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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 provides a practical guide for the design and use of fault isolation systems for the ECS in commercial transports.

Airframe or system manufacturers may use this AIR for guidance in developing practical, efficient, and workable ECS fault
isolation equipment. Equment suppllers may use this AIR for gwdance concernlng their role with airframe manufacturers
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Douglas Aircraft Compa

Douglas Aircraft Compa

ny, "DC10 Fault Isolation." Douglas Service, November 1970.

ny, "Fault Isolation Analysis (FIA)." Report DAC67297B, June 1969.

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 Current Status."
Shell Aviation News, No. 4011971.

2.3  Definitions

AIRCRAFT INTEGRAT
systems that include ac

AUXILIARY POWER UN
and auxiliary electrical p

AUTOMATIC TEST EQ
the unit under test throu

BUILT-IN-TEST (BIT): ]
conditions, isolating faul

BUILT-IN-TEST-EQUIP
tool to supplement main

CENTRALIZED FAULT
interfaces aircraft opera

CENTRALIZED FAULT]
command/display termir

CENTRALIZED FAULT
actual display interface

ELECTRICALLY ALTEH
content can only be cha

ELECTROMAGNETIC

FEBATA-SYSTEMA(AIDS)—Aterm(adopted—by ARMNCin—generatuse

uisition and signal conditioning.

NIT (APU): An on-aircraft unit, usually a gas turbine, that supplies an auxilia
ower generation.

UIPMENT (ATE): General purpose, usually computerized test equipment
gh the necessary interface, automatically performs acgeptance testing.

ests performed by the system upon itself for the purpose of detecting fi
ts, and possibly taking corrective action.

MENT (BITE): That part of a system, usually*sensors, electronics, and dis
tenance procedures for isolating system-faults.

DISPLAY INTERFACE UNIT (CFBIU): A unit (part of the CFDS describe
ional subsystems to the display, unit (CFDU).

DISPLAY SYSTEM (CFDS): A system described by ARINC 604 that
al to retrieve and display subsystem produced BITE display data.

DISPLAY UNIT (CEDU): A unit (part of the CFDS described by ARINC
or the maintenance crew.

RABLE READ-ONLY MEMORY (EAROM): Nonvolatile computer memory
hged by-application of an electrical signal.

for airborne recording

y air source for the ECS

that when connected to

hults, annunciating fault

play, that are used as a

d by ARINC 604) which

ises a centralized fault

504) which provides the

devices whose memory

contribute to a degradat

NTERFERENCE (EMI): Electromagnetic phenomena which, either diﬂectly or indirectly, can

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, the
most probable ways an equipment can fail and the consequences of such failure.

FAULT ISOLATION: The process and actions, following equipment failure, that are involved in the identification of the unit,

assembly, or piece part

that has failed.

FAULT ISOLATION ANALYSIS (FIA): A systematic evaluation of failure causes, indications and probabilities to determine
the level of Fault Isolability provided for in the system design.
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GROUND SUPPORT EQUIPMENT (GSE): As used in this report, it is ground-based equipment not carried on-board the
aircraft that is used to inspect, test, or troubleshoot aircraft equipment.

LINE REPLACEABLE UNIT (LRU): A component or assembly of components that by design, is packaged to be removed
and replaced as a single item.

MEAN-TIME-BETWEEN-FAILURES (MTBF): A measure of actual hardware reliability, determined by summing operating
time on all units and dividing by the number of confirmed failures.

MEAN-TIME-BETWEEN-UNSCHEDULED-REMOVALS (MTBUR): A measure of apparent hardware reliability or actual
operational reliability, determined by summing operational flight time on all units and dividing by the number of unscheduled
and unplanned unit removals, regardless of cause.

MINIMUM EQUIPMENT LIST (MEL): Refers to the minimum aircraft system hardware that must be operational prior to safe
aircraft dispatch. Appropriate-preceduraHimitations-may-be-enacted-to-aceountfor-inroperative-eqajpment to maintain safe,
airworthy operation.

ON-BOARD MAINTENANCE SYSTEM (OMS): A system described by ARINC 624 that provides @ centralized location on
the aircraft for electronigally furnishing all the aircraft maintenance information.

RANDOM ACCESS MEMORY (RAM): Volatile computer memory devices whose réad/write memary 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 nfemory contents remain intact with or without power applied.

ROOT SUM OF SQUARES (RSS): A calculation of the square root‘of the summation of the squares of individual variables
or constants. In this repqrt it is used to determine practical systemslevel tolerances composed of mofe than three component
tolerances.

3. GENERAL FAULT ISOLATION INFORMATION

This section first discugses the purpose of ECS fault isolation. The design of an effective fault |solation system is then
discussed followed by criteria for demonstrating compliance to fault isolation specification requirenpents.

3.1 Purpose of ECS Hault Isolation

The primary purpose of fault isolation*is to minimize the total cost of aircraft maintenance by| reducing flight delays,
out-of-service incidents,|and spargs requirements.

Commercial jet transports represent a large investment both to the airlines and airframe manufac{urers. The airlines have
a high investment in dirgct costs of the aircraft and in costs of fllght delays due to the large numbr of passengers carried
per aircraft. The airframe-manufacturers (and their subcc 3 guarantees on unscheduled
removals of components from the a|rcraft in service. To ensure safety of fI|ght and to protect these investments, it is
important that the flight and ground crews be able to identify an improperly operating aircraft system and that ground crews
can isolate and correct the malfunctioning component(s) as quickly as possible with a high level of confidence. To reduce
flight crew workload, fast and accurate identification of faults in primary systems is required so that appropriate crew alerts
can be provided and backup system(s), either automatic or manual, can be employed with a minimum of flight crew effort.
This requirement to minimize crew workload has special importance for two-man crew operations.

A systematic method of fault isolation is required to assure the needed speed and accuracy of fault identification. Historical
problems have produced the need for fault isolation methods and equipment on-board the aircraft that operates quickly,
accurately, and requires the minimum of maintenance crew training.

3.1.1 Historical Problems

Historical discussion of past fault identification problems is necessary to better recognize the need for accurate, reliable,
and readily available fault isolation procedures and equipment.
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Historically, the major problem areas aggravating the high cost of aircraft maintenance are:

a.

b.

C.

3.1.1.1

Excessive time to properly isolate system faults
Excessive unscheduled removal of line replaceable units (LRUs) which are not faulty
Excessive time required to remove many LRUs

Excessive Time to Properly Isolate System Faults

Excessive times to properly isolate faulty components are caused by several factors in the absence of effective onboard
fault isolation equipment:

Inexperienced ground crew

a.
b. Ground support eqy
c. GSE not functioning
d. Ground crew unfam
e. Maintenance manua
f. Maintenance public

3.1.1.2 Excessive Un

Ease of LRU removal
refrigeration units which
that the unit being pullg
controller are relatively 4
by replacing the controll
removal rates.

3.1.1.3 Excessive Tin

Excessive time to remo
factors have seldom re
certain LRUs has result
hard-to-replace compon|

ipment (GSE) to aid the ground crew not available

properly

liar with GSE operation (takes too long to set up and operate)

Is (publication software) not readily accessible

htions incomplete, unwieldy, or out of date

5cheduled Removal of Line Replaceable Unijts{(LRUs) Which Are Not Faul
can contribute to increased erroneoussLRU removal rates. The error
are physically large is typically low because sufficient troubleshooting time K
d is actually faulty. Electronic unijtsysuch as the cabin temperature or au
asy to remove. Almost any cabin temperature or APU problem is, thereforg
er. For aircraft without fault is@lation systems, this easy accessibility contr
ne Required to Remove Many LRUs

ve the faulty component involves accessibility and removal ease of each
ceived adequate consideration in the overall system design. Difficulty in

ed in delays or, more frequently, unduly long down time. Positive, accurat
ents is«equired so that time consuming replacements are not made in err¢

secondary impact on fadlt isolation, the subjects of accessibility and removability will not be discus

ty

eous removal rates of
as to be spent to ensure
Kiliary power unit (APU)
, likely to be treated first
butes to high erroneous

LRU. Historically, these
reaching and replacing
e fault isolation of these
r. Although they have a
sed in further detail.

