oxidizer 104.
S8 High ATR Inlet Temperatore | A high temperature on the inlet to the ATR
102 in the section 282a.
59 High ATR_Exit Temperatire | A high temperature on the exit from the ATR
102 section 282d.
510 High PrOx_Exit Temperature A high femperature on the exit from the PrOx

286.




exterior

surface of the oxid

i zer 104. S8 Hi gh

ATR I nl et _Tenperature A high tenperature on the inlet

to the ATR 102 in the section 282a.

S9 Hi gh ATR Exit

Tenperature A high tenperature on the exit fromthe
ATR 102 section 282d. S10 High PrOx_Exit_Tenperature

e

tenperature on the ex

%90649 PCT/ US20041 009939 S |

it fromthe Prox  286. 8

Hi gRCT/US2004/009939

ZnOBed_Qut | et Tenperat ure A hi gh tenperature on the

)ii t
Shelil
shel

@QQ‘AT%PS%

ATR 102. 813

I&{gﬁe'rrper S

| for the

ST7 H g React
zBHerFtﬂret"ﬁ gﬁer & cﬁi"B’r the Zine

26| i very Pressure

Aol awep
f uel

fenn

Rééé{o‘i-‘

103. %ur Log/“%%

nraturp for. the oxidize

f a refor

Q) §1{1Eerrzémr5\n} tg\?\}‘eactor sge]f gr the

f-‘\

#A30]
cat g

al yst

Li albChimtFodived P%Istlel g

reaction"di d not
od of time fnllnvmnn in

WE. 1941 m.

Sl 5
e IOI' tﬁé(&)é ?&? 8?‘ ae

cti on of cat al yst

Orrnaic

CD‘:

i ol

nnr I
P

s1gny

1

onentsw_AN® Telnp Barslai d T

nrafnro fnr fhn thff nr
1

CRARGK fhdp

n&“ﬁf‘?ﬂtﬁ%ﬂ%m

QCcess |

A A5
S1he
ener
An ¢
Cont

ATR 18P0 ISgh(Of ¥ah&d r ol
gency switch activat ed.
nmer gency stop switch hag
rol _Stop_Switch A contr

£ lo A
LTIT

Hest

detected in the cabi net of

wR—S20-Pevwe S —Power—has-
em Bh Sk Detmpaited | NG
L

‘ﬁﬂ‘@ph

oi

AR hipdlteripfanliafor RRGKA

e et §meO @i%u@nll ie., cat
rrg,@ Q)Eéﬁr_ &m%

Enoit i Vibiiow mtroductlon of
@%p& npohdntsh has been

een turned off tao the

frocess in the

e 282 dAsH the W THE BBS OF

S22 Panet—Stop—Swi-teh—A-step—sw-tch—on—the control

$dnel has bEerwol Fipwn.  S2BR&GI@OEInAImBRERS ¥REkh activated.

S18 Emergency Stop Swiich An emergency stop switch has been thrown.

S19 Control Stop Switch A control stop switch has been thrown.

520 PowerOff Power has been turned off to the system.

S21 Gas_Detected_InCabinet Gas has been detected in the cabinet of the
foel processor 100,

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

$23 Signal 23 Reserved

S24 Signal 24 Reserved

S25 Signal 25 Reserved

526 Signal 26 Reserved

S27 Signal 27 Reserved

528 Signal 28 Reserved

$29 Signal 29 Reserved

830 Signal 30 Reserved
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S24 Signal 24 Reserved S25 Signal 25 Reserved S26
Signal 26 Reserved S27 Signal 27 Reserved S28 Signa
28 Reserved S29 Signal 29 Reserved S30 Signal 30
Reserved -9 WD 2004/ 090649 PCT/ US2004/ 009939 The
shutdown initiator signals 402 are scanned every 50
mlliseconds, or so. The precise interval between

WOAMUNGY 2 function of -processor speed, aPEI/EBO0E930

not limt the scope of the invention. The 50

m || sabesthidoeh iffhtdSsighak 0L He%@anﬁéd é‘)@% 50&?%(5@50%?@ al s0,

fr uenc¥ of the processor 305 (shown I'n
fpderval b?""S?”e*‘éfé‘FéF Affnetpn af pasessorspoddi ad S@aﬂ@bs not

sqam ﬂ::ecs.:w;& of & Savedtiont Menel 30 Mﬁﬁsfeains%en&‘df&o? Eﬁlﬁﬁﬁn of the
ever I li seconds the processor 305 reads a the
shciﬁ’?’és E?ﬂuﬁlrcé{tog the I§?“§Fﬁa¥g 034Ghow inFIG. 3BBEnd also defines a
mﬁréde&ﬁmam VHAGRHOW which? efthV & SIS OWRisNis, 1AL qgmﬁte?

"ON' when scanned, 1t indicates

Si 402 is

hegl W@sﬂ’&ﬁdﬁorﬂ“@?ﬁ%%mewr ﬁ@Sornadqalé, thecshuideverinitiatr
tf@aﬁh@ﬁﬁlﬁﬁ@mﬂnﬁh&&)ﬂ@m&%ﬂm down. The firstout
functional block 400 identifies the correspondi ng
condition of any shutdown initiator signal that is

"ON' difrd gigenSshbden Btiaor sidnhit Y ls G@ﬁ’g’whéno&am}e&% fhdicates |

t”@t i n some,circunstances, nore n one

i\ eePsRending shytdaypyerarition bas ocmusedigad thanthe Systetrhis to be

sana ®%aN Thé Hrstonffm&RaA, %tﬂfes
O‘?nal s 402 15S thg}%l IS "blc%%logﬁdie ent ﬂ&%ﬁ% dt“%e&m&“:l

3R fprdoye duitiser ggmahibiet i SON during veen eon dirstm anditiop.

bEN ls ‘
shut dogp | Fird F‘%Féfm?a’fﬂ?ﬂaﬂ (98 b ShdoRR iBhS signid oz

hSWRAPEr O Bythe wps seamn famasarfale_\;aﬁths shuigoiviénitistersignily #ofy
anht iseRNPid e tifid hd e Fifdecht Eieh Eg]:ﬁﬂﬁ]lﬂhlg by E@M{uﬂgsi mBf

@ desirabl e as identifying on a si

epeesent.j The %@@@P’a@g@@é thed@wr PN ﬁgtdnwm Enitaoraigals 402

e\iﬁﬁls@sa%m&f/ev@ls f(&r@é{%@t %{Jlﬁsr t | ng oﬁpﬁﬁ%ldsre%orwég

ent i

|nv nis nof I|n1te
‘E‘ipg“ugfst%t) ﬁ‘a%d%tﬁ%%mwmreb@ras degdrable @@ndﬂntlﬁmg ouht almgle
g@?@ml it 1% se| ?feﬁ'e?&%'leetotx@enﬁﬂmg%np WL o nifubl} L1808

o eratignal frequencies t as a’ conseq
at BG cHAIVFRIR: isf Redireifed) dp. identifying Only a Smgle firstout

condmon However, as a corollary, it is generally desirable to employ processors

with higher operational frequencies that, as a consequence, geperate 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.
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25 FIG 5 depicts the internal structure of the
firstout functional block 400 first shown in FIG 4,

i ncluding a select block 500, an activate bl ock 502,
and a plurality of latches 506 that |atch the out put
of the select block 500 until reset. The select bl ock
500 receives the input shutdown initiator signals 402

