Faul t Tol erant Controller Background of the Invention The presgntopgamtyon
relates g ally to control 5 systens, and nore. particufarly to a

control m whi ch can recover fromfaults or upsets with a m ni num of €

manual inf\eryention. Control sysStens are qften required to control an
out put deW-¢e under. conditions which may induce faults 10 or transient
upsets within the system One exanple of such a control system is an
engi ne bl eed ai onRt 10l . :S\S [ ircraft for controlling the
tenperature of'géﬁgﬁbgég'r@leegggkfgﬁﬁgﬁlan engi ne. In such a case, the.
control system may be subjected to electrical 15 transient upsets,
nucl ear transie d e fAWeht idnh other kinds of faults and upsets
whi ch may affec t f nction. It is inmportant that
such faults and upseffdenmresante dnperbtoni rednditengeia 3ty cdmdi epphrol
whi ch coul dshav e, SRidndlS SRNSASHENSESE i@l ar BYMEBI ¥ @onithe1l nedwnwilen
I nvention providés a controller operahle in a normal ‘nmode of operation
wherein an out p®2fde¥PERVEE cEHYRT 053¢ tiSh PESPIRRRES 0 4 WWended™EBABRR; oftf
conprising: neapfanul deiteadvdigianf.ault in the controller or 25  out put
device; neans responsjve tq the fault detectin ns.. . for contraolling he
output device in '§°F’§1rl° af 8¥5hHelE ¥ o Eefrtggi gﬁg Jé‘?%‘ls)nﬁ ecgglttﬁl?{l 2"
~device is safel yunmerat ddvikehamideregeendibiohe sdvishd sandiimdwresh€audts
fault is 30,9 deotreC'EPgﬁsf&IQt ”'Eggét%eﬁﬁ%i'nvetﬁé’ %ggt%ﬁ’(glt 86& e b1 agE
mal node o | of

for returniing to thée nor operation on .t he existence

the fault ~can malet acteantngdi | system tife @& | saginfodlesty @A fgoaptrol €

ceases to exist Quuidiy SHCH I rcrbiehe. for’r @6REABLYIAGE tiRl atdn gk IBaS of
i nct+ides means for deternining . the operational , capabllrtz of

vari ous compressed bléed air from an engilne. In such a case,

the control system may be subjected to electrical

15 transient upsets, nuclear transient upsets, sensor faults

or other kinds of faults and upsets which may affect the

temperature contral function. It is important that such

_faﬁlts and upsets not cause a bleed air overtemperature

condition which could have serious consequences.

20 Summary of the Invention

The invention provides a controller opefable in. a
normal mode of operation wherein an output device is
controlled in responsé to a sensed condition comprising:

N means for detecting a fault in the controller or
25 ' output aevice; a

means responsive to the fault detecting means for
controlling the output device in a failsafe mode of
operation wherein the output device is safely operated
‘without regard to the sensed éondition when a fault is

30 detected; and ' _

means responsive to the fault 'detecting means for
returning to the normal mode of operation only if the
existence of the fault can be detected while in _the
failsafe mode and the fault ceases to -exist during such

35 ‘'time. Preferably the detecting means includes means for

determining the operational _ capability of various

€



-2- conponents of the controller. Means are provided for safely
operating the output device in a failsafe state without regard to the
senséd condition in the:-evert .a fault is detected. 5 In a pref
enbggdi ment of the invention a first set of test procedures is performe
upon system startup. The controller is |&£Ienented in part by a mcro-
processor and includes a watchdog tiner "Whi ch,generates a nonnaskabl e
interrupt signal in the event the mcro- 10 processor does not initiate

gonsecutive eXRuMLRC! 68 Wil DopePBIILEU! A yBEALOGLAL LhlysaelCror

| engt hs of ti tween successive execution cycle Interrupts an
wat chdog ti nersafielverepgrating e thehaiktaut t@evlal@?erlrn na Jiedilsate hapatee

within parti culreHAi9esegardf 1@ LBRE isenkea B8OhaitD6nS%Y €PhéS event a
reinitialized and the output device is operated in the failsafe state so

that a danger of@Wdndis idsteFG&& not arise due to the fault.
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the failsafe staltl'ea byroartyodderof ia pimpaemepted nkanspaihe bper ati mhato-
capability of gﬁ%ﬂ ess C y e S
found defectiv 91@ Jtzht%ed gg%gugrﬁg % Jsg?%%?‘g%ct egg? ‘ﬁ.{lacﬂg ?ﬁrelgg%?%ﬁt
device in the fappBaskakie dnteryupfermiansnl oééurﬁ%céveflta thegeiete-

condi tion. S%ﬂ&%égoroﬂﬁfé"é 'ﬁ’é‘@' ihesiatks don@Rcu@nWeCt Sk ANCEod OkyeREes
program cycle.. . For exa In the case of an engine bleed air

coaprol | er whi R I RaGiGlanperjad ef| kilecor Fik RIS P clime
condi tions, sudetasedme sp&&lebls&lveOfeiéeuvﬁbNe Al d hanttemp&wr andfl kheed
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sensor i s checkdwethen ftizey aaure 85thin gerédcudar zangesor arlf feithef eis| ag
is set 10 §8USEot, the system is reinitialized and the output device
"is opérated in the failsafe state so that a dangerous
‘condition does not arise due to ‘the fault.  This
condition persists until fhe durations betweén successive
execution cycle interrupts and watchdog timer interrupts
" 20 are within range, indicating that the fault has cleared.
The output device can be placed in the failsafe
- state by any one of a plurality of means. The operational
' capability of each of these means is checked, and if any
o/ - - of these means is found defective, all of the means are
25 instructed to place the output device in the failsafe
state to prevent the occurrence of a dangerous condition.
_ A series of operational tests is then conducted
*". _ once for each program. cycle. For example, in the case
of an engine bleed air controller which controls an air
30 wvalve in accordance with sensed conditions, such as the
position of the valve and the temperature of bleed air
downstream from a precooler, the operational capability
of each of several components including a valve position
sensor and a temperature sensor is checked. If a fault
35 1is detected, a temporary failsafe flag is set to cause
the valve to assume a failsafe state in which the valve
is fully open to provide maximum cooling for the bleed



the valve to assune a failsafe state in which the valve is fully open to
mum cool ing for the bl eed -3- air. Al'l of the conponents

provid Xi

condi tfons\ are sequentially rechecked and if the'fault subsequently clea¥rs,

the t ﬁﬁp ry failsafe flag is reset, thereby permitting the valve to

contro [
oper ati onal
det ect ed dur

n accordance with the sensgd 5 conditions. Additional
tests are preferably conducted, and if a fault is
ing these tests, a pernmanent failsafe flag is set which
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Iy %rﬁqﬁe t P El@ﬁt epgipe -air system noted above,

these additional @ operational tests determine the
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operational capability of the valve itself by comparing
the actual valve current with a commanded current and by
checking the valve position as a function of temperature.
If these tests detect a fault in the valve, then the
valve is failsafed. Since the opérationél Capébiiity of
the valve éannot__thereafter be checked, the failsafe

.state is permanently commanded.

A controller incorporating the above test procedures

can operate under fault-producing conditions with a

‘minimum of manual intervention and can automatically

25

30

recover from certain faults and upsets. The controller
will not cause a dangerous operating condition to arise
in the event of a fault or upset as noted above.

Brief Descrlptlon of the Drawings

Fig. 1 is a block diagram of .an engine bleed " air
control system which incorporates a controller according
to the present invention;.

