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1. SCOPE:

This SAE Aerospace Information Report (AIR) outlines concepts for the design and use of fault
isolation equipment that have general application. The specific focus is on fault isolation of
environmental control systems (ECS) in commercial transports. Presented are general fault isolation
purposes, design principles, and demonstration of compliance criteria. These are followed by three
design examples to aid in understanding the design principles. Future trends in built-in-test-equipment
(BITE) design are discussed, some of which represent concepts already being implemented on new
equipment.

1.1 Purpose:

This AIR provifes a practical guide for the design and use of fault isolation systems for the ECS in
commercial trgnsports.

Airframe manufacturers may use this AIR for guidance in developing practical, efficient, and
workable ECS|fault isolation equipment. Equipment suppliers'may use this AIR fol guidance
concerning their role with airframe manufacturers in the development and with the|operators in the
use of effectivg ECS fault isolation equipment. Operators may use this document t¢ write future ECS
fault isolation gpecifications against which the performance of the delivered system|can be measured
gquantitatively. [They may also obtain guidance foinmaking more effective use of existing systems.

2. REFERENCES:

AiResearch Manufacturing Company, "Environmental Control Systems Fault Isolatign”. Report
70-7022, 1970, Los Angeles, California

Albert, John, "Computerized Maintenance for Aircraft Environmental Control Systems". Presentation to
SAE AC-9 Cominittee Meeting,"Miami, October 1973

ARINC Report g04-1, “Guidance for Design and Use of Built-In-Test-Equipment,” Sgptember 30, 1988

ARINC Report §12;"BITE Glossary," December 18, 1986

ARINC Report 624, "Design Guidance For Onboard Maintenance System (OMS)," August 26, 1991

Curtis, George C. and Elgin, Charles F., "The MAC MADAR System: An AIDS Model for Commercial
Airlines". Paper 710425 presented at SAE National Air Transportation Meeting, Atlanta, May 1971

Douglas Aircraft Company, "Description of ARINC 624 Onboard Maintenance System," August 22,
1990

Douglas Aircraft Company, "DC-10 Fault Isolation". Douglas Service, November 1970

Douglas Aircraft Company, "Fault Isolation Analysis (FIA)". Report DAC67297B, June 1969
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2. (Continued):

Douglas Aircraft Company, Flight Development Group, "Finding Faults with FEFI". DC Flight
Approach, Second Quarter 1970

Hamilton Standard, "Hamilton Standard Guidelines for Airborne Integrated Data Systems", Report
HSPC 70E20, 1970

Hawkins, Capt. F. H. and Vermeulen, H. C., "Aircraft Integrated Data Systems - a Review of Their
History and Curtent Status”. Shell Aviation News, No. 401-1971

2.1 Definitions:

AIRCRAFT IN
airborne recor

AUXILIARY P

air source for the ECS and auxiliary electrical power generation.

AUTOMATIC T
when connect
acceptance te

BUILT-IN-TES
annunciating f

BUILT-IN-TES

display, that afe used as a tool t0"supplement maintenance procedures for isolatin

CENTRALIZE
ARINC 604) W

CENTRALIZE

TEGRATED DATA SYSTEM (AIDS): A term (adopted by ARINC) in
Hing systems that include acquisition and signal conditioning.

DWER UNIT (APU): An on-aircraft unit, usually agas turbine, that su
[EST EQUIPMENT (ATE): General purpese, usually computerized tq
bd to the unit under test through the necessary interface, automatica
5ting.

T (BIT): Tests performed by.the system upon itself for the purpose d
Ault conditions, isolating faults, and possibly taking corrective action

T-EQUIPMENT (BITE): That part of a system, usually sensors, elec
D FAULT DISRPLAY INTERFACE UNIT (CFDIU): A unit (part of the C
hich interfaces aircraft operational subsystems to the display unit (C

D FAULT DISPLAY SYSTEM (CFDS): A system described by ARIN

general use for

pplies an auxiliary

st equipment that
lUly performs

f detecting faults,
ronics and

g system faults.

FDS described by
FDU).

C 604 that uses a

centralized fad

Ittéommand/display terminal to retrieve and display subsystem prod

iced BITE display

data.

CENTRALIZED FAULT DISPLAY UNIT (CFDU): A unit (part of the CFDS described by ARINC 604)
which provides the actual display interface for the maintenance crew.

ELECTRICALLY ALTERABLE READ-ONLY MEMORY (EAROM): Nonvolatile computer memory
devices whose memory content can only be changed by application of an electrical signal.

ELECTROMAGNETIC INTERFERENCE (EMI): Electromagnetic phenomena which, either directly
or indirectly, can contribute to a degradation in performance of an electronic receiver or system.
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2.1 (Continued):

ENVIRONMENTAL CONTROL SYSTEM (ECS): That aircraft equipment responsible for maintaining
proper cabin ventilation airflow, temperature, and pressure. It usually comprises engine air source
control; air conditioning packs and their control; cabin inflow, ventilation, and temperature control;
and cabin pressure control. It sometimes includes avionics, cargo, and galley ventilation and
temperature control.

FAILURE MODE AND EFFECT ANALYSIS (FMEA): An analysis of a particular design for describing,

as a minimum

FAULT ISOLA

identification of the unit, assembly, or piece part that has failed.

FAULT ISOLA
probabilities tg

GROUND SUI
carried on-bod

LINE REPLA(Q
packaged to b

MEAN-TIME-H
by summing o

MEAN-TIME-H
reliability or ag
and dividing by

MINIMUM EQ
operational pri
account for ind

the most probable ways an equipment can fail and the consequenc

[TON: The process and actions, following equipment failure, that arg

FTON ANALYSIS (FIA): A systematic evaluation of failtre causes, in
determine the level of Fault Isolability provided ferin the system de

PPORT EQUIPMENT (GSE): As used in this report, it is ground-bas
rd the aircraft that is used to inspect, test, .ortroubleshoot aircraft eg

EABLE UNIT (LRU): A component or-assembly of components that
e removed and replaced as a singleditem.

BETWEEN-FAILURES (MTBE):"A measure of actual hardware relial

tual operational réeliability, determined by summing operational flight
the number of\unscheduled and unplanned unit removals, regardld

UIPMENFEIST (MEL): Refers to the minimum aircraft system hardy
or to safe-aircraft dispatch. Appropriate procedural limitations may |
perative equipment to maintain safe, airworthy operation.

es of such failure.
involved in the
dications and
sign.

ed equipment not
uipment.

by design, is

ility, determined

berating time on all units_aned dividing by the number of confirmed fajilures.

ETWEEN-UNSCHEBULED-REMOVALS (MTBUR): A measure of apparent hardware

time on all units
ss of cause.

vare that must be
e enacted to

ON-BOARD

AINTENANCE SYSTEM (OMS)T A SysStem described by ARITNT 624 that provides a

centralized location on the aircraft for electronically furnishing all the aircraft maintenance

information.

RANDOM ACCESS MEMORY (RAM): Volatile computer memory devices whose read/write memory

content is only

active while electrical power is applied.

READ-ONLY MEMORY (ROM): Nonvolatile computer memory devices whose contents can only be
read, not written in normal operation. The memory contents remain intact with or without power

applied.
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2.1 (Continued):

ROOT-MEAN-SQUARE (RMS): A calculation of the square root of the summation of the squares of
individual variables or constants. In this report it is used to determine practical system-level
tolerances composed of more than three component tolerances.

3. GENERAL FAULT ISOLATION INFORMATION:

This section first discusses the purpose of ECS fault isolation. The design of an effective fault isolation

system is then

iscussed followed by criteria for demonstrating compliance to fault.i

specification requirements.

The primary p
flight delays, o

Commercial jg
manufacturers
delays due to

their subcontrg
components fr
is important th
system and th
possible with g
of faults in prin
system(s), eith
requirement tg

A systematic 1
identification.
on-board the g
crew training.

3.1 Purpose of EQS Fault Isolation:

rpose of fault isolation is to minimize the total cost of aircraft mainter
ut-of-service incidents, and spares requirements.

t transports represent a large investment both:to the airlines and air
. The airlines have a high investment in direct costs of the aircraft arn
he large number of passengers carried:per aircraft. The airframe m
ctors) have a large investment in guarantees on unscheduled remo
pm the aircraft in service. To ensure$afety of flight and to protect the
At the flight and ground crews he, able to identify an improperly oper
At ground crews can isolate and-correct the malfunctioning compone
| high level of confidence Te’reduce flight crew workload, fast, accu
hary systems is required-so that appropriate crew alerts can be prov
er automatic or manual, can be employed with a minimum of flight ¢
minimize crew workload has special importance for two-man crew

hethod of faultiisolation is required to assure the needed speed and
Historicalproblems have produced the need for fault isolation metho
ircraftthat operates quickly, accurately, and requires the minimum ¢

solation

ance by reducing

frame

d in costs of flight
anufacturers (and
\vals of

se investments, it
ating aircraft

Nt(s) as quickly as
rate identification
ided and backup
rew effort. This
bperations.

accuracy of fault
s and equipment
f maintenance

3.1.1 Historical Pr

plems. HIStoriCal dIscussion Or past Tault [iaentiication prooliems IS

necessary to

better recognize the need for accurate, reliable, and readily available fault isolation procedures and

equipment.