W‘“’“é"@l”ects the one (or nore), if any, PCHES20M@089939

active "ON' during a scan. The activate bl ock 502
di sabl es the 30 select bl ock 500 mhen a shut down

initia%g %%ﬁ? 402 s detected "ON' until such tine
as the és mﬁ@eﬁaﬂ‘&éﬂ%‘leoﬁhﬁseéﬂﬁéblmﬁ 596 figt

tPﬂﬁEirﬂﬂGEJQ‘ﬁktﬁﬁ@wﬁlﬁﬂno} lfEk
0 s 208 r?& E?ﬂ&‘l& B\ég&nvgl # I@@; 6&9%6%&(1}7

! e b b By nd OB R s oftor pelatpchiscb 56D soshown

FIaﬁFIGAS alige shtviGowH Bitiakor Bighalsdd08 abd\8 ﬂ&ﬁﬂﬁ | 0 G
sel ect lJ[ﬁck 500 afl rg shown |?1 eﬂg)ytﬁr%ﬁg £602

sh CAEMA HRTTEer FRd PRt A the §@4b§OSWINEm the AQVD prie 508,
aI she\amlyu FDEES, tliinticsth wdethYark NG tﬁ@stﬁ%]lné{%r ?g&]ﬁlﬁ'zmz

%1 (g ctlvathgwgl 0 fr 502 as shown
sHﬂ GFERAREY % pRutdopg rcouditignhag oopymredyr & qomwaraton e thet judicates
s Uvirether @R2sund e e} iin | NERShRG t&{}é @&Mé”thaﬁsonkhs%thdom

E.to the AND gate 508 own I n
%gj%‘m?lo“@“‘?m’éwmt hde ﬁH}Wm&% blegke506hut down
initiator signals 402 indicate that a shutdown

condit s occurred. A conparator 604 then
i ndi ca@@ &?ﬁ& gpareppugiized ﬁ*ﬁ*Pldsag@Pb@r &he fupcional blogk 406 figgt

trsmm InSFIGDBR. thafe®ICir Sut AOP {JE i&ﬁ%@nﬁ’(‘@ j £,
rl%lct@% n is input to the functlona
FI W@eﬁ?ﬁ@mfz@mm ehuiflozy initintbosignatiel02, If
f woed bioha bhlbddﬂtﬁlkmﬁigﬁr §1EJ aft402 %Jlitt{?a%b é 't:do%n e@xAr céd&ts%h %Lse
e resu

S1, if ﬁELﬁ@ of e compari son
s TR TR é‘l@teé‘l?@ndewsmthr(m Hhegutien
s hniﬁai@\mignhlﬁlrmﬂ at Okip P{%ht&&%vn ihiiatbe s 90 %Ind}gﬁt% that a

H%?Iovmmltlaior Sig s 402 i ndi cat
SR SHRAT PISHION 8 oottt is dpatkief @s thefisstous pad thi reppkuing
6@mm¢rﬁmﬁatsm@ﬁlsaazaagas&aa§&§ghthrough the shutdown
initiator signals 402 as output. any shut down

i nitiatOrEitiithiectspfth ﬁrﬁp‘éﬁwonﬂs@tﬁ quickly kngederein additicnl
C GlldoininCiroh 36ndReA4) it i€ Possible tha th@EKE e @ﬁut&cﬂﬁﬂ Eﬂhﬁ%& ggﬁals
agg%thea:ﬁ mr&g@sutdovmmltlator si gnal's
§ {ETTE]Q}H mdssgte pshuiowa eppreopdifiarindheghme bran.f This¢ventt
c mmcmm@mmw ¥ ik OtHE SR LRthE sﬂﬂ&’dv&ﬂ ﬂﬁaéor ?@Mﬁ?%
\Iﬁnd|t|$§9 IS possible t t wo
Illth chipnal Ibpoglpzéiﬁ Hyeugh the shutdown initiator mgnals 402 to see
which indicates that a shutdown error condition has occurred. The functional block
606 reads the signals in states 82 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 nitiator 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 witl not
necessarily detect the true firstout, but it will reduce the number of shutdown eITor

conditions that must be investigated as the firstout.
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402 may be found to indicate a shutdown error
condition in the sane scan. This event is indicated
when SELECT = 1 (i.e., the sum of the shutdown
initiator signals 402 > 1). The functional bl ock 606
reads through the shutdown initiator signals 402 to
see 25 which indicates that a shutdown error condition

WOR004H2064%  ed. The functional bl ock 606 r BEHES2004009939

signals in states S2 and S3, and identifies the first
shutdown initiator signal 402 indicating the

corres I .Shut down error conditi on has occurred as
t he djfg“t‘cﬁ %‘Herﬁ&"%h@f Phthg petirisdlock Aghiinst bewed FIG.

t h. 0Ag IDRS fupiétian bRk H(Bjdef&tstlpﬂ%%qlhet Bifthes PO 2 valuod

shutd nal s i ndi cat e at t
corr e‘@ﬁ@ﬁ% ﬁ?g“t %&m 184l ot heldigg é‘@ %ﬁcsblﬂﬂm sigilab
| rifabe il reset.f AQWSdnh @Remﬁéﬁéﬁ SRR 7H4) asfsfgeé Bointh g.ﬂl?deﬁto“e%

St | so saslle baﬂt they are not marKed as
f| PdovE, leRaly g Aflpwipe tSFﬂaEateaF%'b MopsaER msngnmmm each. For

n maslsla,rthé secolRlt @GR mmtctktﬁ Hldclé §0d bdsBhOMt Sth 1th1}%11 Jl
ut%qt e nﬁ:o g hut down err or ondi t1ons

g g pesihes £y Npig! ThlpiPresure kifipted Shudowp! the System g
2004/ 090649 PCT/ US2004/ 009939 FIG 7 depicts the
interngl |o ic(ég; %he activate block 502 first shown
in FlI t%m“%rf f 2iFRe; SBdeyrhimitiatog sisnal 462 has & dorrespyndidg
t HetcH 506C [Fash ROA 308 SorkRisTRER: | | s L he
F(c)f\moﬁm{/% éu g g; e oo 14 aéﬁl&g?ﬁhe:%g{" G
si’GREE ouE ot Qe seleqt h It 500 sHhe latphes 6Mk@7¢ ONsignilemen if it
blhﬁmiénﬂs%ﬁn@ﬁ@iag@meﬂ&%pﬁa}s @Hﬂ@%ﬁ%ﬂ: O £ 8o WhiSlown nal ie

