-1 2044485 TEST SYSTEM FOR A DYNAM C MACHINE. This invention is concerned
it a test systemfor a dynanic nmachine - " i which fault .
‘9Md|t|ons are recogni zed and recorded to aid in servicing. 5 . The *
iI‘nvention is illustrated with an auxiliary power unit (APU) for an
ai.srcraft, and some of the features of the systemdisclosed are particularly
suited therefor O her features of the invention are of nore-general
application and can be used in the protection and testing of other 10
dynam ¢ machi nes. A general discussion of the construction and operation of
an APU will aid in appreciation of the problems of the prior and an
under st andi ng of the significance of the invention, A typical %ﬁ’ i gies

an engi ne which drives a 15 gener at or and a conpressor to provide
el ectrical power for selected | ocads and cQ e EE—EQL envi ronnent al
and ot her purposes, whEBSTLSYSTEM FQR A Dy 8 NEphe APU is al so

operated in an energency when the aircraft is airborne to suppl enent or

repl ace faulty equi pment. The APU 20 engi ne uses jet fuel which is
burned to forma gas that operates a turbine to drive the generator and the
conpressor. Various conditions of the APU are sensed to provide inputs to
a controller which controls the fuel to -the APU, other functions rel ated
to the APU and which shuts 25 the APU down in the event of a

mad f uncti on. -2- Prior APU test systens have nonitored sensed APU

condi tions. Upon the occurrence of a condition which :

" .

This invention is concerned with a test system for a

- dynamic machine _in which fault conditions are
recognized and recorded to aid in servicing.
5 The invention is illustrated with an auxiligry power

unit (APU) for an aircraft, and some of the features of the
system disclosed are particularly suited therefor. Other
features of the invention are of more general application °
and can be used in the protection and testing of other

10 dynamic machines.

A general discussion of the. constructlon and operation
of an APU will aid in appreciation of the problems of the
prior art and an understanding of the significance of the
invention, A typical APU includes an engine which drives a

15 generator and a compressor to providé electrical power for
selected loads and compressed air for environmental and
other purpbses, when the aircraft is on the ground. The APU
is also operated in an emergency when the aircraft is
airborne to supplement or replace faulty equipment. The APU

20 engine uses jet fuel which is burned to form a gas that
operates a turbine to drive the generator and the
compressor. Various conditions of the APU are sensed to
provide inputs to a controller which controls the fuel to

- the APU, other functions related to the APU and which shuts
25 the APU down in the event of a malfunction.



is out of tolerance, an indication of a unit failure is given, based on a
s atistical analysis of probable 5 cause. This is unsatisfactory in
practice as the indicated probable cause is at best an educated guess.
Furthernore, the statistical failure analysis made during devel opnent of a
dynam c machine is not. accurate for a mature system Service personnel have

10.~ learned tﬁgt the test system f-au2t-indications are unreliable and
foen ignore them' The invention provides a dynam c nmachine as herei
i sing sensors providing condition signals representative 15 of

operating conditions of the machine, a programred operating controller
responsive to the condition signals for the generation of control signals
for the operating and shut down of the nachine on conmand or on occurrence

of a fault condition, 20._ - : t | eoeat i
control signals to opgrzraf’toer c{'\rl:_‘qshtu?%oﬁé?%%grrg%ﬁlan@?hgﬁgggaq?éggtﬁ%sﬁ rA?Ut est
system for the nechdidiaons.ch Upen thetearedrpnpreesf a Fepdifdonesthighst em

operative duri“9f§¥H&¥i6¥Té%i?ran@@9 Ui a8 dE¥A BF hhanTRCHaiqureor
nonitoring the condition signals generated bg@the seniors and identifying

ivali d conditi o SSidivany, kaPedtIR A tREATEFEICAT BERINBRE G BHARAP i Te
the machi g is shygudtown, risefuetimddyiéfastosyl ahep2lcticet e atesors and

bl ool oper at | nd TR IS BT HE FRERFNLS AIPRSS AP SGOFATLY e try
by identifying i nuadtisbrawonek | i €ite ssgaed st pecatiufadlulrer el yaic made
during development of a dynamic méchine is not
accurate for a mature system. Service personnel have
10~ 1learned that the test system fault indications are
_unreliable'and often ignore them. _
The, inv iQn provides a dynamic machine as
hereir%‘.ﬁ%}ﬁ%rising
sensors providing condition signals representative
15 of operating conditions of the machine,
a programmed operating controller responsive
to the condition signals for the generation of control
signals for the operating and shut down of the machine
on command or on occurrence of a fault condition,
20 actuator elements responsive to the control
signals to operate or shut down the machine, and
a diagnostic test system for the machine,
which test system comprises:
a passive test system operative during operation '

25 and shutting dcwn of the machine, for monitoring

-

the condition signals geherated by the sensors and
identifying invalid condition signals,
an active test system, actuable on demand while
" the machine is shut down, segquentially to stimulate
30 the sensors and associated circuitry into generating
condition signals representative of typical operating
conditions of the machine, and isolating faulty
éircuitry by identifying invalid condition signals
produced thereby; and



s

aynonvol atile nmenory and associ ated visual display responsive to the

ssive test systemwhen the machine is operating or shutting to record and®
d/splay the identity of all sensors that have 5 generated invalid
ondition signals, and responsive to the active and passive test systens
when the machine is shut down to record and display the cause of shut down.

DRAW NGS Figure 1 is a diagrammtic peréiective illustration of an aircraft
auxiliary power tnit. Figure 2 is a general block diagramof the APU
control and protection circuits; 5 Figure 3 is a detailed block

di agram of the APU wth condition sensors and actuator elements relevant . to
an understanding of the invention; Figures 4 and 5 are flow charts for the
passi ve and active test systens, respectively; 10 _ Figure 6 is a
flow chart for the protective functions; Figure 7 is a flow chart for the
operation of the protachoneoclatdlieomemoriyguind Gssodai dteadv eheuwial f or the

initialization procedure; 15 ' Figure 9 is a flow chart for the
status procedur edibplayesesponsivendol 2her pafdsiwe tazdts systéme processor
on occurrence of a fault; Figure 13 is a flow chart for t hut down

procedure; Figurehén theamhtbimehdst operasting iong sitwriaired 00 record
and display the identity of all sensors that have
5 generated invalid condition signals, and responsive
to the active and passive test systems when the machine
is shut down to record and display the cause of

shut down.



