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INTRODUCTION
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1.1

1.2

SCOPE:

This SAE Aerospace Information Report (AIR) provides methodologies and approaches that
have been used to install and integrate full-authority-digital-engine-control (FADEC) systems
on transport category aircraft. Although the information provided is based on turbofan
engines installed on large commercial transports, many of the issues raised are equally
applicable to corporate, general aviation, regional and commuter aircraft, and to military
installations, particularly when commercial aircraft are employed by military users.

designation

Most of the
software, a

s used in this report are shown in Figure 1.

material concerns an Electronic Engine Control (EEC) with.its ass
nd its functional integration with the aircraft. However, thé'report g

engine station

ociated
Iso addresses

the physical environment associated with the EEC and its associated wiring and sensors.

Since most
engine con

typical FADEC system configuration is shown in Figure 2. Special considerat

pertain to s
are also ad

Purpose:

This repo
on the isg
with aircr:
addresse
the impor
in a new

the time d

Field of Application:

rol (FADEC) systems, this is the configuratjon:which is primarily a

ngle-channel FADEC systems or limited authority “supervisory” cq
dressed.

It provides guidance to engine/control designers and aircraft syste
ues associated with thelinstallation and integration of engine cont
hft systems. Future technologies employed may be different from
d in this report, but-the basic concepts are the same. The readers
tance of the concepts being addressed to the technology that they,
hpplication. The examples used have satisfied the requirements ir
f design/certification; they are not considered requirements.

of today’s transport category engines use dual‘channel full-authotity digital

Hdressed. A
ons that
ntrol systems

m designers
ol systems
those

must judge
are employing
existence at

The field

hf .qlnlnlir‘n’rinn is aerospace, primnrily the commercial tranqpnrf aird

raft and their

engines certified under Title 14 of the Code of Federal Regulations (14 CFR), part 25, but
it may also apply to commuter aircraft and their engines certified under part 23 and
rotorcraft certified under parts 27 and 29, which are used for commercial transport service.
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FIGURE 1 - Station Definitions Used Herein
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FIGURE 2 - Typical FADEC System
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2. REFERENCES:

2.1

211

Applicable Documents:

The following publications form a part of this report to the extent specified herein. Nothing
in this document, however, supersedes applicable laws and regulations unless a specific
exemption has been obtained.

Federal Aviation Administration (FAA) Publications:

14 CFR Parts 23, 25, 27, 29, 33 and Advisory Circulars (ACs) avaitabl
Avigtion Administration, 800 Independence Avenue, SW, Washington,
few

FAA Notice, N81110.71, Guidance for the Certification of Aircraft Opere
Intepsity Radiated Field (HIRF) Environments, issued April 1998.

Trarrspon Aircraft Directorate Policy Letters:

of the ACs are:

A\C 20-53A, Protection of Airplane Fuel Systems Against Fuel Vap
o Lightning, issued April 12, 1985.

AC 20-88A, Guidelines on the Marking of Aircraft Powerplant Instri
Displays), issued September 30, 1985.

AC 20-136, Protection of Aircraft Elegtrical/Electronic Systems ags
ndirect Effects of Lightning, issued\March 5, 1990.

AC 25-13, Reduced and Derated Takeoff Thrust (Power) Procedu
May 4, 1988.

A\C 33.28-1, Compliance Criteria for 14 CFR §33.28, Aircraft Engir
and Electronic Control Systems, issued June 29, 2001.

e from Federal
DC 20591. A

pr Ignition Due

iments

inst the

es, issued

es, Electrical

ting in High

Policy Letter TAD 95-001, The Role of Maintenance Computers in

Exposure

Time Assumptions For Quantitative Safety Analyses, issued February 22, 1995.

Policy Letter TAD 00-113-1028, Availability of All-Engine Maximum Continuous

Thrust (MCT), issued July 31, 2000.

Engine and Propeller Directorate Policy Letter: ANE-1993-33.28TLD-R1, Policy for
Time Limited Dispatch (TLD) of Engines Fitted with Full Authority Digital Engine
Controls (FADEC) Systems, issued June 29, 2001.
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2.1.2 Joint Aviation Authorities Publications:

Joint Aviation Requirements (JAR) 25, Joint Aviation Requirements-Engines (JAR-E),

ACJs a

nd AMJs.

2.1.3 Other Documents:

o SAE ARP5107, Guidelines for Time-Limited-Dispatch (TLD) Analysis for Electronic
Engine Control Systems, issued June 1997.

e SAEH

Nomenclature, issued December 1997.
¢ RTC(

Cerf
e RT(

Equiipment, issued July 1997.

e God

2.2 Acronymg and Symbols:

ARPAS755C, Aircraft Propulsion System Performance Station‘Designation and
LA DO-178B, Software Considerations in Airborne Systems and Bquipment
ifications, issued December 1992, and ERRATA sheetissued March 1999.

LA DO-160D, Environmental Conditions and Test Procedures for Airborne

drich Total Temperature Sensor Technical Report 5755, Rev. b, dated 1990

TABLE 1
Meaning Comments
ADC Air-data Computer
AGL Above Ground(Level
AFM Aircraft Flight Manual
ATM Assumed<T'emperature
Method
ATTCS Automatic Take-off Thrust Also known as APR or ATR (Autonpatic Power or
Control System Thrust Reserve)
CMC Central Maintenance
Computer
CMR Certification Maintenance
Requirement
ECS Environmental Control System
EEC Electronic Engine Control This term may be used to describe just the basic
electronic engine control unit
EICAS Engine Indication and Cockpit | System for displaying engine parameters and
Advisory System warnings to the flight crew. Also known as ECAM
(Electronic Centralized Aircraft Monitoring)
EPR Engine Pressure Ratio
FADEC Full-authority Digital Engine This term is generally used to represent to whole
Control engine control system, including wire harnesses,
fuel metering unit, etc.
FOD Foreign Object Damage
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GW Gross Weight

LADC Left (side) ADC

LOTC Loss of Thrust Control

MEL Minimum Equipment List

MMEL Master Minimum Equipment
List

N1 Engine low-pressure shaft Usually also fan speed.
speed.

N2 Engine high-pressure shaft Intermediate shaft speed in 3-shaft engines.
speed

N3 Engine high-pressure shaft 3-shaft engines
Speed

OAT Outside Air Temperature

OElI One Engine Inoperative

Pambient Ambient (static) air pressure Indication of altitude

PB Burner Pressure

Ps Static air pressure

P Total air pressure

P2 Engine intake total pressure

Q Dynamic Pressure P minus Ps

RADC Right (side) ADC

TAT Total Air Temperature

Theta T2/Tstd.

TLA Thrust Lever Angle

TLD Time Limited Dispatch

TMC Thrust Management Computef.