Historically, the major problem areas aggravating the high cost of aircraft maintenance are:

a. Excessive time to properly isolate system faults
b. Excessive unscheduled removal of line replaceable units (LRUs) which are not faulty

C.

Excessive time required to remove many LRUs
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3.1.1.1 Excessive times to properly isolate faulty components are caused by several factors in the
absence of effective on-board fault isolation equipment:

3.1.1.2

3.1.1.3

3.1.2

-0 Q0o

Erroneous
For examp
Electrical U
apparently
apparently
refrigeratia
time has tdg
involve sys

Electronic

relatively €

be treated

accessibilit

Excessive

LRU. Hist

system de
frequently,

componen

they have

not be disq

Impact of F

Inexperienced ground crew

Ground support equipment (GSE) to aid the ground crew not available
GSE not functioning properly

Ground crew unfamiliar with GSE operation (takes too long to set up and operate)
Maintenance manuals (publication software) not readily accessible

Mainte

hance publications incomplete, unwieldy or out of date

LRU removal rates among airlines are widely varied with respect to
le, ECS mechanical LRUs removed for no cause typically-run from
nits incorrectly removed have run at 50% or more; APW centrollers
removed for no cause have run at about 80%; cabin temperature c
removed for no cause run from 80 to 90%. The erroneous removal
n units which are physically large is typically low/ecause sufficient
be spent to ensure that the unit being pullediis actually faulty. All g
tems with no on-board fault isolation equipment.

Units such as the cabin temperature opauxiliary power unit (APU) cc
asy to remove. Almost any cabin tefperature or APU problem is, th
first by replacing the controller. &or aircraft without fault isolation sys
y contributes to high erronegus‘removal rates.

time to remove the faulty-component involves accessibility and rem
prically, these factorsthave seldom received adequate consideration
Sign. Difficulty in réaching and replacing certain LRUs has resulted i

s is requirediso that time consuming replacements are not made in
h secondary. impact on fault isolation, the subjects of accessibility an
ussed<n.farther detail.

several factors.
15 to 20%;

pn some aircraft
bntrollers

rates of
troubleshooting
f these cases

bntroller are
erefore, likely to
tems this easy

bval ease of each
in the overall
N delays or, more

unduly long down time. Positive, accurate fault isolation of these hard-to-replace

error. Although
d removability will

and

ultdsolation: Fault isolation has an impact on aircraft dispatchability

maintainability as weltas aiffine spares provisioning.

3.1.2.1 Dispatchability: Dispatchability or dispatch reliability of aircraft is very important for the airlines
operating on a regularly scheduled basis. Dispatch delays of any aircraft with a load of
passengers can be very expensive if rescheduling of other aircraft is involved.

Good dispatch reliability requires the proper fault isolation of malfunctioning equipment as well as
proper design of backup systems that can be readily employed.
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3.1.2.2 Maintainability: Maintainability is a subject covering the effectiveness of properly identifying

faulty LRUs, readily replacing those units, and of being able to repair or overhaul the faulty units
and return them to service. The scope of this report limits itself to properly identifying in order to
properly replace faulty LRUSs.

3.1.2.3

Spares Provisioning: Costly unnecessary spares requirements at many terminals result from

high erroneous removal rates. If units that are not actually faulty are removed often due to
"shotgun" (randomly replacing units) fault isolation techniques, costly additional spares must be

maintained

3.1.3 Purpose of H

3.2

electronic sg
above and, t
and costly ai
isolate faulty
and by redug
subsystems
flight crew. T
this report.

Fault Isolation

A "fault isolatiq
finished produ

This process i
the functional

single system

provide status
mechanical le
panels.

by the airlines to replace the removed units.

ault Isolation Equipment: The purpose of fault isolation equipment
ftware, and publication manuals) is to minimize the historical proble
hereby, reduce the total maintenance cost. This is accamplished by

LRUs to increase mean time between unscheduled-removal (MTBU
ing spares and GSE requirements. A secondary/purpose is to prop

his is a result of LRU fault isolation functions and will only be discus

System Design:

n system" may be defined as the total process necessary to identify
Ct includes all the hardware-and software necessary to meet this ob

5 applied to a functional system of the aircraft. All interrelated compo
system and must e considered. For example, a cabin pressurizatic
from the circuit breaker(s) to the outflow valve. It includes all flight d¢
information.and ground shift or mode change hardware, i.e., relays,
ers/cablesfalong with the primary LRUs - controllers, valves, motot

The principle ¢

hardware,
ms discussed
reducing delays

rplane out-of-service incidents, by providing faster and-more accurate means to

UR) performance,
prly identify faulty

or LRUs in-flight so that backup subsystems_can be employed automatically or by the

sed in general in

faulty LRUs. The
ective.

nents are a part of
n system is a

bck indicators that
switches,

s, and control

RU there is an

fdault isolation design is that for every failure mode of a particular L

abnormal cha

acteristic wnich can pe detected, Indicated, and ISolated Trom other

ailures. Certain

failure modes may be passive by not exhibiting functional degradation at certain conditions, but all
are detectable by some means at some conditions. Measurable fault isolation goals must be
specified at the beginning of the design process. The design process includes understanding the
design principles, then performing the necessary tradeoffs and analysis. Practical tolerance limits
must be set considering the hardware requirements and the interfaces to other systems.
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3.2.1 Fault Isolation Design Principles: The ultimate purpose of fault isolation systems may be achieved
by cooperative effort between the airline operators, airframe manufacturers and the LRU suppliers.
Practical design requirements and objectives must be initially determined that include certain
principles to be followed during the conception and the implementation of the ECS and fault
isolation system design. Among these are:

a. Measurable goals should be established before the beginning of design. They are valuable
first, to verify the validity of the maintenance requirements, and second, to demonstrate the

benefits

Three gg

(1) The
repl
at the
dispd

(2) The fault isolation system must allow identification-of the faulty compone

95%

(3) Anot
plann
unne
sens
isola
1009

Considel
ECSs frd
techniqu

(1) Pred
(2) Mear

a'l?ement of aircraft dispatch critical components during the minimum

J

hat result from meeting those requirements.

als utilized in a recent design were:

ult isolation system and LRU remove/replace design must enable i

b gate, 35 min or less. This must be accomplished.te’prevent a subs
tch delay time of greater than 15 min.

accuracy, using little or no GSE for test.

ner measurable goal that has been gtjlized is to minimize the BITE h
ing to use only the sensors required for system control or crew indig

ng is added to achieve a goeal of fault isolation to one LRU with 90%
ion to either of two LRUS with 95% accuracy, or isolation to any of tl
b accuracy.

ation of fault isolation must be given importance throughout all stage
m the conceptual to the final design and testing phases. In particulg
s must be-cansidered during preliminary design so that:

bminantfailures are to a fail-safe operation mode.
s fordetection and isolation of all predominant failure modes are pr

These analyses must consider both steady-state operational tolerances and |

dentification and
turn-around time
equent aircraft

Nt in 10 min with

hrdware added by
ation. Adding

cessary sensing only for BIT réduces the overall system reliability. I this example, no

accuracy,
ree LRUs with

s of the design of
r, fault analysis

pvided.

normal/abnormal

system dynamic responses (including electrical system transients) to prevent nuisance fault
messages.
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3.2.1

3.2.2

(Continued):

c. Means must be provided throughout the functional system design and service introduction
whereby it can be examined as a complete whole, including its maintenance and operating
environment in scheduled service. In some cases this may mean a fault isolation and
maintainability demonstration for compliance with specified goals be performed prior to
introduction into service, followed by in-service analysis of equipment, procedures, and
maintenance crew performance.

d. As much
with mini
recording

e. Through
economi
isolation

Total Systen

isolation is p,

complex sys

a. The prim
pressure

b. The desi

c. The secq

(1) Syste

(2) Likeli

as possible, the system should provide fault isolation without engin
mum APU operation. This implies electrical checkout only or utilizin
) of electrical, mechanical, and pneumatic faults that occur in‘flight.

put the design the airframe manufacturer and the equipment supplie
C benefits and penalties of their particular system against the overall
system.