Fig, 2 is a block diagram of the controller shown
in Fig. 1;
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in Fig 1; - Fig. 3 is a block diagram of the conmunications |ogic,
protective isolation circuit and t‘he bus showmm in Fig. 2; Fig. 4 is flo
chart illustrating the general- 5 operatioﬁ'of the controller shown i
Fig_ 2;” Figs. 5A-5B, when joined algng similarly let- tered |ines, conRr
a flow chart of the TIFific Aodsl @ SdoRk diagrgm #f the cemrunicatdpnsar
of the FAl LSEogReYy! priRectifeMidoldtipn Lifdgit FAd 7€hevbas jstiownd ial ong
simlarly let- tered -lines, conprise a single flow chart of the TESTER
modul e shownF*A-FA3d. 4. Description of -the Preferred Enbodi nent 15
Referring now to Fig. Fig.tHerisi £leWwowhaat ekbhlwsterating coher dermrstlem 20
whi ch I n r 2, ding .t @sthe ,nresent invention.
The COE?¥O||§EE?%E§E§ %Fg§§%t8é§§%8 ée?ggétL |ggd%?§hcgﬁtrgl t he cooling of-
bl eed air from an engi F4g84 iSR<HBaivhenojoinegs talong SEBLLATAE Ad&ted t hat
the inventivgecaRCaRines Ji & hgr ei1RwalchAtiads yeRdaprRNe wodiler
types of control systens which operate under fault-producing con- ditions.
The control SPOWBMPOFAGnt Aéls the tenperature 25 of bleed air fromthe
engi ne 24 by control | i pggthes f hgw Hf £law atharth Gfictthe?6FADLSPgMmotiule
heat - e angeg of pre-,.cooler 28. This air flowis controlled by an out put
devi ce thé 88&tﬁ§l?§§§téﬂ\in the formof a ramair. flow control valve
30. The controller 22 Fdgsr.olAHIGedwBén jmiinedenpkony usémidardypdete-to a
manual |y sel ggball 9 i5fls POldiioriddcal keleiANI1G \Elait 02| EnB0TERRR
controlled in accordance w _sensea congltlons, such as the sense

k; module shown in Fig. 4. '

Description of the Preferred Embodiment

- Referring now to Fig. 1, there is shown an
example'of a control system 20 which may incorporate a
controller 22 according to the: present invention. The
qogtrqlier in the present example is utilized to control
the cooling of bleed’ air from an-engihg'24 in an air-

20 craft., It should be noted that the invehtive concepts
disclosed herein are equally adaptable to other types of
control systems which operate under fault-producing con-
ditions. ' - |

_ The control system 20 controls the temperature

, 25 of bleed air from the engine 24 by controlling the flow
'of-ram air in ducts 26 through a heat-exchanger or pre-
cooler 28. This air flow is controlled by an output
device of the control system in the” form of a ram air.

flow control valve 30. The controller 22 controls bleed

30 air temperature in reéponse'to a manually sélectable set
- point. The flow control valve 30 is normally controlled

in accordance with sensed conditions, such as the sensed



tenperature downstream fromthe precool er _28 as det ect ed by a tenperature
_'sensor 31 and the position of the valve asS detected -by. the position sensor

32. The troller 22 may al so perf orn1secondary 5 functions which a e
no e t to th erfornance of he p fun tiog,of cantrolling
b ; brpBeza bR, doMRaLY Yeropier °38° pay Bsndradis

pres- sure Hywnstem@ematuthesmnsnnﬂi& éhntmhampnszbioa pfe&hesumdx&ensor

34 and sensg_t Wwhi ch pern1ts coollng of
bl eed air eggnﬁ%ﬁéﬁﬁﬁﬁ B& %h ggggs 2%%8%§f§%gn t he ground The

scontrol ler 22 may al s@hsommmlbw 2R amaynedso ¥nc Gesendai0 which
checks svar I QHECEESEQ v&ﬁﬂf}?' abaf HBH st deeal Al Lserfa.@msﬁeér Az

conput er exanp check the_stat the conditions
'det ect ed by thee R’éﬂ%&bt G\‘%‘“’-bﬁgl tqfonc%ﬁr3¥%§%ﬁr§1§§r‘? abF s tereerayy,
respectivel gnrand/ port brampeey ehet Bongrollerb2Qwmay3Gensthithe pres-
connunlcatlons f nct|3% IS aI 0 .a secondaiﬁﬁwggck:on mhlch s nonessentlal

to the pr| fﬁé 595?83? “ﬁffa 5ﬁ%rated
under faultspredtensgrcdmmandnaanﬂa(ﬁhemgpeédeof ahgrpnndabﬁownw §Gtondary‘
funct ij@ns . o] S Iy t AR | ear

tran3|gnts ggﬁgopggg&tg EQPFERB Pgﬁ¥lbga q%egkgﬁnunlca?%%h% |nk et ween
t he controlFérSEEtéﬁﬂaFHe°éeﬁbﬁa9r9§#§uter 40 and faults caused by external °

power being out of anraél @&Mz%m@igezzIﬁaySau@aoré@uﬁuﬂf@étéuamtﬁauts not
cause the valv to,be oper at ed sucgH t,0, cayse the bleed air to rise to
t

30 unacceﬁ?ﬁgFE rERPYERE WRACH cHegNR BRELGHF ORARXT on (U
el i m - nat esibhalppaziahieltery of &h&mﬂra&fcondrheoaeatra&ng:oa@xﬁszesuI t -

of a hault by GAYS! bt NEXYALYE, Bthgka%ﬂ% sthtus of the conditions
detected by the temperature, position and pressure sen-
sors 31,32,34, respectively, and/or the speed of the
ground blower 36. This communications function is also a
: secondary functlon which is nonessentlal to the prlmary
20 functlon. ) . .

The system. shown in PFig. 1 may be_ cperated
under féultéproducing: conditions which may affect the
primary ahd.secondary functions. Such fault conditions
'may,include electfomagnétic or nuclear transients, sensor

25  faults, faulf.-s in the communications 'link between the .
controller 22 and the central computer 40 and faults o
caused by external power being out of an allowable range.
It is important that such faults not cause the valve 30
to be operated such as to cause the ‘bleed air to rise to

30 unacceptable temperatures. '

' The controller of the present invention elimi-
nates the possibility of a dangerous .condition afising as
a result of a fault by causing the vaive 30 to assume a



failsafe state in which the valve is fully opened to provide maximum -

cooling in the precool er, 28 when a-fault is detected. Referring now @g
2, khe controller 22 5- +“shown in dashed lines includes a series o

di serete 1 ogi c devi‘ces which are interconnected by a bus 50 to forma

ni cr oconput efailisefeonstateerimowhigbwithe ¥adwed isndally prgened &g

al ternativel %é&%ﬂd@'ﬁ!ﬁ?&ﬁ@ B0 Firfy Ndh ethéhpRrebbo1eR’ QBCMIEn ANfhult
appropriate “power supply and 10 drive circuits for the valve, if
desired. The ioet®9t®d-22 includes a central “processing unit, or CPU 52

whi ch communi cat es- ovelRdfexrdiiry Stow t boa Findord,acthes centrgller R 54
and a pair of_.read .onl I €S r 6, . TF Nt ai ns

the 15 3 r'egﬁh&"é‘r % 6%%9%51'1&? 35743'%4531 !rsﬁesr%%el |sa'?% %%ﬁ%%%ts of :
the control gewiees whhehopegeatintegnanpeghddrbyhs puse?d tendamnh af the
control ler i J-?:g:g%?' e rape WAl 5R0 RMERM isest Or ed

in the ROM 53_‘. or -se g&(ftzgr]'y ﬁjﬂr%:tscfs%%tsﬁggc g%'t gﬂgl ?ov:‘\'/ 20 con;rrujhi cations

bet ween the dentBidgd e2, agnaltaznativedy benidpdenented Ry d Hingle-

comuni cat i O%ilfyigm_c@%p%&e%s@%t aahdnkafgropbeapeogpener feuppbe pdndary
unctions, are stored in separatge nmenories 56,58 so that, 25