Tstd Standard Day Temperature

T2 Engine core intake total
temperature

V1 Takeoff decision speed

V2 Second segment\climb-out
speed

Vmca Minimum control speed in-the-
air

Vmcg Minimum control speed on-
the=ground

VR Rotation speed

Wi Fuel Flow

Wi{/PB Fuel Flow — Burner Pressure

Ratio

-10 -
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3. APPLICABILITY:

This information is primarily intended for FADEC-equipped engines certifying to FAA part 33
regulations and for the installation of those engines on aircraft certifying under part 25
regulations, commuter category aircraft certificated under part 23, and transport rotorcraft
certificated under parts 27 and 29. In addition, many of the issues raised apply equally to
corporate, general aviation, regional and commuter aircraft, and to military installations,
particularly when commercial aircraft are employed by military users.

4. THRUST ANDPOWER-CONTROL:

4.1

411

Control Modes:

Primary| (or Rating) Mode - Steady State Control Functions: The‘engine control
generally has several operating modes. During steady state operation, ngrmal control is
generally governed by either closed loop control on an idleycontrol parameter or on the
engine's power setting parameter when above idle. The’control may operate on a limiter
at high power, but operation on a limiter is usually thexresult of engine deterioration or an
engine pr control system malfunction. The thrust setting parameter in most large fan
engineq is either fan speed (N1) or engine pressure ratio (EPR).

In mostimodern FADEC systems, the normal mode of operation is generally a rating
mode that implements a control that adjusts engine thrust automatically as$ a function of
atmospheric flight conditions. When operating in this mode, engine thrust goes from
idle to maximum rated power, which;is usually a function of altitude, airspged, and
ambient or total air temperature, as the thrust lever is advanced from the idle stop to the
full forwjard stop. Figure 3 shows a typical thrust vs. thrust lever position gchedule. (See
4.2.1.3 pnd 4.2.2.2 for a more detailed discussion of programmed thrust vg. thrust lever
position.) Operation intheforward thrust regime generally requires consideration of
what is referred to as'good thrust setting sensitivity or capability. This is simply the slope
of the th

aircraft
during V
thrust s ) , g
target when conductlng a takeoff and englnes using EPR as the thrust setting

parameter may require EPR to be set within 0.002 of the target during a takeoff.

Setting reverse thrust in the primary (or backup) modes does not generally require any
significant reverse thrust modulation capability. Figure 3 shows that there is usually a
reverse idle detent and full reverse thrust lever position. In the reverse idle detent the
engine remains at idle thrust with the reverser fully deployed; in the full reverse thrust the
engine operates at maximum rated reverse thrust. The slope of the line from reverse
idle to maximum reverse can be quite steep, as the flight crew operating procedure is
either to leave it at reverse idle or pull the thrust levers completely back to the maximum
reverse stop.

-11 -
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FIGURE 3 - Example of Thrust vs. Thrust Lever Angle
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4.1.2 Backup, Alternate, or Reversionary Mode - Steady State Control Functions: This section
describes the main backup mode.

Most modern FADEC systems have a backup, alternate, or reversionary operating mode
that is usually a non-rated mode. As the thrust lever is advanced from idle to the full
forward position in this mode, thrust goes from idle to some high level of thrust, which in
many environmental conditions may be well above the engine's maximum rated thrust.
The control may enter the non-rated mode as a result of a failure in the control that
made the prlmary mode unusable or S|mpIy because the ﬂlght crew commanded the

mode vie
backup

designs,

primary
a gross

in this n

In most

controlg
operatir

lever al

Modern
keep th

compor]

any det
importa

additior],
engineg

penalty

For eng

backup

that usq

thrust s
backup

or altemate mode |s a rating mode I|ke the normal (or primary Hme

rated thrust in the backup mode may or may not be equal t6sate
mode. If takeoff rated thrust in this mode is less than that.of'the p
weight (GW) penalty would be applied to aircraft performance wh
node.

large transport applications, the aircraft is fully dispatchable with t
operating in the backup mode. Usually, all engines are required

gnment as well as similar performance_ en-all engines.

FADEC systems have several "getthome" modes. These modes
B engine running after the control has suffered one or more signifig
ent faults or failures. This report does not address these get-hom
hil. This report discusses the*main backup mode because it is one
nt items in understanding the integration of the control system into
it is usually desirable’to gain approval for dispatching the aircraft
operating in the backup mode — even though there may be an as
or operational restriction for these dispatches.

ines that use"EPR as the thrust setting parameter in the primary n
or alternate mode is usually a fan speed (N1) governing control.
N1 as'the engine's power setting parameter, N1 is usually still us

F

5 in which the
de. In these
d thrust in the
rimary mode,

¢n dispatching

he engine
Dy approved

g procedure to be placed in the same mode-at dispatch. This majntains thrust

are used to
ant

e modes in
of the more
the aircraft.
with all

sociated GW

In

ode, the
or engines
2d as the

ptting-parameter in the backup mode. If N1 is used in both the pri
modes as the power setting p , p ' |

arameter, the backup mode is usually a simplified

ary and

N1 scheduled function, such as a function in which the engine goes from idle to N1
redline as the forward thrust lever is advanced from idle to the full forward stop. (See

4.2.2fo

r a discussion of lapse rates in the primary and backup modes.)

It is good

design practice to have the backup or alternate mode(s) independent of aircraft airspeed
and Mach number information. Loss of the FADEC system's capability to calculate an
airspeed signal, loss of or inability to use the ADC airspeed or Mach number signals, or
loss of the capability to compute EPR for an EPR-rated engine are the predominant
reasons for transitioning out of the primary mode and into the backup mode.

-13 -
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4.1.3 Controller Operation During Engine Transients: Control functions governing transient
engine operation may be the same in both the primary and backup modes of controller
operation. Fuel flow adjustments usually result from the difference between the
command and actual values of the thrust setting parameter, controlling the rate of

change of engine core speed or on a maximum (or minimum) allowed fuel

flow schedule

during the transient. Engine startup and acceleration to idle may also be the same in
both the primary and backup modes, as are the auto-start and auto-relight functions (if

provided). Avoid significant differences in engine operability when operati
backup mode, as these differences can adversely affect flight crew worklo

ng in the
ad.

Use of & Soft Reversionary Mode: As engine thrust (or power) as a functic
lever pgsition is usually significantly different in the primary and backup'm
significant thrust or power change on the engine would occur if the(contro
transitign suddenly from one mode to the other at a high power, efgine op
conditign. Because significant thrust changes are undesirablé, many syst
implementations use a soft reversionary mode to facilitate-the transition fr
mode tg the backup mode. The soft reversionary modelprovides a path by
control can leave the primary mode without implementing a significant poy
the engjne. The soft reversionary mode is a holding-mode. That is, when
fault ocgurs that causes the control to not be ableto maintain the primary
control automatically enters the soft reversionary mode and remains therg
crew adtion initiates full backup or alternateZmode operation. Full thrust
thrust Igver movement) should still be available in this soft reversionary m
reversignary mode is not intended to be“a fixed thrust mode.