20 fault information in*the menory; Figure 15 is a flow chart of the
p&ssi ve test system Figure 16 is a flow chart of the active test system -
di splay routine; Figure 17 is a flow chart for the check of protective 25
f.unctions which is a part of the active st system Figure 18 is a flow
diagram for the check of control functions which is a part of the active

test system Figure 19 is a flow chart for the isolation of a defective

uni ™ whi ch I S ‘BrRRREGEf the actjve test system 30 Figure 20 is a
flow chart for~the procedure of clearing of the nenory; Figure 21 is a

bl ock di agram of a &igUse ¥ okssdi AhpErpRgaticoRgFAPRFLivie iddmstdation of

control; Fi guag 2A rice &% ©| Aeki T apyapolelrUsiniali ng the 35  application of
an AC stimulating si_gnal ' e contro Fi gure

to_an input of the_nachi ; and
23 is a block diagr qqq%sgr%ﬁiﬁggFﬁéréépﬁxﬂék agram ngﬁupfﬁ Fyntrol
signal to an apdutprdtddei omcdi peusestrol. The auxiliary power unit - APU -
of Fi gurgs 1 and fis. 5

n,illugtration of a.controlled dynam ¢ _nmchine
with whieh the test Fs‘;%"l%?n%f‘? h@ aﬁ%@ﬁ#&n%@%r ’f%%ﬁ%’?‘l?gu§gﬁu%.pu€l‘@rﬂbn
UJ; S. Patelnt N@onf&iﬁ&:gﬁ&ersmb andr actubedr gasénmmd e wedem:efrlhnan ta _ramaf;
electrical generator, driven onst ant. .spee rive, an illustration o
anot her contr&Qééf%. nél%@ﬁ%ﬁighﬁaéﬁ%ﬁgk %?H which the invention is
useful . There are @igurelyndnandnichreeslow agharts uSonfthecpassive lasser
conpl exity fo%éﬁfﬁg’ééE%FE?E%&ES?”QegﬁkﬁﬂiJé¥y;SySte”S and fault

et ul™

recording is usS
10 Figure 6 is a flow chart for the protective functions;

Figure 7 is a flow chart for the operation of the
protective functions;
Figure 8 is a flow chart for the initialization
procedure; ]
15 Figure 9 is a flow chart for the status procedure;
Figures 10, 11 and 12 are flow charts for the
processor on occurrence of a fault;
_Figure 13 is a flow chart for the shutdown procedure;
Figure 14 is a flow chart illustrating storage of
20 fault information in the memory;
Figure 15 is a flow chart of the passive test system;

- Figure 16 is flow chart of the active test system

display routine; _ :

flow chart for the check of protective
part of the active test system;

flow diagram for the check of control

Figure 17 is
25 functions which is

v o

Figure 18 is

functions which is

n

part of the active test system;

v Figure 19 is a flow chart for the isolation of a
defective unit which is a part of the active test system;

30 Figure 20 is a flow chart for the procedure of
ciearing of the memory; o -

€t

_ Figure 21 is a block diagram of a circuit for
stimulating. an output.of the machine control;
Figure 22 is a block diagram illustrating the
35 application of an AC stimulating signal to an input of the
| machine control; and '



he\term "dynam ¢ machi ne" is used 15 herein to designate an apparatus

mﬁﬁ h' has active functions, as starting, operating and stopping, as

rrgcted by actuator el enments. Sensors or operator controls, or a

' i nation thereof, provide informat$on to a machine control which in turn
generates control signals that 20 are directed to the actuator el enents.
The nature of the operation of the machine is often established in
accordance with a predeterm ned function or program based on the jnput
information fromthe sensors or froman operator. The auxiliary power unit =
30 illustrated 25igureli 23r asmat bdaidky diagigmrkllu'strp@iugecthy a turbine

engi ne . 31 cLra : I g.d f

alrcraft'ﬁgy system t ?oéghél%%éﬂ%?%ﬁﬁrém%iaﬁgl E?SQ Jém%erlng
val ve 33 WecdHnsreentsolhe fuel flow to the APU. A solen0|d operated val ve
34 affords an owmfaafﬂiiakﬁ%owezofuﬁf@ Lhaby Eu Eusk Pigiitlde/ & eﬂaérf gunp

35 through line 36 to a gas_Chanb I n_whi fuell 1s m xe air

fr omPengi 7@ é&%d%%"s%%?lgB ﬁﬁdab&%‘?]é-%r%?%?’élﬁaﬁ‘amlm it whieh
fAﬂr blh ng 3the tT&huas&\Péysseﬁt aft Q%eb)&rﬁwé?%it&ihﬁopafﬁdcmta@ly( rlfﬁeﬁhp\/\g) el
ich dri e englne,compressor appr.opri ate spee ue
val ve 34 "rﬂﬁ"érq% vBpbe §3 _%eﬂﬁe‘r@tﬁé@l?@@?’?n@ gﬁép%[ Fasfe %%%
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to a cool ing, 'WhdP Phahit RAWAEs Ur 4fperalus' BE 4RUUPYS "FiLs 2L

the aircra
complexity for which the passive and active test systems and

fault recording is useful.

.

The term "dynamic machine" is used
15 herein to designate an apparatus which has
active functions, as starting, operating and stopping, as
directed by actuator elements. Sensors or operator
controls, or a combination';hereof,-provide information to a
machine control which in turn generates control signals that
20 are directed to the actuator elements. The nature of the
operation of the machine is often established in accordance
with a predetermined function or program based on the input
information from the sensors or from an operator.
The auxiliary power unit 30 illustrated
25 diagrammatically in Figuré 1l is powered by a turbine engine
31 which uses aircraft jet fuel. The fuel is delivered from
an aircraft fuel system through line 32 and fuel pump 35 to
a fuel metering valve 33 which controls the fuel flow to the
APU. A solencid operated valve 34 affords an on-off controli
30  of the APU. Fuel is delivered from pump 35 through line 36
to a gas chamber 37 in which the fuel is mixed with air from
"engine compressor 38 and burned to generate gas which drives
the turbine 31. The APU is started by a battery'powered
motor (not shown) which drives the engine compressor 38. At
35 the appropriate speed, fuel valve 34 and metering valve 33
- are opened delivering fuel to the gas producer where it is
ignited.



Air fromconpressor 42 is:utilized in'the aircraft environnental system 341
@g,, ‘to circulate fresh air through the cabin, for main engine starting £
and for powering an 10 enmergency hydrgulic punp. O her apparatus _
capabl e of being operated by conpressed air may al so be connected with the .
conpressor. Cenerator 43-provides electrical power to loads, as lights,
comtrol s, comunication equi pnent and the |-ike when 15 the aircraft is
on™he ground* The APU nay be operated when the aircraft is airborne and

the generator 43 nnyrhe GAYBIHE BHAE € WP f9efbniéetéd cehtoagh geapling as
when one of the main generators is inoperatiye. The APU controller SQ
i I lustrated i niBAdCRtEG QeneTAFLY &% é§°2X5H333a?sabFe?3TBBF§sgr 2 and
prgggaﬂnefhﬁlCaOnhQﬁ%gpﬁasdﬁfIEdtﬁiUHEkgénaiatnts43ronmteninletiduche AB|)
an romthe aircraft, JorQvidi.ng output 0 U nd to
~operation di spf‘éy?nldn 4t7ﬁx.901£ercctf gﬁ’t'&rj %e%%n?%l ?%?ég%&‘l%s g%"\@ggggﬁf)gfo,tm
portlors,Sa c ocompir egsore Iy CSMMpressor542 andotecaiopobingefanr 463whiphe
control processQr .S .l r r P [ t
The prot ectionégrr gélé'sas%rsc elg?[lg?%é}?’tgsﬁéoé%gr%%?fgﬁ%?&% ghg ta gsrtes%uff ﬁe’
system The protect i éd pfseum RAMErRsS0E ohdcts cutihizeghin the aircraft
mul ti pl exer 54 Wil onitfentl SAPSER, 280g apt ot eirehEaeat Erasd blie &hRrough
processor inputs,to conduct tests, as mnloﬁﬁggear. When_a fault s
detected, the t@enCabRinyt oramah engine FbﬁﬂeﬁnsrgﬂFtﬁ@"ﬁF&P@cFan
?LOC§ZSOLO53 t@g%?%;ﬂdylnyﬂﬁ&ﬁiﬁ@ pemp! Y 6bhefhapparatosneapablecalfl being
e - recorde a i nf ormati on,on. a visu aylt di 56, e
APU and aircraPquﬁFﬁﬁthﬁhé%??gﬁF%ﬁ?ﬂ he MAY gis& BL cghﬁ@k@%a @1th fﬂ%
o compressor. h )
Generator 43 -provides electrical power to loads, as
lights, controls, communication equipment and the like when
15 the aircraft is on the ground. The APU may be operated when
the aircraft is airborne and the generator 43 may be
connected to supplement the electrical supply, as when one
of the main generators is inoperative. '
The APU controller 50 illustrated in block form in
20 Figures 2 and 3 is preferably a programmed microprocessor
which responds to inputs from sensors in the APU and from
the aircraft, providing outputs to APU actuator elements and
to operation displays in the aircraft. The cont;oller 50 is
divided into two portions, a control processor 52 and a
25 protection processor 53. The control processor is in cbarge
of the start-up and operation of the APU. The protection
processor detects faults, orders APU shutdown and tests the