3.1.2 Impact of Fault

calation
SUTaAtIoTT

Fault isolation has an impact on aircraft dispatchability and maintainability as well as airline 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.

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 LRUs.
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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" fault isolation techniques (randomly replacing units), costly additional
spares must be maintained by the airlines to replace the removed units.

3.1.3  Purpose of Fault Isolation Equipment

The purpose of fault isolation equipment (hardware, electronic software, and publication manuals) is to minimize the
historical problems discussed above and, thereby, reduce the total maintenance cost and increase the dispatch reliability.
This is accomplished by reducing delays and costly airplane out-of-service incidents, by providing faster and more accurate
means to isolate faulty LRUs to increase mean time between unscheduled removal (MTBUR) performance, and by reducing

spares and GSE requirements. A secondary purpose is to properly identify faulty subsystems or LRUs inflight so that backup
subsystems can be employed automatically or by the flight crew. This is a result of LRU fault isolation functions and will

only be discussed in ge

aralin thic ranart
erar—trHSTHeport:

3.2 Fault Isolation Syj3
A "fault isolation systen
includes all the hardwar

This process is applied {
and must be considereq
outflow valve. It includes
i.e., relays, switches, ni
panels.

The principle of fault isq
which can be detected,
functional degradation 4
isolation goals must be
design principles, then |
the hardware requireme
3.2.1  Fault Isolation [
The ultimate purpose of
manufacturers and the 3
that include certain prin

system design. Among these aré:

a. Measurable goals s

stem Design

N" may be defined as the total process necessary to identify ‘faulty LRU
e and software necessary to meet this objective.

0 a functional system of the aircraft. All interrelated compapOnents are a part
. For example, a cabin pressurization system is a single system from the
all flight deck indicators that provide status information and ground shift or
echanical levers/cables, along with the primafy~LlRUs - controllers, valv

lation design is that for every failure mode of a particular LRU there is an
ndicated, and isolated from other failures. Certain failure modes may be
t certain conditions, but all are detectable by some means at some cong
specified at the beginning of the deésign process. The design process inc
erforming the necessary tradeoffs and analysis. Practical tolerance limits
nts and the interfaces to other systems.

esign Principles
fault isolation systems may be achieved by cooperative effort between the a

ystem or LRU:suppliers. Practical design requirements and objectives mu
Ciples to be followed during the conception and the implementation of the

hould be established before the beginning of design. They are valuable firs

s. The finished product

of the functional system
circuit breaker(s) to the
mode change hardware,
es, motors, and control

abnormal characteristic
assive by not exhibiting
itions. Measurable fault
udes understanding the
must be set considering

rline operators, airframe
5t be initially determined
ECS and fault isolation

t, to verify the validity of

the maintenance re

quirements, and second, to demonstrate the benefits that result from meet

For example, three goals utilized in a recent design were:

1.

ng those requirements.

The fault isolation system and LRU remove/replace design must enable identification and replacement of aircraft

dispatch critical components during the minimum turn-around time at the gate, 35 minutes or less. This must be
accomplished to prevent a subsequent aircraft dispatch delay time of greater than 15 minutes.

little or no GSE

3.

for test.

The fault isolation system must allow identification of the faulty component in 10 minutes with 95% accuracy, using

Another measurable goal that has been utilized is to minimize the BITE hardware added by planning to use only

the sensors required for system control or crew indication. Adding unnecessary sensing only for BIT reduces the
overall system reliability. In this example, no sensing is added to achieve a goal of fault isolation to one LRU with
90% accuracy, isolation to either of two LRUs with 95% accuracy, or isolation to any of three LRUs with 100%

accuracy.
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b. Consideration of fault isolation must be given importance throughout all stages of the design of an ECS from the
conceptual to the final design and testing phases. In particular, fault analysis techniques must be considered during
preliminary design so that:

1. Predominant failures are to a failsafe operation mode.
2. Means for detection and isolation of all predominant failure modes are provided.

These analyses must consider both steady-state operational tolerances and normal/abnormal system dynamic responses
(including electrical system transients) to prevent nuisance fault messages.

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 malntamablllty demonstration for compliance with specified goals be performed prior to
introduction into serypieefollowed-by-in-service-analysis-ofequipment-procedures-andmaintenance crew performance.

d. As much as possihle, the system should provide fault isolation without engine operation gnd with minimum APU
operation. This implies electrical checkout only or utilizing memory recording of electrical, me¢hanical, and pneumatic
faults that occur in flight.

e. Throughout the des|gn the airframe manufacturer and the equipment suppliers‘must weigh the¢ economic benefits and
penalties of their particular system against the overall purpose of a fault iselation system.

3.2.2 Total System Tradeoff Analysis

One of the first steps when designing an ECS with effective fault is@lation is properly defining the system requirements
(overly severe requirements result in overly complex systems with poor effectiveness). This can bg done by determining:

a. The primary operatipnal requirements of the ECS (cooling Criteria, heating criteria, flow, and piessure criteria, etc.)
b. The design boundaties (operating envelope and acceptable operational tolerances)
c. The secondary system requirements, i.e.,

1. System and LRU MTBUR and MTBE guarantees

Fault isolation accuracy % = ——— x 100
MTBF (Eq. 1)

2. Likelihood and acceptability of:

(a) Flight squawks which the ground crew is unable to duplicate
(b) Intermittent type faults (un-annunciated intermittent faults are generally not acceptable and must be minimized)

3. Time limitations for fault isolation, turnaround time guarantees (this includes time to fault isolate, remove, and
replace LRUs)

4. AIDS provisions, central fault display system (CFDS) provisions, on-board maintenance system (OMS) provisions,
or other system status indication requirements

NOTE: 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.
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5. Special installation environmental conditions that affect the fault isolation design (location, access, temperature)

6. Maintenance training level or skills in scheduled service (in general the design must be adequate for the least

qualified mainte

3.2.2.1

nance personnel)

Available Concepts

Methods of fault isolation include:

a. Manual BIT (commonly called self-test) - is usually one or a combination of switches, magnetic latching indicators, lights,
and meters used by ground crews in performing tests on the system to identify which LRU has failed. One of the
advantages of using manual self-test is that those minor faults are ignored which have insignificant effect on system
operating performance. This is based on the philosophy that the only time manual BIT is used is when the pilot has
written a squawk and maintenance personnel are attempting to determine what LRU to replace to correct the squawk.

totocttha cauctam oftar ot o~ hao haon ~a

It may also be used
is generally used wi

b.

1. Fully Automatic
at landing) whe
includes "memd
most elaborate
requirements su
OMS. Failure is
at a centralized
receives fault ig
components dir

Automatic Test

pushing a button). Tests will be done automatically-that may cause actual system functions
operation. A "gq"

can also be usg
testing.
Many systems &
c. Tests Using GSE -
available at every a
fleet may travel intg

In addition to the co
would have to be ¢

Automatic BIT - therle are basically two methods of implementation:

m-aftar mmainta o~ f a rify P=X 1Y
O CSTUTC Sy St artermathteRance-Rasoeeh Pt forfmeato-ver Ily COfrect

ith relatively simple systems.

A test is performed continuously or periodically or initiated by.afevent (e.d.

n the aircraft system is operating with no personnel involvement required.
ry" of status information that is retained when electrical<power is removeg

e action. This technique

upon weight on wheels
This approach normally
d from the system. The

form of these systems uses microprocessor-digital«Controllers and data us communication (per

ch as ARINC 429) both for receipt of data from the.aircraft and for commu
plation data may be retrieved by the ground team’on the system electron
maintenance panel which communicates with the system controller(s), or 2
olation data from the aircraft systems by ‘means of wireless communica
petly.