arat e message ass! gar

th |
&\Eﬁt&%ﬂm‘ﬁg}ﬁma %%WWF% ﬁés &3 dovrdkecn thmnmsummnbhe)edssei

70741&&35 th@niatchd3 €S0 the MR Hidkit $oat £t
g @th Natural. Gas Inl $eo? g{uegfgﬁgcgg uﬁlgtmg%{i e
REGFY "B s 1punation = operaivemay be #hde toaeaiogly hbyrs e it

shctmdeam initiator signal 402 has a correspondi ng

| at ch 506. Each latch 506 contains Set-Reset flip-flop

that |latches the firstout signal comng out of the

sel ectRdnnil tbR0o FGE4] @b THES '
\gan i f gg%gp%ns spuri ousli}ﬁa dt Er@%ggg\k%%&m
é%?ah’fbﬁﬁ‘e’"o Y Be eepgh iscHphavn. (Onge erﬁrmug adlitios dembtatd
t e firdtoi BeicBdrellyck @Oh renihe
r(: th cvesslél 1?%8%%‘%1@ pétFlgtt% eép‘gq% The

e

L" Si‘@r‘éﬁ udss glemensp) A0, 408 thai pmspent adlil wessiiggndb tafigpent
i telaydlies SThet e q{@g t er at or

*ﬁ AT o"“} MOS0k 4 TS Sl A0 GRS Pl
RV PGP T SR AP Bep A1R g e “HESEPsipusohotshas it
toathe actfvateltodii 408t Upsk
S§Se$ VaaetL ¢ Itﬂ[o‘ﬂ\/\t/ﬁi‘é ﬁ%ﬂ%gm;g fi rg(tP gut?ﬁtggl;h ﬁ?egp?&tpﬁ 18

tgﬁby etermmator4

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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the firstout function block 400 remains in that state
until reset via the logic 404. The |I|ogic 404 includes
el enents 406, 408 that represent a Hit crossing and a
transport del ay, respectively. The | ogic 404 receives
a "RESET" signal 410 from e.g., a reset smﬁtch (not
Shoﬁg{ The S-SR flip-flop 412 | atches the "RESET"

P64hd Qutputs it 25 to the activate BiTacR0408939
through its non-inverted output. The inverted output

S I a1, .

¢ L RRRLE) 'l PR BN A pcLer B g petiyetepiock
t heP2f vhigh i§ then ﬂl&ﬂxl,qdu nphlkd resebsigrakd MOMst shownoin HIGCK ectedhdd.
waiting to be reset. The illustrated enbodi nent
enables 30 this functionality by nmultiplying a
FO NO- AtTeigmenty of 736- 4,061 %G FIGhEB, lahd FIG Ve Jb@ibed
F G NDhA b & t he.actiyate plock
03 et s e " SORSREE PR iRl R lme
e ahY, Epsomsnbodinengs, be iipleimened in handtvive, [EEWethas ﬂ’fzﬁ@m thé

e B8e B0l R LSHE 31 ToBRLGE SR WicRondily miy

e scan
Pc:quee@adwlmglggeged intviitheri Imrqmrazqoamﬁeate.b YTht kiBoiseeingf tesult

bl M de¥ GBI% cgln)itl%(?onbu fits, f gv&n :ng{es 1%? P]‘ggegqtnce of the

bl ock
S| Qmmlerml@ thef iﬂumateg rembndlmthﬂlese deménts #re eeplmtedﬁhemde

7 %ﬁ&ggs C TOF%L@]] og.lo ?er ns %%efegﬂ‘ﬁ%‘f tlgé' tEﬂn FL&

" £ g fen” o9 Sor 'thtmlidstxaten embédigernd, referentsi th % bma T3 ﬁacﬁéxﬁdf&:ﬁ&&

T AR AP okl R, ST B

t hveh ghasdsrass lereenw Howexpp Bwaatmaf;mlﬁaﬁﬁd’enffs widg chvbdol dethally

nQ%ﬁ le{u%&qﬂ mrﬂgljd%%nte ﬂ'hﬂhﬁ har dwar e or
Yo vaare. e c olce nay ré3 esi gn
constraints, econom c constrai nts or even the

erson refer.e f the.to designer. .In th
IOI | ust ?gl%sg £ 1%’% %’ APecly Of Jhe @Feeﬂgrﬂl%mﬁ‘?ne Wﬂllrﬁ?’%??@ﬁtleed
i nﬂl@bmlentetqubmalrmgl zmhapmpmteﬂgt programfned a;gipﬁmig de6idé, S, the

Th:dﬁlgu f%{gﬁﬂﬁ%{) X{iﬁ}’ gﬁ i‘l p:ﬁ%pﬁ encoded on,

r dbreexanple, thostaragy ﬁ@kﬂm ﬂomgodlM'?ﬁzfndmdﬁ optidal diEI@ B20. hThe
C C n 365 (shown in FIG _3B) that
e cBvetlf SRRICHUAR, 0SBt pppaas

ates the function ©
I-mfiﬂmeddﬁ p@fonathewﬂ:@d‘mﬁﬂzie ireraitRn ThyanGiaQS et the invention

qEnt t hi.s, f.yncti onal it n har dware
as (%lllﬁﬂle% %/%Pgrgmé{g%& I be enc?ﬁ??s &alfl SuEHpDs ﬂ‘é% praddy 31
t [vempiting emarahﬂ,\mrfbrm}he mithdd dfylp m@hﬁqn be i npl enent ed
as sof teI rarmed conput i
devi cegw%n%%f ﬁf‘thg‘ n‘g t'l %ﬁg J& wpsapegtt JEPGSW%A,
Fligter@Bof T eftvians tuplkiented provey vl SaBelidRpresentations of

operations on data bits within 2 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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20 for exanple, the storage 310, the floppy disk 317,
and/ or the optical disk 320. The present invention
therefore includes, in one aspect, a conputing
apparatus programmed to performthe nmethod of the

i nvention. In another aspect, the invention includes
a program storage device encoded with instructions