A soft r¢versionary mode is reasonably simple to implement. When the ¢
determiped that it has a fault condition that cannot maintain the primary m
calculates the value of thebackup parameter (e.g., N1 or N2) that the bag
would command on theengine at the given thrust lever position and comg
differente between that Calculated value and the actual N1 engine operati
time of the transfer,-The control then locks this difference into the comm

N1 that|the contfol would implement in the backup mode. Figure 4 illustrg
scenarip. The'backup mode with the locked-in trim is called the soft rever
It allowg thesengine to leave the primary mode with essentially no thrust ¢

n of thrust
pdes, a

were to
brating

em

bm the primary
which the
ver change on
a detected
mode, the
until flight
odulation (via
bde. The soft

bntrol has

ode, it

kup mode

utes the

ng value at the
nd schedule of
tes this
sionary mode.
hange. The

control thén stays in this mode until the flight crew, through a distinct com

mand signal to

the control, commands the control to enter the complete backup mode. On receipt of
this signal, the control sets the locked-in trim signal to zero. The flight crew should be
trained to place the engine at an intermediate power condition before activating the

backup control mode command. This will prevent the control from commanding what
could be a large overboost power condition when the backup mode is commanded by

the crew.
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FIGURE 4 - Normal Mode Thrust Schedule as Compared with Typical Alternate

(or Backup) Mode Schedule for Forward Thrust
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4.1.4

41.5

(Continued):

A question is often asked as to how well this transition works if it occurs during an
engine transient. This has not proven any kind of significant difficulty. If the engine is at
steady state during the transition, essentially no thrust change occurs; if the engine is in
a transient, the flight crew is in the process of changing thrust due to a flight crew
command, and if the locked-in value of trim is not the correct steady state one, this
causes no significant difficulty, as the flight crew is expecting a power change.

Some imptementations-wash-outthetocked=intrim-value-of- Ntasthe-thryst lever is
moved from its position at the point of transfer. These implementations 'afe slightly more
complex, and since the flight crew should be trained to activate the backup mode when

operatir

Primary

suggesied mode selection logic. In general, whatever thethrust lever pos

control
to chan
overbod
the con
There h
in the F,

activate
retardin

NOTE:

In the c
mode, {

g in the soft reversionary mode, this extra complexity may.be unn
or Backup Mode Activation and Switching Between Modes: Figu

should go directly to the backup mode when it receives the flight ¢
pe modes. If the thrust lever is at the maximum forward position, 3
st may result. However, even though there 'may be a significant t

as occasionally been considerable discussion of trying to incorpor

cockpit switches, and that they:should exercise the proper proced
g power before initiating a. mode change.

If the flight crew activates a transfer from the backup mode to th¢
rating mode at a-forward thrust lever position, engine thrust may
decrease. If this-were to happen in the takeoff mode to multiple
aircraft might.experience a significant thrust loss. If it applies, ad
the followihg manner:

bse inwhich the control does not have the necessary signals for th
he. Control should already be providing an indication of primary mo

6.1.3b

Bcessary.

e 5 shows

ition, the

rew command
significant

rust increase,

rol should prevent the engine from exceeding any rotational speed limitations.

ate some logic

ADEC system to avoid this situation; but generally the instructors and flight test
pilots have indicated that flight crews should know what they are doing wh

en they
ure of

e primary,

significantly
engines, the
dress this in

e primary
de failure (see

low), and it will stay in the backup mode. Therefore, there will be

no thrust

change. If, however, the control has the signals available to enter the primary mode, it
could do so. If this is considered too undesirable, the control can be configured to

contain logic that would prevent the transfer. For example, the control can be configured
to look at such signals as airspeed and engine power setting when a transfer command
to primary mode is received, and if the engine is at high power and airspeed is low (that
is, less than Mach 0.35 or 0.4), the control logic can be configured through software
logic to reject the mode change command. If control logic is incorporated to do this, the
control should not implement an automatic mode transfer to the primary mode when
power is reduced or airspeed increases to a value above the decision threshold,
because this would result in an unexpected thrust change. The control should require
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FIGURE 5 - Logic for Mode Selection
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4.1.5

41.6

4.1.6.1

(Continued):

the mode command signal to go through a reset, so that the mode command signal
returns to the original state and is then re-issued before the control accepts the signal.
Each engine FADEC system should have a separate, independent mode command
signal, and the flight deck indication of backup mode operation should remain until the
command is reissued.

Initiation of the Primary/Backup Mode at Engine Start:

Establishing a Valid P2 Signal for Engines Using EPR as a Primary Mog
Setting: After a successful engine start, the engine control needs te)det
whether to operate in the primary, backup, or soft reversionary niode. T
complex because it depends on the operational state of the airéraft's elg
systeqn at the time of engine start. The aircraft may be completely de-p

the e
may k

Contr

ception of aircraft battery power — when the first engine is started,
e powered by a ground power source at engine.start.

bl systems for engines using EPR as the primary thrust (or power)

e Power
ermine

his can be
ctrical power
bwered — with
or the aircraft

setting

parameter will probably have their own control’system dedicated total pfessure probe.

Itis a
press
electr
gener
first e
gener
first e
dedic

bsumed that this is the case, and thatithe control system’s dedicat
Ure probe, P2, is mounted inside thé’engine inlet and uses aircraft
cal power to heat the probe and.prevent probe icing. Assuming th
ators are not disengaged, and that the aircraft is not on ground po
hgine start, the aircraft electrical system will power up when the fir
ator comes on-line at approximately 5% below engine idle speed.
hgine start, aircraft power should be available for the engine contrg
bted P2 probe. Thewaircraft may (1) switch probe heat on automat

suppl
prefe
locat
confi

power to the control system and let the FADEC system switch it
red system), or (3) have the flight crew activate engine probe heat

ed total
tprovided

at the aircraft
wer during the
5t main
Following this
bl system’s
cally, (2)

bn (this is the
via a cockpit-
aft is

d probe heat'switch (the least preferred configuration). If the aircr
ured to-power the probe automatically or supply power to the engi

e control

engine-driven generator has been completed, before determining whether probe heat
has been activated. It is desirable that the control system have its own dedicated
current sensor for establishing probe heat on/off status. If not configured this way, the
FADEC system will have to receive an aircraft discrete for this function. Assume that
probe heat will be confirmed within the wait period, and do not have the FADEC
system send any abnormal indications during this wait period. It is normal to be
sending a valid EPR signal during engine ground starts, even though probe heat may
not be on during starting. If confirmation of probe heat on is not received within the
wait period (after reaching idle), invalidate the EPR signal and have the FADEC
system begin sending the primary mode fail flag and the backup mode active signal
and initiate control operation in the backup mode.
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4.1.6.1

4.1.6.2

4.1.6.2.1

41.6.2.2

(Continued):

If the control is in the backup mode and the P2 probe heat on discrete is received from

the aircraft (or probe heat current is sensed by the FADEC system), the
system should stay in the backup mode, continue to send out the backu
signal, and stop sending the primary mode fail signal.

Engines Using N1 as the Primary Power Setting Parameter:

EC systems using N1 as the power setting parameter, and in whi
robe is provided, the activation of the primary, soft reversionabny, g
e following the engine start is essentially the same as given-in the
ssion for EPR-rated engines.