Manually Initiated: Requires manual start by maintenance personnel of
or "no-go" status indication will give results of the test and what LRU is a
d for verification of proper/connection and operation of replacement LRUS
nd/or LRUs use a.combination of automatic BIT noted.

GSE should, beconsidered as a last resort for troubleshooting. For GSE t
rport where flight squawks may have to be corrected. This becomes costly

60 airports’where maintenance can occur. All 60 airports must stock that
st of purchasing 60 units of GSE, the cost for transportation and periodic o

nication with a CFDS or
c controller face, and/or
t a ground station which
ion, or with the system

automatic test (usually
to be exercised to check
fault if "no-go" This test
and for flight readiness

b be effective it must be

For example, an airline
particular piece of GSE.
alibration or certification

pnsidered, plus cost of replacement parts, stocking, and training of maint

E units

Tnance personnel in the

use of particular GS

Some forms of GSE are practical for checking those mechanical or pneumatic units (heat exchangers, air cycle
machines, pneumatic valves) that are not cost effectively checked by BIT. These include special equipment to test the
system performance while it is operating under controlled conditions on the ground. These tests are most practically
performed during regularly scheduled aircraft maintenance checks.
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it should be:

te, not requiring special training.

through-flight environment.

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

Thoroughly tested in its working environment to assure that it will do the intended job in airline turnaround and

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

When GSE is used,
1. Very reliable.
2. Simple to opera
3.

understand.
4.
5.

multimeter that
6. Compactand p

should obtain th

Publication Methods
environmental systq
in a maintenance m
manufacturer who H

There are many soff
programs that are s

1+ £S A ot . £
NMoaoulTo vUIlAytT, CUITTIIL, arfu 1S oloarivc 1 a varicly Ul 1aityvTo.

pritable, not requiring electrical or pneumatic power. If electrical powerisre
e power from either batteries built into the GSE or use standard aircraft po

5 - On some simple or highly reliable systems, BITE cannotbe-justified, a
anual publication. To be effective, the software program.design should be

as the greatest interface with the LRU suppliers and/the’airline and can be

imilar. Usually there are two manuals involved’(see Example, Figures 1, 2

used by the flight crew (Figure 1) and one manual is used by maintenance personnel (Figures

turnaround mainten
various abnormal in

When a system abr
number in the airpla
Inop in Auto." The 4
complete and accu
following condition:

hnce. The manual for the flight crew shows'normal system indications and t
dications and each abnormal indication‘is given a code number.

ormality (commonly referred to, as a flight squawk) occurs the flight crew
ppropriate fault code is selected from the flight crew manual. The fault co

rate description of what*was actually observed. For example, fault code
cockpit temperature control inoperative in auto, OK in manual; all circuit bre

indicator, hot; duct {femperature, high;-compartment temperature, high; all abnormal lights, off

flight crew would th
a similar book, but v
done rapidly to iso
necessary part nun
isolation because o

bn radio the code~number to the next maintenance station where the main

hich containstadditional information. For a given code number it will indica
ate to a given LRU. The checks are usually given in detail with picture
bers. Erem’an airline standpoint, the software logic publication is the nug
the following advantages:

1.

Huired on the airplane, it
wer.

5 was the case on early

ms. One method of providing fault isolation on such systems.is by utilizing @ software logic program

managed by the aircraft
st integrate all inputs.

ware logic publication concepts available. VarioGs-aircraft manufacturers have developed individual

, and 3). One manual is
2 and 3) for through or
olerances. It also shows

member enters a code

ne logbook instead of some dbbreviated description, such as, "Flight Compartment Temp Control

de number represents a
2160E1 describes the
akers OK; valve position
trim air switch, on. The
enance personnel have
e what checks are to be
s showing location and
leus for all system fault

Eliminates vagt

2.

e flight squawks written by flight crew

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.

reporting and m

Provides maintenance personnel with one manual for the entire airplane for fault isolation.

aintenance fault isolation procedures.

Provides a convenient, economical, centralized method for updating, improving, and correcting flight squawk
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AIR CONDITIONING
TEMPERATURE CONTROL

% REPORT SYSTEM AFFECTED
1 - COCKPIT
2 - GALLEY
3 - FWD CAB
4 - CTRCAB
5 - AFT CAB

TRIM AIR)

coLp HOT
sSTop (LT OFF) (LT OFF) OFF

MAN

—
- [
TEMP VALVE COMPT/DUCT DUCT-AVIONIC | AIR COND TRIM FAUiiT CODE
SELECTOR POS IND TEMP GAGE COMPT TRIM AIR AIR REPQRT SYS
OVERHEAT LT | PRESS HI LT SW AFFECTED
A 2ol U *
AUTO OR NO TO
MANUAL CHANGE OFF 21-60 W x
AUTO HOT HIGH HIGH 21-60@*
AUTO coLD LOW LOW 21-6q F *
AUTO KOT | HIGH | HIGH AT 21-60| G *
AUTO OR
MANUAL HOT Low Low 21-60 H *
MANUAL coLp Low Low 21-60 J %
MANUAL HOT HIGH HIGH 21-60 K *
UCT-AVIONIC
MANUAL HOT HIGH HIGH ‘chgngg” 21-60 L *
AUTO OR
MANUAL HOT 21-60| M *
AUTO OR
MANUAL coLD 21-60( N sk
AUTO OR
MANUAL coLp HIGH HIGH 21-60| P %
AUTO GR
MANUAL HIGH 21-60) Q *
AUTO OR ‘
MANUAL Low 21-60| R *
o HIGH 21-60 S %
AUTO OR
MANUAL Low 21-60 T *
REPORT ANY FAULT SYMPTOM OR PATTERN NOT SHOWN ABOVE 21-60 X Xk
CA17-21-7A

Figure 1 - Flight fault isolation
air conditioning temperature control
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TurnNn Arounp FauLT IsoLaTion

(AIR CONDITIONING) TEMPERATURE CONTROL

% NOTE SYSTEM AFFECTED

1 - COCKPIT
2 - GALLEY
X 3 - FWD CAB
4 - CTRCAB
p 5 - AFT CAB
AUTO
) . r TRIM AR
| 7 Wz O
0 VA
coLD STgp HOT
— MAN —J (LT OFF) (LT OFF) OFF
DUCT-AVIONIC |  AIR COND TRIM
TEMA VALVE | COMPT/DUCT COMPT TRIM AIR AIR
SELECTDR | POSIND | TEMPGAGE | oyeoueat it | pRess HILT | SW
Tl
AUTO OR NO T0
MANUAL CHANGE OFF
AUTO HOT HIGH HIGH
AUTO coLD Low Low
AUTG HOT | HIGH | HIGH
‘:AUJN"U,E E HOT LOW Low
MANUAL coLD LOW Low
MANUAL HOT HIGH HIGH
MANUAL HOT HIGH HIGH I S cosrr e 21-69 L *
AUTO QR '
MANqu HoT 21-60 M %
AUTO OR
MANUE|L coLp 21-60 N *
?nulnouﬂﬁ coLp HIGH HIGH 21-690 P *
AUTO QR
MANUAL HIGH 2160 Q*
AUTO OR
MANUAL Low 21-6q R *
A R
MANUAL HIGH 21-60 § *
AUTO OR
MANUAL Low 21-60 T %
REPORT ANY FAULT SYMPTOM OR PATTERN NOT SHOWN ABOVE 21-60 X X %

Figure 2 - Turnaround fault isolation
air conditioning temperature control
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Turn ArRounD FauLT IsoLaTion

(AIR CONDITIONING) TEMPERATURE CONTROL

FAULT FOR SYSTEM TESTING, ENERGIZE FOLLOWING:
0D 1.DCBUS 1,2, 3 3. L. EMER AC BUS
2.ACBUS 1, 2,3 4. BAT BUS

ROTATE KNOB ON TEMPERATURE CONTROL
SELECTOR IN GALLEY TO CENTER POSITION

VERIFY AIR CONDITIONING CB'S SHOWN ON
LOCATOR ARE CLOSED

MOVE TRIM AIR SWITCH TO OFF

MAOMEAL T FANC TOMDEOATIIOE AAMTDAL
=

(NOTE]