. oHey0%0en executed by a conputing appar &twssz@@idhsr m

the nmethod of the invention. 25 Some portions of the

det@hh@disseser Ll i rein .are.consequent |

pr esent edsgg%l' % 1~tE 12{ ir?s%%? Q%a%(%? PR vaep, Hﬁ’rﬁyﬁ%dﬁx chEstes,

| nigensymEepessy eiybé like. r epr esent at i ons of operations on

data bits wthin a nmenory in a conmputing systemor a

conputiaga devi ce. These descriptions and

r epr es dribanlil ba bome & mind, howeves, this eltl ofiest: AAE Smits tedie ariib

t OLd RS ci ol i ey Lhe substance of their work
TR B i 8 b PR DA g " g el goovetit

to others s
oplbalt spphed: tlodhse quanlifissi dadlesepadifiesllpbiad Sr ofheriy Sk 6Y be

qu e I hough not .necessarily, these
qug"%%ff‘?’. Giughdhl e plovent UG, S8 OPYCHRORS prfiy s e @ctiop and
opeiPeestes ef agrelicromia ik, chay natipilates il atesdormt da EhREMRE as
CORRL; .and _.otherw.se i pulated. It has
rogent ?%%cg‘gﬁﬁ’éﬁ?&s% B o) Bt il s Flerimatvsoat
1 3stoneing0 40 a6 SmBST 5200 dd NGB! QAR WiliEABESstorhdd,
ref e dBahil8SE oS! nlgl Sl bibl s, .val (elzﬂsl el enent s, orag
symbol s, %Eszr ag’tsg%%,y TS, Xﬁtﬂﬂf}gr#, o e, depatipg suchy a
shmh@me er neithont nlimiktionoviey etermst hgkocadsing Of “tdi@sufing,”
Aporco? ol Y fhved: PRSI e merely
conveni ent |abels applied to these quantifies. Unless
tr ougiid PpRhs bibedibnty SEIGRE R e S E KPR pore
r eifvesntieromaytie rasl ficinndpecticat in dFkRASHUO EquavhleRt @S Bhparent
a1 s n BB USAE G o0 o i e nem bt chothrgpre no
opiiniitstions agruintenied tIharetdil Of GRSRICEIRG! JeBiBh Bertif\thvai, SthdO
or ooy B NS bl BePk " bbb dent et e parioutr
t rembodinents disclowed dbepinay bel elteradas moliedBARLIYsudh virfAfons are
| Bk e SUES of el 3E b Bisgion et rotection
" cavghtihesein isgs Set fotihtiethatiaing gelow." di spl ayi ng, " and the
like. 15 The particul ar enbodi nents di scl osed above
are illustrative only, as the invention my be

nodi fied and practiced in different but equival ent
manner s appar ent
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to those skilled in the art having the benefit of the
teachings herein. Furthernore, no limtations are
intended to the details of construction or design
herein shown, other than as described in the clains
below. It is therefore evident that the particular 20
enbodi nents di scl osed above nay be altered or nodified

. WO4APA64%S ich vari ations are considered WeeHUS00u/0939

scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the
clai ns bel ow. -14 WD 2004/ 090649 PCT/ US2004/ 009939
MHﬁﬁAfig%i&ﬁﬁﬁ? 1. A nethod for determ ning which
condition rn*a fuel processor has initiated a 2
shutdown of the fuel processor, conprising: 3

gener at Mehed P Hét@thhﬂ]ﬂg @Echs&lﬁﬁﬂgﬁvﬁl :i Riet ]'[:ratt,eggor gés GRS a

each corresponding to one 4 ura
s FOTAN O fB ek renseom pripnrisiag: cat i ng whet her such 5

condi t keHeratifig R HRSMA of shutdoSR ol %&W%‘H@ é)'m%ﬁré BL0d

signal s Mﬁthln a predetermned w
wi thin t he ¥r2aBraishphetdermeondivinme\end Hadicating m@qmr such
first one odondiifién ispreleg@d shutdown initiator signals

i ndi cates, that a_corresponding first 9 shutdown

condi t Fafing & shdqympitiatorigaaly withia @ pradeteiminediviieow;

corres r
o ot o anB g oSt B ey oo of the

shut down i rietd gslows inialps sipaly indisates gmalascon@spondmg first
| ndi cating dhuabR@shabehbedRed Jitesi red tenperature,
u

an undesired pressure ndesi r ed
concenidentifyigg thegoresprndipg firspehutgpwa Feridition as ta Erseih t he
shutdown initiator signals include signals s

i rdi at['heﬂ@e’rﬁbd bﬁﬂéﬁﬁn loﬁ}&r&ﬁ the shidW¥vwinUBkiadf § sl lifciunde mgﬁﬂq
anode tailgas oxidizer heater

fue ress

é?dbi?ﬁ%% at as'* 215 P&ﬁﬂ 5?1’6%31@ e Ee, i wdgsited iprebsare, and an
temaﬁﬁédmﬁﬁhmﬂmwah anode tailgas oxidizer md bed
tenperature, a high anode tail gas oxidizer top bed

t gnper a ur de ai | gas aqxi.di zer top. ski

t gnpe r 2{1 ur gtho‘?mﬂd é\‘f’ OWG‘Hme‘F%r fgnelsnciuge ﬁﬁﬂ"ﬂs

aumhxtahmg atddasireat of zﬂbw ﬁldlpxb$sfﬁxb dlﬂ@ﬂélé}irébh&e QhigdRn&k idilgas

aut o r ef or t enper at ur e

R R {“5 #heprore 'agll‘g%o%l@?"z"e'%ﬂet densfare, high

t @nq:dertalgas emdlzeramldd)eﬂttexﬁﬂimﬁql a|Zl|nQ£ a@ﬂﬁ %g&eﬁndﬁz%r 'prFH%d

ur n_a.reactor el | _for the autotherm
¢ SERRR <1 ii0d} el Oxiciagy top in demperalpss, % hidh teppEESs
f eedhe 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 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, 2 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 swiich 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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gas to the autothennal refornmer, a | ow tenperature for
an anode tailgas oxidizer, an anode tailgas oxidizer
light off timer expired, a high tenperature for a
shift process, a is renote control energency swtch
activated, an energency stop switch has been thrown,
a control stop switch has been thrown, power has been

WOZPMAMSH f to the system a gas has beenrcrarsaeb/enoion

the cabinet of the ATR, and a stop switch on the
control panel has been thrown. -15 WO 2004/ 090649

P@T/ USTHO 4dcfd@ %3 L1eAn 1T ReherdRi i ' '
det ect i ngﬁt hat .t he, fjrst eone gt?c@%eﬁétgg%gﬁﬁggg\%&wad

e
insg?tfcl%% tatqn yiepals indigptes thatsthe wamespending dirstsbysdovdi engdition
f itms bconied s GediknidpQRut R3S QRSN | ionals i
de nning that the first one of t*]%ﬂgﬂﬁ%d%%ﬁt%rmgnmm
inrtlator signals is "ON. s 5. The nmethod of claim
1, further conprising disabling detection of further

sHut dofihe imeihbi af elais i1g Hatier hm%gf@%gu%%ﬁ SF HuRf

ti j i.ndi cati,ng that

con FW%@ 5 BRI P ent @redyimingh e Mitovs indipating that
f durtheeshutiown corsiitions hes ®ehkddg W t hi n t he predet erni ned
wi ndow that a second one of the shutdown initiator

siggnal g4 ndi . a 10 corresponding second |
SOt dothd Dbl BRm § o o R SRR S i Saedpfermined
c[vandew6 thaf wr sdvend oonpf ithd Biyrddvar intgatdrhSgral§ HGRREE Wt a
t kgt : ouwn condition has occurred. 8.
The eﬁ%&%&%@%&%@%%ﬁ%ﬁﬁ@“ﬁ rising at |east one
of storing the information that the first shutdown
cdndi t Fesnmpthed efcalaim & durtharl catimisingystaning tieaifokhgtioh  thief tthe