dnd secondary
in the Hent <i:"ﬁé'r‘?e Gircpits, fox the VA FRyarkt f %%t the ROM 58 can be

di sabl ed without affectiheg doreegolilear \22 dinielides cressntral Pmatessingot ed

that the RAM r I I'; '!m.o RAMMnifes _ (s
primry funct‘flﬁg'n@'a)r%’f?r?éﬁfsc? "?ﬁ'e&fs)eécon arﬁlcé%gr)\%t | on%%? bdgés]ﬁgeah?gea
The control | eandes (ARTESS CNEBRTH4A oni RAMC S+ and|a padrerdcigash erk¥ng of

th&-Oper at | NgdHAYATE &k ORRM s S SRM 186 pand OB aAdPRWNtAi S oEKRé
crred tl.‘? ° ge::r]eegria;[teeszr.'sa gegnaflla}gos Caaxlxjgev%@%o%%nti{x?éégeéfagee ' fa(:)&im final
results of the control proces-é.- ‘The operating program

for the primary function of the controller is stored in

the ROM 56. A separate operating 'program is stored in

the ROM 58 for secondary functions, such as to allow

20 communications between the ‘controller 22 and the central
computer 40 by méans of  communications .lggic 60 and a

data link 62. ~ o e ) _

-The programs for the primary and: seéondary

functions are stored in separate memories 56,58 so that,

25 in the event there is a fault in a secondary funcﬁion,

) the ROM 58 can be disabled without affecting the primary
control process. It should be noted that the__RAM memory

o can also be split into two RAM units, one for the primary
function and one for the secondary functions, if desired..

30 ' The controller includes a clock 64 which con-
' trols the execution timing of the operating programs
‘stored in the ROM's 56 and 58. A power up reset circuit

66 génerates a signal to cause the controller to perform



a power up routi ne, described in nore detail hereinafter, upon initial

-appl | catl an interruption of power to the contrall er A multiplexer 70
rece aI S representing 5 the fanual |y Sel*ectable set point, the,
te & down- stream_ of the precoqler 28 as dete d by the terrperat"erfe
sens 1a PRYeSO 8Pt FORtdReyhdesgribeds e Mokt 4 "ﬁhi‘eﬁﬁs\’ﬁ Hemensor 32

and the cy bﬁntldiﬂiza\&erﬁblibéf@oﬂabi‘ea&s iteieani st ivh aofupoRal S@nsor 72.
The rmlti\%gex r é ilg also receives inputs fromthe pressure Sensor 34
and a bl o%@f SPBEFCsefiSor 74 which detects the speed of the ground bl ower

36. The i nformati onAr enditigd exexrt HHO nnéces.vgs eségnalsi s:eqmaaantadaq o]
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transm tssén@%ﬂt 132!, SixGhosPr o Ab¥E thd Waid Cé%tdggec’é'ﬁac Byl eHel N
nodul ates the f1 ow of power. frogma val ve power _s CII’CUIt 82 to

t he val veP§6"tFr°&e§€H&€Fc§2uﬂ§F7' the caFEend ‘%&'ﬁ%r &o é:l dalvee

posi tion asndet@ctied Wy 32cagFRhitseensdoiZ2y VEheamudtdplegeential
RVDT which j ncl.udes excitat

transf or or. n LQn win n

secg%dar ;gémsﬁdﬁ?gc %s W‘é#lsa &M n%é% B§e3336§ %5‘-] 34, gﬁ‘at e val ve.
Move- menblowerhespesd esédsoxusks uhchhngiatectmuphengﬁnmdt\eeﬁ e
excitatio ch gkt #:%q & jQHt put
fromthe gg%%%%arg;'a%g% ?g S, éesris-f%nat ng,% ?%@Dﬁ%dnyrle sensed to
det er ni nePER®EET0 70 b FPﬁﬁeE‘Feﬂh Q%talihelmw%obtomﬁ Shates

through agofiveReerP Tl 2hd tik ammcad@mawerta%aﬁbast icBRpoHerts uti | i 2
:13 ect faghts which. affect th CUtI%I’l cycle tine of t he program
sto d i n°h .
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- The wvalve posit:.on is primarily-.controlled
through ‘& digital to analog converter 78 which.transmits
~a control signal to a valve drive circuit 80, which in
.turn modulates the flow of power from a valve power sup-
20  ply circuit 82 to the valve 30 'in cxepenqence upon. the
level of the control signal. _

The position sensing circuit 32 comprlses a
rotary variable differential transformer, or RVDT, wh:.ch
includes an excitation winding and two secondary windings

25 which are linked by a core movable with the valve. Move-
ment of the wvalve 30 causes a change in couﬁling between v

the excitation winding and -each of the secondary wind-

ings, and the ocutput from the secondary wiﬁdihgs,. desig-

nated RVDT A and RVDT B, are sensed to determine the

30 position of the valve. ' _ ‘

- The bus 50 also communicates through an output

port 83 to a watchdog timer .84. The timer 84 is utilized

to detect faults which affect the execution cycle time of



I's a nonostable nultivibrator which generates a watchdog signal if an <
execution-cycle interrupt signal over a Ii 85 is not received to re &?Z’.)
the:timer within a particular 5 time period followi ng the last
intécrupt. In the preferred enbodi nent, the watchdog tiner duration is . Q
appr oxi nat el ytheuprogran. steredsinnshex O 36.0n The 1waEGhACT timerwdtchdo
interrupt signalai foAoc8eABRSK#R1E ivibeatdR! wHitH Sgduriesl (2 waeckBEGS2

whi ch 10 t akes propriate - action, S poted nore . specifically,below
The pul se fro?&‘i’?éfwhfcmo"g"??%m?@y?geaﬂ CEERRECELEN 2 BUGR anléRRgaie
86 to the valg® powsst stepéived rtoi tesett the atimet hwiphivraspapticallaput to
be dis- 45 Jhis_i fn_c e €. e to assune the

fail saf egst atéﬂvéqﬂb%fhgé h%@’a%’e"? séﬁél f?/égp’é#%%’ﬁuﬁgm - mumcooling is

provi ded for the bl eed Imrthdipreféxred tmbedimentpntherwatchdog timemnded
over a separ t Ll fs teHORt €83 4 gh the
B/ A conver ter SRRigl 1t MppSbxipaery” AL (80T, billps P Lfgeun The
condi ti on andc¥pRr S¥&deni EABRr r Ehe d RFhOTG cABERTEBRE t5HRDY 4B Bne or

nore of threendrifi@Peadipat LvtOPLEPL! 8ndEABS coupled! e FHe aopyli 52t yRDCKS,
the outPét p0£t 83 and the .wa;éé:hdo tinmer 84. f%? R?'ierlsJ ng
also to-Big cakegpa 5 | SR &S chPEeRy PETEOLPPRGEFAHFD E)ﬁ a
series of redheaslaws 88 which together conprise a protective isolation cir-
cuit.' The conmuni cati ogi 0 b i i vant o ul t
therein or in the'' secggﬁ%r ghﬁﬁ% 5@.@%@ g}ag %&%@ég %ﬁgel’ga‘glae J'Sgl g%%%g
coupl ed over ePnnertedgthrough han QRngate 8Gchoatheuvalvehpoveri suppiyss

i sobate the hus-r&Piér M 4 acd@d&henad Mﬁ%ﬂéiyeéui?ﬁiwéos b &R8-

com*runi]c_?tion ogic 60.to prevent the fault from-affec ing the primary

control *Punct BBi& A EYRy E3URRE. the (YRYEe | 30| FPuATSHRR She

failsafe state wherein the valve is fully open and maxi-
mum cooling is provided for the bleed air.
The - failsafe condition ‘can also be commanded
over a separate output line 87.from the output port 83 '
- 20  and through the D/A converter 78. 'In éﬁﬁmafy;.ﬁhé”vél&é
' - can be opera%ed in a safe condition and operated without
regard to the sensed condition by any one or ‘more of
three independently operable means, i.e. the D/A condi-
tion 78, the output port 83 and the watchddg timer 84.
25 Referring also to Fig. 3, the communication
logic circuit 60 is coupled through a series of resistors
88 which together comprise a protective isolation cir-
cuit. The communication logic 60 can be disabled in the
_ event of a fault therein or in the secondary ROM 58 by
30 means of a disable signal coupled over a line 228. 1In
' the event of such a fault, the resistors 88 isoclate the
‘bus 50 from data latch and address driver circuits in the
communications logic 60 to ptevent the fault from affect-
ing the primary control function.