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

INDICATOR BLI"'TI\M

REPLACE

WMUVE ARCC L UL TOWIT CIVNTONCS OOV T ive
SELECTORS IN FLIGHT COMPARTMENT TO
STOP

ROTATE EACH TEMPERATURE SELECTOR KNOB
TO COLD & HOT

OBSERVE MOVEMENT OF CORRESPONDING TRIM
AIR VALVE POSITION INDICATOR

INDICATOR MOVES

ON AVIONICS OVERHEAT
SWITCH IN MAIN RADIO
RACK COOLING DUCT

SMOOTHLY IN
BOTH DIRECTIONS

YES

REPLACE
VALVE &

TE

[TRIM AIR
CONTINUE
T

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 AT EACH POSITION FOR GREEN GO LIGHT OR RED

FAULT LIGHT TO COME ON

CONTINUED ON NEXT PAGE

Figure 3 - TAFI fault tree
air conditioning temperature control


https://saenorm.com/api/?name=1663524c60d7a0b777dfa8ecf6b6c22c

SAE INTERNATIONAL AIR1266™B Page 14 of 45

Turn Arounp FaulT IsoLaTtion

(AIR CONDITIONING) TEMPERATURE CONTROL

MAINTENANCE ACTION
CONTINUED FROM PREVIOUS PAGE
APU/PACK
CONTROLLERX

STAYS
ON
1

ROTATE TEST SELECT SWITCH TO
POSITIONS 4, 5, 6, 7, 8, &9, WAIT

IN EACH POSTTIONFORTCIGHT TO

COME ON
ZdNE

COMES TEMPERATURE

ON CONTRDLLERX

STAYS
OFF

ROTATE TEST SWITCH
TO PPSITION 10

PACK OUTY ZONE IN
% Coo“ffs TEMPERATURE
SENJOR%k

STAYS
OfF
ROTATE TEST SWITCH FAULT \__COMES ZONE
TO POSITION 11 LIGHT ON COJEFQAOPLE E/E\Ill_sjgg*
STAYS
OFF
1 ZdnE

ROTATE TEST SWITCH FAULT COMES TEMPERATURE
TO POSITION 12 LIGHT ON T — CONJROL
SELECTOR

|
STAYlS OFF

1. MOVE TEMPERATURE CONTROLLER CONNECTOR & BITE
CABLE TO ANOTHER TEMPERATURE CONTROLLER

2. RETURN TEST/SELECT SWITCH TO POSITION 6

3. ROTATE TEST SWITCH TO POSITION 7. OBSERVE
TRIM AIR“VALVE POSITION INDICATOR MOVEMENT

INDICATOR
MOVES TO )J=NO TRIM AIR VALVE
COLD
YES
. A
1. ROTATE TEST SWITCH TO POSITION 8 INDICATOR
2. OBSERVE TRIM AIR VALVE POSITION R VALVE
INDICATOR MOVEMENT HOT
YES
| ZONE
TEMPER/.TURE
KRESTART TEST CONTROLLER
AT POSITION 1

Figure 3 - TAFI fault tree
air conditioning temperature control (continued)
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3.2.2.2 Detailed Design Tradeoffs

Detail tradeoff studies on candidate systems must be performed by using many pertinent criteria. lllustrations demonstrating
the use of many of these tradeoff criteria in the actual design phase are presented in subsequent sections. The fault isolation
policy is generally traded at the aircraft level, and not only for ECS, since common aircraft resources may be involved such
as the central fault display system (CFDS) or on-board maintenance system (OMS).The minimum tradeoff criteria include:

a. Fault isolation effectiveness - requires preliminary fault isolation analysis (FIA) (see 3.2.3)

b.

C.

p.

qg.

System LRU count and cost optimization from provisioning standpoint

System reliability (MTBF)

System MTBUR (re

System or LRU sim

Dispatch inoperative or Minimum Equipment List (MEL) limitations

Costs: Manufacture
Development risk
Development time
Customer acceptan
Cockpit and installa

Installed weight

. Crew workload (req

Commonality to exigting systems (influences provisioning and training)

Operation and main

Component and sygtem tolerance prediction and cost-effective control

Provisions in service (spares-requirements)

NOTE: Operational req

3.2.3

although, in so

quires preliminary FIA)

blicity

['s design and development, hardware, and airline operation

Ce

ion space allocation and cockpit operating and display philosophy

ires preliminary FIA)

fainability trainingrequirements (includes consideration of maintenance crs

Lifements not included in above. It is assumed all candidate systems meet g

ew skill level)

perational requirements

. ) L s
e Cases, operatiomatcomptexity mmaybe—infltuencedby retiabitity —and

requirements and, thereby, become a tradeoff criteria.

System Fault Isolation Analysis (FIA) and Final Design

ault isolation capability

Using a preliminary system design, a system FIA should be performed to determine when and where BIT or some method
of fault isolation should be utilized.

One method of analyzing a system for fault isolation is:

a.

b.

List all LRUs that are in the system; this includes switches, circuit breakers, relays, etc.

Perform a failure mode and effect analysis (FMEA) for each LRU and show the effect of each failure mode on the

system.

For each LRU list the primary system failure modes that will occur in airline service. System failure modes should be
output functions from the LRU FMEA and not detail part failures inside the LRU.
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For each major interfacing system, consider each malfunction which could cause the system being analyzed to exhibit

an apparent fault indication (as observed by the flight crew).

For each LRU failure mode list the percent that failure mode is of the total system 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

ation implementation (BIT, etc.) will be required. Repeat Steps a through f when design or fault

isolation implementation is changed.

d.
e.
f.
g.
system or fault isol
3.2.4 Design Limits V|

Before the total system
level and end at the op¢g
occur due to manufacty
kept as small as possil
acceptable operating lim
design data to prevent
BIT checks being within

Electrical/electronic com
and electromechanical
used as the Go/No-Go

(ITCAN) or test and repair as necessary (TARAN).

Using a total system sq
component. A realistic

tolerances should be gre¢ater than those for any system acceptance test, which in turn should be gn

component receiving ac

roiic feo
CTOUOS 7T WCTT

design is frozen, a tolerance study should be conducted. The study Should start at the component
rating system level. The purpose of the study is to allow analysis ©f normd| tolerance buildups that
ring limitations, operational limits, and acceptable inservice deterioration [limits. Design limits are
le and are established to produce a functional product within”manufactliring tolerances. Larger
its are established for the system outside of which the BIT checks should o¢cur. The analysis yields
uisance fault information being presented to flight crews<r ground maintgnance personnel due to
acceptable in-service deteriorization limits.

ponents usually do not exhibit an inservice degradation characteristic whileJpneumatic, mechanical,
components usually do have an operation in-service degradation tolerance. These tolerances are
imits for an "on-condition" maintenance program such as inspect, test apd correct as necessary

hematic as a guide, tolerances should be determined for functional inpyits and outputs of each
system tolerance should be stated for each cockpit indicated function [and mode. Operational
eater than the individual
ceptance test tolerances.

System tolerances should be derived by using-gither of the two following methods as guidelines:

a. If the system has three or less variables, use the absolute sums of the individual positive gnd negative worst-case
tolerance variables controlling théxeheckpoint.
b. If more than three Variables contribute to the checkpoint, a root sum square (RSS) method should be used. When a

RSS method is use
to meet operational

d, it iS.-necessary to monitor actual results, and either expand tolerances g
and\Contractual requirements.

r make design changes

If a primary failure mode of a component is an output function drift, the tolerance study has to be accomplished so that BIT
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."