EC Systems Without a Dedicated P2 Probe (butavith a Pampient S€

signals should agree within approximately 246°3% of point. However,

FADEC
p mode active

pr): For those
th a dedicated
r backup
above

nhsor): For
c is similar to
ressure signals

both ADCs, with at least one having probe heat on. The ADC tofal pressure

during ground

opefation at low forward speeds, the aircraft total pressure signals frofn the ADCs

can|vary quite a lot due to side-wind coenditions, so the FADEC systen
contain logic to accept a fairly large.difference (such as 10% of point),
reagonably long time (such as 15 seconds), before declaring a disagre
aircfaft’s total pressure signals.C Because of cross-wind difficulties, ma

should

for a

be between the
ny of today’s

systems are configured not foycross-comparison of aircraft total pressyre signals at

low fairspeeds.

If vglid ADC total pressure signals are not received within an approprig
aftef the engine réaches idle, with an indication that at least one of the
ded|cated total pressure probes has probe heat on, the FADEC syster
to the backup_mode and transmit the primary mode fail and backup m
signals. The wait time interval is normally selected to allow for electric
m'transfers during engine starting. The initialization times for thg

nte wait time
ADC

n should revert
bde active

bl power
sources of
ADC total

pressure signal with an indication that probe heat is on can be as long
seconds. So have the control wait that long before declaring the ADC

as 10to 12
total pressure

signals invalid and initiating the backup mode. Again, after initiating the backup

mode of operation, the control should not change modes without recei

ving a flight

crew command to do so. If an indication that probe heat is on is received after that

backup mode has been initiated, the FADEC system should remain in

the backup

mode, but it can indicate that the primary mode is available (assuming that it has the
other needed resources for primary mode operation) by ceasing the transmission of

the primary mode fail signal.
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4.2 Thrust Scheduling Logic:

4.2.1

Function of Altitude, Air-speed and Temperature:

4211

functions. Examples of these are as follows:

Primary Mode: Engine Idle Control, Thrust Ratings, and Thrust Lapse Rates as a

Engine Idle Control: Transport category aircraft usually use several engine idle control

An idle schedule established to allow operation on a minimum physical or

Cd
of

M
de
pr
m
sd
ar
b
al
th
th
cd
hi
is

A
al
S€
ai
ai
la
ar

rrectedcore speed. T here may be different schedutes forgroumnd
eration.

nimum core speed or bleed air pressure schedules that aliow the
liver given levels of engine air bleed or maintain minimium’ acceptd
essures. These schedules are generally at higher levels of core s
nimum allowed physical or corrected speed schedule, and there n
hedules for normal bleed and the higher bleed airflows required w|
d/or wing anti-ice are selected on. (When anti-ice bleed is on, the
established by an engine's requirement te maintain a given level
ove that required for engine bleed duringicing conditions.) The a
b engine to maintain a minimum bleed\pressure at idle can result i
Fust conditions that affect descent:and glide slope capture capabili
nditions are generally caused when the bleed demand of the aircr]
jher engine bleed pressures at'idle, thus requiring higher idle thru
a negative impact on descént profile.

ow the engine to @chieve a given level of thrust within a specified
conds following a'snap accel command. This idle speed is establ
rcraft's go-around thrust requirements. Approach idle in transport
rcraft is ustially activated when the aircraft is configured for approg
nding. _The approach and landing configuration has a higher asso
d thds, the descent profile is still maintained with the higher idle th

$

nnnnnnn

and in-flight

engine to

ble bleed

beed than the
hay be different
hen cowl
schedule may
of core speed,
bility to govern
n high idle

ty. These

aft requires
5t. The result

still higher idle speed.schedule (sometimes called approach idle) ¢stablished to

humber of
shed by the
category

ch and
ciated drag,
rust.

F

RY intanaA~A
CTIacyd

o
134

level of thrust during descent or approach.

Ground idle schedule(s) optimized for ground operations.
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4.2.1.2 Engine Ratings: Takeoff, Climb, and Maximum Continuous Thrust (or Power) Ratings:

For transport category aircraft, takeoff, climb, and maximum continuous

thrust are

generally established to achieve (1) good engine life (from the engine manufacturer's
viewpoint), and (2) good aircraft performance (from the aircraft manufacturer's
viewpoint). Those two viewpoints are, by their very nature, conflicting. For fixed-wing
transports, maximum continuous thrust is generally less than takeoff thrust and is

really only intended for use during one engine inoperative (OEI) conditio

ns. However,

it must always be available and nothing should prevent its use during all-engines

operating conditions. The use of maximum continuous thrust usually ha

s a significant

effectrerenginetife—With-the-highdevels-ofenginereliability-beirg-achieved with

modefn turbine engines, the need to use maximum continuous thrust is
rare.

reasonably

For transports, takeoff, climb, and maximum continuous thrust'are genefally functions

of altijude, total air temperature, and airspeed (or Mach number).

4.2.1.3 Variolis Thrust (or Power) Scheduling as a Function éf Thrust Lever Position:

4.2.1.3.1 TLA Selection of Thrust: It is recognized that at'any given, fixed thrus
thrust can change with changes in altitude, temperature, and airspeed

lever position,
. However, in

this [system implementation, the setting of:a given value of the thrust sptting
parameter, either EPR or N1, must be .achieved by moving the thrust lever. In other

wordls, the system is not one in which the thrust lever is set to a given

position, and

when in that position, the FADEC system receives a command from spme other

aircfaft avionics box as to the .value of EPR or N1 to be implemented k
That type of system is discussed in 4.2.1.3.2.

The|descriptions given-below are for transports that use a thrust vs. th
position schedule in'which idle thrust, climb thrust, takeoff thrust, and

programmed thrust are obtained at specific thrust lever positions as th
is aflvanced from'the idle stop to the full forward stop. Figure 6 shows
thrupt vs. thrust lever position schedule for such a system. The thrust
for full takeoff power is usually the same as that for maximum continug
whegn outside the takeoff envelope.

y the control.

rust lever
maximum
e thrust lever
a typical
lever position
DUS power

Maximum continuous thrust is less than takeoff thrust and generally hi

gher than

climb thrust. When operating in the takeoff envelope, maximum continuous thrust is
achieved at a throttle position between climb and takeoff. When outside of the
takeoff envelope, maximum continuous becomes the maximum power setting. At
high altitudes, maximum continuous generally becomes equal to the climb power
setting. Figure 6 shows an example of the various thrust vs. throttle position

schedules at the different operating altitudes.
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FIGURE 6 - Altitude Dependent Thrust Schedules
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4.2.1.3.1

(Continued):

The thrust commanded by the control just before achieving the full forward thrust
lever stop (that is, about two to three degrees before the stop) is referred to as the
maximum programmed thrust. This programmed thrust is above the engine’s
certified maximum rated thrust. The difference between this thrust and the engine’s
maximum certified thrust is generally called headroom. Headroom is used to ensure
that with the worst-case stack of system sensor errors (that is, the errors associated
with operatlon on englne sensors only) the control can always achleve the certified

mstalled englne is capable of delivering its rated thrust at the ful
r position. Typical values for headroom are 0.5 to 1.5% thrustabg

hat each and
forward thrust
ve the

be flat (that is,

two to three
rust lever
easurement.