generalized flow chart of the programstored in the con- trol ROM 56 shown
.in Fig. 2 The progran1c0n3|sts of a series of, modul es or subrouti nes,
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. val ve 30 t%°Tfove
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ROM nenor- ies. The ed by witing to each of
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of thg | “fé’éwilﬁ'e&‘as @H.@QQQQ ak:&@a i1 sHRE \w tdetising famotke Obuthi s
i nformati on cha ges 54is gggg to_ be oper bI . The

control arkPt %a?%?é W%*%Scﬁ‘éu{'ﬁe d2BF8EfnEng e
contents oftzeehuatilcpopar- tbng:we:mag!aamsis astdield. andh withihhe

contents s | I e h S to be,-30
operative éi%%éi%‘%?ér%ll és%ﬁ ﬁgﬁ é xt&lrgrgguﬁ ssg@ﬁ% ed m Elt";gggl'ock 1M
| f any nenmrs'igmbnéﬂtdevslmeérﬂn'eue O@tmtfmrty$3eonfhbs sdgnads to the
POARYE MDA} € ¢ plpaely %oug}é-r@x% ga elV' QE:‘» ééﬁsgﬁéb%ilw epdhegi fically

bel ow i n connection with
supply 82 to disa le same and cause the valve 30 to move

to its fully open, or fallsafeh position. The valve 30
renains in this pésition until all of the initialization
modules -have completed their tasks. _ _
20 A block 102 then checks the RAM and ROM memor-
'ies. The RAM 54 is checked by writing to each of thé RaM .
locations and subsequently reading back the information
to determine if any'of the information has changed since
it was written. If none of this Lnformatlon changes,
25 then the RAM 54 is assumed to be operable._

The control and communications ROM 56,58 are T NS
then checked by summzng the contents of each and compar-
ing the sum against a check sum. If the contents sum is
equal to the check sum, then the memory is assumed to be

30 operative and control passes to the next module, dencted
TIMING, block 104. .
' If any memory element is determlned to be
faulty, control returns to the QOWRUE module, block 100.
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o Ofkollogrggieg?éﬂ;bzz'al zes the Viirbl ock 110, denoted BCKGND, then perforns
contr :

a series of background té‘sqlslQOeghgnmmgmg%ﬁ%egfﬁ@gg?ﬁ%i&%%%%ern
menori es 54, 78 FARAH,S lexe%cli%%/,a\atr éﬁﬂ%;‘d‘ &‘:Frg% FREGLEAGRILY |1 RovAnac-
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Been testldh., CoeEr Giimaemais ‘b Sthlae! Mot U TR B e ke 8 i 1
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ggff{r(; t;gmf tion.  Thisnmeddl @vefisid Pegdyt Ps™Le Stectes by any of
' ' the previously described modules, control passes to an
iriitializat._ion procedure, denoted INITNT, block 108 which
inii;ia}.i_z_es .the various flags and variables used in the
_ . édhtfo]_. procesé. ’
20 _' - A block 110, .denoted BCKGND, then performs a
'A'éefies'of backgro'und tests on tﬁe"control portions of the
RAM and ROM memories 54,78. RAM is tested by writing and
_ 'reéding a2 checkerboard pattern to each memory location.
' The data that was originally stored in RAM is saved in
25 the processor registers and restored when the location
has been tested. Control ROM is tested by the check sum
! method used in the POWRUP module. If a failure occurs in
' mémory, 2 ROM or RAM flag stored in the RAM is set.
Upon generation of an execution cycle time.
- 30 interrupt by the clock 64 shown ‘in Fig. 2, a module de-
2 S signated CONTRL, block 112, performs the Primary control
function of regulating bleed air temperature.’
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ection with Figs. 7A-7C, checks as to whether the position sensor,
ture sensor or the valve have fail ed. Dependrng upon the results
ts, var- ious failure flags are set or ‘reéset, as appropri ate,.
returns_to, the BCKgNDHgggﬁéﬁ bl ock 110, 18 , contin
Yound nenth9LiERRg  fEhe t She cMOGE I8, A8849T0t gene-
rate a Cld€ed MESTER, bilblkn 1, téhewiys peheodpairabid gt aiogati-ner 84,
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control to either the POWRUP module, block 100, or the
INITNT module, block 108,-depend1ng upon'the-number of
faults which have occurred within'a partlcular tzme per-
iod. In general, if six or more faults of th.t.s type
occur within four .seconds,. the program branches to the
POWRUP moduie 100 to ‘rerun the initialization -module
tests. On the other hand, if less than six faults of
this type occur within four seconds, the flags and regis-
ters in RAM are merely initialized and the POWRUP through
FAILSF modules are not executed. P _

Referring now to Figs. 5A and 5B, ther_e is
illustrated a flow chart . of the TIMING modulé, block 104
in Fig. 4. . - <

~ A block 120 clears a register in the RAM which

operates as a timing counter, designated CNTR. A block
122 then resets an internal flip-flop in the controller
to eliminate any pending cycle interrupts; A pair of
blocks 124 and 126 then determine when the next interrupt

L



sets the cycle interrupt flip-flop. The timng counter CNTR is increnented
by a block 134 and continues to be-incremented until the next cycle '
interrupt is generated. 107 ° - Wh the second interrupt occ
‘thelstatus of watchdog tiner 84 is checked by a block 138, Fig. 5B, WhICh
senses the ORGRRTS ey eBeadéngcaBr ANKEIFNPLhMasl INAMASK hwhich nbs set. As
previously nogsoge $hénWehehdgelle MBtedsripid Oihlfemeéa mat fﬁu\‘e&:aéﬁ f
en e [

the length of 15 fime between successwg %c e interrupts
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fault has ocaydhsl iMdsrr @ﬁ@f@té&ecutlon time and hence control is
returne hto t he PCN\RUP ock% | f the block 140 determ nes _that -
there i$ no 30 faul t f%%‘f%“ yHIERETURE QCRUES | Ehe nBERFUBLOF | i p-
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passes }t.| the FAILSF nodul e to continue th initralization tests. |If
not , ro eEeE‘&EEnt @utq&gss;ve cycle :.nterrupts, and hence if

the timer has elapsed, this 1nd1cates that the watchdog
tlmlng' components have falled so as to cause a quick
t;meont. In  this event, control -passes back to the
. POWRUP module, block 100, Fif. 4, to rerun the system

';0 initieliza ion tests and t6 reset the controller.
If the watchdog timer has not elapsed at this
‘time, the accumulated total of the timing counter CNTR is
- checked by a block 140'to determine whether the total is
within a narrow range that reflects the tolerance of the
25 system clock. If the total of the timing counter is not
. | within a particular range, then a fault has occurred
which affects cycle execution time and hence control is

. returned to the POWRUP module, block 100. -

If the block 140 determines that there is no
30 fault which affects cycle time, the cycle interrupt flip~-
flop is reset and control paqSes'ﬁntil the.next~cycle
interrupt is received. A block 144 then determines
whether the watchdog timer has expired. Since the timing