3.2.5 Concept Integration (Interfaces)

On some designs maijor 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, they 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.
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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 nature. Different equipment configurations and various steady state and dynamic performance of inputs
and outputs must be considered for the interfaces of each LRU to the ECS and other subsystems, as well as for the
integration of the ECS with the aircraft so that accurate fault isolation criteria can be determined.

3.2.6 Hardware Considerations

Fault isolation or troubleshooting on commercial aircraft is usually the result of a "pilot squawk." The pilot usually squawks
functional systems, not components or subsystems. A squawk results in a hardware LRU being removed. The designer

must become aware of the variety of organizational structures, jurisdictions, and maintenance skills within different airline
maintenance operations. The hardware design and fault isolation procedures must minimize any adverse effects that these

factors may have on the complete process of properly identifying and replacing LRUs.

The hardware design m

uct includa cancidaratian of fanlt icalatina hy
oSt HGTo SToeato—oO—Tatht1SOat 154

and replace time, fault

data presentation, and i
a. Isolating by LRU Re
be used to fault iso
would have approxi
design, 50% of the
arbitrarily removing
initially designed w
hours, it may be de
by exclusion. Addin
operational reliabilit
would also be poss
MTBF and, thereby
b. Time to Remove an
An LRU that is read

it | Pl ramaoys
ity oTerovg

Ag
nstruction placards.

ate systems with few LRUs. For example, in a system with two.LRUs, it is
Mmately the same MTBF. This means if fault isolation provisions (i.e., BITE)
initial corrective action would be correct if maintenance personnel "shot
one of the two components or removing the one that is-ore readily acceg
th two LRUs and one had an MTBF of 100000 hours\and the other LRU
sirable to put BITE on the more complicated lower-reliability part isolating t
j BITE to the simpler, high reliability (100000 hour MTBF) LRU may undes
y of that LRU and produce nuisance LRU faultindications caused by failu
ble to use no BITE at all and reliability experience would dictate replacing
"shot gun" with a 95% effectiveness.

] Replace: The time to remove and.replace LRUs can affect a system's fau
ily accessible and easy to remove-and replace, such as the system contrg

high unnecessary regmoval rate.

High-confidence BIT
to remove and repld

1. The other easie

2. The systemcon

LRU is indicate

[ is required to prevent unnécessary controller removals. An LRU that is di
ce will usually not besremoved to correct a flight squawk unless:

I to replace LRUs.have been replaced at least once.

ains a methad of fault isolation (BITE, etc.) that has a high confidence level
d faulty \it-definitely is faulty. BITE, therefore, may prove cost effective

because they are very,time consuming to remove and replace. The airframe manufacturer

must carefully g

onsider the accessibility of lower reliability LRUs. The optimum benefits

liability: LRU reliability is an important consideration in fault isolation-design. In fact, reliability can

possible that the LRUs
were not included in the
gunned" the system by
sible. If the system was

had an MTBF of 5000
ne less complicated part
rably lower the effective
‘e modes of the BITE. It
the LRU with 5000 hour

t isolation effectiveness.
llers, historically have a

ficult or time consuming

so that when a particular
for some LRUs simply
hnd the system designer
are achieved when low

re-cost-effectively checked by BITE and the LRUs are readily accessible

reliability LRUs

for replacement.

Presentation: The indication that a fault exists in a particular LRU can be displayed many ways. The presentation should

be used that is most positive and provides the highest confidence level. Where BITE is involved, the hardware for
presentation of status information to flight crews and fault information to ground crews must carefully consider the
human factors involved. Some display hardware examples are indicated below:

1. On LRU (Usuall

(a)
(b)
(c)
(d)

Light Emitt

unit)

y Electronic Controller):

Lamps - One for GO, one for NO GO for each LRU

ing Diodes (LED) - One for GO, one for NO GO for each LRU

Magnetic Latching Indicators - Drive signals must be properly filtered to prevent nuisance latching

Alphanumeric Display - Provides greatest amount of information (only practical with digital microprocessor
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2. In Flight Deck or at Central Maintenance Panel:

(a) Lamps - Primarily for flight deck status display

(b) Flat Panel, Liquid Crystal Display (LCD), LED, and Cathode Ray Tube (CRT) Displays - Complete, formatted

displays for both system status and LRU fault identification - requires data interface, either centralized or in
the LRU (usually system controller)

Ground Station:

Data recorded to memory devices on the aircraft may be transmitted to the ground station by a special cable,
satcom, Wi-Fi, or other transmission methods and then displayed by maintenance personnel at a

(@)
(b)
Effective fault isolaf]

faults are observed
confirmed during sy

Desktop computer, or a

Terminal

of display when system
hase and proper design

on designs must eliminate problems of erroneous fault displays.ot/lack
These problems must be resolved early in the LRU and systenidesign p
stem test, flight test, and early aircraft operational stages.

b when a fault indication
Figure 4). The human

LRU Placards: Clear and concise placards should be located on the LRU to.explain what to d
is shown, or to proyide instructions for performing manual BIT checks (Réference Example
factors elements muiist be carefully considered in the wording of the instructions.

the BIT function without

Use of existing sensprs: Consideration should be given to the use.éfexisting sensors to perform

the addition of BIT]
algorithms based or
to less parts but ma

3.2.7

Other functional aspec]
monitoring, automatic

recording of sub-LRU fa|
3.2.7.1 System Read
This test provides the fli
affect the takeoff decisid

data necessary to maks
(MEL) can also be provi

Other Considergtions

E hardware just for BIT purposes. This may require additional softwar
input from existing sensors. The benefit-of doing this is a reduced cost ang
y come at the cost of reduced fault iselation effectiveness.

s of BIT must be considered. These include system readiness testin
Corrective action during’ system failure modes, central maintenance si
ult data, minimizing dedicated BITE sensing, and system and component {

ness Testing

hht crew witfiha direct readout automatically or upon interrogation, of subsys
n. This<test'is done in parallel with the active system performance monitori
e dispatch decisions on subsystem degraded mode capability using the
ded by this test.

e to perform inferential
improved reliability due

j, system performance
hnalling and recording,
rend monitoring.

stem malfunctions which
ng described. Additional
minimum equipment list

The system should automatically, upon command, quickly exercise the system components (valves, fans, etc.) and
determine proper operation on the ground, before flight conditions are encountered where passive faults become evident.
This includes exercising all normal system functions and protective devices in a nonharmful manner. Design of protective
devices so they are testable in situ must be considered.

3.2.7.2 System Performance Monitoring

This test provides numerical and graphical readout on a display screen of the performance of selected subsystems such as
the bleed air subsystem, air-conditioning packs, avionic cooling, wing anti-ice, etc. In-tolerance performance can be
indicated on the display in green color while marginal or out of tolerance parameters can be indicated in amber or red.

More sophisticated graphics can be utilized to enable the crew to readily observe system operation. Display "pages" can
appear on the monitor screen automatically when faults occur in a subsystem. The display systems should intimately tie in
with the system controller electronics for more comprehensive display while reducing the dedicated sensing required for
display purposes only. Control sensors can be used for display purposes if they are properly fault isolated and if automatic
system corrective action provides fail-operational fail-safe performance.


https://saenorm.com/api/?name=1663524c60d7a0b777dfa8ecf6b6c22c

SAE INTERNATIONAL AIR1266™B Page 19 of 45

3.2.7.3 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.

\«

CABIN ZONE TEMPERATURE CONTROLLER
BITE INSTRUCTIONS
1 e |t CONTROLLER FAULT lamp ON replace controller.
2 AT FLIGHT DECK
e Check TRIM VALVES by manually operating SELECTORS.

If VALVE is faulty replace and retest.
C uto

_Set all SELECTORS to A (\rrcss,
3 QN THIS CONTROLLER @P TES?

¢ Push PRESS/TEST for lamp check.

If any lamp does not light replace this controller.