1 Secohid!$H Q10 € -ioﬁjlﬁrac&ﬂgd_ocpurred. 9. A program
st orage nedi um encoded wth instructions that, when

e ecuhﬁjﬁ by. a conputer, performa nethod for

dét er Rt oF 12w g qompsisingat lgastoones e stotias the
| hifbratieotha T dRiMbwaTcohdiord HAS bocht: -

c;ﬁatrrqt)(;i Si ng',_g nerati ng cg pl l?r al i%y %ﬁéaﬁl%nv%thﬁtheﬁm
i o 5Pt @ouwggdeh corresponding to one 20 of a
plurality of shutdown conditions and indicating

whet hek psigeim staragedicdivnencsded rvﬁmﬁﬂnimfoﬁ@mhmhén@e%m by

S I tiat igpal's, within a predeterm ne
b SN, neflot oo W dcandion e it psessor s
winitehbed atshnatiovat of e disl p@cdsior, omBAAnL! t he

generating a phurality of shutdown initiator si gnals, each corresponding to one

of a plurality of 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 occtrred; 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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read shutdown initiator signals indicates that a
correspondi ng first 25 shutdown condition has
occurred; and identifying the corresponding first
shutdown condition as the firstout. 10. The program
storage nedium of claim9, wherein the shutdown
initiator signals include signals indicating at |east

. ERRMBR0n undesired tenperature, an undeRGTESAC04/009939

pressure, and an undesired concentration. -16 WO
2004/ 090649 PCT/ US2004/009939 11. The program storage

metl. umTeé p?d@dﬂs&ragwﬁ%ﬁﬁlw of BRin? BULAG inB skl @ ;

itiator
SI nal s, i.n¢cl yde S|gnals |nd|cat|n @@east one o?u

dpe m%eealﬁén SHRE §h lopg cqne Oﬁlﬁelg‘g el pressir, g high ks

t Qbrbsgﬂ’é igh afvie ARAE bxiliREMRLA féfn%eratﬁreh 'a%ﬁﬁgﬁ&ﬁ tailgas
tail ox1 di zer inlet tenperature
t a‘?’ﬁ“g%fg % teperrtre Helhanede g oxidirer s muhqu igmpSatarsoe bigh

t aanbw@ﬂ@x loRlidZer top®Rd tt@lﬂpérﬁﬁl@ei Rioh! bfodo Fai asg&lelagb? 48 skin
as oxidi zer top skin nPerature

t Z‘ﬁ’ﬂg Falpner & I tepgerpipicen fbs iglgt e ERtethermial reéifrmermsr high

hI tgﬂﬂperitﬁt%ﬁ raﬁlEiEif BorR thetoféintal drMet B ‘{ézﬁﬁéh%@% the exit
éﬁ% hi gh_tenperature on thé e

PBFﬁf‘?f%’I“ald%ildéqe% @rhighdenpesaure onge exit ﬁwne adncoxidebad, 2

f rgA tempdritGre P4 RSt BRbI Br thd hl%‘thérﬁm@fpﬁﬁey anbg e?sure for the

iﬁﬂéﬁ hell for the autotherm

3 Broosshised pasde fhevaeiofhegpal aefwm@c @sl%W feoweratyacsior an
th@ @l tagbd3esxiBler,” 8f
o o it &) QoM fallghs bOMRORE b HAS, Ciplie nish
| | (RPN 1Py Anshifleprests , reanot oghirol temeygencyt m@hfaouvaaed, an

S hinfebgeRéyQER THitctPhak BER R owR AlchBlol 35?{1{&9%9 fidk vE ower
ae@ﬁﬁated an_ energency stop swtc been

gen oty Shtodhg vetem.fages bascheen fatested jn mommet hﬁ&e BEBY

.t&ﬁadmﬁﬁ&mhﬁohh%caM§ﬁ lﬁkﬂ@ﬁgﬂéﬁlbeen detected in

t he cabi net of the A Is and a stop switch on the

cantro anel has been thrown. 12. The program storage
nadi U Lﬂa Progra, F{ogree fiedivas of cliim Qe Vherein dotepting fhat fhp fistt one

o thofeatl fhﬁutﬂ@.&ﬂ irBtitr kosaals | iR the 3h@RedShEMAL Sndiddtel I'i?at the
encoded net @dlcates that the corresponding first

s TRV G dBior dies eeruppt inglades dstermainingrthatghe

tI‘fﬂﬁtoﬁélﬁthefdhﬁtﬁ&wﬁﬂﬁﬁal@f&ﬁd%ﬁ@*ﬂﬂ’dom initiator signals
is "ON . 20 13. The program storage nedi umof claim?9,

rei oded t hod .fur ri ses
5 e L S e DR S A
s icgmptisss |dma1ﬂmb slegutentof farti esherd st @ktiatdr Bzl 8 QWsequent
| DGR R wablol" HhicSY! B B Huldoon® canbtions have

occurred.

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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- VOTRMENE

14. The program storage nmedi um of claim 13, wherein
the encoded nethod 25 further conprises detecting
within the predeterm ned wi ndow that a second one of
the shutdown initiator signals indicates that a
correspondi ng second shutdown condition has occurred.
Thegprogram storage nedi um of claim 14, wherein
ded.nethod further conprises st oPGTAE2q01e09939
information that the second shutdown condition has 30
occurred. -17 WO 2004/ 090649 PCT/ US2004/ 009939 16.

Th¥. pr 3 arwesitrotage nreditin ofchim o) WheliDihe WRH&I Methd¥urther

e furt her Qnprj. se t | east one of .
s{‘%?%ﬁges{*ﬁfg’ﬁs?% %0;*%%??%%" T ‘E%éﬁérti%iﬂ t shitidoa@\pandition has
c ovrdinradend fisslayingothai the ikt sl oslinsphdasongs dcdb@tedt he fir st
shutdown condition has occurred. 17. A conputer

pregra f for det.epm ning. whi ch,
D on il Bop il bRl £ mAR, b esgtatte Shion
s Hepditiom infa fiusk pragessorphasciadivted, a shaidpr of mig: fuel processor,
gqﬁﬁ@ﬁghgg a plurality of shutdown initiator signals,
each cortesponding to one of a plurality of shutdown

condi t sensstingiel phrstityod shutdpwtisitister sighnils,eactcnedpbhdd th one
present; 10 | hut down..i ni tiator .signals
within a proefrda:? g#a%%n%ﬂ;&%%ﬂ ov(\:r,()]\]ﬁﬁfiﬁoélts @3{1 i"ﬁﬁ“aﬂﬁ ﬁ'gﬂl""t"hsé“’h

pr edet er m reedditipmiepsssentlow t hat at | east a first one of

the r : i:ni:tiator, signals . ind.cates, that a
corres g%%ﬂ? ?ﬂg E@@r@? ]ﬁ%‘%%rtm%av\lﬁwggﬁa Pfefigwg Vet r ed:;
and i ddeiedtihg Within theeraletemesqcing wigddw that at kadt ad@Mane of the