POARUP nodul e, block 100 in Fig. 4, toreinitialize the systemand re

ing th
tinmer 8

ck 144 in the TIM NG nodule, a block 150 trig- gers the wa
~generating a signal over the line 85 - A block 152 then c

the variqus initialization tests. Referrlng now to Fi.g. 6, there is
i1l ust@ t he FAILSF nodul e shown as bl ock 106°in Flg 4. Fol | ow
y

the line 87 fromthe output port 83 toH¥sune a low state and t her eby
renove the fail safe conmand frqmthe, val ve _power_suppl S 2. . ADb
be Batelv, &

154 checksPe®iad: &fnithe WWatH

Oh e ARET e 18U ARRROX tBipeA

r-un

10 -,
tchﬁég

auses

| ock
g the

X;JtDpUt of ghe Wfﬁﬁoﬁﬁrﬁémarmﬂlécfesweo@clée mltetphpxsr, 79hand the
t this ol nt . \ e C, ol, al
the DA conpbrhdpa et spRilq, hife Mined oIS, “Vre CORLEC S PR

82 is ful lyase, cobhtrbd pals\sescwa_etheiskms}?zmndplmm tdtmﬁnk:eohherter

si gn

from
Suppl y

hence ac? gﬁitaggkggggﬁihg:es i ;gftﬁé??gPo{,Egﬁ‘igksses %‘%&%rf#h{m %/\R?Jgd

| bl POWRUB O moduiliey,. mwokf A00sdire Fhg.vél,vetaorednitdakizecthe

initializagyL{gR hga' e lufnf‘l:li" h}%uéfifﬁﬂemm%&oa h?éséfe val ve
Y En the

nodul e,

current

IS

ero, safe comm IS set Tgh stat

e

‘signal on the |ine 8Refessinge »eWpte F¥g. 86, Ah Q#‘ﬁslﬁ el lustratedut
fromthe V‘@ﬁé“?ﬁ&lsl-‘mi{odiﬁé SshowA h%Wbifo%tl@ mlsi anbqu 1p8 cpysgswlhe

control

SiI g

al “fromt t t a Level of
4 apbboxi e8] Fhe0BIAPK TAdpdR AR GERLES ménleneek&%%m&%‘?xfﬁa&ma ner

]'Ehel va:c ve gefge&mé%aﬁcnaugl timener 84 Il:fytbeﬁer&tﬁmq tae sdanm
all satfe CQO

val ve 5

15

20

25

30

the output port 83 to assume a 1ow state and thereby
remove the failsafe command from the valve power supply
82. B _

A block 154 checks to determine whether the

valve current is zero by dei_e_cting "the 'cutput of the

current sensing circuit 72 through the multiplexer 70 and
the A/D converter 74. At this point, the level of the
contrel signal from the D/a converter 78 is at zero while
the output of the valve power supply' 82 is fully on. 1If
the valve current is not zero, then the D/A converter
signal cannot failsafe the valve 30 through the valve

~ drive circuit 80, and hence a fault has occurred. Con-
‘trol then passes back to the POWRUP module, block 100 in

Fig. 4 to failsafe the valve 30 and rerun the initializa-
tion tests. | ' '

If the block 154 determines that the valve
current is zero, then the failsafe command is set by a

' high state signal on the line 87 from the output port 83.

At this time, the output from the watchdog timer 84 is in
a low state and a block 158 causes the control signal
from the D/A converter 78 to be fully on at a level of
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has-el apsed. |If it has not, control cycles ﬁrough t he bl ocks 160 and
unti.l the watchdog tiner- 10 - -times out. A block 164 then rel eases tH
fai ksafe com mand by renoving the high~state signal fromthe |line 87 and
causes the(uxpmxbxstWE&yflbﬁ1mhéltﬂnpsenvérﬁdndh3k&ﬂcﬁhﬁﬂt@heeks ta
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zero by detec e ou put of the current sensing Circuit 7
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current i s zero, the asses to the | NI TNT .nodul e ck, 108 in

Fig. 4. 30 30. his gFPlt ﬁ°9ﬁétFﬂPL§F9ﬂi§HQ?n?ﬁﬂﬁr?ﬂ Eé&%e agkckot o
t he POARUP nndwéeP¢wmmPtﬁ0dﬁlecks 154, 160 or 166, then a failsafe state is

commanded for the val ve,3 p [ | he

| ines 85 and 87 and by %oﬁﬁg&él %sz l%egcgfrér eﬁ"?’r omg{}géﬁﬁ converteir'1

25 This is &egesdimer shasecelapsed. i tIft 4t aganotyhecantnrl 39y1=§,ean
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one of the three ys of causin val ve to assune the fajlsale state is
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connanded to t S fallsaf state .an controg Easse | NI TNT, nod
a
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speci fi 38l |y tkeppytpop, of ghgcqugpgnt sensing circuit 72. If this is
not the case, then the watchdog timer cannot failsafe the

valve, and controcl returns to the POWRUP module, block
100 in Fig. 4. If the valve current is zero, then con-
trol ~passes to the INITNT module, block 108 in Fig. 4.
20'”' - If, in ‘the FAILSF module, control passes back
to the POWRUP module from the blocks 154, 160 or 166,
then a failsafe state is commanded for the valve 30 by
' placing high state signals on each of the lines 85 and 87
and bf commanding full current from the D/A converter 78.
25 ~ This is necessary since the ability to failsafe the valve
/ 30 is an important part of the operation of .the control
system. Accordingly, if any one of the three ways of
- causing the valve to assume the failsafe state is faulty,
~ then all three are instructed to failsafe the valve until
30 the fault clears. ) -
After the FAILSF routine shown in Pig. 6, the
‘valve 30 is commanded to the failsafe state and control
passes to the INITNT module, block 108. The valve re-

t he POARUP nodul e. A bl ock 162 then detern ngs whether the watch- dog iéé?f)
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clears ries of registers in the RAM 54 which store a plurality of
failure\thags which are set or reset g‘pend- ing on the determ r]z;t_l Qr_rs__made
in the last execu- 10 tion cyele through TESTER nodul &7 ThHé <
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contrsl passesed ocie bl'EB!i'EﬂHbdﬁné?h h?lbcklmid C@ﬁem . fejlure . Vi 54
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If the bl ocks 172 ar@g ferring e??ﬁ“ﬁ’e i‘ﬁ'ﬁg ROBF i 4 M?%xfﬁ% t hen
a bl ock 1%Sleaits ahsermsvafueegu.epeesenm et mnsrsghabmdh ostohe fe;:ondary
w nd- 25 f%/al;ﬂ r a S

| ess than a vai ue denot Wk@%ﬁ dﬂ.g é‘é? ?W%%%% &%ﬁ%%gt he RVDT
i s over excii®Pmnkhe hdeterwinations prdg iia Qtrmmherelameqaxmﬁl if the
RVDT10S naiidiy edyade tedro&@snms@mohoaaaaes The %&H&H&.&@f thes

The bl ock 180, checks to determn ne,- the ana o to digital converter

74 ref er eREIXTHGE] A5 "(ﬁr‘ferii +Hh ’é""rﬁ;ﬁ‘ﬁ %‘Fs af%n?‘PF&Pa%"al ue. If |
this i s ndisdhewitlselataen resudfcs,ergse ﬁatéar m&bagsgfddirﬁd:ang hge RAM 54 i s
set by a bﬂ&ck 182. A bl ock 184 checks to determ ne whether ‘the
tenperature sensor signal is -wthin expected values. .If this is not the .~

case, then a tenper & RPaEBIEdLlocks ulé2f and 7dr sdnise tthe RALEILss set b-/

oA 1) opg quy o bl addhand UindBhos eckie Kiodel o1 1
allu
ether a hrouogrh the mult:r.plexerg 70 and A/ D converter 74 and com-

pare these values against a value stored in the ROM 56
designated LOWTEST. If elther of these values is less
. than LOWTEST, then control passes to a block 176 which

20 indicates. a fallure Ain .RVDT- excztatzon by setting an RVDT
failure flag stored in the RAM 54.