system.
¢ The protection processor 53 is connected through a
30 multiplexér 54 with the APU sensors and actuator elements

"

and the control processor inputs to conduct tests, as will

appear. When a fault is detected, the identity of that

fault is communicated from the protection processor 53 to a

fault indicating memory 55. The serviceman can call up the
35 recorded fault information on a visual fault display 56.



/ itroller is shown in nore detail in Figure 3. APU sensor inputs to the
gomtroll er 50 include: 61- incoming fuel tenperature T[err] 5 &
- gas producer conpressor, dis- char pressure CDP 63, 63 - gas

woducer speed sensors NG #1, #2. (two speed sensors are used for added

reliability) 10 64 - nmeasured gas tenperature - MGT - in
the gas producer 65, 65'- power t.urbi ne speed sensors N #1 and #2 67 -
differential pressure [err]P in 15 t he | oad conpres§ﬁ§
42. 68 - inlet pres&%kﬁﬂ@d“dﬂi éﬂEbJéE¥1£H¥E¥é§§ﬂ§c@90n YYtRUELhRr essure
POUT for the load c ressor 70 - low oi| pressure - LOP
- in the | 0ad“OBHSP: §5rifishQﬂQﬂ;Q)W°?%wﬁﬂﬁ%&%r _Figyre 3n t ABU| §gnsor
conpressor 72inpudy ®d theaiontrolldX) 50 i incbude: -the

| oad conpressor. Qutputs fromthe electronic controller 50 are connected
with the foll owi ng APU actuator elenents: 75 - rotary actuator for fuel

meter - ing valve 33 sets&ﬂurfnnnomingvﬁnbl temperature T to the APU
A val ve gosition feedbackg ‘E??éﬁb#f“ﬁﬁmﬁ?e@é@ftrafhg controller 50
i f

com pleting a servo Ioop or t
: . charge pressure CDP

63, 63'- gas prqducer speed sensors NG
$1, #2 (two speed sensors are
used for added reliability)

10 _ 64 - measured gas temperature - MGT -

' in the gas producer
65, 65'~ power tﬁrbine speed sensors Noe
#1 and #2
67 - differential preséure AP in
15 o the load compressor 42
68 - inlet pressure Prn for the
load compressor
69 - output pressure Pour
load compressor

20 70 - low o0il pressure - LOP - in

the load compressor
71 - high o0il temperature - HOT -
in the load compressor
72 - low oil quantity - LOQ - in
25 ' . the load compressor.

for the

Outputs from the electronic controller 50 are
connected with the following APU actuator elements:

75 - rotary actuator for fuel meter-
ing valve 33 sets the fuel flow
30 ' to the APU. A valve position
- feedback 75 provides an input
to electronic controller 50 com-
pleting a servo loop for the
fuel valve



- 76 - start contactor provides elec- trical power to the start notor (not-
smown)"- 77 - igniter ignites the fuel in the 5 : gas
producer 78 .- surge val ve actuator opens a by- pass valve on the |oad
conpres- sor 42 to minimze a surge con- dBtion. Valve position feedback 10

79 conpleting a servo loop with actuator 78 for the surge valve 81 - inlet
gui-de vane actuator for the inlet guide vanes of the |oad conpressor. Inlet
guitde 15 v vane position feedback 82 ecom pletes a servo

| oop for the in- et guide e Ldd ' t -electronic
controller 50 include: 85 -V’gdrqrbi Z%%%p%?%%% Oqgér%iggg s1&€ 86

- Start/On command fromthe air- trigal gyowen @ GoeNetar§nBPtPFom the air-
craft - 88 - a signal (id¢i i the status 25 o
of the main aircraft electrical generating systemg89 - i n_engine start
signal . Other outputs of el ekt ront IR r Pg?eﬁot?ﬁcfﬂgg PﬂetBSIlowﬁng

display signhals to the aircraft: gds producer : 92 - | oad conpressor
- unl oad '
) 78 - surge valve actuator opens a by-
pass valve on the load compres-
sor 42 to minimize a surge con-
- : R dition. Valve position feedback
10 - 79 completing.a servo loop with
actuator 78 for the surge valve
81 - inlet guide vane actuator for
the inlet guide vanes of the
load'¢ompressor. Inlet guide
15 vane position feedback 82 com-
pletes a servo loop for the in-

let guide vane actuator.
Additional inputs to electronic controller 50 include:

85 - ambient temperature, Tamb

20 ' - 86 - Start/On command from the air-~
craft C
87 - AIR/GROUND signal from the air-
. craft .
88 - a signal indicating the status

25. _ of the main aircraft electrical
generating system
89 - main engine'start signal.

Other oufputs of electronic controller 50" include the
following display signals to the aircraft:

30 .- .. - 92 - load compressor unload
93 - APU fault
- 94 - APU shutdown



93 - APU fault 94 - APU shutdown 95 - APU ready, to’load 96 - gas ..
enperature for a meter display. The invention is concerned with the test

My gt em and 5 its.relation to the protggeti on processor 53. Accordingly,
e progranmm ng of control- processor 52 Will not. be considered in detai