(]

‘condi ti the £irstont, 1s 18 Th d,
Comput erof 2 Sblh Sl b Ruicdsi il AtormpoTine s

signal s i ribitdeln ®nditied Iss bavdirafatidng at | east one of an

undesi o r . desired . pressure, and an
undesi nggnf%]gg% gﬁﬁ%ﬁ%ﬁg Elfgsqmﬁﬂ‘gﬂ ﬁ%’é\g’éf’ﬁr@?ﬂ ut er

of claim 17, wherein the shutdown initiator signals

i i€ udEhaspragiemmed qompetan ¢ielpinad 7, whasin thnshuidbwainitiawr figels
PhEHT EmaR hdi&Rand Y€leadp", e, . i gh anode . .
tail gasS@gon;i di zer eaitegél? o_tﬁér%r)gg? ar gﬁsg;éiogﬂlﬁigﬁweaﬁ%%desmd
t JFIYES apkangndssired genesptrationper at ur e, hi gh anode tail gas
oxi di zer md bed tenperature, a high anode tailgas
0XDdi ZBhc proParBs doRIRE! ALKIEL17, IR AR Alt8RS gnals

oxi dizer top .skin tenperature, a
mc?u e signais Exdwatmg at Ieansrt) 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, 2 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 Yine Oxide bed, a high temperature in
a reactor shell for the autothermal reformer, a low pressure for the delivery of a
process feed gas fo the autothermal reformer, a low temperature for an anode tailgas
oxidizer, an anode tailgas oxidizer light off timer expired, a high ternperature 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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hi gh tenperature on the inlet to an autothermal
reformer, a high tenperature on an exit fromthe
autothermal reformer, a high tenperature on the exit
froma preferential 25 oxidizer, a high tenperature on
an exit froma Yinc Oxide bed, a high tenperature in
reactor shell for the autothermal reformer, a | ow

a
"B?@’Q‘&'{?Pﬁéf’for the delivery of a process fR&EHUZ004/009939

the autothermal reformer, a |low tenperature for an

an teeydtan, lagRas hasG¥érietRied 12 the RRALE of @b | Saxﬂxei Wi

[i tc0 fL%tirstrler expired, a ﬁi gh tgn%gﬁg&re %?p%mchon
shitt %9 agdl ?Stﬁelfgﬁ’ﬁ‘l“e control energency switch
activated, an enmergency stop switch 30 has been

t h2®wn, Tha pognmmel catmer SVbIkia 7R Berkts &&ec‘iiﬁ%&ﬂﬂhe BRYSe of

hag, n ed.off to  -18 WO 2004/ 090649 =

PCTI %%@o%‘&%‘g‘b &ittor ighals, i the, prograpmed paethod diadioatest diat o
OB PADEL o baen Lht oot SRS I inffhy bline
comu@gPptg?&cfdgl qnf,%rwg?noﬁ”et écti ng that the first
one of the read shutdown initiator signals in the
pr&fgr arfie @rogesmivsd compitenofeaih i, whekin G GRSEASAGNSEMAG]
f i fustherS Bt QWG | tion. has. accurred includes | .
det er i ni A9 tha{_t&gt o GoETHoOn, 0%%'5&8? Siidoway, initiptRRy signals in
i nfubsegyest predetprrained finge Wilows Rillicatibig @hap FRBERNIREWS SSHRIES
Of haGl Sdchieh/. Wherein the programred nethod further
conprises disabling detection of further shutdown

i n#i ator signals in subsequent predeterm ned tine

wi HdowdDs Fepemmeh gomprier dfulatine?!, siheredonn pr@RstinddORshod

1 Orudiiaky €0 MIde®8ine $&hin nqr.a d.cogputer qof claim
21 V\herng{iﬁ tﬁtggm%o r a%&mﬁg "C%P%Orv% traSE‘iﬁ’ﬁ‘gP?%g@e
de*P'é‘é?%'gltWOf P}SIHPSt catasdbié repmspedingisadadsiubRivn ondition
saposEdueae of the shutdown initiator signals

i ndicates that a correspondi ng second shut down

c ditt]?n has occurred. is 23. The progranmmed

cgﬁ‘put € PPEEPRrdroBputeR nf claim 22hwhesein ghea propeinmet hodhod
f Unttee Com@i@yl 4GRS 1Bd MdrR@tdnNGail ' that t.he
second. shut down gondi tion hggat tg%g‘%g?fegﬁ[hfﬂm c?ﬂégon has
pP68 &t med conputer claim 17, wherein the progranmmed
met hod further conprises at |east one of storing the

i @ftor métel pmgranﬂ;mu cohgutériclasih 1%%&%}@5& 50R b ORedaP R
0] | ayl .that .the first shutdown

c gﬁrgllgrtfs:ésgaﬁ ?eﬁsgé) neo‘i‘cg{?#%gl.g’ “?Jj%‘?mm tha Sherfist shutdaym condition has
deaurred mgﬂigplaﬁilg:that cielistishRfowntoRiifidadhs REQRASSOr has
Initiate

25.  An apparatus for determining which condition in a fuel processor has initiated
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 inmitiator 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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a shutdown of the fuel processor, conprising: neans
for generating a plurality of shutdown initiator
signals, each corresponding to one of a plurality of
shutdown conditions and 25 indicating whether such
condition is present; neans for reading the shutdown
initiator signals within a predeterm ned w ndow,

WOAMAEEY detecting within the predeter ni PEAS2004p09939

w ndow that at least a first one of the read shutdown
I ni ti atreeanss foy ridentifingd teatc@SspoBle Brst g&g{g&gjﬂsgl
fi@%a tghut down condition haiﬂooccgur reg;ﬂ)utan -1 B%e
2004890649 PCT/ US2004/ 009939 neans for identi fying
the corresponding first shutdown condition as the
fi%#6st odfhe apratmhed’ cipalsatwhsredf the kRidbwaSinitWoe khdls tfde
lude. signals, indicati