If the blocks 172 and 174 determlne that the
RVDT is not underexc1ted,_then a block 178 adds the two
values ‘representing the signals from the secondary wind-

25 :Lngs of the RVDT and checks to determ:r.ne whether the
total .is less than a value denoted HIGHTST. If this is
not the case, then the RVDT is overexcited and the RVbT
failure flag is set. On the other hand, if the RVDT is
~not overexc;ted,_then control passes _to a block 180.

30 The block 180 checks to determine whether the
analog to digital converter 74 reference voltage is with-
in a particﬁlar range'of a nominal value. .If this is not
the case, then a reference failure flag stored in the RAM
54 is set by a block 182.
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MEMTST nodul e 102 or the BCKGND nodul e 110. If this is the case, then a_
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to a blggk 200. 30 2. blﬁ"é]lf/PI}atz Sﬂ%dch‘écﬂgt%taérteﬁlﬁlet Wﬁ{e’&ﬁef he
RMFG or

fail--safe flags PE set, then the valve Is_comanded

the fail saf e 3%¥i ®forthen FWBTCdﬁFﬂLu#ﬂ)dﬁﬂ-égv refemangg ofpidpye; h%:“Fq'
deternmi nes t hemgeuy r 88hsby dR{areN 01l out mamﬁythemun:eenns@nSI ng

bar thoul ar T e RFCT nBSEo 0GP VEPRESEEFFERL EXPFUEAPE SYCLeE 1o\ ThSe

case/ then abdmaleriisy aid used | &g déboencenthee sBikivatel soseis o lpoek 204

then Chl%Cks %nctetngirgéqefmtifaf(ecting the control process. If any of
the flags has been set for two consecutive cycles, then a
temporary failsafe flag TEMPFG stored in the RAM 54 is
set by a block 194.

If none of the failure flags has been set for

20 - two'consecut:we cycles, then a block 196. checks the. sta-
tus of a permanent-failsafe flag register PERMFG-in the
'RAM 54 to determine whether it has been set. This flag
is discussed in. greater detail below and is set in re-
sponse to a failed test of the valve.

- 25 : - If the permanent failsafe flag PERMFG is not
set, then the temporary failsafe flag is reset by a block

5\_/ 198. Control from the blocks 194 and 198 and from the
T block 196 in the event that the permanent faz.lsafe flag
" is set passes to a block 200. - )

30 ‘It should be noted that if either of the fail-

pom

safe flags PERMFG or TEMPFG is set, then the valve is
commanded to the failsafe position in the CONTRL module.



_ re failure flag is set. If this is not the case, contro
passes to
tenp urie

{gkick 206, Fig. 7C, which de-¢.0 tects the output of the
bl ee r P

7 -posi tion sensors 31,32 andf checks to determ ne whet her the
tem perature | eater than _400[err] and the_valve is nore thgn -
70% cl osed.  If theTP%héi?g%USQSOF ?ﬂedﬁgﬁgﬂlﬁ B ta8egvalver cBRERN¥00[err],
it i's aS'smyd%ébeétihg tné?/eu’cpuapeﬂ the cusiane skhsihg ei]lc&icgti.ctr 72I i
tenperature can.be sel.ect.ed. asg.a _set | nt . Howeyer., if.the valve is
greater t hERSTBRCERRuARs” R Bx” PR, BB aPERRRY e ibin o
t her eby caparticalabl zangei ofotbet enpuandedevadwei chomenktn sdchthisevent a
bl ocks208 t : e Llu I ' | “BAM n r passes
28! Bot Wale/Cclal efell A Lirrent Ed21uEs éfar% de5P04" Ok

to a bl ock € _ m-nes that the terpera- ture sensor
failure fl&ReiBAMcP4 LHeBeFt has previously been deternined that the

tenperature sensor ig Ak 204 thenb Gréskg0@oargbddniie WnReRaed. These
bl ocks are sing I_§ |1 mossi bl e q§;ernine whet her the

5 bypassed it t.o
bl eed art HER tembBPEtREe  raiTnre, 1a%) 00 BeR- AR THAKL21BOELEBRs (o
det er m ne ohkséhecohheolupassies did ua eblbek anét,heinl VAC | avhieR _fileél-g has ;
- b t. hig.I c P : o] eterm ne
mﬁg?ﬁgs ei?%%?éo?ﬁ?kégégﬁﬁaggeﬁgf{ggﬁééiﬁgé%#l%%%rﬁggﬁgieétﬁggsg§éles by
checki ng thke320oandncbegksa togelehermiom iwhether t the iple€d. aif tems i s not s

t he case, péef: l | Ni§abReaRgbprac NEEr s bl ock
216 then Jﬁgatégrg ?ig?§%§$%£32§§§e%é%égF%gamf#ﬁ g FgﬁegguﬁgﬁﬁAth ure
f1 ags exce-g % 958G ent I8ndthel LenreTature | 8fs. thee bigedt &1zrSESG st ores,

a word congpéesiter NGh@ACHO0PF| hetf disl WsSulleBITHYY RheilCabPd 05 bpagt i n S\’
R L L i T A
flag or vadseaf seturpointg hHowever, if the valve is greater than
70% closed, the bleed air temperature may rise even more,
- thereby causing a bleed air overtemperature condition. -
In such an event, a block 208 ‘sets a valve failure flag
20  in the RAM 54 and control passes to a block 210.
' If the block 204 determines that the tempera-
ture sensor failure flag is -set, then it has previedsly
‘been determined thiat the temperature sensor is faulty and
the blocks 206 and 208 are bypassed. These blocks are
25 bypassed since it is impossible to determine whether the
- bleed air temperature is greater than 400°F. -
The block 210 checks to determine whether the
current failure flag or the valve failureﬁfiég has been
set. If this is the case,. then a .block 212 checks to
30 determine whether either of these flags has been set for
four consecutive cycles by checking the contents of a
debounce counter in the RAM 54. If this is not the case,
then a block 214 implements the debounce counter. A
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been set for four consecutive cycles, then -t he tenporary 10 and per manent.
faitsafe flags are set so that the valve il & pl aced in the failsafe sta
a bl.ock 220. The TESTER nodidle. waits a | onger tinme before placing th<§§E§¥
val we.in the fail safe staje when, a valve faylt is sensed than when oth

types -of .. fauPde®cks & fet EBERd 2 SRESSERS +1 denptse TSTEGacHi®h the

failsafe St at@iit mbe:msm faail dxte delagsn excépe ehest:aneenef ands atare
fault, i.e.

f I
por- - rmnent | y Endces Fidoe A, redlafels THteq SR "H Yond Gotihath °
renoved and re.appleae:d! t@f t bhecfadlocee flags Whlch are s@b| bgwinegethelml ock
0,220, aqlock 2%3%&%@6%&5‘1%“% o1T'§'§ tt}‘i]’fe”ial"aék %@gﬂg&gﬁé sdire

fl ags an contro asses to the b 218. e block 210 nes t hat
nei t her of th@scGPrénP lpglk @d8-or val ve fai I ure flags is set,_then the 25

debounce counter is resglf iheZ &SRy ZazbldQQ:lér%ﬁée@QlﬁHﬁerﬁihdﬁ&e%dﬂtthe
bl ock 222. The bl qck 218 checks .to detgrm ne_whet.her t han,two ,but | ess
than six mtepr‘t hﬁ'@ﬁrﬁﬁg lgsﬁé"h'é'rt& eﬁﬁ Phe \ﬁ&t"&tdﬁ%"f‘ﬁ%r%}ﬁgf Jifve
seconds or whikeear set didr fﬁhr cmmséeutbweucyemesn thenndthey Hempdfary | f

nor e t hgry t wo Qi t han er, ve he d
wat chdogrbtl merpM p]ggt% g%%on s I%te'l éErlI %tstsl 2% %e%sgém%ﬁ{tﬁh% t@ié;ért%s be a
failure in thelasedndne the @Mﬁe St@b%d&?a@ehlﬂﬁkhzéﬁmmmh@tﬂwli

between the cpalhale Al hen oﬁ@@:t *ﬁn‘ié’“i:é@bk@r pla@;thghea@@ L-aive in
conmuni cati ons lo%,at:. |s di sabl’e a hi'gh state signal on a line 228

fremthe out pifiep fe R§a§|ee\‘l’|h@t§"slay"ﬁét"€d faudd gsprienses than when
i sokation ci reuhtn_r88t1apeyerﬁ$ &auli:auliﬁel rdéﬁiﬁ:mnmaba&tseqn%ﬂz@ei Q:h%)

Lo 21 DS Gh A SRR SR B, SO TR R A
determine the exlstence of a valve fault, i. e. whether a
valve fault has cleared. Accordingly, the valve is per-

" manently placed in the failsafe state until power is
subsequently removed and teappiied to the controller.