It is sufficient to understand that upon initiation of the APU operatlon
the start notor is energized to drive engi ne conpressor 38, the igniter u%
10 turned on and fuel valve 34 opened. These operations are® controll et

sequentially primarily on cer speed NG and tine

del ays. For shutdown, the #%e'f %V%%%’?a@%p&gg‘g The operation of the

passive and active test s)2f ensgds$ temperatbredfecrabmeteprinmarily with

reference to the programflow dj ?%#ﬁ%% Fi gures 4-20, which represent the
b

protection and test prdgrans per y- protection processor 53. A
-principal feature of the invention is the provision of passive and active

test -systens Wth agRGnvedtidh s concermed Gaht !hEOEHQQe%?§é:?g\dtatglsaf

e S 1 I P R M
test, Figure 4hel prdgrenniontofhucontrolrprocessont 52nwelilt hotawe | iary 2
pover Uit eahp sk ) geuEES, Vi L5 TSuFEFRLeSE b, BRATRMIRA chad o
nonvol atil e nnponyxﬁitzaulddmninmht APU copariatibon, theesparsi metorstiem -
Identifies th%n@@%ﬁ%éﬁ £d ¥ivd%ndin@ compressor 38, the igniter is
10 . turned on and fuel valve 34 opened. These operations are
' conﬁrolied sequentially primarily on the basis of gas
producer speed NG and time delays. For shutdown, the fuel
valves are closed.
_ The operation of the passive and active test systems
15 - -will be described, p:imarily with reference to the program
flow diagrams, Figures 4-20,.which represent the protection
and test programs performed by protection processor 53.
A principal feature of ‘the invention is the provision
of'passive and active test systems with a memory which
20 records faulty components and the causes of shutdown for
subsequent ‘display. The operation of these test systems is
111ustrated dlagrammatlcally in Figures 4 and 5.
The passive test, Figure 4, functions continually
during operation of the auxiliary power unit. At block 100
25 passive identification of nonshutdown faults is conducted.
' Any faults that are noted are stored at block 101 in the
nonvolatile memory 55. In.the event of a shutdown, the
passive system identifies the cause at block 102. If a
shutdown is indicated at block 103, the pertinent symptoms
30 . are identified at block 104 and recorded in the memory 55 at
block 105. If shutdown is not indicated, the program
returns from block 103 to bléck 100 and continues.
N The active test is manually initiated following an ARU
shutdown as indicated at block 107, Figure 5. At block 108
35 controller 50, its various inputs, the APU sensors and the.

1



‘'shutdown is indicated-at bl ock 103, the pertinent synptons 30 are w_(i%éj
iwlent if.ied at block 104 and recorded in the nmenory 55 at block 105. |f~ -
shutdown is not indicated, the programreturns fromblock 103 to bl ock 100
and’ continues. The active test is manually lithitiated fol | owing an APU

shut down as indicated at block 107, Figure 5. At block 108 35  controller
50,~its various inputs, the APU sensors and the APU actuating el enent,

al Mshown in Figure 3, are-checked. At block 109 a determination'is nade

whet her the con | ek iag if | L P‘Eﬁ% [§omi s C K -
at bl ock 110 ofh?ﬁehgfgﬁﬁiﬁgwg%éﬁ%ﬁégé?/\ %%mgoins$b%gfg.§fhgfg chécked:
results of thi sA&hbaRCkNd A% Fraskesminatiepvis dhadeswhethespthgcgontroller

Af a unit of thegAPUnGRIiGhiing gaﬁﬁple'Pﬂ ifeis) i ghthbereislinbiecak BRock
solLated: [0S ATROREE A% LA Usnh SARAd Fanblr, AlanoRs. Comhe  °
causes of Previ pesullitst dfvthiz chiiclp| ay@dofit pbévleud 18Shutdbwnvedubgsais
function Thow cAiFBLAYeG 8r TR 17 2£ 0 Shikiod fne 'REy YREEN 18’ FeBlackinie
'i$itia]ization oh the Adighd line (IRIZk qas, béaisolatedksthis anformation
The active test oylispiaded Wt WLeRAiss  EF AT EOREFOEeRr T1p Uit eriitiea
Figure 7 shows tR B8r dn@penativey higekiiR? dthisninformatjienpapdeshieve
bllock 125 see Frooes PE Hreylols hdodonts are a8pIayLanaR DRoSKL 11T
whether the gas EBLIaHEd Wh b iiebiay |EHat Ehe FoRtEg e shas: ta3Ledn R3ock
114. i ’
The overall protective function flow chart is shown in
Figure 6. Following power up and initialization of the APU
15 at block 118, fault checks are made at block 119 and
operation of the passive test system commences at block
120. The active test sytem is checked and the memory
cleared at block 121. S
_ Figure 7 shows in more ‘detail the sﬁeps included in
20 the protective functions. Following power up block 124 and
initialization of the system block 125 (see Figure 8 below),
a determination is made at block 126 whether the gas
prodqger speed NG is below or above 8% of operating
speed. If the speed is less than 8%, the system status is
25  checked at block 127 (see Figure 9 below). If the gas
producer speed_is_greaterlthan 8%, the passive test systenm,
block 128, is made operative.
_ The initialization procedure, Figure 8, precedes the
startup of operation of the APU. All system outputs are
30 disabled at block 130. Then all data and program flags are -
reset at block 131. The watchdog timer WDT for~the
controller is tested at 132 and a determination is made
whether it is operating properly at block 133. WDT cycles
. . periodically. If a sYStem failure prevents its operation,
35 the APU is shut down, block 134. If the watchdog timer
operates properly, the controller counters are reset or



d. If the speed is less than 8% the systentstatus s 25 checked at
k 127 (see Figure 9 below). |If the ,gas producer speed is greater t han *
t he passive test system block 128, Is nade operative. The

i.nitialization procedure, .Figure 8, precedes the - startup of operation
of the APU. Al systemoutputs are 30 °~ disabled at block,6130. Then al
data and programflags are * reset at block 131. The watchdog ti ngr.

WDT for the controller is tested at 132 and a determination is made whet

st om Por Tur B PLORERed, Bk Ta80Y, mhe SRGURRR R G PR st bnel

134. |If ttuacnmtedbgr8|whnchpepatatepmuﬁhﬂ@hetSpeeﬂnﬂenﬂ¢ts quwm&rsaade

reset or '@st'akhzsg akeditea JECHIGURIANY. tggrﬂé%tﬁgtef/@gég

converters whi Ch era speed sensors ar e
started at bI%%?(f'.ls@ athblegk: d37cRadk ﬁl@ SAysten ntenumts A enenabbed

system igiterryptg186R €980 €#n2s comiplitle@s thid. lnlmélfﬁ‘@i@ﬁ ?ré@@dures.

initialization procedures. The system status praogr bl ock, 12 |gure ,

is illustrated in FrB8r8Yst emAPFéF“&eﬁgﬂﬁlﬂqmgqyﬂ? t%ﬁlm Biguge by is
swi tches at biDI#stéatehenBFigulret ©Qn Mﬁateca@sézaﬁnbimktﬂé%t@ﬂdsléflt 2

1o e 21 i id LS, KE"habbe 340 2R i PLAE b LheSed e
checked and iblémkit43¢taaaedfthe'hamobpdnsadtnatnﬁeﬁhéﬂamtaﬁﬂGtesEe *
Fi gure I f S e cky at '
bl ook B i |TYSEH PRO1ATERRReEP R oEK 25 sl gUe 6P THETEN
restarted onI@IﬂEtbuthﬁnuaS agtuaFMMﬁhﬂdﬁlﬁbQJ¢l§3¥shwttﬂn i3 checked, and
and 12 illust{pteet §g hethate@' khe mory is cleared at block 146, see