4 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.
4 When all GO (green) press RESET to clear memory.

| CONTROLLER
\\\ (::::) GO FAULT /’
Z

ONE DUCT TRIM
SELECTOR SENSOR A SENSOR VALVE

L

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

\ FAULTS /

© © ©

PREVIOUS
BIT FLIGHTS VERIFY

0-0-0

Figure 4 - Temperature controller
BIT instructions
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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.

3.2.7.4 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 forms of this concept are the CFDS and the OMS. These concepts are described in detail in ARINC 604 (CFDS) and

ARINC 624 (OMS). An example system employing CFDS is discussed in 4.3.

3.2.7.5 Recording of Sub-LRU Fault Data

LRU faults are determined by recogmzmg and analyzmg the various failure modes of the LRU. This sub-LRU data are,

therefore, available and
aircraft to the shop to aig
to the sub-LRU module

3.2.7.6  Minimizing De

Interactive data from oth
engine controls, etc.) ca
BITE dedicated sensing
determine whether it is

presently available to th
reliability and added wir

3.2.7.7 System/Comj

This test is a periodic a
of-tolerance limit perforr
increase the time betwe
the best available, state-
schedule completion an

Using the system sensq
leaks, air cycle machine
3.3 Demonstration of

Before final approval an
that the system includir

in shop dlagn03|s and repalr of the part The controller can add|t|onally pe
evel when connected to simple automatic test equipment (ATE) in thiessho

dicated BITE Sensing

er aircraft systems and flight instrumentation (air data computers, automat
n be used by the ECS to aid in more comprehensive fadlt isolation while
). These data are generally available on data busses/ Tradeoff analysis
bffective to use these data. That tradeoff must consider the real need for
B controllers or must a data bus input be added{oer should a dedicated ser
ng weight and cost must also be considered.

onent Performance Degradation Trend Menitoring

Itomatic and/or manual recording of selected performance parameters for

ontroller LRU from the
orm more self-diagnosis

P-

ic flight control systems,
minimizing the need for

must be performed to
he data, are these data
sor be used. Impacts of

ground analysis or out-

hance inspection. These tests provide the capability to reduce the number of in-flight failures and/or

en scheduled replacement of System components. These tests are to be i

mplemented only where

of-the-art design for failure(prediction has been successfully demonstrated and the impact on safety,

H cost savings is of sufficient significance.

rs plus specially added test sensors, impending failure is predicted (heat
performance degradation due to nozzle erosion, valves slow or sticking, e

Specification. Compliance

i delivery of a system, a prototype verification and detail qualification test is

exchanger blockage or
tc.).

performed to determine

g-BIT will perform the functlon for wh|ch it was deS|gned After qual|f|c

performed to verify that

tion test a flight test is

ication is realized during

the initial airline service period. Flight test and inservice flight squawks and the corresponding corrective action must be
correlated to assure that the fault isolation is functioning properly.

3.3.1  Prototype Verification

Early in the program and to the greatest extent possible, validate the fault isolation and system tolerance analyses with
prototype assemblies on a complete simulated system or on an aircraft if possible. This validation should include simulating

the failures that have been analyzed, then verifying the system effect and the successful operation of the chosen fault
isolation scheme within the specified criteria.
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3.3.2

Qualification Testing

It is mandatory that when qualification testing is accomplished that the system component fault isolation procedures and
installed BIT be verified. Qualification tests on components and systems should include duplicating failures as noted in the
FIA, verifying and documenting that the fault isolation procedures and any installed BITE is functioning as intended. Where

BIT is utilized, the qualif

ication test and the flight test should also check:

a. That the BIT does not produce false failure indications during testing, duplicating all modes at maximum and minimum
acceptable in service operational tolerances.

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

c. That the BIT does not produce false indications when interfacing systems produce faults, or when interfacing systems
are operating at acgeptable-madrmur-or-irirar-Hmits:

3.3.3 Initial Airline Sefvice Period

The intent of all parties ¢
with fault isolation hardw
of acceptable MTBUR/N

During initial service thd
single indicator of the pq

If the MTBUR of an LRU
manufacturer and, in tu
reliability and/or fault is
can then cooperate to d
reliability or defective Bl
is fault isolation effectiv

manufacturer must be rI

Procedures and plans
supplier representatives
personnel actually witng

Procedures should be €
permitted to observe in
scheduled service.

Flight squawks and resf

juring this initial period is to identify and to correct, as rapidly aspossible, g
ITBF ratios and timerelated dispatchability are also verified!

working unit of measure for identifying problems should be MTBUR. Thi
rformance of an LRU, both in use and in ease of maintenance and fault is

becomes unacceptable, the complete files of the operator should become
n, to the LRU supplier containing all relevant detail data to help determin
plation effectiveness. The operator and the airframe manufacturer, assist
btermine the best courses of action torimprove the overall MTBUR reliabili

ness due to no BIT or improper, use of BIT, all must cooperate to solve th
sponsible for any effect that a’design change may have on aircraft operat

Ehould be established, prior to initial service, whereby selected airframe

can be available at-the operator's maintenance facilities. There is no
ssing the total in service environment in which the fault isolation systems g
stablished, prior to initial service, whereby selected airframe manufacturer
the flight-eempartment the actual performance of systems and the ope

ective corrective action must be monitored to determine:

ny problems associated

are, software and/or corrective action procedures. Specificatioh requiremegnts and/or design goals

s rate provides the best
Dlation.

available to the airframe
e if the problem is LRU
d by the LRU supplier,
y. If the problem is LRU

[ (if applicable) design, the LRU supplier must be responsible for the correctjve action. If the problem

b problem. The airframe
on and certification.

manufacturer and LRU
substitute for qualified
perate.

representatives may be
ration of flight crews in

a. That squawks noted are really malfunctions, and not the result of lack of knowledge of acceptable parameters or
idiosyncrasies peculiar to the system or flight crew involved. To reduce this common problem, adequate airline
personnel training must take place taught by both the airframe manufacturer and the system/LRU supplier instructors.

b.

That the troubleshooting accomplished to isolate an LRU actually utilizes the BIT or procedural software logic provided

and that the results are correct. A follow-up record should be maintained by the airline personnel that indicates the
extent of utilization of the established fault isolation procedures and BIT (where applicable).

c.
isolated failures.

Whether initial airline service squawks are due to system fault isolation design or tolerance problems or are anticipated,
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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.

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 BIT

b. Automatic BIT

c. Automatic BIT using
By moving through thes
examples do not neces
specific application.

The first example, Mandial BIT, is for an all analog control system with limited-attomatic BIT cap

illustrate all the BIT de
Automatic BIT, uses sim
BIT design. The third ex
4.1 Manual BIT Exam
The example environme
subsystem. Figure 5 de
this fault isolation exam
(5), the ECS/APU interfd
bypass valves (3), temp|
411 Subsystem Opsg

To understand how the
the components in the s

a. System Operation:
from ground carts. T
is individually contrq
zone demand.

1.

a CFDS

e examples, actual implementation of the principles presented in.Section
barily represent recommendations, but can be used to help formulate a cg

5ign principles necessary for this type of simpler BITE hardware design

ample uses a similar digital microprocessor design more fully by interfacin

ple

ntal control subsystem to be discussed-is a cabin zone and refrigeration p
picts the cabin temperature controksubsystem components which are all
ble. Those components include the-individual pack controllers (3), the zone
ce controller which contains the'BITE, zone trim valves (5), pack ram air dq
erature sensors (18), and temperature selectors (6).

ration Description

ault isolation functions in this subsystem, a discussion of the basic operati
ubsystem isAirst presented below.

The air-conditioning system is supplied by bleed air from either the engin
hreefair-conditioning packs supply air to five temperature controlled zones
lled¥'The three pack discharge temperatures and the APU speed are prog

3 are discussed. These
st-effective design for a

hbility. It is presented to
. The second example,

ilar design principles but illustrates the added funetionality offered by digital microprocessor based

y with a CFDS.

ack temperature control
checked by the BITE in
temperature controllers
or actuators and turbine

bn of the subsystem and

s, an onboard APU, or
Each zone temperature
rammed as a function of

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 the 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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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.
b. Flight Management of the Zone and Pack Temperature Control System: In order to properly manage the system, a
minimum set of instruments and indicators was devised for the flight crew to monitor system performance and evaluate

manual operation. Readings from these instruments also form an integral part of the system fault isolation scheme.