S Wt dafi ot d nshdnal s inc In
at Teast on dct)?etagr?nﬁér)} et ?eéﬁéhttw?’ é‘?deﬁﬁedlﬂ*@@gﬁla@g
- prigdmdgsied copggntrBioan undesi red concentration. 27. The

apparatus of claim 25, wherein the shutdown initiator

sizmal ghé j s hndi cat ing, at .l.east one of
oo el e or RSy whiith R Wllfhofh mBESE gD Grnfe
t g8 dndiceting steleashenn of 4 lownfiel mbsmre, a Righifgh pARAGE a high
t ainb@2%ail@as Gk ' er at,ure i gh..anode , .
tail gas gxi_diiﬂggfrﬂr#gre%eénﬁ% Fe[pn%ea?a{’tl%r 33,10%5 E‘Pl’é‘ﬁ SXidig inlet
t alePgeramepohigh prgide tailgasopridived nidbadetempetitere, £ hizh GhodnagS:
t ajxldgRs Mol 4N, t rature, a high '
t emper a%og?gg@ gﬁeﬁ%&gnﬂs‘g%ﬂ] %ngsg%ﬁ 6 PBiRe, R rap 3F‘BP%‘F‘?’ %
hii'géﬁ1 teEpREEYra B e iglet tonan adtienfial oeforie actiflDtchREMRte on an
I ki HBRN ' t n the exit froma )
o ey oo dobicdi b Attty it igh o et
f P&%ﬁ‘i{jﬁﬂ zlnggzgpzxa@rm ezit ﬁbxﬁ A zm:mme atd) amgihnm@mme na
I Q@eioPs rmal reformer,. a low

pr essurhgﬁf or etah{g{hge: i {/egﬁl/&to? ?og MreTe §ﬂT5{ehée€ﬂ°fg%i§°°P%§
t Heed £ to theeartetherpad fefymmer, 2 low feaperitam i =8 bidd i Midizer,
aRH FQodshi xR0 A8 o 20, anode tailgas oxidi zer
| | ghto o??lhﬁﬁr’er eﬁiﬁ ot h%eﬁw%é’ﬁecgeﬁ’nﬁﬁl? g?“ﬁﬂe’glhfr?)rforaa shift
s RIOFEsS: afFpele sentrohemesgnb e switth tactivhted; N lefhRONoySpt sitch has

agtdn\igbed, swi tch has . been t hrown,
a cont r‘gllg aSc?%{Bo?gﬁ tcﬁ }hhgiﬁﬁ%’gg]ﬁ“%%%,ﬁa%%wagﬂﬁ%@ﬁ
t SYFEEL AEPs hop bechaletegiyd indhg cabingtad el TRE®A aCkIpRSHER o e

t bent:oRARhA Bhs REn &G, MR and a stop switch on the 20
control panel has been thrown. :

28.  The apparatus of claim 25, wherein the means for 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
initjator signals is “ON”.

29.  The apparatus of claim 25, firther 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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28. The apparatus of claim25, wherein the neans for
detecting that the first one of the read shutdown
initiator signals indicates that the correspondi ng
first shutdown condition has occurred includes
determining that the first one of the shutdown
initiator signals is "ON'. 25 29. The apparatus of

WOH4PBE  further conprising means for di BEkUS2009/009939

detection of further shutdown initiator signals in
subsequent predeterm ned tinme wi ndows indicating that

f u#k herThs happeteinm of octalint if30,nﬁJrlh&V%oﬁ§ﬁ§ﬂ{gr Sfans3 Qe s‘{%}ﬁllg the
apRALA [ 9 urther conprising nmeans fo
det ect %ﬁr% ﬂ% 'th& F%°ﬁ%“fd%%@83‘@9%ﬁ%@acwﬁd ow that a

second one of the shutdown initiator signals indicates
30%% hatThe arpareiie opdini 25gfusts corprisligtatind okeTickis I shsg
OGR! N fBHnatic / PCILUS2 0 0 410 09 9 39
g ThBiod tall e 204 BRSSOt sy omoeh s g or
neamwiying thas the firsh shutdown condition bt deauretthat t he second
shut down condition has occurred. 32. The apparatus of
cl3i m Ah apdaidshesmpeiinpr i sing at | east one of neans for
storing ihe information that the first shutdown
condi t PR MAes9B@E red and rmeans for s displ aying

t hat thegﬁubr@gteﬁlawag@\eﬁ condition has occurred. 33. An
apparatus, conprising: a fuel processor; and a

control sySFRFIEE R shuiéverisitizngsignal) estlpdoriesporfing

one of & plur al Ly ol anan oL SRR i, e, be

processor and i PraPE¥r iang dieting whstheh swhn@hdilie@n is fresent
present readi ngaaiﬁgeﬂétgﬁt@m I tiator signals wthin
a predeternined w ndow, detec q%{r?ésﬁl%ﬁ”ﬁi“gﬁé’mdﬂemed
pr edet er m ned t WHdoWi ndow t hat at |east a first one

15 of the detc@R u@tﬁi’ﬁttﬁ%(ﬁ%h' itiator si.gnal s indicates
that a correspgndi ng fl rgée%u owng%ﬁ@‘f“ﬁt ﬁ“ﬁggswne
occurred; and i¥effici #5ai nghutdown c ditiats psigatln dndidates t that 2
shut down condi t§ ; f ut. ...34 The apparatus
of claim 33 \_/\h_gggeipn t He ﬁié‘gté%&ocglé%lg%%a%‘ﬁﬂ?? - an
aut ot her naFdeF‘gVJ@Sﬂ’éﬁommeﬁmSMummﬁmoaaémemmﬁi r,
and steam m xture;

34.  The apparatus 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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20 an anode tail gas oxidizer capable of mxing a fuel,
air, and steamto the gas, air, to create a process
feed gas and delivering the process feed gas to the
autothermal refornmer; a fuel subsystem capabl e of
delivering the fuel to the anode tail gas oxidizer
subsystem 25 a water subsystem capabl e of delivering
%NFQ the anode tail gas oxidizer subsREIUSEA0/GHA939 r
subsystem capabl e of delivering the air to the anode
tail gas oxidizer subsystem and a thermal subsystem
cajdabl dhorppeahiagif wlpirh 138, ohetiat the SkdowarRBhBE YWess Holude

oo R Gl Bt G350 08 Ppgordresgss, and

TH& uagssizedeonpsntigtion| ai m 33, wherein the shutdown
initiator signals include signals indicating at |east

oy, of TRNagpRARS of eflint %gp‘%ﬁ%&'ﬂ tfte sHil ounici%ﬁi t&g %gaaﬁq’@clude

pressure, ‘'and an undesired concentr
apiFaRla indicatline 4| lesineme R anlowr feklnprésaere, shhighl v phesinid, atlg

SiaghtRl gjtb4RC [ .nd] ing .at, least .one o
a |lowf u%%a %}?%Ee;&?aéé %Hﬁuk‘éﬁ&ep uzlel%?%r &%dn  aileay pryighper intet
an'GHReTIgEE highsangdy ilges oxidizat mid bednip@paituress high BB taileas
anRgEdeet &bhhbhap Ldizen. ] e rat ure,. .high anode
Lol oo b R derkhtt f_ﬁrﬁzi gﬁue%‘n;t“gérep@?%afnﬁ’?del?“at% b teRRs e, &
t 3%3“3%@?“@(? R Herinletolp dpeuttothered refonues 2 HghieGPeratiR0s an
t kit gas Wl L R: erature, a. high .