The|design intent is that the engine will always be able’to achieve its maximum
certlficated thrust, and will not be limited due to notmal tolerances in the thrust lever

maximum certified thrust if desired. There are-no certification requirerpents in this
area as long as the flight crews are not trained to advance the thrust Ievers to the

toward idle:

that the flight
gnd only full

from wind

eter (to which
power position

a. Pet up a low-value of the same parameter as the climb power setting parameter

At a forward idle thrust lever position (see Figure 7) and interpolate

between this

alue‘of.the climb power setting value for thrust lever positions between climb

andiidle. Select the idle control if the interpolated power setting w
prigine to operate below the idle control setting.

b. Multiply the climb power setting value by a number less than unity
the number as the thrust lever moves toward the idle stop (see Fig

buld cause the

and decrease
ure 8). Select

the idle control function if the multiplier-determined power setting would cause

the engine to operate below the idle control setting.
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FIGURE 8 - Example of Multiplier Schedule
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4.2.1.3.1

4.2.1.3.2

42133

(Continued):

In many FADEC systems, the parameter being controlled when the engine is
operating above idle is different than the parameter being controlled at idle. For
example, engine N2 (or N3) or burner pressure may be the parameter being

controlled at idle, and above idle the control parameter may be N1 or EPR.

In these

cases, the control transfers over to the idle control function if the controlled
parameter when above idle, such as of N1 or EPR, would result in a value of the idle
control parameter that is less than the idle function would allow. Either of the two

etween

app
con

Itis
occ
eng
bety
con
con
pow

The
dets
incr

oaches-above-canbe-constructedto-provide-a—smooth-transition
rol parameters.

desirable to have the crossover from the normal EPR or N4, contrg
ir at least two to three degrees above the thrust lever idle‘stop to
ne can achieve idle thrust. Flight crews typically squawk non-agr
veen engine rotor speeds and other parameters during engine-idle
Jitions. Therefore, it is highly desirable that during’normal flight dg
er lever is at the idle position.

thrust lever positions for the climb and takeoff power settings are

bases approximately linearly with thrust lever position.

Thr
imp
the

st Schedules with Flight Crew (Thrust) Mode Selection: A simple
ementing thrust schedules with thrust lever position has been use
smaller, transport category aircraft. Figure 9 shows the types of th

| to idle control
nsure that the
ement
descent

scent

Hitions, all engines are operating on the sameuidle control when thé thrust or

usually

rmined so that thrust from idle to thé'maximum programmed powegr setting

way of
H in some of
rust

sche¢dules. Figure 10-shows the thrust mode select panel used to select a given

sche¢

imp

scheg

The
Cros

dule and the ajsle-stand layout in vertical and cross-section view.
ementation, maximum rated thrust can be obtained from any thrus
dule by advancing the thrust levers to the full forward stop.

FADEC systems used in this implementation of thrust schedules s

In this
t mode or

share (i.e.,

s-talk) mformatlon concernlng which thrust schedule |s belng useg
dNl Pell

between the
iod of time

between englne controls, all FADEC systems revert to the use of the maximum
takeoff schedule.

Installations Using Thrust Lever Detents: Thrust lever quadrants with detents for
each engine rating have also been used. For example, the crew selects the Takeoff,
Maximum Continuous, or Climb thrust lever detent. Thrust tolerances are of interest
in this type of system as well. A means of detecting failures, such as power setting
splits, is incorporated.
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FIGURE 9 - Thrust Schedule Using Mode Selection Panel
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4.2.1.4 Derated and Reduced Takeoff Thrust Operation: When not operating at the maximum
permissible gross weight for the prevailing ambient temperature and altitude
conditions, using a lower takeoff thrust provides a significant savings in engine life.
Two basic methods implement a lower thrust setting for takeoff operation. These
methods are defined in FAA Advisory Circular 25-13. One method is called Derated
Thrust Operation, and the other is called Reduced Thrust Operation. The Reduced
Thrust method is also known as the FLEX Takeoff or Assumed Temperature Method
(ATM) of operation.

4.2.1.41

The ¢

Der
thro
take
thar
onb
dera
con
thru

Sim
the

set

if lo
pow
altit
max
tem
spe
(Vi)
min
(V1,
(TV
sett

aractariatio £+ na bhada-oxr ~H ' A balavas
IATAULUTTOUNLVO UT UTU TTICUTUUO dT'U UToLUUOOUU UUITUVY.

hted Thrust Operation: Derate takeoffs have historically beefpérf
ughout the jet transport era. Before the extensive use of afnboard
off derate could be easily defined at dispatch, and a takeoff perfor
full rating with well-defined performance limits. The inclusion of g
bard performance computers has allowed the installation of pre-pr
te values (usually identified as Derate 1, Derate/2; etc.) and allow|
putation of the derate power settings, but the.determination and u
5t has, in concept, changed little over the years.

lar to a full takeoff rating, a Derated Thrust Setting is an officially

brmed
computers, a
med at less
apable
bgrammed

5 onboard

se of derate

ecognized (by

FAA) rating. This means that when@his rating is used on an aircraft, there is a

pf aircraft performance data in the-aircraft’s flight manual (AFM) fo
ver thrust engines were installed on the aircraft. This data would i
er setting data (that is, valugs of the thrust setting parameter) as 2
Ide and temperature and all the aircraft performance data that spe
imum gross weights.for. that thrust setting as a function of outside
perature, takeoff flap:setting, and runway length. This data also in
pds, such as the'minimum control speed on the ground (Vmcg), dg

rotation speed (VR), the second segment climb-out speed (V,), ar
mum control.speed in the air (Vmca). It is important to note that tt
Vg, V2)Will be slightly different (higher, by virtue of the reduced th
/) ratio).from those associated with use of the full takeoff thrust (of
ng.\’Fhe associated minimum control speeds (Vmcg and Vmca ) n

sign

r that rating, as
nclude the
function of
cifies the

air

cludes V-
cision speed
nd the

nese V-speeds
ust-to-weight
power)

hay be

ificantly reduced. If the aircraft is loaded to the maximum gross w

eight allowed

for the derated thrust setting, the aircraft would be performing a critical or
performance-limited takeoff. This means that if the aircraft suffers an engine failure
during the takeoff roll, the performance of the aircraft will just meet either the field
length limits or the minimum engine-out climb gradients required by the regulations
(depending on which parameter is limiting for a given takeoff situation.) Regular use
of derated thrust settings would result in a higher percentage of performance-limited
takeoffs than full thrust settings.
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4.2.1.41

42142

(Continued):

Although the flight crews could select the full takeoff rating following an engine loss,
the FAA/JAA do not give performance credit for that thrust increase. With the

possible exception of automatic takeoff thrust control system (ATTCS)

operation

(discussed in 4.2.1.7), the flight crew is not trained to change the thrust setting

following an engine loss in the takeoff mode.