1. Flight Deck Panel Instruments: The flight deck panel (Figure 6) is provided with instruments for the following
indications laid out in a logical manner from top down:

Individual zone temperature (COMPT) - Five

Individual zone jatet-duet tcnlpclatbuc (DI ICT) Fve
Individual zone frim valve positions (VALVE POS) - Five
Pack off lights (PACK 1,2,3 OFF) - Three

Pack turbine inlet temperature (TURB INLET TEMP), bypass valve paosition (PACK TEMP VALVE POSITION),
discharge temperature (PACK DISCH TEMP) individually selectable for-&ach of the three packs (PACK IND SEL)

Individual pack flow indicators (FLOW) - Three

Comparison can be made between instrument readings and khRown limits of acceptable pefformance under various
conditions for fault monitoring.

2. Out-of-Tolerance Indicators - The following indicators\are provided to signal gross out-of-tglerance conditions:
DUCT/AVIONIG COMP. OVERHEAT light - This light iluminates when:
a. Any one of| the five zone inlet overheat thermal switches activates.
b. A failed trim air duct in the avionics compartment is sensed by a compartment overtemperature switch.
Individual ZONE INLET QVERHEAT indicators (five, located on a separate maintenance panel) - The
appropriatg indicator lights'when a zone inlet overheat switch activates along with the PUCT/AVIONIC COMP.
OVERHEAT light. This aids fault isolation of the particular zone inlet that caused the pverheat.

Individual PACKOFF lights (three) - The appropriate light illuminates when the pack flow control closes due
to pack ove¢rheat, loss of supply pressure, or when packs are manually selected OFF

TRIM PRESSURE HI light (located on Master caution panel) - llluminates when a pressure switch indicates
trim manifold pressure is high due to trim regulator failure.

4.1.2 Fault Isolation Preliminary Design Analysis

A preliminary design analysis was conducted following the guidelines listed in 3.2. As a result of the analysis the
requirements were established for the detail design. Fault isolation equipment and techniques became an integral part of
the total subsystem design.

Certain hardware design considerations were dictated by the results of the preliminary design analysis:

a. Consideration was given to both active failures (those which display a positive failure indication at the flight deck panel),
and to passive failures (those failures which do not display a positive failure indication at the flight deck panel).
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b. Application of the fundamental design philosophy required that BITE be utilized and that it be significantly more reliable
than the control units being tested. Simplified detection schemes as well as simplified circuitry were utilized as much
as possible to achieve high reliability. The BITE was designed to be operated by the ground maintenance crew, on the
ground, with pneumatic power off, and only electrical power on. Thus, all electrical components are directly checked
but must be checked through software logic procedures.

c. The BITE was designed with the assumption that only single LRU failures occurred and would not isolate multiple LRU
failures in all cases (another design simplification for reliability).

d. 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.

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

f. There was no memgry-sterage-efinformation-designed-forthis-systemwhich-wetlaretain-data-of intermittent faults (i.e.,
only occurring in flight). Testing for intermittent operation of the LRUs which are all electricalwas not a requirement.

4.1.2.1 Preliminary Design Analysis Findings - Software

that with adequate instrumentation in the cockpit the use ofipatternofcockpitindication methods (a
vided the most costeffective method of fault isolation for much of the subsystem. The LRU supplier
rame manufacturer (see 3.2.2.1.d.), and provided the detail design data necessary to produce an
procedural program.

Design analysis showed
procedural program) prd
cooperated with the airf
adequate software logic|
4.1.2.2 Preliminary Design Analysis Findings - Hardware
E circuitry was designed
B single LRU containing
selected as those most

The LRU supplier imple
with adequate flexibility
all the BITE circuitry rat
costeffective of the cond

mented the procedural programs with on-beard GSE (Manual BITE). BITE
and located such that several adjacent \RUs could be checked out from
her than repeating the BITE circuitry,ifi-each LRU. These concepts were
epts available to the LRU supplier(see 3.2.2.1).

4.1.3 Design Implemgntation
obtained from the flight
TE hardware as a fault

The completed fault isol
crew generates a sequ
isolation tool.

btion design utilizes a software logic procedural program where informatior
bnce of ground maintenance crew procedures that rely heavily on the B

4.1.3.1 Maintenance Manual Design-Procedure

Implementing the use|of maintenance manual procedures for fault isolation requires the installation of sufficient

instrumentation on the ¢
take any necessary cor

ockpitinstrument panels for the flight crew to be able to detect a failure i
rective action, and note the suspected failure in the flight log. The ground

h an aircraft subsystem,
maintenance crew can

then utilize the flight log

todetermine which defnm was fal |Ify fall |ring fligh’r and utilize the flighf ded

panel instruments and

BITE to isolate the failure 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.

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.
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The following considerations apply to the fault isolation analyses data:

a.

b.

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

failure for the aircraft system.

access time is not included in the time estimates.

MEL dispatch configuration is not analyzed. The failure modes listed in Table 1, column 2 are considered to be the first

The time required to isolate a given fault is determined by adding the task times shown on the fault trees. Compartment

From data such as this, flight crew and maintenance crew manuals are devised that are extremely efficient as aids for rapid,

accurate, and thorough
4.1.3.2

All the system controller]
located in the APU/pack
and the three pack temy
to any one of the zone
system (see Figure 8).

Necessary BITE operati
in a step by step fashig
components.

A multiposition BITE swi
Sequential operation of
or component elements
described in Table 2.

fault isolation to the LRU level (see 4.1.3.3).

Hardware Design

demand controller unit. This unit is mounted centrally between all fivé-zone
erature controllers on the aircraft. This location allows a test cable from th
br pack temperature controllers, each of which is the focal pointfor all the

ng instructions are printed on the face of the unit containing the BITE. The
n to guarantee that all operating conditions are preper’before manually i

tch is located on the unit. The switch is positionéd sequentially, stopping if
he BITE simplifies the BITE design by allowing previously checked properl
to be utilized in checking subsequent component or component elements

5 are designed with analog circuitry. The BITE for the zone and pack tempJarature control system is

temperature controllers
e BITE to be connected
LRUs in that particular

b instructions are written
nterrogating the system

n LRU fault is indicated.
y operating components
The BITE functions are
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ZONE SELECTOR SWITCH —+ AUTO

INFORMATION TRIM VALVE POSITION — AN (ABOVE NORMAL)
NEEDED FROM DUCT TEMPERATURE — AN
FLIGHT CREW COMPARTMENT TEMPERATURE-#» AN

OPERATION OF AFFECTED ZONE IS
NORMAL IN MANUAL MODE

PERFORM BITE TEST ON
ZONE CONTROLLER, 9 MIN
SELECTOR AND SENSORS

1

Va N\
NO IS BITE TEST '\ YES
NORMAL? /

CONNECT ZONE CONTROLLER" CONNECTORS

y

REPLACE FAULTY LRU TO ANOTHER CONTROLLER AND REPEAT
AS DIRECTED|BY 5 HIN 6 MIN| BITE STEPS 6, 7<AND 8. TRIM VALVE
BITE INSTRULTIONS SHOULD DRIVE_YHOT" IN POSITIONS 6

AND 8 AND "COLD" IN POSITION 7,

89 PERCHNT

y
NO©  / poES vALVE \_  YES
\, DRIVE OK? /

[ ] 1

REPLACE REPLACE
TRIM 8 HIN zonlvzt 5 MIN.
VALVE CONTROLLER

6 PERCENT S PERCENT

NOTES: 1. PERCENT BESIDE BLQCKS
S PROBABILITY OF FAILURE
FOR THIS SET OF INQICATIONS .