200 -7 Following ' the: block -220, "a block 222 updates ©
the reglster TESTFG with all debounced failure flags and
control passes to the block 218, _

- If the block 210 dete:minés that neither of the
current failure or valve'failure flags is set, then the

25 debounce counter is reset to zero by a block 224 and
control passes to the block 222,

- The block 218 checks to determine whether more
than two but less than six interrupts have been generated
by the watchdog timer in four seconds or whether a fail-

30 ure has occurred in secondary ROM 58. If more than twa

but less than six interrupts have been generated by the

watchdog timer in four secdnds, it is initially assumed
that there may be a failure in the software or hardware

[Tl



‘The pri unction of controlling bl ged air tenperature is unaffected by
t he jgdidsab of the communi cations function so that "an unsafe condition-
Wi | t @éé&@:ﬁt@dtmtﬁlecéﬂuhﬁl¢atmt‘%emnehe 15entral compu~ Cont re

exeout ortE5oPd nEBRr (BT L8Er A TRENSIL, P ¢ Somtiatea b Bnd Lo ren
modul e |sl¢gn.é 60 sid edismbb%dvbyiw righ state signaleconrecd Lhneng28ne 20
pf a plurdLdgveol SoEReEsibse g2l1C ABTbEQY BROT AR ER; LhBUBEokacLun even

in the eveén afau curred’ n ceftain
corrp%nenttl‘é%lbm.l@(ml% cPérFyitt 8 v ArRYvents aRBY oiﬁu-}ﬁst H& f Bhesaf e

state antedmmRitd@loRs 16g06CO0 IppeR SELbcthRgSERecBatandet beNkhe25
However, 1f the fault occurred in conponents associated With the valve, the
val ve i s FRAFEREHETy failsafed since a subsequent clearing of the fault

cannot be detected The conmmicationsi fiynptiond whidie Lai lasd eost ate

| Ot her VR OSacifa ! Kedl| LnDooBOBhE OLbAEz 1182108 B he lanelBG ©

10 . di sai;zed until power is renoved and then reapplied to the controller..

operation | VE 1S operated rnre= esen =
condPt i ondisaipled funtil cpowernts nem@ﬁedfaaﬁt tban ;seaaeﬂ-eeﬁeaomhee in the
failsafe &{te he o tpFERSSP tﬁxﬁsﬁdﬁn dggi RGN 1idE- bleelAl VB 1.
A controller opera e in a, nhornal de of operatign vvherel n an out put ¥

devi ce i s2EBntteBPeER ey e%ﬁoh%’éftf(?c}eéenéﬁd thehat tFaRliBgp AL ﬁﬂe

neans f orcéifn®sicLgions abhihctiohhgoC Ailatoldreruda felt fohd devbhcwigans

' he fault_d for | | h d
b fai 1428 2T 9 ofer GO FeWhEr BhroPRERBOTREEORE oo | s salcly =

opetated 10 Wi t MtreyathlenopabseseheeﬂheoBdKGNDnmuﬁeﬂ_lea bdokk is
110 in Fig. 4, until the next execi;tion cycle interrupt
is received. ' | _
The overall function of the TESTER module is to
failsafe the va_.lve__ 30 if a fault is dete_ct__ed in any one
20 of a plurality of comppnents.. The control pi:ogram con--
tinues to run even in the event of a fault, and if a
fault  which occurred J.n certain components subsequently
clears, the valve is taken out of the failsafe state and
is controlled in acé:ozjdahce with the sensed conditions.
25 However ,- if the fault "oc.currecl_ in compo_nenﬁs associated
with the valve, the valve is _pernia_nently failsafe_d since
a subsequent clearing of the fault cannot be detected due
to the valve being placed in th_e failsafe 'state. 1In
other words, the valve will be controlled' in a normal
30 mode of operation in which the valve is Operated in re~’
sponse to the sensed conditions only if the existence of
the fault can be detected while in the failsafe mode and
the fault ceases to exn.st during such time.



det ect ed; and nmeans responsive to the fault det for returnlng
to the nornal node of operation only if the exi 'ﬂ u&ﬁﬂﬂ It ca e
detected while in the 15  failsafe nbpde and 't he ,

duripg such tine. 2. A- controller acg rding to claiml, mherel
~detecting nmeans includes neans for Sequentially checking individual
components of the controller and 20 out put device one at a tine and

wherein the congfpthsng nmeans includes neans for initiating the failsafe
node only after_a conponent has been checked and been found to be faulty a
predet er mi ned nhnber 6f CPRHEQL1GH tPPeTRLIR et MRFRAL niPdRr obePRgration

dependent upon {herégdgnhht ysu%%ut aelviche parébsttaI16@MaNadspohse tdh a
controller accordin wherein the output device is a flow
control valve aﬁﬁ“ﬁﬁgrg?ﬂP%F%P?rﬁ?Téﬁ*?&P%@ans i ncl udes means for

accunul at3 ng a first meaber fofr ceteeingveaf fallti nih caheonsoefallert Her
fail- 30 83t§9996é§ Qltlated if the fault is in the valve and neans
for accunul ati ng SeCond nlmber of consecutive fault indications before
the failsafe node is heaR$aredpPensiMe ftoul the sfpulthdedestisg aveanthefert he

first nunber 'chfi@f‘&filﬁ&ar‘tﬂéqeo% ?%d 8U¥REE. in ~Rltfisared GoRl Obker
‘according to claim 3, “wherein he returni ng neans includes neans far

per manent |y ope?BFFﬂﬁlPﬂeWQQ£EH&NEW%I°V§PV§|qPY¥ﬁFf&?Mﬁﬁ%?%%d@PFFaFﬁé

first nuriger ofwgeﬁseeutrle»garﬁawd tinéi sahbeas donddadwiulwiead 5. faukrndikhe-
fault is in the_v A controller according to any preceding
_Cclaim wherein £ eﬁgﬁ?rof?gr al so perforns a secondary function which is
noh-£ssential to the meatsolresponséveutioutthievifaslt fAerteledring means ngor

means for di S?Qkhggin&hetb the normal mode of operation only if the
existence of the fault can be detected while in the
15 failsafe mode and the fault ceases to exist during such

time.

20 -~ A- controller according to claim-1, wherein

- the detecting means includes means for sequentially
checking individual components of the controller and

20 output-deviée one at a time and wherein the controlling
means iﬁcludes means for initiating the failsafe mode

only after a component has been checked and been found

to be faulty a predetermined number of times, with the

\f/_ predetermined number being dependent upon .the identity
25 " of the particular component.
3. . A controller according to claim 2, wherein the

[1Fd .

output device is a flow control valve and wherein the
initiating means includes means for accumulating a first
number of consecutive fault indications before the fail-
30 safe mode is initiated if the fault is in the valve and
means for aécumuiating .a second number of consecutive
fault indications before the failsafe mode is initiated
if the fault is in the controller, where the first number

is greater than the second number.