Reduced Thrust Operatlon This method for usrng a Iower takeoff power setting has

ny given takeoff in which use of reduced thrust is desired? This
reqyires one rating, the full takeoff rating, to be stored, an@this one ra
usegl to obtain a lower value of the power setting whenthe aircraft is 9
lowgr-than-the-maximum-allowed-gross-weight at the prevailing ambig
and|altitude conditions.

When discussing reduced thrust operations;ene may often say that, *
providing ATM (derated thrust) capability an the aircraft.” Although ev

ethod only

ing can be
perating at a
nt temperature

Ne're
eryone usually

knoys what the speaker means, we shéuld stop using the word “derate” in that

phraseology and replace it with “reduced thrust” to avoid confusing thg

Reduced thrust operations are slightly different than derated thrust op
there are no new performance charts in the AFM for this type of opera
full fakeoff performance charts are used.
hircraft is less thapthe maximum GW allowed for the current outsi

In reduced thrust operations),

2 two methods.

bration in that
tion; the same
if the GW of
de air

gth, etc.) then

[ takeoff are
ver setting at

determrned using a reduced thrust procedure erI be Iower than those
derated takeoff. Takeoff distances and takeoff profile (climb performa
similar to full rate performance at the same temperature. Depending on the
associated performance limits, aircraft performance during a reduced thrust
operation may have better field length and climb performance than a derated thrust

operation at the same power setting. But a case-by-case comparison
necessary to determine which method provides the greatest advantag
takeoff.

ptting
used for a
nce) will be

would be
e for any given
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42142

42143

(Continued):

Another item that provides slightly more performance capability when performing a
reduced thrust takeoff at the same power setting as the derated takeoff is the slight
engine thrust differences due to the air density difference effects on engine thrust. In
both cases the same power setting value is set at the beginning of the takeoff.
However, in the reduced thrust takeoff, the day is actually colder than the day
temperature for the limiting takeoff case, and therefore the air is slightly denser than
it would be at the hlgher temperature and the englne WI|| make shghtly more thrust
withrthe-dense g) will give
the educed thrust operatlng alrcraft a hlgher T/W and, therefore slightly better

Combinations of Derate and Reduced Thrust Operations: {t i§"acceptable to
compbine both the derated and reduced thrust operating. methods. When doing this,
ct the derated thrust level first. If the derated thrustievel chosen gllows a
maximum GW that is greater than the GW to whichth€ aircraft is loaded, an
add|tional thrust reduction using an approved method, such as ATM as applied to the

Thrust Lapse Rates from the BasicRatings Computations: In the following
discussion, takeoff thrust set or setting applies to the value of the thrust|setting
parameter that is set during a takeoff,. In a typical turbofan powered trapsport aircraft,
this ig the value of the thrust setting parameter that is set by the flight crew (or
automatically by the autothrottle orflight management system), when the aircraft is

en 60 and 80 knots during'the takeoff-roll. Although not normally done, the
takeoff thrust setting could.be done statically. All transport aircraft typically use a call-
out of{thrust set by the pon*flying pilot at or around 80 knots. There is np rule requiring
this; i is just a typicalroperating procedure recommended by the transpart aircraft

ofile that_the engine thrust follows after takeoff thrust set is usually referred to as
the engine’s takeoff thrust lapse rate. This lapse rate is important becayse it is used to
complte the alrcraft's takeoff performance This lapse rate is how thru changes with

assumed that static or amblent air temperature follows the standard atmospheric
profile and decreases 2 °C per thousand feet of altitude increase; therefore, by
definition, the lapse rate is only a function of airspeed and altitude and not
temperature. Note: the engine’s actual thrust lapse rate may be a function of total air
temperature (TAT) because the control may be using an actual real time selection of
temperature to determine the thrust rating. (See 4.2.1.6.2 for more discussion on this
subject.). Figure 11a illustrates this, showing the change in ambient temperature
expected to occur during standard day operation, along with the
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4.2.1.5

4.2.1.5.1

(Conti

nued):

temperature lapse that may occur when climbing out into a cold or hot (i.e.,
temperature inversion) atmosphere. During the cold or hot day conditions, thrust will
not be the same as the standard day climb out thrust if the engine control is using
actual, real time sensed temperature. This is illustrated in Figure 11b. Section
4.2.1.5.2 discusses the impact of this.

As the englne control is schedullng thrust by controlllng EPR or N1 the data in the

Full
MOS
con
env
and
valu
the
othg
leve
sett

positions, the control interpolates between those two power setting ca

the
thru
pow

eoff thrust Iapse rate

and Reduced Takeoff Thrust Lapse Rates Without Lock and"Laps
t modern FADEC systems used today, the ratings for takeoff and

inuously calculated as a function of the FADEC system’s selected
ronmental parameters (that is, total temperature,altitude or barom
Mach number or airspeed), and the control simply’governs the en
e(s) computed. If the thrust lever is in the fulktakeoff position, the
hrust setting parameter (for example, N1 or EPR) by modulating f
r variables as needed to follow the calculated value of takeoff thru
ris in the climb position, the control gaverns the engine to the clin
ng calculation. If the thrust lever isbetween the takeoff and climb

hrust lever is less than the climb power setting, which is common
st takeoffs, the control simply-governs the engine to some fraction
er setting calculation.

Wh
thru

n operating at lower-than maximum gross weights and performing
t settings below the full takeoff thrust setting, the lapse rate that t

| determines

e Logic: In
climb are
values for the
etric pressure,
gine to the
control varies
el flow and
st. If the thrust
b power
power
culations. If
with reduced
of the climb

takeoffs at
hrust follows

afte[ power set is‘still called the takeoff thrust lapse rate even though the engine is

not

imp
bas
rate

perating affull takeoff power. This lower thrust setting lapse rate
rtant as'the full takeoff thrust lapse rate because aircraft performa

is just as
nce will be

d onrthis lapse rate for the lower thrust takeoffs. Therefore, taked

must be established for all fuII and lower takeoff thrust power se i

ff thrust lapse

method as described in 4.2.1.4.2 above. After thrust set, the control will be
governing and lapsing thrust from a set point that is less than the full takeoff thrust
setting value, but it is the same thrust setting value that would be set for full takeoff
thrust on a hotter temperature day. Therefore, the difference in the thrust lapse rates
when setting the same value of engine power during hot and cold day operating
conditions must be understood to properly account for aircraft performance during
reduced thrust takeoffs.
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4.2.1.5.2 Takeoff Lapse Rates Using Lock and Lapse Logic: Due to the complexities involved
with different takeoff thrust lapse rates at the same value of the power setting
parameter on hot and cold days, it is beneficial to both engine life and aircraft
performance calculations to define a specific engine lapse rate characteristic and
construct that characteristic into the control system. The control logic that contains
and implements this characteristic has been termed lock and lapse logic. Several
engine manufacturers use lock and lapse logic for controlling the engine's thrust
lapse during the takeoff. In this implementation, the control system locks in the
pressure altitude and temperature information at approximately 65 knots and