2. TIME BESIDE BLOCKS IS
ESTIMATED FAULT ISOLATION
TASK TIME.

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
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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 BIT Example

A second example is presented of automatic BIT implementation for a system very similar to that described for manual BIT.
The subsystem operation is similar to that described in 4.1.1. The fault isolation preliminary design analysis (4.1.2)
information is also similar. The difference is in the implementation. This example uses a digital microprocessor architecture
with the microprocessor;

csoftwara narformina the BIT functions
SOHtwatrCpeHorH g HE-BDrT—oRCHORS:

4.21 Hardware Design
This example based upgn controller electronics that are built with digital, microprocessor architectur
of automatic BIT opergtion. Much of the maintenance manual procedure from the manual Bl

implemented in embedded software (called firmware) in the controller computer memory.

e provides a higher level
| example (4.1.3.1) are

The example controller
commands the pack teg
includes BIT functions {(
The controller provides

The BIT operates in two
422
During normal system o
online basis such that al
interfering with normal
provide fault status indi
deductions.

At regular intervals, key

Continuous Monitoring

is the cabin zone temperature controller. One cahin“zone controller co
mperatures required, and controls the required \APU airflow. The cabir
fault isolate and identify components associatéd.with the controller (inclug
ault isolation for the respective components as'shown in Figure 9.

basic modes; continuous monitoring andtinitiated BIT.

beration, inflight or on the ground, the controller monitors the associated co
BIT tests are performed at'least once every 5 s. This continuous monitoring
ystem operation. The controllers do not provide fault isolation information
cation. System malfunctions are determined from these control panel ing

signals are-Sampled, digitized, and read into the controller microcompuf

htrols four cabin zones,
temperature controller
ling the controller itself).

Mmponents on a periodic,

mode functions without
to the flight crew but do
ications and flight crew

er. The microcomputer,

under control of softwarne programsin nonvolatile Read-Only Memory (ROM), is used to isolate faults in the system to a

LRU. All parameters red
is out of tolerance, a fau
nuisance fault recording

d in by.the-microcomputer are compared with fixed values stored in nonvo

latile memory. If a value

t is recorded in a Random Access Memory (RAM). Suitable software filterin

it is logged and displaye

Each-fault detected must be similarly detected on two or three additional schessive passes before

j is employed to prevent

and recorded. All LRUs

associated with the controller are tested, including the controller itself. The tests consist of monitoring the temperature
sensors, temperature selectors, and valve and actuator motors for open and short circuits. When all tests are complete, the
fault is isolated to a particular component and this 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.
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"WATCHDOG"”
SELF-MONITOR
(b CABIN ZONE SENSORS

FAULT STATUS
SIGNALTO <+—
AIRCRAFT

—

- —
\

RECORD \\\\\\\

NON-VOLATILE
MEMORY

CABIN
ZONE
CONTROLLER

§> TEMP. SELEC

Adaptive fault tolerant g
certain faults will cause
(selector, sensors, trim

Drive signals to the trim
occurs, all drive signals

423
Initiated BIT Mode

The initiated BIT mode i
tests. This mode functio

Figure 9 - BIT continuous:monitoring mode
cabin zone subsystem

peration of the system is also.provided for certain system failures. During
the controllers to eliminate various control signals. For faults within any
hir valve, controller), that Zone demand is eliminated from pack and APU ¢
air valve are shut off, but,the other zones continue to operate normally. If

(== DUCT TEMP SENSORS

TORS

@ TRIM MOD VALVES

continuous monitoring,
cabin zone control loop
ommand discrimination.
a controller critical fault

are shut off and the controller automatically signals backup control functionfs to operate.

Continuous Monitoring

useddo interrogate fault memory and to verify that a replaced LRU passes the appropriate electrical

hs-when the aircraft is on the ground, no pneumatic source operating, and

the pushbutton controls

on the controller front p

nel are pllehnd in proper seguence (enn I:iglll"ﬂ 1(\) Inthis mode the cg

ntrollers do not perform

their normal function. Pushing the pushbuttons will cause controller selftests 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 were 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 confusion. The 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 interrogated.
The number nine represents a typical maximum number of flight legs between maintenance bases for this type of aircraft,

although numbers up to

64 have been considered for other aircraft.
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Table 3 - BIT tests of subsystem component output functions

LRU Type Tests Performed

Sensors Checked for open or short circuit-level beyond
possible -65 to 200 °F sensed ambient temperature.

Selectors Open potentiometer wiper arm, open or shorted
windings. Check for selection inaccuracy beyond
2 °F

Controller-APU/Pack Demand Inject inputs into pack and APU demand amplifier 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
theck—output—drive citcuttry performeance—tassyming

valve is operating properly from prior mapuail|test).

In addition to tests performed during continuous monitoring, certain components are “automatically put through a
preprogrammed sequence when the verify button is pressed to facilitate testing their opération. Thijs is used for verification
after maintenance, as wegll as for flight readiness. The controller has indicators on the:front panel, dne for each of the LRUs
associated with the confroller, and one for the controller itself. A GO indicator proyides a positive indication that a test has
been completed and no|faulty LRU detected.

© O O

PREVIOUS
FLIGHTs  VERIFY

R TTA

BIT

|4
/A SA
CONTROL CONTROL CONTROL OPERATIVE ONLY
SELF-CHECK SELF-TEST SELF-TEST WHILE “VERIFY” ON
"LAST FLIGHT” “PREVIOUS FLIGHTS"” ACTIVE CLEARS ALL
MEMORY READOQUT MEMORY READOUT “PRESENT FAULT™ NON-VOLATILE
1-REGISTER 9-REGISTERS TEST OF ALL LRU’'s MENrORY REGISTERS
! i

RESTARTS CONTROL
AND CONTINUOUS
BITE OPERATION

Figure 10 - BIT initiated mode pushbutton operation
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4.2.4  Controller Software Design

All the control and BIT functions are implemented using software algorithms stored in the program memory of the controller
and executed by the unit microprocessor.

All BIT functions are performed by the BIT software and are transparent to and in no way interfere with normal system
functioning. Faults detected are appropriately filtered to prevent nuisance information and then stored in registers of

nonvolatile memory elements representing each LRU for later interrogation during initiated BIT.

The general software fault isolation logic flow is as shown in Figure 11.

4.2.5

In-Service Operation

As in the previous manual BIT example complete fI|ght crew and ground malntenance crew manuals are devised that are

used in-service for syste
maintenance manual fol
the BIT when it is to be

Maintenance document
thorough fault isolation

4.3 Automatic BIT wit

A third example is pres
and their operation are
there are no BIT commg
performed at a central n
example).

This example uses a ce
is shown in Figure 13. Al
which in turn connects t
performed.

The controllers associat
exhaust controllers (CE
example will concentrat

this example system Table 4 would be a part of the manual mstructmg o]
bperated.

5 and BIT such as in this and the previous examples provide efficient aids
0 the LRU level.

h Central Maintenance Computer Example

ented of automatic BIT using a central maintenance computer. The syste
very similar to that described in 4.2 for the autématic BIT example. The p
nd or display devices on the system controller§’themselves. All BIT comm3
aintenance computer which is connected t6.the system controllers by data
tralized fault display system (CFDS) designed per ARINC 604 standards. T
b the central fault display unit (CFDU) where all maintenance crew comma3
ed with the ECS are theair-conditioning controllers (ACCs), which also prov

Cs); the cabin pressure controllers (CPCs); and the pneumatic system
b on the system ACC functions as they interface to the CFDIU.

ar—appropriate page from the

bund crews in the use of

for rapid, accurate, and

m, its digital controllers,

rimary difference is that

nd/display functions are
bus (ARINC 429 for this

he general CFDS layout

the aircraft system controllers connect by data bus to the central fault display interface unit (CFDIU)

nd/display functions are

ide testing for the combi
controllers (PSCs). This
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Figure 11 - Fault isolation logic flow
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