10 secondary function wi thout affecting the control of the output device

when a fault Is detected which affects y function.
6. A co | er accordi.ng to any preceding clai mmulumlmﬂ put device
conpri n air flow control valve 15,;_ which ¢ontrdis™hé ftow of airw
passi ng rough a pre- cooler in turn to “control the tenperature of the

bl eed air froman engi ne downstream of the precool er, whereby the air flow

control valyg is gonts@ti&thén Mmrm;e Widt hculasmteaperaﬁefelaf the bl eed
air downstream of the 20 precool er, the osition of the valve and

a manual |y SE¥ERARLe '"?éf‘sp&“fﬂlu‘lfs megnS o HP o[RSFMANENII i PBET R BIRE| ai m
6, wher ei nthieh&loanicoatriolg valans imcthdegaitansel modeulisy €peningsthe air

fl ow control | ve regardl ess of th er downstre of the
brecool or 1 PoEeka ¢F  Boprtisive Heal R St ohe | aasrReceTRLTEd
pr edeber m neaddpahieodaufl tt iisein8the vAlwentroller according to claim 7,
wherein the controlling means further includes means for fully 30
opening the air flow control valve regardless of the tenperature

downst ream & t he Apr EEBSFELLPF a2FERTELiNG tHR CIMY r OPTeeeRERI exFhadm, f or at

| east a secqp@rRier thet %bﬂ\t&%d_lléQr Iaqéoofpetrlfas&m%hcart@écd:{ﬁw heuhé£5én Pre-
-22- determ ned period of ti ntroller _acc

precedi ng &PACR Wer®FH¢ ?I%e‘b'ﬁ’f?)]ut "if?ew i SOR&LAol Pgd Fﬁgac%‘ﬂﬁﬁ’éﬁce
with the Iewavuméza(ﬁnﬁﬁhérS|gna1uaﬁdgfumhhes | nEbridi dd sablink r sthe and

PETR L Pl BREB R S hEchBgs, BREeSRY SoBBRR TR a1

s indtvidu y ac € upon oCCUrTence o cause t he
devi ce t o beoudenmtr ofievticeén when f ai | Sakbt noide getegdedt i whicho. affeacts

controller oq,q_?ortqy n@ecbﬁda.cclya'f%c%aonf urt her

6.A controller according to any preceding claim, wherein
the output device comprises an air flow control valve
15 which controls the flow of air passing through a pre-
cooler in turn to control the temperature of the  bleed
air-from an engine downstream of the precooler, whereby
the air flow .control valve is controlled in accordance
_ with the temperature of the bleed air downstream of the
20 precooler, the pbsition of the valve and a manually

selectable set point.

7. A controller according to claim 6, wherein the
controlling means includes means for fully opening the
air flow control valve regardless of the temperature

25 downstream of the precooler if a fault in the valve has
existed for at least a first predetermined period . of
time.

8. A controller according to c¢laim 7, wherein the
controlling. means further includes means for fully
30 opening the air £flow control valve regardless of the
temperature downstream of the precooler if a fault in
the controller has existed for at least a second pre- -

determined period of time shorter than the first pre-

e, ..



10 - including neans for deactuating all but he flrst and second
fail safe neans and the control signal and actu ng -one and
neans operative when onhly one of the first and

neans \
the\control signal is actuated for sensing the state of the 1 outgggg
deV|ce to detect whether it is in the faidxafe node of operation thereby to
determne the ability of the first and second fail safe neans and the
'contro! signal to control the output device in the failsafe node of

operation. 20 delterminkd quirield ef tdmeording to any preceding claim
wherein the controller includes a watchdog tinmer for generating a
signal to reset the controller. if -an execution cycle _interrupt is-
not received %+om & heondmoldlerer apgorfangat §Adognyi nBFeGRERnE aclaim,

predeterm ned Zpqopeild ”'Eheefé@épdpl |d%WJ.% r Qge'égn&foﬂbd medi abebl‘dance
precedi ng execution cycle interrupt. cont rol ccor d

claim 11, fuier ¥hel Lavey ﬁﬁaﬁscﬂﬁ*r9¥|iﬁﬁﬂ§%mfn hgur Eha ugﬁﬂﬁr
to begin §i M NGO a@Gei Pecohda fdildamxemelanen cyaptedO to i nher r fpult

means for detecti th t of

reans or“det ccl L0 Lic, T SashR' SLoR BRSO LEYENG 1Y CHEThn1e
wat chdog ti mer wpmn dédeusserneesl ofit @r fapl ti s:Odexaez:aeedthe) q@twm deviaet ker
the timer has ENSLBlEd R LFoR) SONALLIINRAITRba e 23. Dt ween

the two interr neans” for - operating the output device w thout regard to
the sensed condition if the matchdog timer generated a reset signal between

exbolt Ton Gyl et er b e et S o s nter Tt s LT b
rrupt subseqguent. to the.first .two jnterrupt th
wat chdog &Pmer H@%lﬂﬁtn%eﬂ%Pﬁﬁegarr@§€Ft§P§ﬁ§P Eﬁﬁmﬁgh t?ﬂaf?$ %h 1%

interrupts, meagsaf WeddirrkicaglkhEestméass ofariche that choimtr ¢l rrmgmén talmgl
‘third actuating the remaining one and ‘means operative when
only one of the first and second failsafe means and the
coﬂtfoi’signal'is actuated for sensing the state of the
;15_ output dev1ce to detect whether 1t 1s in the failsafe
mode of operatlon thereby to determine the ability of
the first and second failsafe means and the control
signal to control the output device in the failsafe mode

of operation.

20 11. A  controller according to any preceding claim,

'\_/ wherein the controller includes a watchdog timer for
generating a signal to reset the controller. if -an

_% . execution cycle interrupt is- not received from the
‘ controller by the watchdog timer within a predetermined

-

. 25 time period following receipt of an immediately breceding
' execution cycle interrupt. :

12. A controller according to claim ll,; further
including means for triggering the watchdog timer to

- begin timing upon receipt of a first execution cycle

30 interrupt, means for detecting the receipt of a second
execution cycle interrupt following the first interrupt,
means for checking the status of the watchdog timer when

the second interrupt is detected to determine’ whether

the timer has generated a reset signal in the time period



interrupt is detected to deternine whether thetimer—has—10— generated a

reset signa

and neaRs for operating the output device with

i _ : in the tinme period between the secim %‘gm‘ }n@terrupts
condﬁggsp if the watchdog tiner did not L si gnal »/

bet we he
in a nornal

second and third interrupt33-15

sensed

-

_ A controller operable
node of operation in which an output deV|ce Is controlled in

response to a sensed condition, and having neans for safely operating t he
out put deV|Qﬁ¢W?ﬁRkﬂtthmﬂﬂP-pﬂ&&GEFH@tsaon&Pﬁpénsf°§ub§P§ﬁ?F&PQy kge

descri bed heswiputi d8vieéengraouko ndiard) to @haWigigised condition if

10

15

20

the watchdog timer generated a reset signal between the
two interrupts, means for detectiné the receipt of a
third execution cycle interrupt subsequent to the first
two interrupts if the watchdog timer did not generate a
reset signal between the first. two interrupts, means for
checking the status of the watchdeg timer when the third
interrupt is détected to determine whether the timer has
generated a reset signal in the time'period'between the
second and third interrupts, and means for operating the
output devicé without regard to the sensed condition if
th%; watchdog timer did not generate a reset signal
between the sécond and third interrupts.

13. A controller operable in a normal mode of operation
in which an 6utput device is controlled in résponse to a
sensed condition, and having means for safely operating
the output device under fault-producing conditions,
substantially as described herein with reference fo the

drawings.
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