Tradeoff Analysis: One of the first steps when designing an ECS v
roperly defining the system requirements (overly severe requiremen
fems with poor effectiveness). This canbe done by determining:

ary operational requirements of thelECS (cooling criteria, heating cr
criteria, etc.)

gn boundaries (operating-envelope and acceptable operational tolef

ndary system requirements, i.e.,

bm and LRU MTBUR and MTBF guarantees

TBUR

Fault isolation accuracy % = x 100

hood-and acceptability of:

b operation and
) memory

rs must weigh the
purpose of a fault

ith effective fault
ts result in overly

iteria, flow and

ances)

(Eq. 1)

(@) F

ight squawks which the ground crew Is unable to duplicate

(b) Intermittent type faults (unannunciated intermittent faults are generally not acceptable
and must be minimized)

(3) Time limitations for fault isolation, turn-around time guarantees (this includes time to fault
isolate, remove, and replace LRUS)

-10 -
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3.2.2 (Continued):

(4) AIDS provisions, central fault display system (CFDS) provisions, on-board maintenance

system (OMS) provisions, or other system status indication requirements

NOTE:

(5) Speg

acce

(6) Main
adeq

3.2.2.1 Available ¢

a. Manual BIT (commonly called self-test) - is usually one or a combination of
magnetic latching indicators, lights and meters used by ground crews in pe

the syd

is that

perforn
pilot hg
to repld
has be
relative

Autom

(1) Ful

wh

usy

a

AIDS is a term adopted by Aeronautical Radio, Inc. (ARINC) in general use for

airborne recording systems that include acquisition and signal conditioning.
CFDS and OMS are terms (adopted by ARINC) that refer to centralized computer
retrieval and display of maintenance data and BIT results from the aircraft

subsystems.

ial installation environmental conditions that affect the fault iselation
5S, temperature)

enance training level or skills in scheduled service (ingeneral the d
Liate for the least qualified maintenance personnel)

Concepts: Methods of fault isolation include:

tem to identify which LRU has failed:;One of the advantages of usin
hose minor faults are ignored which have insignificant effect on sys

s written a squawk and maintenance personnel are attempting to de

en performed to verify ‘corrective action. This technique is generally
ly simple systems:

htic BIT - theré&.are basically three methods of implementation:

y Automatic: A test is performed continuously or periodically (i.e., o
bn the aircraft system is operating with no personnel involvement re
ally-a'go/no-go type test and may test one or more circuits or functio

medel" or "window" technique is used to determine "go" or "no-go".

nance. This is based on the philesophy that the only time BITE is us

design (location,

esign must be

switches,
rforming tests on
j manual self-test
em operating

ed is when the
ermine what LRU

\ce to correct the squawkK.,It may also be used to test the system after maintenance

used with

hce a second)
uired. The test is
NS. In many cases

Go" or "no-go"

conditions are displayed at a central point on the aircraft. This may be on the system
electronic controller face and/or at a centralized maintenance panel which communicates
with the system controller(s) or with the system components directly. This approach
normally includes "memory" of status information that is retained when electrical power is
removed from the system. The most elaborate form of these systems use
microprocessor-digital controllers and data bus communication (per requirements such
as ARINC 429) both for receipt of data from the aircraft and for communication with a
CFDS or OMS.

-11 -
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3.2.2.1 (Continued

):

(2) Manual Interrogation: Similar to fully automatic except that failure indications are stored in
a "memory" type circuit and are not displayed until requested by maintenance crews.
When self-test is manually initiated the memory circuit is interrogated and the failed LRU
is identified. This method of BITE display does not exhibit nuisance indications of failure
unless manual initiation is accomplished.

(3) Automatic Test Manually Initiated: Requires manual start by maintenance personnel of

aut]
act
ind
be
flig

Ma

Tests U
be effe
correct
where
additio
calibra
stockin

Some forms of GSE are practicalfor checking those mechanical or pneum

exchar
BITE. T
under (
regular

When
(1) Ver

Llal system functions to be exercised to check operation. A "go*'an™”
cation will give results of the test and what LRU is at fault if 'no-go".
used for verification of proper connection and operation of feplacem
Nt readiness testing.

Ny systems and/or LRUs use a combination of automatic BITE note

sing GSE - GSE should be considered as a last resort for troubleshd
Ctive it must be available at every airport where flight squawks may
ed. This becomes costly. For example, an<irline fleet may travel int
aintenance can occur. All 60 airports, must stock that particular pie
N to the cost of purchasing 60 units of GSE, the cost for transportati
ion or certification would have tobe considered, plus cost of replacs
g, and training of maintenance personnel in the use of particular GS

gers, air cycle machines, pneumatic valves) that are not cost-effect
'hese include speecialequipment to test the system performance wh
ontrolled conditions on the ground. These tests are most practically
ly scheduled aircraft maintenance checks.

5SE is used, it should be:

y reliable

pmatic test (usually pushing a button). Tests will be done automatically that may cause

J"

0-go" status
This test can also
ent LRUs and for

.

oting. For GSE to
have to be

D 60 airports

ce of GSE. In

pn and periodic
bment parts,

E units.

atic units (heat
\vely checked by
le it is operating
performed during

(2) Simple to operate, not requiring special training

(3) Built with instructions in placard form on the unit, written in a language the average
technician or mechanic can understand

(4) Thoroughly tested in its working environment to assure that it will do the intended job in
airline turnaround and through-flight environment
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3.2.2.1 (Continued):

(5) Cost-effective - A well designed GSE unit can be used in many different fault isolation
roles and many different systems. One of the most common and effective (although
usually not considered GSE) is the electricians’ portable multimeter that measures
voltage, current, and resistance in a variety of ranges.

(6) Compact and portable, not requiring electrical or pneumatic power. If electrical power is
required on the airplane, it should obtain the power from either batteries built into the GSE

or yise standard aircraft power.

Publicd
Onem
progra
should
supplig

There
have d
(see B

manual is used by maintenance personnel (Figures 2 and 3) for through or

mainte
toleran
a code

When

membd
descrig
code is
and ac
descril

manual; all cireuit’breakers OK; valve position indicator, hot; duct temperat

ition Methods - On some simple or highly reliable systems, BITE ca
cthod of providing fault isolation on such systems is by utilizing a so
M in a maintenance manual publication. To be effective, the software
be managed by the aircraft manufacturer who has thegreatest inter,
rs and the airlines, and can best integrate all inputs.

hre many software logic publication concepts available. Various aircr
eveloped individual programs that are similat:-Usually there are two
@ample, Figures 1, 2 and 3). One manuakis used by the flight crew (|

hance. The manual for the flight crew 'shows normal system indicati
ces. It also shows various abnormal indications and each abnormal
number.

h system abnormality (commonly referred to as a flight squawk) occ
r enters a code numpber in the airplane logbook instead of some ab
tion, such as, "Flight:‘Compartment Temp Control Inop in Auto." The
selected from the-flight crew manual. The fault code number repres
curate description of what actually was observed. For example, faul

compa
would
man h
will ind

tment temperature, high; all abnormal lights, off; trim air switch, on.
hendadio the code number to the next maintenance station where t

not be justified.
ftware logic

b program design
face with the LRU

aft manufacturers
manuals involved
Figure 1) and one
turnaround

bns and

ndication is given

Lirs the flight crew
breviated
appropriate fault
ents a complete
code 21-60-E-1

es the following condition: cockpit temperature control inoperative if auto, OK in

ure, high;
The flight crew
he maintenance

en code number it

be done rapidly to

isolate to a given LRU. The checks are usually given in detail with pictures showing location
and necessary part numbers. From an airline standpoint, the software logic publication is the
nucleus for all system fault isolation because of the following advantages:
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AIR CONDITIONING
TEMPERATURE CONTROL

¥ REPORT SYSTEM AFFECTED

1 - COCKPIT
2 - GALLEY
3 - FWD CAB
4 - CTRCAB
r 5 - AFT CAB
AUTO
. . ‘ 8
. ‘ TRIM AIR) R
2 Wiz O A
A v 1
CoLD crop H : L
MAN — (LT OFF) (LT OFF) OFF,
- £
e | | vau | coerouer | PCpnae] AREaR TR [FOITCR:
TEMP GAGE
SELECTOR| | POS IND OVERHEAT LT | PRESS W LT | SW SFHECTED
st 2ol U
AUTO OR NO T0
MANUAL CHANGE OFF 21-6q VW *
AUTO HOT HIGH HIGH 21-64 @*
AUTO COLD LOW Low 21-60 F *
AUTO HOT HIGH HIGH 21-60 G *
AUTO OR
MANUAL HOT Low Low 21-60 H *
MANUAL coLD Low LowW 21-60 J %
MANUAL HOT HIGH HIGH 21-60 K *
BUCT-AVIONIC
MANUAL HOT HIGH HIGH I osomueT | 21-60 | %
?AUATNOUSE HOT 21-60 M %
AUTO OR )
MANUAL coLp 21-60] N %
AUTO OR
MANUAL coLD HIGH HIGH 21-60 Pk
AUTO GR -
MANUAL HIGH 21-60 Q *
AUYTO OR
MANUAL Low 21-60 R %
AN HIGH 21-60 S %k
AUTO OR .
MANUAL Low 21-60 T %k
REPORT ANY FAULT SYMPTOM OR PATTERN NOT SHOWN ABOVE 21-60 X X%
CA17-21-7A

FIGURE 1 - Flight Fault Isolation
Air Conditioning Temperature Control
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Turn Arounp FaulTt IsoLaTionN