oo o~ lonca rata ac o fiunatinn ~Af tha Alhanan 1 Sl A Al

prog
tem
set

N1/
lapg
thru
sho

The
cha
the

tem
app
How
that
airc
(OA
OAT
altit
less
imp
ass
dec
tem
eng

nan
TarmTS a ygrivoTmTapsoTatc oS o TarotoTT o o ormarg o T arttoTc,—ort

berature, change in Mach number, and, in some implementations;
alue of the thrust setting parameter, EPR, or corrected fan speed
Theta)®?). These types of implementations are recommended be
e rate in thrust is always the same for a given altitude and’a given
5t setting. This type of implementation does not requifé an extens
change in temperature can be either the change in static tempera
Change in static temperature is easily computed. Using the chang

berature allows the control to program\a takeoff thrust schedule th
roximately constant exhaust gas temperature (EGT) throughout th

raft flight manual assumes, c(The manual assumes that outside air

ide), then the engifie'may be holding constant EGT, but the aircra

Iimed tempeérature lapse rate with altitude in which the static air te

nes:are close to redline at power set and the aircraft encounters

inve

v that assumed temperature derated takeoffs have.the same lapsg

nge in total temperature. Since the control knows Mach number (2

ever, when performing takeoffs into temperature inversions, the in
adjusts engine thrust during inversion conditions results in LESS thrust than the

T) will decrease 2 C per 1000 feet of increase in elevation. If the 3
" does not do this (that is, if it decreases less than expected with ir

nge in

the 65 knots
(that is,

cause the
initial value of
ve analysis to
b rates.

fure or the

nd airspeed),
e in freestream
At maintains an
b takeoff.
hplementation

emperature
nctual static
creasing

[t is getting

thrust than plapned. If this is the case, many engine FADEC systems
ement a lock and lapse logic that locks in the OAT at 65 knots ang

programs an
perature

reases af 2 C per 1000 feet of altitude and disregards the actual static air
berature change with altitude. The engines could go over EGT redlline if the

temperature

rsion during climb-out, but the aircraft will be getting the planned thrust. If an

engine fails during takeoff, getting the planned takeoff thrust from the remaining
engines is more important than engine overtemperature conditions. In addition,
when all engines are working properly, most takeoff conditions end around 400 feet
AGL. The engines are then reduced to climb power, so the exposure to
overtemperature conditions occurring during normal operations is small.

This latter approach of locking the altitude and OAT at 65 knots and programming
engine thrust using an assumed 2 C static OAT decrease per 1000 feet of altitude is
the recommended approach to implementing takeoff thrust lapse rates, because this

is th

e thrust used for aircraft performance calculations.
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4.2.1.5.3 Lapse Rates for Fan Speed Controlled Engines Without a Dedicated P2 Probe: As

discussed above, engine controls systems that use fan speed as the power setting
parameter may have a thrust rating definition in which the ratings are not significantly
affected by Mach number or airspeed during low speed operating conditions. In this
situation, it has been considered acceptable for the engine control not to incorporate
a dedicated P2 probe and sensor into the FADEC system. If this is the approach
pursued, the sole sources for Mach number (or airspeed) information will be the
aircraft's ADCs. For obvious reasons, it is important that ADC failures do not cause

the thrust of all engines to be S|gn|f|cantly affected in the critical modes of operation.

Whije
criti
ope

For
eng
thru
lock
tem
dats
airs
airs
gen
vari
fan

spe
tota
airs
kee
usu
norr
will

erro
info
lock

Cal modes are the takeoff and the englne out maximum contlnuou
rating conditions.

systems without a dedicated P2 probe and sensor, it is.recommen
ne control system have essentially no Mach number influence on
5t rating when operating in the takeoff mode. One~way to achieve
and lapse logic for the takeoff. At 65 knots, the takeoff altitude ar

that two of the
5 thrust

ded that the
the scheduled
this is to use
d static air

berature are frozen. (At least one of the ADCs:needs to be alive and transmitting

to implement this. If both are available, the-one that indicates the
peed should be used. If the two ADCs disagree, selecting the high
beed signals may cause the control to\lock-up sooner than it shoul
brally conservative.) The lapse ratedis programmed as a function ¢
bbles; the change in altitude and,"if desired, the 65 knots set value
speed. At constant altitude, this-logic results in a given value of ph
bd set at 65 knots and maintained at constant altitude, but as airsp
temperature increases(and thus, corrected fan speed decreases
beed. This decreasing corrected fan speed with increasing airspe
b EGT constant, which is desirable. When using this logic, physic:
blly programmegd-te‘change as altitude increases. The programme
hally implemented by adding a delta N1 as a function of delta altitd
pssentiallyallow the takeoff thrust rating to be independent of any
rs or faildres in the takeoff mode. If, after a suitable time period, n
rmatieniis available from either air data computer to the engine cof
and-lapse logic cannot be implemented. In this case the control

a pr]

higher

er of the two
d, but this is
bf only two

of corrected
ysical fan

eed increases,
ith increasing
bd will tend to
| fan speed is
d change is
de. This logic
ADC airspeed
o air data
ntrol, the above

ghould indicate

mary mode fail condition and should enter the soft reversionary of

backup mode,

depending on thrust position and (possibly) air/ground information.

For all other modes, the average of the ADC Mach numbers can be used as long as
the Mach numbers agree within 0.05 Mach (see 5.5.4).
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4.2.1.6 Autothrottle/Autothrust Systems — Engine Control in Primary Mode:

4.2.1.6.1

Moving Thrust Lever Systems: For transports that use an autothrottle

servo to move

the thrust levers as the primary means of commanding a thrust change, the engine
power ratings as a function of thrust lever position are usually implemented as
discussed above. The autothrottle system may use a single servo to drive all thrust
levers or separate servos for each thrust lever. Figure 12 depicts a simple
autothrottle system schematic. In modern systems, the feedback from the thrust

lever servo positioning system is generally used for servo limit protecti
control-and r-the+AD tHits 3 y-th
that{the FADEC systems are commanding of the engines. In a typical
implementation, when the highest FADEC system EPR or N1 commar
value desired by the autothrottle computer, the autothrottle servo’systs
driving the throttles. In those systems using a single servoumator to df

Ooa O V Cl ST

bower setting parameters, to compensate for the’rigging errors an
r position differences, which would otherwiseresult in differences

developed with a software assurance levelequivalent to DO-178B
mmended that the servo system go to,a’hold mode at approximat
ig hold mode should be designed int@’the system to prevent an autg
em error from moving the thrust levers and commanding thrust ch
nes after takeoff power set. The FADEC systems should latch an
recgived from the TMC system@tapproximately 65 knots for the same
flight crew must confirm that'the engines are operating at the target pg
an gircraft speed of approximately 80 knots. By having the autothrottl
go tp the hold mode and-the EECs latch any trim inputs at approximat
the
target prior to reaching 80 knots. Eighty knots is typically used as the
whig¢h the flight crew should not make further adjustments.