Figure 20, If there has been a momentary loss of DC power,
the check at block 147 will shut the APU down, block 148.
15 The system can be restarted only after manual actuation of
the ON/OFF switch. .
Figures 10, 11 and 12 illustrate the tests performed
to detect the occurrence of a fault. 1In Figure 10, at block
150- the analog/ditigal controller inputs are checked. These
20 include, for example, temperature and pressure sensors in
the APU. At block 151 the status of input is checked. At
block 152, control functons of the control processor 52 are-
obtained through the handshake connection, Figure 2. At
_block 153 checks are made of the speed from the various APU
25 speed sensors. At block 154 a fire condition is checked;
- and at block 155 the position of the inlet door is
examined. At block 156 the engine compressor discharge
pressure is checked. Block 157 examines the load compressor
oil-pressure while block 158 checks the load compressor oil
30 temperature. In each of blocks 154-158, if a fault -
condition is detected, the APU is shut down at block 160.
The ambient temperature is checked at 161. If the
reading is not reasonable, a fault identification is stored
—— at block 162, see Figure 14. Similarly, fuel temperature
| 35 Tf-is checked at block 163. Blocks 164, 165, the outputs
of two temperature sensors for the measured gas temperature,



t.0 detect- the occurrence of a fault. In Figure 10, at block 150- the (Eﬁgz
ahal og/-ditigal controller inputs are checked. These 20 I ncl ude, for

exahpl e, tenperature and pressure sensors ,in the APU. At bl ock 151 the

status of input is checked. -At block 152, Iébntrol functons of the control
processor 52 are obtained through the handshake connection, Figure 2. At

bl gtk 153 checks are made of the speed fromthe various APU 25 speed
seMsors.. At -block 154 a firre condition is checked; -and at bl ock 155 the

position of the,ihl e o] i am . At, bl ogk the e [ essor
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161. If the reaﬂhhﬁ dowRoatr blogkaBi6d. a faul t |dent|f|cat|on is stored at
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compressor unloaded. Generator 43 is driven to supply
electr1ca1 loads.

15 : The check of faults contznues in Figure 12. 1If the
start flag is set at block 180, the ready to load (load
compressor) is removed and a shutdown command given at block
181. The unload flag is set at block 182 and load
compressor protective steps taken at block 183. The sytem

20 proceeds to shut down at block 184 and also checks the
engine compressor surge valve at block 185.

. If the start flag was not set at block 180, and the
ready to load flag is set at block 186, the ready to load
indication is given to the aicraft at block 187. At block

25 . 188 the APU is enabled and the program proceeds to load

' compressor protection block 183. Again, if the compressor
is ready to operate, shutdown 184 is bypassed and the
program continues as will be described below. If the RTL
flag is not set at block 186, power turbine speed is checked

30 at 190. If the speed is below 95% the program proceeds to
blocks 181, 182 and 183'as described above. If the flag is
set, the RTL count is checked at 191. If the count is

_ complete, the program continues through block 192 to block
. .....187. If the count is incomplete, the program continues to
35 block 181.-



At block 178 the APU i's enabled, with the | oad conpressor unloaded.
herator 43 is driven to supply electrlcal | oads. 15 The check of ®
|ts continues in Figure 12. [If the stgrt flag is set at block 180, the
ady to |l oad (load conpressor) is renove &nd a shutdown conmand gi ven at

bl ock 181. The unload flag is set at. block 182 and | oad conpressor
protective steps taken at bl ock 183. The sytem 20 proceeds to shut dowm Sf
at block 184 and al so checks the engi ne conpressor surge valée at Flogkfl
185. If the start flag was not set at bl ock 180, and the rea to | oa ag
is set at bl ock 186, ABSWHAgERaL | 49@:‘?0‘5‘?‘F'Bﬁeﬁ§°§]|9éﬁt?6¥ﬂﬁé shecks

at bl ogk 187I Atebtfa&br%le, @&éd‘lﬁeé\ﬂhflétﬁedzgﬂ8ﬂeaadnabétﬂaﬁﬁba@etermlne
roceeds to lo r i,on hl.oc e conpressor
Ps ready to opgﬁgt%g'gQ &53; 1’9{2& ‘é%e‘a""é“ao'f hgaiaioﬁPﬁﬁFBHﬁt tRues. as
will be describperb&ecw. mhésdmiﬁalude lods aof i BC nat Bbbcht;bhgahd186éw )
ower turhkine 9 spee w ot
Brogram p?ocee R‘EEQS Ioc%%%?%%d f%a% e%é%aeég’??bgg g%§§5 ib?’ ?‘ o1l
flag is set, tﬁéeﬁwr@o@m hloakhddGd sequencyingt faitunat atsbiocgl 393, t he
Progr am cont i Niggmahr aualt ddarlpried e d) oiodk 1981 "shliegsgH ki ESuss. .

I nconpl et e, ram c tlnues to 35 t he
Ioadngonpresso?agiﬁgécﬁq;$ KOy ¢ Faddnge| of %98e?fe§h9$ecﬁeéﬁ§ éﬁethe
conducted to dpregrame pioddeds it siit Vddwn bet SbBLbckOYB40r Wi Il continue =
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sequencyi ng f acbndétionblofcithid fuel metering valve inhibit £lag indicates
whether the shutdown is normal or fault caused. It is
checked at block 202. If it is set, all outputs of the APU
except that to the fuel metering valve are disabled. 1If the
15 inhibit flag is not set, a fault indication is provided to
the aircraft and all APU outputs are disabled in block 205.
At block 206 various APU sensor circuits are disabled, |
including low oil pressure, sequency failure, underspeed and -
flaméout. At block 207 if the shutdown enable flag is set,
20 the'gas producer speed is checked at block 208. If it is
" less than 8% of rated speed, a signal that the APU is shut
down is given to the. aircraft, block 209. The program
continues to block 210 which checks the absence of a start
command and gas producer speed less than 8%. If both
25 conditions are not present, the program continues to block
- 211 for. another cycle of the watchdog timer. If both
conditions are present, block 212 stores shut down system

information in the memory. Power to the controller is %
removed at block 213. At block 214 if the power has been
30 properly removed, the program proceeds to block 215 to wait

- for the next startup command. If power is not properly
removed, block 216 indicates a fault in the aircraft systems
which is entered in the memory at block 217.

-- - -The: fault store sequence for the memory is illustrated
35 in Figure 14. Fault information is temporarily stored in a
register, block 220. At block 221 it is determined whether



nor mal shut down procedure,*bl ock 198, shutdown circuit failure at bl ock
199. Failure of any of these tests-as the program proceeds to shut down at
bl ock 184. 10 Figure 13 illustratgs the shutdown sequence. The
condition of the fuel netering valve inhidi flag indicates whether the
shutdown is normal or fault caused. It is checked at block 202. If it is
set;7-all outputs of the APU except that to the fuel netering valve are

di s¥bl ed. If the 15 inhibit flag is not set, afault indication is

provided to thether €adflt d’d s¥dicd) eHBUYH StarCavié ad! sKutdoWh 06K 2Re adl. |
bl ock 206 vario % APU sensor circyits are disabled, includip Iom10|L
pressure, sequeg.ylFaFFuPQ,'u%ﬂé%gb $FtH R REMQEY PALRESH7APRDEL - 2