(AIR CONDITIONING) TEMPERATURE CONTROL

% NOTE SYSTEM AFFECTED

1 - COCKPIY

- GALLEY
/éﬁ;\ - FWD CAB
- CIRCAR

2
3
=\ a4
- L 5 - AFT CAB
AUTO! N
. . 0
. . - TRIM AR R
v W24 & A
A
COLD gyop| HOT L
S (LT OFF) (LT OFF) OFF
DUCT-AVIONIC AIR COND TRIM FAU
TEMF VALVE | COMPT/DUCT COMPT TRIMAIR AIR NO
SELECTOR | POS IND | TEMPGAGE 1 qyroear i1 | pReSS HILT | SW AF
?AUATNOUJ 5 21-6
AUTO R NO 10 2
MANUAL CHANGE OFF -
AUTO HOT HIGH HIGH 21-6
AUT coLD Low Low 21-6
AUTq HOT HIGH HIGH " coker 21-6
A HOT LOW Low 21-6
MANUAL coLD 1ow Low 21-6
MANUAL HOT HIGH HIGH 21-6
MANUAL foT HIGH HIGH 21-64 L *
AUTO gR /
MANUAL HOT 21-64 M*
AUTO Ol
MANUAL LoLp 7150 N *
AN coLp HIGH HIGH 21-60 P %
AUTO OR
MANUAL HIGH 21-60 Q%
AUTO OR
MANUAL Low 21-60 R *
AUTO OR
MANUAL HIGH 21-60 S %
AUTO OR
MANUAL Low 21-60 T %
REPORT ANY FAULT SYMPTOM OR PATTERN NOT SHOWN ABOVE 21-60 XX %

FIGURE 2 - Turnaround Fault Isolation
Air Conditioning Temperature Control
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Turn ArounD FaulT IsoLaTion

(AIR CONDITIONING) TEMPERATURE CONTROL

FAULT
0D

FOR SYSTEM TESTING, ENERGIZE FOLLOWING:

1.DCBUS 1, 2,3 3. L, EMER AC BUS
2.ACBUS1,2,3 4. BAT BUS

REPLACE

n

1. ROTATE KNOB ON TEMPERATURE CONTROL

SELECTOR IN GALLEY TO CENTER POSITION

VERIFY AIR CONDITIONING CB'S SHOWN ON
LOCATOR ARE CLOSED

3. MOVE TRIM AIR SWITCH TO OFF
4. MOVE ALL ZONE TEMPERATURE CONTROL

SELECTORS IN FLIGHT COMPARTMENT TQ
STOP

5. ROTATE EACH TEMPERATURE SELECTOR KNOB

TO COLD & HOT

6. OBSERVE MOVEMENT OF CORRESPONDING TRIM

AIR VALVE POSITION INDICATOR

INDICATOR MOVES

(NOTE]

IF DUCT-AVIONIC COMPT
OVERHEAT LIGHT STAYS
ON AFTER COOLDOWN,
RESET OVERHEAT
INDICATOR,BUTTON

ON AVIONICS OVERHEAT
SWITCHTN\MAIN RADIO
RACK/COOLING DUCT

SMOOTHLY IN
BOTH DIRECTIONS

NO

YES

REPLACE [TRIM AIR
VALVE & |CONTINUE

TEST

FAULT LIGHT TO COME ON

MOVE ZONE TEMPERATURE CONTROL SELECTORS TO AUTO
. MOVE ALL PACK FUNCTION CONTROL SWITCHES TO AUTO

CONNECT BITE-CABLE ON APU/PACK DEMAND CONTROLLER
TO ZONE TEMPERATURE CONTROLLER TO BE TESTED

ROTATE BITE.TEST SELECT SWITCH TO POSITIONS 1, 2,3,
WAIT ATNEACH POSITION FOR GREEN GO LIGHT OR RED

CONTINUED ON NEXT PAGE

FIGURE 3 - TAFI Fault Tree
Air Conditioning Temperature Control
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Turn Arounn FaulT IsotaTion

(AIR CONDITIONING) TEMPERATURE CONTROL

MAINTENANCE ACTION

CONTINUED FROM PREVIOUS PAGE

1
(B e
ON CONTROLLER¥
STAYS
ON
1
ROTATE TEST SELECT SWITCH TO
POSITIONG 4, 5, 6, 7, 8, & 9, WAIT
IN EACH POSITION FOR LIGHT TO
COME ON
ZqNE
COMES TEMPERATURE
ON CONTROLLER
STAYS
OFF
1
ROTATE TEST SWITCH
TO PPSITION 10
PACK OUTY ZONE IN
m COMES TEMPERATURE
SENSOR%k
STAYS
OFF
r ZAnE
ROTATE TEST SWITCH FAULT ME
TO AOSITION 11 LIGHT COON s TEMPERATURE
CONTROL FENSOR¥
STAYS
OFF
1 zdne
ROTATE TEST SWITCH FAULT COMES | TEMPERATURE
TO“POSITION 12 LIGHT oN — CONJROL
SELHCTOR
STAYS OFF
1. MOVE TEMPERATURE CONTROLLER CONNECTOR & BITE
CABLE TO ANOTHER TEMPERATURE CONTROLLER
2. RETURN TEST SELECT SWITCH TO POSITION 6
3. ROTATE TEST SWITCH TQ POSITION 7. OBSERVE

TRIM AIR VALVE POSITION INDICATOR MOVEMENT

INDICATOR
MOVES T0
CoLD

TRIM AIR VALVE

YES
Iy

1. ROTATE TEST SWITCH T0 POSITION 8

INDICATOR
MOVES TO
HOT

2. OBSERVE TRIM AIR VALVE POSITION NO=~

INDICATOR MOVEMENT

TRIM AR VALVE

YES

*KRESTART TEST

ZONE
TEMPERATURE
CONTROLLER

AT POSITION 1

FIGURE 3 (Continued)
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3.2.2.1 (Continued):
(1) Eliminates vague flight squawks written by flight crew.
(2) Provides an efficient way of transferring information of flight squawks to maintenance
personnel before aircraft arrival thereby giving maintenance personnel adequate time to

obtain replacement parts and review fault isolation procedures.

(3) Provides maintenance personnel with one manual for the entire airplane for fault
isolation, including necessary information on how, when, and where to use BITE.

(4) Prqvides a convenient, economical, centralized method for updating, improving, and
corfecting flight squawk reporting and maintenance fault isolation procedures.

3.2.2.2 Detailed Dgsign Tradeoffs: Detail tradeoff studies on candidate systems must[be performed by
using many pertinent criteria. lllustrations demonstrating the use of many of thege tradeoff criteria
in the actual design phase is presented in subsequent sections. The minimum tradeoff criteria
include:
a. Fault igolation effectiveness - requires preliminary fault isolation analysis (FIA) - see 3.2.3.
b. System LRU count and cost optimization:ffom provisioning standpoint
c. Systen reliability (MTBF)
d. Systenmp MTBUR (requires preliminary FIA)
e. Systenp or LRU simplicity
f. Dispat¢h inoperative-or Minimum Equipment List (MEL) limitations

g. Costs: [Manufacturer's design and development, hardware, and airline opefation

h. Develdpment risk

i. Developmenttime

j.  Customer acceptance

k. Cockpit and installation space allocation and cockpit operating and display philosophy
I. Installed weight

m. Crew workload (requires preliminary FIA)
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3.2.2.2

3.2.3 System Faul

system FIA §
isolation sho
One method
a. Listall L
b. Perform
failure m
c. For each
failure m
the LRU.
d. For each
being an
e. For each

(Continued):

n.

0.

P.
g.

NOTE: Of

Commonality to existing systems (influences provisioning and training)

Operation and maintainability training requirements (includes consideration of maintenance
crew skill level)

Component and system tolerance prediction and cost-effective control

Provisi

mé
inf

a tradeoff criteria.

[t Isolation Analysis (FIA) and Final Design: Using a preliminary sys

pNSs in service (spares requirements)
erational requirements not included in above. It is assumed all,cand

et operational requirements although, in some cases, operational ¢
uenced by reliability and fault isolation capability requirements and,

should be performed to determine when and where BITE or some m
uld be utilized.

of analyzing a system for fault isolatign is:
RUs that are in the system; thisdncludes switches, circuit breakers, 1

A failure mode and effect-analysis (FMEA) for each LRU and show t
pde on the system.

LRU list the primary system failure modes that will occur in airline g
bdes should be‘output functions from the LRU FMEA and not detail |

palyzed to exhibit an apparent fault indication (as observed by the flig

idate systems
pmplexity may be
thereby, become

tem design, a

ethod of fault

elays, etc.

he effect of each

ervice. System
part failures inside

major-interfacing system, consider each malfunction which could cause the system

ht crew).

LRU Tallure mode list the percent that taliure maode IS of the total S

stem failures.

For each LRU failure mode list the primary apparent indications (as observed by the flight
crew). If any LRU failure mode always exhibits a particular indication (and different from any
other LRU), a software logic maintenance manual program keying the indications to that
particular LRU may suffice. If many LRU failure modes exhibit the same indication, a logic
process method of fault isolation should be considered in the design.