t enl:p er atﬂ%;&gg%ﬁﬁt{a}wge&?%%% ﬂigé%agri’er ﬁjfeo?l}%? et ttg‘l"”gf‘ Brefrggntialy
hiogHiZre#iih mperatiigion am exti Ofiex b Zink Oaite bh 2 dish GRERES in 2

r ef16h [ on the exit from

pr.ef e{%ﬁtl {Oglthg a%%h gl z e&?oﬁ%iﬂgohw H&ipe ﬁ’éﬁ?ﬁsﬂw ‘%1" REYGeES

f f5HB3S o he @utoskprnal tgfineraa hinglampe@atme fiata hfodeRaifas oxidizer,

I g@ ; : : .ot hermal] reforner, a low .
pr egﬁsﬁ{eet §l¥bgir b)tﬂgig&dfé@?\? g:rjl)&/ﬁéorf 3P &c@% tomeapre for ¢ ghift

-t HOCHE agiRele prafrol esfergenr witth ladivated mp @maipdicd stoplswbh has

aped bk, 38 %roP Bz n_ anode tai s oxidi zer
i ght g‘?ﬂf" i m?égﬁﬁég?s%&%%é%wﬁ B%eébg%%mwﬁ off to the
sHISTR. 7 gasgied bess detecied: jarfixt exbnondiithd ATREMGQREY sSAA 64the

Aldntr¥Blafd hasdBerSABRGENCY stop switch has been thrown,
a control stop swtch has been thrown, power has been

tyrned off to the system a gas has been detected in
tte catf Aeaages of KlimPR, whevein aletsetivg teatithecfirsoonet dfethe read

cshntdo@h iR |sighas iddReRs tHaf B orresponding first shutdown condition

has occurred includes determining that the first one of the shutdown initiator signals is
SGO'N”.

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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37. The apparatus of claim 33, wherein detecting that
the first one of the read 20 shutdown initiator
signals indicates that the corresponding first
shutdown condition has occurred includes determ ning
that the first one of the shutdown initiator signals
is "ON' 38. The apparatus of claim 33, wherein the

WOBAMO649sy st em i s further capable of  di sSIVISAP4/009939

detection of further shutdown initiator signals in
subsequent predeterm ned 25 tinme w ndows indicating

tT @ f The hmamtsfmfamm 39,g\ﬁlﬁﬁreﬁﬂ ﬂlﬁ&pﬁtﬁ:ﬁy ﬁys%?iétrﬁﬁﬂ-rl cgt%?le of
I s .of .c] ai m 3§, erein the control system
i s ?"g‘?tﬁﬁé’?{"c%a‘%‘g%%é ‘g? Swalgﬁ%v@qwowmhqs pqgarred.
predeterm ned wi ndow that a second one of the shutdown
i it Lglth;aPﬁP@Wa oS cliing33c whesin tHeabntr] mtegﬂs mgnﬁfmagable of at
SeeRNche R4 _ a ceurred. .. -
2004/ 09 064%%%7 %B’E‘W*@bg‘@ 75t &E@Wﬁ@@mgf’%‘t%@@d
c| disoipyimg thathe first shutdown comdition hassyairedn i s f urt her
capable of storing the information that the second
shiat dotie $@REint bodlaik e _appar at us of
Clzf%i m 33,@)\%1& ein thg}%b‘g%t%rﬁgfhg%/ngté %%Stllgcf“ﬁg{i)sﬁ%? computing
c

6T erogrpmped tq datept thsreadshutdavor initigtot bignal mifao indithieothat a
t Nodtreshéifinlel St shaQbh M LR MRS i Resynr ed and .5
dic%glsgyi ng that the Pt B dobBfla AP IR S o onci
odEwtshidpwagonditiopeas thefastent.us of clai m 33, wherein the
control system conprises a conputing device
Prédgr amEpiritusléticRizh 38, f¥heloRte Sk S Skl Of
si gnal thagﬁl ndicates. that a correspon ||¥g I rst
shut doRREE SR SFEstEH8 Wikin the predeteaminedhéme window ftljat atenst a first
correspondiofg of ithsS! refd UhLEOWH GRIRGH,L | St h
firstout. 10 43. _Thereappar at us_qgl?gtg{ aﬁ?%ag&]ﬁ(ﬁ\;ﬁ%tg?elmﬁt 2
the cont r olfo%sPRendinedistiplhidowa conditian basiageurtdt aadt i ng

Wi L nmedie £ RAETHIGT B CortdsfiTaitl HHRNHERBI Hon kG2 s The
first one_of the read shutdown initiator signals

i ndi cates fF{RUa correspondi ng first shutdown -
condi tion has occurred; and nmeans for identifying the
‘cdtr esPorpipangus dfichim 83 tWheeinn: BRRGHeIFAR @RctiddSneattind the
fﬁ&ﬁ§§ﬁ%nm44“ IhFaggé@r tus of claim43, wherein at

| east - one or 1 HES Wﬁﬁﬁ“ﬂ@ans and the identifying
nmeans is inplenmented in hardware. 45. The apparatus of
cH&i m e apneretusaif nlain 43, shartinatleasdénetoll e defe e ntend BARS

ARttt fifg means is implemented 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;
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identifying nmeans is inplemented in hardware. 20 46.
The apparatus of claim 33, wherein the control system
conprises: a first out functionality bl ock capabl e of
recei ving shutdown initiator signals and determ ning
whet her any of the shutdown initiator signals
indicates that a firstout error condition has
WRPHPLEE? and a reset for the first out f&EEUSBHAIPIY
bl ock. 25 47. The apparatus of claim 46, wherein the
fi 1 st oplbetfdtNalHe Bakbls ¥r RiBmE 260 IR initiafdr §1§££ Sddicating
bl ock capabl e of sSel ecting which of the shut

initiator <hayafrstouteriops hasipgeungdiand st out error
condi t AR GkWap B de—a%ﬁvé@% 204482 %ﬁ upon receiving a
PCT/ US2004/ 009939 a set of ches capabl e of

| at chi ng an§fchsArigomsignl iydisetde @P‘*gﬁﬁFSt?‘ﬁﬁ(?ﬁerat‘qﬂ%f’n has

that a firssided @bhde sa%ﬁhhbmﬁhﬁﬁséﬁﬁ%ﬁm&%ewéad an
activate bl ock capabl e de activating the select block

u cei Vi Iat Lnitiator al .indicatin
VBR e S e e oot of R Jeciorni ek A
th]&:rssehsﬁiﬁplbmérmdmeﬁmmar&, a reset signal is received.
48. The apparat us of claimd46, wherein at | east one of

| WPy e lgh byt 96 Sy wacSionERE e s R PR 5
| disesrbsebia dnplémértet if sofiviateonal ity bl ock and the reset is
i npl enented in software. -24
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