Erutgomn enab}ewhﬁeg Fs’iabxéﬁénte?Iihgh&b¢k(nhBXﬁnaptndlfs%rbetﬁedrmation

ock 208. - If Lt i S 9 r spgedh, a_signal _that e APU is

shut down is gi é%ﬁkﬁg g%e-b;’l%%g‘r %240 blgésﬁt%gfa%eci?%ﬁsa% %ﬁﬂﬁgﬁ“gé to

bl ock 210 §hi chpohstes Nos dbishEelsctedtat tborka?25 antingoementedcat 226

" speed less than ' S 4 Let_ or n ram
continues to blgég)g%% ?%?&gﬁgt%§£¥£%ﬁé$€§§t%iﬁsgﬁdigogﬁgi%%??Bﬁfgsggth

cgndi ti ons are PpPEIEALN.HPI@CK2R24 or es shut down systeminformation in

the nenory. Power toahheutdliineldfetié padPied eése! PEkprdviadl Byoeke214
i f the power haa been 30 properly renoved, {he frqgran1 roceeds to _bl ock
i £, E4/3URS 3

245 to wait for SERGTABY LS $ fpternal, ¥eltage checksears madsyad,
bl ock 21610ndi chlleska2R2aul t Tf drye voltagé tclieck eis bhdchthé RPUeisdshatt he

Tlustrated oo 0nhy plgtk 228, Raliied TR | e DX ERARH Iybioage pagoks
a register, bloake2800dit ablseri ¢ ©f tothericpassivedcheckscare made. At
block 229, the o0il quantity in the load compressor is
checked. If it is low, the procedure proceeds to a time .
15 delay 230 and when it is complete as determined at block
231, a low o0il quantity output signal is given to the
. aircraft, block 232. _ _
Correlation of the control and position feedback
signals for the fuel metering valve 33 is checked at block
20 234. If they do not agree, the program proceeds to shut
down at block 228. If they do agree, the next check is of
the correlation of the.sdrge valve actuator and position
feedback. Here if they do not agree, the fault information
is stored at 236. The comptessor inlet guide vane actuator
25 and feéedback position are checked at 237 and if not in
agreement, the fault info:mation is stored at 238. Control
functions of the control processor 52 which do not cause a
" shutdown, are checked at 239. Faults found are stored at
240. The passive test repeats so long as the APU is
30 operative. -

The active BITE system is enabled with APU shutdown,
and is activated by operator control of a test switch,
Figure 16. 8System interrupts are disabled at clock 225 so
that the test program can be carried out. At block 246 the

35 light emitting diodes of the visual display are all turned
' on so that the display may be checked by the operator. The




tfe fault is serious enough to cause a shutdown of ‘the-APU. If it is not,

'gm ck 222 selects a menory pointer nunber 2 which is incremented in bl ock L4
28 and the fault information stored at, bl ock 224. If the fault caused a
utdown, 5 pointer No. 1 is selecteﬁ?at bl ock 225, increnented at 226

and the fault identification stored at the appropriate |ocation, block 224.

An outline of the passive test is provided by the diagramof Figure 15.

I nternal voltage checks are nade at 10 bl ock 227. 1f any voltage chec¥

is bad, the APU is shyt down, block 228, Figure 13, If the internal yoltage
checks are go@ﬁ?%&Qﬁ;ﬁﬁﬁft(ﬂncﬁqﬁﬁriﬁﬁsib% gﬁ%ﬁk 1§Pia¥E§e.giP°B|36ﬁr229,

t he oijl gquant whyi lien tthee darive otgsescontisuescckedntkbli Euhﬂ:tliewls A e
procedure pro . ' 5 en_Lt i ete.as
determ ned at 8%%%%123%,&%%% %?’Pt‘g‘ﬁ%?#f%‘gg%%?gu?@si akgl °F’§%§|g§e ttt 6’(1[%4‘
aircraft, bl o24823Figusne d&ki oAny fakleovetis| cammupdcatiedntbeadidack
signals gor t ey i - 3 £811 edya I " a1 1f
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do agree, theFAdlur@iaciblacks 24Rr 270 el HPbhovingha shegk ¢4 Fheacomtrel
and position Feadtdiths, e plotdeyive FOhcUORS, ofNPrbiett iohf Prjies@dr S »
p0si t10n are SRelts: CHECKSH o RLGGk 2L | FFLGRERREAL - ¢ ReEALEPES Hfor mat | on
is stored at 33isilGrly dindicetedrisy cthe hdispbays| ofir blesksr 229 ,wi2i50h do »
230, " TR passive 1 SQEISHEHE SR of Sthe 'BhiEol WA BEBLRLRITE T i
active BITE sfunehons chiiwek 262 h(Riguseuldbwhsodatiess thet Lineed by
operator cont k@palceHIRS turfté t (koS ST 6eRér  cSHpbRBhLTLE tHA! APY Which
di sabl ed at cloCk 225 so :
- has failed. At block 253, 254, the present and previous
shutdown causes are displayed. A "Test Complete"™ display
15 completes the process, block 255.
| A check of protective functions in protection
processor 53 is illustration in Figure 17. At block 260 the
inputs to the protection processor 53 are stimulated
successively and the resulting input signals are read at
20 block 261. If there is disagreement, the conclusion is that
the controller has failed, block 262 and this information is
displayed at block 263. If the inputs and the input signals
are in agreement, block 264 detects unit or aircraft harness
failures which are stored at block 265. 'Output commands
25 from the protection processor are injected at block 266 and
read with an analog/digital converter at 267. Again, a
failure in the outputs indicates that the controller has
failed and this information is transmitted to block 262 and
_ | displayed at 263. If the outputs are appropriate, block 268
30 detects aircraft harness problems in the output circuits.
Information regarding a failed replaceable unit is stored at
269. Finally the software of the protection processor is
checked at block 270 by stimulating program modules
separately. The.outputs-actuated thereby are also checked.
35 A failure is detected as a failed controller, block 262. 1In
the absence of failure, block 271 determines that the
protective functions are operating.



that the test programcan be carried out. At block 246 the 35 l'i ght ,(éj
e®itting diodes of the visual display are all turned on so that the display -
may be ¢hecked by the operator. The sage "test in progress” is then’
di spl ayed, block 247, while the active test® continues. Control functions,
the operation of the control processor 52, are checked at block 248 (Figure
18): Any failure is communicated to and 5 presented by display 56,

f ol Mwed by the legend "Controller Failure", blocks.249,  250. Follow ng a

check of the control fimcFiguse LBetheoceoatirsd Funchiions &f Rortawl on

processor 53 are checkqg ock 25 iquee 17).. A failure-is simlarly
i ndi cated by th@HEPPENE g# %FScEée%ES,% o.spfﬂ‘“la““g the, ynRiSH 2hdkock
of the control &b proAtcbloekf 26t the, inpatis 272 Chegked 1Bingdthe es t he

| i ne repl aceabl | opent 0 | fail ed.
At bl ock 253, Z%ﬁ%%é%ggégﬁ{legkgsér %\?i@gug%ghtfg’&c?v\gﬁac tflséeéggaérgg T spl ayed.
A "Test -Corfpl et eintpExpggtesthe redptedesontsolr Suastiansock R5R1ilurecek any

of protective fuEtindsel BhBERECEhE2CaREECERIY the contdiA AN £dliled,
Figure 17. At Rhlock 2?0 t he |n€gts to _the protection processor 53 are
sgi mul at ed succ«gé‘s‘?%l Tingapfcthig iptpgmation 4is)isPlaved afy 21890 If the