When the fault isolation analysis is initially completed, weaknesses in system design will be
apparent and changes in system or fault isolation implementation (BITE, etc.) will be required.
Repeat Steps 1 through 5 when design or fault isolation implementation is changed.

-19-



https://saenorm.com/api/?name=fd9fb19d6ecc7d4b5773c9d930f270f3

SAE AIR1266 Revision A

3.2.4 Design Limits Versus Acceptable Operating Limits: Before the total system design is frozen, a

tolerance study should be conducted. The study should start at the component level and end at the
operating system level. The purpose of the study is to allow analysis of normal tolerance buildups
that occur due to manufacturing limitations, operational limits, and acceptable in-service
deterioration limits. Design limits are kept as small as possible and are established to produce a
functional product within manufacturing tolerances. Larger acceptable operating limits are
established for the system outside of which the BIT checks should occur. The analysis yields
design data to prevent nuisance fault information being presented to flight crews or ground

maintenance

Electrical/elg
while pneum
in-service dg
"on-conditior

test and repair as necessary (TARAN).

Using a total
and outputs
indicated fun
acceptance
acceptance

System toler

a. If the sys

negative

If more tf
should b
either ex
requirem

If a prim4

personnel due to BIT checks being within acceptable in-service de

ctronic components usually do not exhibit an in-service degradation
atic, mechanical, and electromechanical components usually' do ha
gradation tolerance. These tolerances are used as the«Go/No-Go li
" maintenance program such as inspect, test and corfect as necesy

system schematic as a guide, tolerances should be determined for
pf each component. A realistic system tolerance should be stated fg
ction and mode. Operational tolerances‘should be greater than thog
est, which in turn should be greater than the individual component 1
est tolerances.

ances should be derived by.using either of the two following methog

tem has three or less variables, use the absolute sums of the indivig
worst-case tolerancé.variables controlling the checkpoint.

nan three variables contribute to the checkpoint, a root mean square
b used. Whena RMS method is used, it is necessary to monitor act
pand tolerafices or make design changes to meet operational and ¢
ents.

teriorization limits.

characteristic
/e an operation
mits for an

ary (ITCAN) or

functional inputs
r each cockpit

e for any system
eceiving

s as guidelines:
lual positive and
(RMS) method

1al results, and
bntractual

ryfailure mode of a component is an output function drift, the tolera

nce study has to

be acco

plishied So that blI'l thresholds Can be determined.

Analyzing and documenting operational in-service limits is important since these boundaries
dictate to flight crews when a system will be "squawked". A squawk results in a component
being replaced in the aircraft system. If the acceptable tolerances are adequate and the fault
isolation procedure is accurate, the part that is removed and checked in the shop will be a
confirmed failure within the specified probability and not a "retest-ok".
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3.2.5 Concept Integration (Interfaces): On some designs major interfacing subsystems within the ECS
have to be accounted for in the fault isolation design. For example, if failures (either gross or gain
tolerance shift) of pneumatic or air conditioning pack systems could cause the pressurization
system to appear faulty, it must be considered in the fault isolation design of the pressurization
system. This is especially true if the pack or pneumatic failure is not readily apparent in the cockpit.

3.2.6

Also, as part of the ECS component or system design process, information must be known
concerning other systems or components providing inputs to or receiving outputs from the ECS.

ECS inputs and outputs are usually electrical, pneumatic, or mechanical in natur

equipment c
must be con
the integratiq
determined.

Hardware C
result ofa"p
subsystems,
aware of the
different airli
minimize an)
identifying a

The hardwal
and replace
a. lIsolating
design. |
system W
This med
initial con
arbitrarily
accessib
000 h an

bnfigurations and various steady state and dynamic performancefi
Sidered for the interfaces of each LRU to the ECS and other stbsysts
n of the ECS with the aircraft so that accurate fault isolation criteria

pnsiderations: Fault isolation or troubleshooting amcommercial airc
ilot squawk". The pilot usually squawks functiohal systems, not con
A squawk results in a hardware LRU being removed. The designe
variety of organizational structures, jurisdictions, and maintenance
ne maintenance operations. The hardware design and fault isolation
adverse effects that these factors may have on the complete proce
nd replacing LRUs.

e design must include consideration of fault isolating by LRU reliabi
time, fault data presentationyand instruction placards.

by LRU Reliability: _ ERU reliability is an important consideration in f
n fact, reliability canybe used to fault isolate systems with few LRUS.
ith two LRUSs, it.is possible that the LRUs would have approximately
Ins if fault isefation provisions (i.e., BITE) were not included in the d
rective aetion would be correct if maintenance personnel "shot gunn

e. Different

nputs and outputs
ems, as well as for
can be

aft is usually the
hponents or

r must become
Skills within
procedures must
ss of properly

ity, LRU remove

hult isolation

For example, in a
the same MTBF.

psign, 50% of the

ed" the system by

remowving one of the two components, or removing the one that is
e. Ilf the system was initially designed with two LRUs and one had
ddhe other LRU had an MTBF of 5000 h, it may be desirable to put

complica

ifity y exclu

ore readily

n MTBF of 100
ITE on the more
ion. Adding BITE

to the simpler, high reliability (100 000 h MTBF) LRU may undesirably lower the effective
operational reliability of that LRU and produce nuisance LRU fault indications caused by failure
modes of the BITE. It would also be possible to use no BITE at all and reliability experience
would dictate replacing the LRU with 5000 h MTBF and, thereby, "shot gun" with a 95%
effectiveness.
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3.2.6 (Continued):

b. Time to Remove and Replace - The time to remove and replace LRUs can affect a system’s

fault isolation effectiveness. An LRU that is readily accessible and easy to remove and replace,
such as the system controllers, historically have a high unnecessary removal rate.

High-confidence BITE is required to prevent unnecessary controller removals. An LRU that is
difficult or time consuming to remove and replace will usually not be removed to correct a flight
squawk unless:

(1) The thher easier-to-replace LRUs have been replaced at least once

(2) The gystem contains a method of fault isolation (BITE, etc.) that has'@high confidence level
so that when a particular LRU is indicated faulty, it definitely is faulty. BITE, therefore, may
prove cost-effective for some LRUs simply because they are very time-consuming to
remove and replace. The airframe manufacturer and the system designey must carefully
consj|der the accessibility of lower reliability LRUs. The gptimum benefits|are achieved
whern] low reliability LRUs are cost-effectively checked)by BITE and the LRUs are readily
accessible for replacement.

Presentgtion: The indication that a fault exists in a particular LRU can be displayed many ways.
The pregentation should be used that is most positive and provides the highest confidence
level. Where BITE is involved, the hardware fer‘presentation of status informption to flight
crews arld fault information to ground crews must carefully consider the humjan factors
involved| Some display hardware examples are indicated below:

(1) On LRU (Usually Electronic Cantroller):

(&) Lamps - One for GO, one NO GO for each LRU

(b) Ljght Emitting Diodes(LED) - One for GO, one NO GO for each LRU
(c) Magnetic Latching ‘Indicators - Drive signals must be properly filtered|to prevent
npisance latching
(d) Alphanumeric-Display - Provides greatest amount of information (only practical with
djgital mictoprocessor unit)

(2) In FlightDeck or at Central Maintenance Panel:

(a) Lemps—Prmarilyforflight deck-status-display
(b) Cathode Ray Tube (CRT) Display - Complete, formatted displays for both system status
and LRU fault identification - requires data interface, either centralized or in the LRU

(usually system controller)

Effective fault isolation designs must eliminate problems of erroneous fault displays or lack of
display when system faults are observed. These problems must be resolved early in the LRU
and system design phase and proper design confirmed during system test, flight test, and early
aircraft operational stages.
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3.2.6 (Continued):

d. LRU Placards - Clear and concise placards should be located on the LRU to explain what to do
when a fault indication is shown, or to provide instructions for performing manual BITE checks
(Reference Example, Figure 4). The human factors elements must be carefully considered in
the wording of the instructions.

3.2.7 Other Considerations: Other functional aspects of BITE must be considered. These include
system readiness testing, system performance monitoring, automatic corrective action during
system failufe modes, central maintenance signalling and recording, recording
ving dedicated BITE sensing, and system and component trend ‘mofitoring.

3.2.7.1

3.2.7.2

3.2.7.3

data, minimi

System Re

adiness Testing: This test provides the flight crew with a direct reag

or upon interrogation, of subsystem malfunctions which affect thedakeoff decis

done in pa
necessary
minimum €

The syster
(valves, fa
encounterg
functions 3
are testabl

System P¢
display scr
conditionin
on the disf
amber or r

Fallel with the active system performance monitoring described. Ad
to make dispatch decisions on subsystem degraded mode capabilit
quipment list (MEL) can also be provided by this’test.

N should automatically, upon command, quickly exercise the system
NS, etc.) and determine proper operationon the ground, before flight
pd where passive faults become evident. This includes exercising al
nd protective devices in a non-hafriful manner. Design of protective
e in-situ must be considered.

rformance Monitoring: This-test provides numerical and graphical r
een of the performance ‘of selected subsystems such as the bleed g
g packs, avionic cogling, wing anti-ice, etc. In-tolerance performance
lay in green colorwhile marginal or out of tolerance parameters carn
bd.

More soph
operation.
subsystem
more comj
only. Contr

isticated graphics can be utilized to enable the crew to readily obse
Display-‘pages" can appear on the monitor screen automatically whe
. Thedisplay systems should intimately tie in with the system contrg
rehensive display while reducing the dedicated sensing required for

sub-LRU fault

out automatically
ion. This test is
litional data

y using the

components
conditions are
normal system
devices so they

padout on a

ir subsystem, air-

e can be indicated
be indicated in

ve system

n faults occur in a
ler electronics for
display purposes

O SENSOTS can be used for display purposes if they are property fau

It isolated and if

automatic system corrective action provides fail-operational fail-safe performance.

Automatic Corrective Action: Consideration must be given to automatic corrective action in
prescribed manners when certain hard faults are detected and isolated. During continuous BIT
monitoring in flight or on the ground, if faults are detected and isolated at least to the operational
function level, backup control functions can be appropriately employed. Operation in a degraded
mode can also be employed for certain failure modes that do not affect flight safety or
significantly affect passenger or crew comfort.
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CABIN ZONE TEMPERATURE CONTROLLER
BITE INSTRUCTIONS

e If CONTROLLER FAULT lamp ON replace controller.
AT FLIGHT DECK

e Check TRIM VALVES by manually operating SELECT
e Set all SELECTORS to AUTO.

M--TLUOQ COMNTOINNL L O

if VALVE is faulty replace and retest.

VAR ERIIEAVAW L B R R AW ] Uy uy oy g

Push PRESS/TEST for lamp check.

ORS. :
l PRESS/
TEST

If any lamp does not light replace this controller. \
Press all three test buttons in sequence indicated.

At each position wait for GO (green) or FAULT (red) Jamp.
it FAULT (red) replace unit indicated and repeat VERIFY.
When all GO (green) press RESET to clear memory.

CONTROLLER
FAULT

NECK

ONE DUCT TRIM

SELECTOR SENSOR SENSOR VALVE

FLIGHT] FLIGHT
DECK DECK
FWD FWD
ZONE ZONE
AFT AFT
ZONE ZONE

\ FAULTS /
PREVIOUS
BIT fLiatis.  VERIFY
N N
' |0-0-0
J

FIGURE 4 - Temperature Controller
BITE Instructions
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3.2.7.3

3.2.7.4

3.2.7.5

3.2.7.6

3.2.7.7

(Continued

):

Tradeoff analysis and decisions must be made to determine the extent required of automatic
backup functions, manual crew operated backup functions, or no backup function for each
system failure mode. Flight safety and flight crew workload must be considered in the tradeoffs.

Central Maintenance Computer Systems: Central maintenance systems that command and
readout fault isolation data from the aircraft subsystems at a central computer location reduce
maintenance crew access times and provide a consistent user interface for all subsystems. Two

basic formg of this concept are the CFDS and the OMS. These concepts are,(

in ARINC
discussed

Recording
various fai
within the

shop to aid
self-diagnd
(ATE) in th

Minimizing
instrument
be used by
BITE dediq
must be pé
consider th
data bus ir}
wiring weig

System/Cq
automatic

out-of-tolel
number of
componen

04 (CFDS) and ARINC 624 (OMS). An example system employing
n4.3.

of Sub-LRU Fault Data: LRU faults are determined by«gecognizing
ure modes of the LRU. This sub-LRU data are, therefore, available
controller memory. It can then accompany the controller LRU from t
in shop diagnosis and repair of the part. The controller can addition
sis to the sub-LRU module level when connected to simple automa
e shop.

ption (air data computers, automaticflight control systems, engine ¢
the ECS to aid in more comprehensive fault isolation while minimiz
ated sensing. These data are generally available on data busses.
brformed to determine whether it is effective to use these data. That
e real need for the data,.are these data presently available to the co
put be added, or should a dedicated sensor be used. Impacts of rel
ht and cost must(@lso be considered.

mponent Performance Degradation Trend Monitoring: This test is g
and/or manual recording of selected performance parameters for gr
ance limit performance inspection. These tests provide the capabilit
in-fligbt failures and/or increase the time between scheduled replac
ts_These tests are to be implemented only where the best available

lescribed in detail
CFDS is

and analyzing the
hnd can be stored
he aircraft to the

ally perform more
lic test equipment

Dedicated BITE Sensing: Interactive-data from other aircraft systems and flight

pntrols, etc.) can
ing the need for
Tradeoff analysis
tradeoff must
htrollers or must a
jability and added

| periodic

pund analysis or
y to reduce the
bment of system
| state-of-the-art

design for

allure prediction nas been successtully demonstrated and the Impa

schedule completion and cost savings is of sufficient significance.

ct on safety,

This testing is normally performed only during controlled ground checkout tests. Using the
system sensors plus specially added test sensors, impending failure is predicted (heat
exchanger blockage or leaks, air cycle machine performance degradation due to nozzle erosion,
valves slow or sticking, etc.).
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3.3

3.3.1

3.3.2

3.3.3

Demonstration of Specification Compliance:

Before final approval and delivery of a system, a prototype verification and detail qualification test is
performed to determine that the system including BITE will perform the function for which it was
designed. After qualification test a flight test is performed to verify that the system will perform as
intended in the "real world" (flight). Final verification is realized during the initial airline service
period. Flight test and in-service flight squawks and the corresponding corrective action must be
correlated to assure that the fault isolation is functioning properly.

rification: Early in the program and to the greatest extent possible; lvalidate the fault
system tolerance analyses with prototype assemblies on a,complete simulated

Prototype Ve

isolation and
failures that have

system or of]
been analyz
isolation sch

Qualification
system com
components
documenting

bd, then verifying the system effect and the successful gpéeration of |
eme within the specified criteria.

ponent fault isolation procedures and installed\BITE be verified. Qu

an aircraft if possible. This validation should include simulating the

Testing: It is mandatory that when qualificatioritesting is accomplis

and systems should include duplicating failures as noted in the FIA
that the fault isolation procedures and.any installed BITE is functio

he chosen fault

hed that the
alification tests on

verifying and

ning as intended.

Where BITE]|is utilized, the qualification test and the flight test should also check}

a. Thatthe BITE does not produce false failure indications during testing, duplicating all modes at
maximurp and minimum acceptable in_service operational tolerances.

b. That BITE does not produce false.indications when subject to electromagnetic interference
(EMI) anfd electrical power transients that will normally occur.

c. That the [BITE does not produce false indications when interfacing systems groduce faults, or
when interfacing systenis are operating at acceptable maximum or minimum(limits.

Initial Airline|Service-Period: The intent of all parties during this initial period is t¢ identify and to

vare, software
bals of acceptable

correct, as rapidly<as possible, any problems associated with fault isolation hard
and/or corregtive action procedures. Specification requirements and/or design g
MTBUR/MTBF Tatios and time-refated dispatchability are also verified.

During initial service the working unit of measure for identifying problems should be MTBUR. This
rate provides the best single indicator of the performance of an LRU, both in use and in ease of
maintenance and fault isolation.
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3.3.3 (Continued):

If the MTBUR of an LRU becomes unacceptable, the complete files of the operator should become
available to the airframe manufacturer and, in turn, to the LRU supplier containing all relevant detail

data to help determine if the problem is LRU reliability and/or fault isolation effectiveness. The
operator and the airframe manufacturer, assisted by the LRU supplier, can then cooperate to
determine the best courses of action to improve the overall MTBUR reliability. If the problem is LRU
reliability or defective BITE (if applicable) design, the LRU supplier must be responsible for the
corrective action. If the problem is fault isolation effectiveness due to no BITE or improper use of

BITE, all mu
any effect th

Procedures

manufacture
facilities. The
environment

Procedures
representati
systems and

Flight squaw

a. Thatsqu

acceptal]

reduce this common problem, adequate airline personnel training must take

both the

That the

procedural software logic provided and that the results are correct. A follow-U

be maint|

fault isolation procedures and BITE (where applicable).

Whether

5t cooperate to solve the problem. The airframe manufacturer must
At a design change may have on aircraft operation and certification.

hnd plans should be established, prior to initial service, whereby sel
r and LRU supplier representatives can be available ati¢he operator
bre is no substitute for qualified personnel actually witnessing the tot
in which the fault isolation systems operate.

hould be established, prior to initial service, whereby selected airfra
the operation of flight crews in scheduled service.

ks and respective corrective actionmust be monitored to determine

awks noted are really malfunctions, and not the result of lack of kno
le parameters or idiosyncrasies peculiar to the system or flight crew

airframe manufacturer and the system/LRU supplier instructors.
troubleshooting.accomplished to isolate an LRU actually utilizes the

nined by the airline personnel that indicates the extent of utilization

he responsible for

bcted airframe
S maintenance
al in service

Ime manufacturer

es may be permitted to observe in the flight compartment the actua) performance of

wledge of
involved. To
place taught by

BITE or
ip record should
bf the established

n or tolerance

initial airline service squawks are due to system fault isolation desig

problem

or are antiClpated, I1solated tallures.