EI oc]lf '2|616| Ib}‘ tég%%?ﬁiﬁ&iﬁgtﬁ?&?ét coh!thQ.QT@igdﬂﬂi{dhé Sartdﬁaitnlpm m% rﬂcler

as fail ed, oc and this infor i QR i [ a at-

tbe inputs and RETAEACERE §rapiOsRaY Shecke i B Failad) A SSiiageable

or aircrafli0-har skt far | aneaivbraltaharsesseprablemck F2dd urait informationsis

25 fromthe é&f@&igﬁ pggcessor are I njected at bl ock 266 and read with
e

- an anal og/ di gi tal~ conver af 267. Again, a failure in the outputs
i ndi cates that the cor€entrel fupction outputs are provided from the

protection processor 53 to control processor 52 through the
handshake connection, at block 281. If the signals from the
15  analog to digital converter are not correct, a control
processor failure is indicated at 282 and communicated
though block 277 to display 278. A failed APU unit
associated with the output of the controller processors, or
an aircraft harness failure is detected at block 283 and
20 recorded at block 284. The control processor functions are
checked through the handshake connection at block 285. A
failure is displayed at block 278. If the controller
.functions properly, this is verified at block 286.
Figures 21, 22 and 23 illustrate the typical circuits
25 for checking the APU actuator elements and the processor
input circuits. In Figure 21 protection'processor 53
actuates a driver 290 in the output of the control processor
52, The driver is connected through circuit 291 with an APU
actuator element 293 and a power supply.' A voltége sensing
30 circuit 294 is connected across the driver and a current
sensing circuit 295 is connected in series therewith.
Qutputs of the sensing circuits are connected through a
multiplexer 296 with a protection processor input and an
_. ' analog to digital converter. The voltage and current
35 conditibns in the circuit are analyzed to determine whether
the actuator element and the interconnecting circuit 291 and



rajled and this information is transmtted to bl ock 262 and - - di spl ayed
263. If the outputs are appropriate,.block 268 30 detects aircraft
ness problens in the output circuigts. Information regarding a failed
repl aceable unit is stored at 269. Finally the software of the protection
processor is checked at block 270 by stinulating program nodul es *

separately. The-outputs-actuated thereby are al so checked. 35 A failQie
is detected as a failed controller, block 262. In the_absence‘of failuréf
bl ock 271 geieesi D99 kel dptd AViHE Prioger LPCt iWwiEh atRe OPSLBEGRJang | N

Figure 18 the control  functions qf control ocessoy 55 are chegked by
stimul at i nigUEREREnpREOr At} AT nafugp 376aght 1Rphbe 9rdveRacked
usi ng the aebdabekeelement! ioan isitidr ddrhemting| chreaitseant beb

interrogagg éhg iﬁlgted control functions. A failure of any of these
checks indftares t'Rar the control ler has failed, block 277, and this

i nfordmation i s dippFigugdeat?2;73:he fciteuihctor shimglatingeacopeed -

functi ons @esbePihpud’ 155301, DA SlenblEkom! Bh 8sb211atoeY
repl aceabl e uhit or analrcraft h oblem Fallure information

is stored %90286.ceﬂﬁﬁﬂ&ththQQHh(ﬁﬂﬁiﬁéﬁéﬁ@gbrﬁﬂﬂﬁéﬁllﬁénbfh$h9rotection;
processor ppot@ct2Bh’ Prodedsdic o ¥ frequdicy /@i §oedshakaveReeCBIO2N 1At
block 281. Jf the signals fromthe 15 analog to digital conyerter are
not correcth®aCOBREP IH&QQﬁiﬁﬂﬁEQQ§hluQ$?%Fng?€3?§89a%n28§ ghgcults #
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control prhaeisgroutputisoconmerted with the various input circuits 306
of control processor 52. Similar circuits may be used to
test the inputs of the protection procesor 53.

15 In Figure 19, the program for isolating the failed
replaceable unit of the APU is illustrated, block 252,
Figure 16. At block 310, information regardiné APU
shutdowns is derived from memory 55, Figure 2. If this
information identifies the unit which has failed, this

20 situation is determined at block 311 and the apéropriate
information displayed at block 312. If the failed unit is
not indicated directly by the shutdown information in the
memory, block 312 analyzes the various information available
to determine the failed unit. At block 313, if the

25 information available identifies the failed unit, this is
displayed at block 312. If the unit cannot be isolated,
then the symptoms of the system which occurred at shutdown

~ are selected by block 314 and displayed along with aircraft
harness problems at block 315.

30 FPigure 20 is the flow diagram for clearing the memory,
block 121, Figure 6. At block 318, zeros are written in all
memory location. Block 319 then initiates a display "NVM
Cleared”. The display is maintained so long as the clear
button is depressed, block 320.

35 Nonvolatile mémory 55 is operated to retain data when
the power is removed. The memory action depends on a



checked through the handshake connection at block 285. A failure is : E{é>
dtsplayed at block 278. If the controller functions properly, this is -
verified at block 286. Figures 21, 22 and &g illustrate the typical

circuits 25 for checking the APU act uat el enents and the processor

input circuits. In Figure 21 protection processor 53 actuates a driver 290
in-the output of the control processor 52. The driver is connected through
cihelit 291 mmth an APU actuator el ement 293 and a power -supply. A vol t age
sensing 30 Ci{fubhed%fniScEaAnERbEedGnasRache Hilt WE AU REWH Wldual

- sensing circuit S con ect.ed In séries therew th. Qutputs of

sensi ng- ci rcui t steansisk@scPadrehr ONgE AnFu(ZEEPIScaEe ?5’6‘%% by pf:%‘é’dﬁ drpe

processor input éf'deEEnaﬁéhQgtboadh@bhahn@@@é@fdeerstatﬂ”l%ﬁ&'ﬂmeatﬂibi: to a

current 35 conditions.in the CIFCUI& lﬁﬁfd to determne ngtgg

" the actuator el eh@ft iBREIpRES ftaLtEonn mepory, fre 1§9iA %90

are operatigg prageihy. poweb hbeandlpagemamanumﬂEMhenﬁnnr&nuthattthe stored

-nature of a faul n the driv ctuat or, t. Or interconnecting

circuit can be dé?t?nfﬁe8°t5a%fe°%e% %& gﬁﬁgﬂﬂﬁp the circuit for

stimulating a speed sensor input is |Ilustrated The signal from an

O%cillator 300 is connected through a switch 301 controlled by the

protection processor to a frequency/digital converter 302 in the control

pf ocessor 303. Ot her processor input circuits 10 are provided with a

. suitable signal, as an analog signal, fromthe protection processor 53

t hrough a denul ti pl exer 305 havi ng outputs connected with the various i nput

circuits 306 of control processor 52. Simlar circuits may be used to test
the inputs of the protection procesor 53.