The LRU supplier and the airframe manufacturer should be made aware of all LRU failures
occurring in airline service. Failure analysis reports should be forwarded by the LRU supplier to the
airframe manufacturer identifying the reason for failure and delineating the action taken to
eliminate or reduce the probability of reoccurrence. The airframe manufacturer should be provided
with regular updates on LRU failure information. He, in turn, should identify whether any of the
faults may be due to aircraft system interfaces.
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4. FAULT ISOLATION HARDWARE DESIGN EXAMPLES:

This section, in general, summarizes the preceding discussions with the presentation of example ECS
fault isolation methods that are presently in airline service. Three examples are presented:

a. Manual BITE

b. Automatic Bl
c. Automatic BI

TE
TE using a CFDS

By moving throu
discussed. Theg
formulate a cost

The first exampl
capability. Itis g
BITE hardware

illustrates the ag
example uses a

4.1 Manual BITE §

The example 4
pack temperat
components W
include the ind
interface cont
turbine bypasg

4.1.1 Subsystem (
subsystem,
subsystem i4

a. System (

gh these examples, actual implementation of the principles presente
e examples do not necessarily represent recommendations, but car
-effective design for a specific application.

£, Manual BITE, is for an all analog control system witk’limited auto
resented to illustrate all the BITE design principlesnecessary for th
lesign. The second example, Automatic BITE, uses similar design

ded functionality offered by digital microprocessor based BITE desi
similar digital microprocessor design more,fully by interfacing with g

Example:
bnvironmental control subsystemto be discussed is a cabin zone an
hich are all checked by the'BITE in this fault isolation example. Thq

ividual pack controllers (3), the zone temperature controllers (5), the
oller which contains the'BITE, zone trim valves (5), pack ram air doq

Dperation Deseription: To understand how the fault isolation functio
h discussien of the basic operation of the subsystem and the compo
b first presented below.

Dperation: The air-conditioning system is supplied by bleed air from

valves (3), température sensors (18), and temperature selectors (6)).

d in Section 3 are
be used to help

matic BIT

s type of simpler
brinciples but

yn. The third
CFDs.

d refrigeration

Lre control subsystem. Figure 5 depicts the cabin temperature confrol subsystem

se components
» ECS/APU
br actuators and

s in this
nents in the

either the

engines, an on-board APU, Or from ground carts. Three air-conditoning packs supply air to five
temperature controlled zones. Each zone temperature is individually controlled. The three pack
discharge temperatures and the APU speed are programmed as a function of zone demand.

(1) Automatic Temperature Control: Inputs from temperature selectors on the flight deck panel
(labeled COCKPIT, GALLEY, FWD CAB, CTR CAB, AND AFT CAB in Figure 6) and from
sensors in each zone and zone supply duct are connected to zone temperature controllers.
The zone controllers operate electric motor driven trim valves and provide demand signals

for th

e pack controls and APU controls.
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FIGURE 5 - Component Pictorial Tabulation

Cabin Temperature Control Subsystem
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FIGURE 6 - Flight Deck Panel
Zone and Pack Temperature Control
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Flight M3
manage
crew to n

Pack
VALV

Com

4.1.1 (Continued):

The pack discharge temperatures are individually controlled to the appropriate zone
demands by modulating electric motor driven actuators coupled to ram air and turbine
bypass valves.

(2) Manual Temperature Control: Manual backups are provided to control zone and pack

temperatures.
nagementof-the ZoneandPack-Temperature-Controt-Systerm—inqrder to properly
the system, a minimum set of instruments and indicators was deyvis¢d for the flight

(1) Flight Deck Panel Instruments: The flight deck panel (Figuré 6) is provid
instryments for the following indications laid out in a logieal manner from

Individual zone temperature (COMPT) - Five
Individual zone inlet duct temperature (DUCT) Five
Individual zone trim valve positions (VALVE'POS) - Five

Pack{ off lights (PACK 1,2,3 OFF) - Three

Individual pack flow indicators (FLOW) - Three

turbine inlet temperature (TURB INLET TEMP), bypass valve positi
E POSITION), discharge-temperature (PACK DISCH TEMP) individ
for each of the three packs\(PACK IND SEL)

barison gan‘be made between instrument readings and known limits
perfarmance-tinder various conditions for fault monitoring.

nhonitor system performance and evaluate manual operation. Re€adings from these
instruments also form an integral part of the system fault isolation scheme.

d with
top down:

on (PACK TEMP
ually selectable

of acceptable

(2) Out-gf-Tolerance Indicators - The following indicators are provided to sig

hal gross

out-of-tolerance conditions:

DUCT/AVIONIC COMP. OVERHEAT light - This light illuminates when:

(&) Any one of the five zone inlet overheat thermal switches activates.

overtemperature switch.

(b) A failed trim air duct in the avionics compartment is sensed by a compartment
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4.1.1 (Continued):

Individual ZONE INLET OVERHEAT indicators (five, located on a separate
maintenance panel) - The appropriate indicator lights when a zone inlet overheat switch
activates along with the DUCT/AVIONIC COMP. OVERHEAT light. This aids fault

is

olation of the particular zone inlet that caused the overheat.

Individual PACK OFF lights (three) - The appropriate light illuminates when the pack
flow control closes due to pack overheat, loss of supply pressure, or when packs are

n

—

p

4.1.2 Fault Isolatid
following the
for the detail
subsystem d

Certain hard
analysis:

a. Considel
at the flig
failure in

Applicati
significar
well as s
BITE wa

pneumatjc poweroff, and only electrical power on. Thus, all electrical compo

anually selected OFF.

RIM PRESSURE HI light (located on Master caution panel) -‘lllumin
Fessure switch indicates trim manifold pressure is high dueto trim r¢g

n Preliminary Design Analysis: A preliminary design analysis was ¢
guidelines listed in 3.2. As a result of the analysis'the requirements
design. Fault isolation equipment and techniques became an integi
esign.

ware design considerations were dictatedby the results of the prelin
ation was given to both active failures (those which display a positivg
ht deck panel), and to passive failures (those failures which do not
dication at the flight deck panel).

bn of the fundamental. design philosophy required that BITE be utiliz
tly more reliable than the control units being tested. Simplified dete
mplified circuitry_were utilized as much as possible to achieve high
5 designed te:-be operated by the ground maintenance crew, on the

but must.be checked through software logic procedures.

E (vas designed with the assumption that only single LRU failures og

ates when a
gulator failure.

onducted
were established
al part of the total

hinary design

p failure indication
lisplay a positive

ed and that it be
ction schemes as
reliability. The
ground, with
nents are directly

curred and would

checked
c. The BITH

not isola
d.

e multiple LKU T1allures In all cases (another design simplirication 10

r reliability).

The BITE was designed to be capable of operation at the extremes of the aircraft temperatures

and pressure environment on the ground. This presented special problems when checking
some LRUs such as temperature sensors.
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4.1.2 (Continued):

4121

4122

e. The design philosophy was to use the BITE only when an active system failure had been

indicated by the flight crew.

There was no memory storage of information designed for this system which would retain data
of intermittent faults (i.e., only occurring in flight). Testing for intermittent operation of the LRUs
which are all electrical was not a requirement.

Preliminary Design Analysis Findings - Software: Design analysis showed thaf with adequate
instrumentgtion in the cockpit the use of pattern-of-cockpit-indication metheds (a procedural
program) provided the most cost-effective method of fault isolation for much of{the subsystem.
The LRU gupplier cooperated with the airframe manufacturer (see 3:2.2:1.d.), and provided the
detail desigin data necessary to produce an adequate software logicprocedurgl program.

Preliminary Design Analysis Findings - Hardware: The LRUssupplier implemented the
procedurall programs with on-board GSE (Manual BITE). BITE circuitry was designed with
adequate flexibility and located such that several adjacent' LRUs could be che¢ked out from a
single LRY containing all the BITE circuitry rather than repeating the BITE circpitry in each LRU.
These confepts were selected as those most cost€ffective of the concepts avdilable to the LRU
supplier (sge 3.2.2.1).

4.1.3 Design Implegmentation: The completed fault,isolation design utilizes a software|logic procedural

program where information obtained fromy the flight crew generates a sequence pf ground
maintenance crew procedures that relyheavily on the BITE hardware as a fault {solation tool.

4.1.3.1 Maintenance Manual Design Pfecedure: Implementing the use of maintenance manual

procedures for fault isolation requires the installation of sufficient instrumentatipn on the cockpit
instrument| panels for the flight crew to be able to detect a failure in an aircraft subsystem, take
any necesgary corrective action, and note the suspected failure in the flight lod. The ground
maintenange crew ean then utilize the flight log to determine which system was faulty during
flight and ytilize the-flight deck panel instruments and BITE to isolate the failur¢ to the proper
LRU.

Certain infrequent types of faults would Necessitate the use of special information in the
maintenance manual to isolate the fault, such as faults in ducts and heat exchangers or aircraft
wiring which are not directly fault isolated by the BITE.

During the detail design phase, tables are devised to present the possible flight-engineer-panel
indications of system malfunction and the possible causes of those indications from which fault
trees are produced to show the step-by-step procedures to be followed to arrive at the correct
problem element. This type of design data is lengthy and only portions are presented as an
example. Complete data would be included in the FIA document.
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4.1.3.1 (Continued):

4.1.3.2

Table 1 presents three of the fault indication patterns for the ECS that can be indicated to the
flight crew. If a fault does occur, the pattern or a representative code of the pattern is to be noted
by the flight crew in a logbook entry. The ground maintenance crew then utilizes that pattern or
pattern code in order to follow a logic tree process to lead to the faulty LRU responsible for the
fault indications. A sample logic tree that leads to the zone temperature controller as the faulty
LRU is presented in Figure 7. The logic tree corresponds to fault pattern No. 6 only in Table 1.
The BITE switch position steps are shown in Figure 8 and Table 2.

The follow

a. Proper|electrical power is assumed to be available to the system.

b. MEL dispatch configuration is not analyzed. The failure modes’listed in Tab
considered to be the first failure for the aircraft system.

c. Thetime required to isolate a given fault is determined by adding the task ti

fault trees. Compartment access time is not included in the time estimates.

From data
extremely
4.1.3.3).

Hardware
zone and [
This unit is
temperatu
connected
for all the 1

Necessary
The instrug
are proper

ng considerations apply to the fault isolation analyses data:

such as this, flight crew and maintenance crew manuals are devise

Design: All the system controllers are designed with analog circuitry
ack temperature controlsystem is located in the APU/pack demang
mounted centrally between all five zone temperature controllers an
e controllers on théyaircraft. This location allows a test cable from th
to any one of the zone or pack temperature controllers, each of whic
IRUs in thatparticular system (see Figure 8).

BITE eperating instructions are printed on the face of the unit contg
tionséare written in a step-by-step fashion to guarantee that all oper
before manually interrogating the system components.

e 1, column 2 are

mes shown on the

i that are

bfficient as aids for rapid, accurate;:and thorough fault isolation to the LRU level (see

The BITE for the
controller unit.

d the three pack
e BITE to be

N is the focal point

ining the BITE.
ating conditions

A multiposition BITE switch is located on the unit. The switch is positioned sequentially, stopping
if an LRU fault is indicated. Sequential operation of the BITE simplifies the BITE design by
allowing previously checked properly operating components or component elements to be
utilized in checking subsequent component or component elements. The BITE functions are
described in Table 2.
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FIGURE 7 - Fault Tree No. 6
Zone and Pack Temperature Control
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TABLE 1 - Fault Indication Patterns
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TABLE 2 - BITE Functions
Air Conditioning Temperature Control
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4.1.3.3 In-Service Operation: From the preceding data, the complete flight crew and ground
maintenance crew manuals are devised that are used in-service for system fault isolation to the
LRU level. Figures 1, 2, and 3 show the appropriate pages of the manual that pertain to the fault
pattern example in 4.1.3.1. Figure 1 is from the flight crew manual showing the pattern of cockpit
indications observed during the example fault and the code assigned to that pattern. Figure 2
shows the associated ground crew manual page dealing with location of BITE hardware and
accessibility. Figure 3 shows the formal step-by-step procedure the ground crew is to follow to
isolate the faulty LRU.

4.2 Automatic BITE Example:

A second example is presented of automatic BITE implementation for a system vary similar to that
described for manual BITE. The subsystem operation is similar to that described in 4.1.1. The fault
isolation preliminary design analysis (4.1.2) information is also similary* The differepce is in the
implementation. This example uses a digital microprocessor architecture with the [microprocessor
software perfoyming the BIT functions.

4.2.1 Hardware De¢sign: This example based upon controller €lectronics that are built|with digital,
microprocessor architecture provides a higher level ofiautomatic BITE operation| Much of the
maintenance manual procedure from the manual BITE example (4.1.3.1) are implemented in
embedded spftware (called firmware) in the controller computer memory.

The example controller is the cabin zone temperature controller. One cabin zone gontroller controls
four cabin zqnes, commands the pack.temperatures required, and controls the required APU
airflow. The ¢abin temperature controller includes BIT functions to fault isolate and identify
components|associated with the controller (including the controller itself). The cgntroller provides
fault isolation for the respective-components as shown in Figure 9.

The BIT operates in two basic modes; continuous monitoring and initiated BIT.

4.2.1.1 Continuous Monitering: During normal system operation, in-flight or on the ground, the controller
monitors the associated components on a periodic, on-line basis such that all BIT tests are
performed (at-least once every 5 s. This continuous monitoring mode functions Without interfering
with normal-system-operation—Fhe-controllers-do-not provide faultisolation-infarmation to the
flight crew but do provide fault status indication. System malfunctions are determined from these
control panel indications and flight crew deductions.

At regular intervals, key signals are sampled, digitized, and read into the controller
microcomputer. The microcomputer, under control of software programs in nonvolatile read-only
memory (ROM), is used to isolate faults in the system to a LRU. All parameters read in by the
microcomputer are compared with fixed values stored in nonvolatile memory. If a value is out of
tolerance, a fault is recorded in a random access memory (RAM). Suitable software filtering is
employed to prevent nuisance fault recording. Each fault detected must be similarly detected on
two or three additional successive passes before it is logged and displayed as a fault. In this way
both continuous and intermittent faults are detected and recorded. All LRUs associated with the
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FIGURE\9 - BITE Continuous Monitoring Mode
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information is stored in an electrically alterable read only memory (EAROM) for later
interrogation. One section of the memory will store faults detected during nine previous flights or
since the memory was last cleared. Oldest information is automatically dropped from memory.
The aircraft squat switch is connected to the controllers to indicate the start of a new flight.

Adaptive fault tolerant operation of the system is also provided for certain system failures. During
continuous monitoring, certain faults will cause the controllers to eliminate various control

signals. For faults within any cabin zone control loop (selector, sensors, trim air valve, controller),
that zone demand is eliminated from pack and APU command discrimination. Drive signals to the
trim air valve are shut off, but the other zones continue to operate normally. If a controller critical
fault occurs, all drive signals are shut off and the controller automatically signals backup control
functions to operate.
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Initiated BIT Mode: The initiated BIT mode is used to interrogate fault memory and to verify that
a replaced LRU passes the appropriate electrical tests. This mode functions when the aircraft is
on the ground, no pneumatic source operating, and the pushbutton controls on the controller
front panel are pushed in proper sequence (see Figure 10). In this mode the controllers do not
perform their normal function. Pushing the pushbuttons will cause controller self-tests to be
performed and faults stored during continuous monitoring of the last and previous nine flights to
be displayed as shown in Figure 10 and described in Table 3. This ability to distinguish between
last and previous flight faults allows maintenance crews to determine whether the fault just
occurred or whether it may have been occurring during previous flights as well. Nine previous
flights wer¢ chosen so that intermittents which do not cause flight crew action but were detected
by BIT will|drop out of memory and not cause maintenance crew confusionorhe nine flights,
however, does allow sufficient storage time of data for faults causing flight crew| action so that the
aircraft can return to a facility where maintenance is to be performed.and the BIT data
interrogatgd. The number nine represents a typical maximum number of flight [egs between
maintenange bases for this type of aircraft, although numbers up‘to 64 have bgen considered for
other aircraft.

TABLE 3 - BITE Tests of Subsystem Component Output Functions

LRU Type Tests Performed

Sensors Checked .far, open or short circuit-level beyon
possiblé,~65 to 200 °F sensed ambient temperafure.

Selectorns Open\potentiometer wiper arm, open or shorted
windings. Check for selection inaccuracy beypnd
2 °F

Controller-APU/Pack Demand Inject inputs into pack and APU demand amplifjer and

check for proper output.

Controller-Zone or Pack Temperature Check bridge power supplies, inject inputs to|control
amplifier and check proper outputs, inject input and
check output drive circuitry performance (asstming

valve is operating properly from prior manual|test).

In addition|te-tests performed during continuous monitoring, certain components are
automaticathy-putthrough-aprepregrammed-segquence-when-the-verify buttens pressed to
facilitate testing their operation. This is used for verification after maintenance, as well as for flight
readiness. The controller has indicators on the front panel, one for each of the LRUs associated
with the controller, and one for the controller itself. A GO indicator provides a positive indication
that a test has been completed and no faulty LRU detected.
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FIGURE 10 - BITE Initiated Mode Pushbutton Operation
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