' In Figure 19, the programfor isolating the failed reolaceable
Jjof the APU is illustrated, block 252, Figure 16. At bl ock 310,

i rmation regarding APU shutdowns is derived fro u

this information identifies the unit which has fai Fl‘“‘mnﬂumu“mw IIt uatl on
is determned at block 311 and the apprgaglate i nf or ffat fon" diSpl*ayéd at

bl ock 312. 1f the failed unit is not in ated directly by t he shutdown
i nformation in the menory, block 312 anal yzes the various information v/
avail able to determine the failed unit. At block 313, if the 25

information available identifies the failed unit, this is displayed at

bl ock 312. If the unit cannot be isolated, then the synptons of the system
whi ch occurred atoistyiglown are sel ected by bl ock 314 and di spl ayed al ong
with aircraft harmress problens at bl ock 315. 30 ‘Figure 20 is the:
fl ow di agram for clearing the nenor bl ock 121, Figure 6. At bl ock 318,
zeros are wittertdn & |dynamig mé@é}nenasBh@@@ialéeﬁmaedrqqmnniﬁiug

di splay "NVM C eared". The display_ is maintained so Ion% as the clear
button i s depressed, eRSOBP(PreBiding condigies| gdigna #enory 55 is
operated to retain data when the power is, renoved. The nmenory action
depends on a tq%ﬂﬁﬂﬁﬁqFﬁ%kY%dOEh%PﬁEaEﬁngSSHdBtEQQS59§N nachinggl

transi stor pair. Ones and zeros %e entered 3% rC|Hggpne of each pair to
2 Bigh | npedance st at & REOTHMERPBEES LG FPRES0L SeRREnaR s 10

h d 5 d he APU
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control signals for the operating and shut down of

the machine on command or on occurrence of a fault
condition,
actuator elements responsive to the control
10 signals to operate or shut down the machine, and
a diagnostic test system for the machine, :
which test system comprises:
a passive test system operative during operation
and shutting down of the machine, for monitoring
15 the condition signals_generated by the sensors and
‘identifying invalid condition signals,
an active test system, actuable on demand while
the machine is shut down, seguentially to stimulate
'the sensors and associated circuitry into generating
20 condition signals representative of typical operating
conditions of the machine, and isolating faulty
-circuitry by identifying invalid condition
signals prodﬁced thereby; and

a nonvolatile memory and associated visual



LCLAIM5 1.~ A dynani c -machi ne as herein defined coapri-sing-sensars. *éégzo
pPovi di ng condition signals representative of operati nil'condl tions of the
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ati ng

condition signals for the generation of control sig
and shut down of the machine on command ory on occurrencé of a faul t
condi ti on, actuator el enents responsive-t 0t he control 10 signals to
opéeat e ‘or shat down the machine, and a diagnostic test systemfor the
machi ne, which test system conprises: a passive test system operative
during operation and shutting down of the machine, for nonitoring 15

the condition signals generated by the sensors and identifying invalid
condition signals, an active test system actuable on denmand while the
machine is shut dogfsplegueaspehkyveotst ithel passtilve tesorsysinsh agsawi at ed
circuitry into generating 20 condition signals representative of

typical operating thednéchifneolst bperatlinge orashutsuing iduwr dud tyecdr@ui try
by identifying invalid condition signals produced thereby; and a
nonvol ati |l e menor yandddaspbeyatbd idensliity ofi alllaysensgumstihatto the
passi ve test system when the nachine is operating or shutting down to

record and di spl ayhatie generatedofinyplidesomnds it signakened2led invalid
condition signals, and i .
. 5 responsive to the active and passive test systems

when the machine is shut down to record and

display the céuse of shut down.

2. A machine according to claim 1, wherein the

active test system is effective to determine whether
10 the cause of machine shut down is a fault condition
in the operating controllexr, in one of the sensors
or the circuit connecting that sensor to the
operating controller, or in an actuator element.
3. A machine acéording to claim 1 or claim 2,
15 wherein the active test system is enabled, for
subsequent actuation on demand, by the control
signals thaf ére effective to shut dowh the machine
on occurrence of a fault condition.
4. A machine according to any preceding claim,

wherein the active test system includes means for

‘ applying operating potentials to the actuator

elements, and means for detecting the resulting.
current'and voltage conditions of the actuator
element circuits, thereby to detect and identify

25 and faulty circuits.



5 responsiVe to the active and passi ve test Sy when the machi ne
i % t down to record and display the cause of ﬂt down machi ne

r/ding to claiml1l, wherein the active test sy |ve to
term ne whet her 10 t he cause of machine sh t
condition in the operating controller, ig one'of the sénsur he circuit
connecting 'that sensor to the operating &ntroller or in an act uat or 4
el enent. 3. A machi ne according to claim1 or clain12, 15 - *wherein tMe

active test systemis enabled, for subsequent actuation on demand, by the
control signals that are effective to shut down the nachine on occurrence
of a fault condition. 4. A machi ne according to any preceding claim 20
wherein the active test systemincludes nmeans for applying operating

potentials to the actuator elenents, and neans for detecting the resulting

current and vol t ege ccmdnamﬂmoacbbwaaguaboanql @f@ﬁedm:rg:wmlmlhereby to
detect and identify 25 and faulty circuits. A machi ne

accordi ng to any whexeih nghel acmvahtestnsybﬁeabnmm maegiem i ncl udes
means for applying stinulating signals, representing the condition signals,
to the operating twntappleing stimudatingasdghed sporiepydsanting resul ting
control signal outputs of the operating controller, thereby to detect and
identify a fault ﬁhﬁt¢@ﬁ@$ﬁ#%§|ﬁggEQhﬁvoFPthe operating controller

5 and means for monitoring the resulting control
signal outputs of the operating controller,
thereby to detect and identify a fault in the
operating controller.

6. A machine accofding to claim 5, wherein the

10 programmed operating controller has a control

_ function and a protective function and the
active test system is effective to check both
such functions, to detect and identify a fault
in either.

15 7. A machine according to claim 5 or claim 6,
wherein the active test system inéludes means for
checking the program of the operating controller.
8. A machine according to any preceding claim,
wherein the active test system is manually operable.

20 9. A machine according to any preceding claim,
wherein the visual display is manually actuable.
10. A machine according to any'preceding claim,
wherein the memory records the detected causes of

a succession of machine shut downs.
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-6, A machi ne according t'o claimb5, wherein the 10 programed operati
cSntroIIer has a control function and a protective function and the acti

test systemis effective to check both such functions,_to detect and
identify a fault in either. 15 7. A machine according to claim5 or
claim6, wherein the active test system imcl udes rreajjllmmllﬂgmmluﬂmre
prQ%;anlof thg operating controller. 8. machi ne ckiom! ngan 1
precteding claim wherein the active teSt_systen1is-nanuaIIy,operable. 20

9. A machi ne according to any preceding claim wherein the visual display
is manual |y actuable. 10. A machine according to any preceding claim
wherein the nenory records the detected causes of a succession of machine

shut downs. .C L 11. A machine according to claim 10, wherein the nmenory
records the detectldd cdugeschine cderdingiree ahahinnt0shwhetdedns tthee to
faul ts. 12. An aircraft auxiliary power ' systemhaving a test 5

system for identi DEmerynwsdards thaildetectedscansesal by aheddasti bed herein
with reference to the drawings. The text of the specification has been
reproduced by photb&ssymaghime Hipit cdonns clugi bal fawpeseript. It may
ntain a few anmennents which are difficult to read. The ori gi nal
agpescript oont ai fi“ng e 8 TSFA IS A b ePowebeey stiemnhaténgr anitess of

#he Pat ent fice . s
W éj system for identifying machine faults, substantially

as described herein with reference to the drawings.