Systemsusing a separate autothrottle servo for each thrust should be
work in\the same way as single servo systems. Multiple servo system

on and rate
e EPRs or N1s

d achieves the
bm stops
ive all thrust

rs, the computer used to drive the thrust levers, whichiis referred fo as the thrust

FECs to align
J slight thrust
n the power
C system is
level A, itis
bly 65 knots.
throttle servo
hnges on all
y trim signals
reason. The
wer setting at
B servo system
Bly 65 knots,

flight crew has time’to adjust the power setting, as necessary, to achieve the

point above

designed to
S may or may

not employ trim signals for each engine's FADEC system; this would g

epend on the

accuracy of the servo system.
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FIGURE 12 - Moving Thrust Lever Auto-Thrust System
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4.2.1.6.2 Non-Moving Thrust Lever, Autothrottle/Autothrust Systems: Some autothrottle
systems are configured not to use a servo to drive the thrust levers, but instead to
use an electrical/electronic thrust management system input to the FADEC system(s)
to modulate thrust. In these systems, the thrust levers are manually advanced by the
flight crew to the appropriate detent position, and when the autothrust system is
armed and active, the FADEC system accepts thrust commands from the thrust
management computer. Figure 13 illustrates such a system. In these systems, itis
recommended that the EECs lock the thrust command signal at 65 knots, and not
accept any thrust command changes from the TMC unt|I at least 400 feet AGL is

ii akeoff Thrust
Control Systems (ATTCS) or Automatlc Power Reserve (APR) system .

[72)

4.2.1.7 Automatic Power Reserve (APR) or ATTCS Systems: Many of-teday’s ¢
mediym-sized transport aircraft employ APR systems, whichcare also krn
ATTGS. These are systems that are designed to sense an ‘engine failune when
operating in the takeoff or go-around modes of flight andséommand a thfust increase
on the remaining engines. The current FAA rule applying to such systems is given in
Appendix | of 14 CFR Part 25. A revised rule, whichis a harmonized effort toward
achieying commonality in FAA, JAA, and Transport' Canada requirements for these
types|of systems, has been drafted and will be~available for public comment in the

e ust increases
hance to be
akeoff is being

small and
own as

e credit to
increase.
performance,
thrust increase

aircraft performance will be limited to that associated with an 11% thrusf
The ajrplane performance credit refers to the aircraft GW for engine out
which|in this case would e limited to that associated with only an 11%
on the remaining engines.

The ofiginal diseUssions and regulation material on APR systems refer to full APR
takeoff thrust.as)100% thrust, and normal takeoff thrust was limited to bging not less

than 90% of that full thrust value during APR operation. This is a thrust
10% frommaximum thrust. The newly harmonized material uses the wq
11% increase from the normal takeoff thrust setting. The 11% increase

decrease of
brding of an
in the new

wording and the 10% decrease in the original wording refer to the same

increment.

The limiting of aircraft performance credit to that associated with an 11% thrust
increase, in both the past and newly proposed regulatory material, was established by

the FAA so that, “the all-engine performance is not significantly degrade
minimum level of performance is available if an engine and ATTCS failu
simultaneously.”

d and that a
re occur
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FIGURE 13 - Non-Moving Thrust Lever Auto-Thrust System
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4.2.1.7

4.2.1.8

(Continued):

The introduction of FADEC systems allowed APR functionality to be completely
contained in the FADEC system. Aircraft interfaces are generally limited to an APR
on/off selection switch and displays of APR functionality. The new designs incorporate
multiple data paths between the engine control systems. Engine information in these
data paths is used by each engine control to determine whether another engine has
failed. If it has, then the control system(s) on the non-failed engine(s) calls for a thrust
increase. The probability of having a failed engine, in combination with the probability

that th

SHAHAEH

tem

malfu
comb

An ad
engin
the ern

hction, has to be extremely improbable (that is, the failure rate for
nation of failures has to be less than 10 events/flight hour)

ditional certification requirement when implementing APR’systemg
e displays. The requirement is for the flight crew(s) to‘be able to d
gine is capable of achieving the APR thrust setting,without excee

engin

specified in the current Part 25, Appendix |, requirements; the newly han
proposed revision to the rule contains this requiremient.) In general, pas
have met this requirement by providing two redlines on the appropriate ¢
displays. The lower redline is not really a redline, it is a reference value
indicgtes to the flight crews that if normal{that is, reduced) takeoff or go
can bg set with the engine operating bétow the reference redline, then f
can bg achieved without the engine’exceeding its real redline. Some ng
aircraft/FADEC system designs.are not using the dual redline approach

syste
notify
witho
impro

Two B
two b
know

e limits when they set the lower takeoff thrust. (FPhis requirement i

his

concerns the
etermine that
ling any
5 not clearly
monized,
t applicants
engine

This
~around thrust
ill APR thrust
w

In these

s, an aircraft avionics anit or the FADEC system incorporates a quitable alert to

the crew if the enging does not have adequate margin(s) to get to
It exceeding an engine operating limit. This implementation is cor
vement as compared to the dual redline display approach.

Basic Thrustvs. Thrust Lever Position System (FAA) Requirement
bsic thrust vs. thrust lever position system requirements that, altho
N, have caused some difficulty in some installations.

APR thrust
sidered an

5: There are
ugh well
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4.2.1.8.1

4.2.1.8.2

Requirement for Monotonic Relationship of Thrust with Thrust Lever Position: The
first is the requirement that thrust must monotonically increase with forward thrust
lever motion. Flats (that is, thrust remaining unchanged with thrust lever movement)
are acceptable. This requirement has been overlooked in some cases, when large
reduced takeoff thrust operations are employed. This omission has occurred when
the thrust lever system uses a fixed position for climb rated power as well as takeoff
power. In these systems, the thrust level is placed in the takeoff position for all
takeoff, including all derated and reduced thrust takeoff operations. It is easy to
implement a derate and/or reduced thrust condition when power being used for that

take
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e takeoffs as well, because otherwise thrust can actually increase
st level is retarded from the takeoff position to the climb position.

t FAA regulatory requirements. Most designers recognize:this red
e have been cases in which this has been overlooked. ¢ The simple
hve the control do a select low between the computediakeoff thru
the climb thrust setting value when computing the-climb power se

uirement for Maximum Continuous Thrust Setting Capability with /
rating: An FAA requirement, expressed in_the Transport Aircraft [
Cy Letter 00-113-1028, dated July 31, 2000, is that the capability

ng maximum continuous power on all:enigines at all flight conditio
1.2). Some designers believe that.the capability for setting maxim
er is only required during engine inoperative conditions. This has
lem in past thrust control systéms in which ATTCS is used full tim

particular thrust schedule;being used by the flight crew is selected
rol panel in the cockpit.. The Figure 14a schedules are available f
ng all-engine operative conditions, and the system automatically s
bdules shown in-Figure 14b when an engine inoperative condition
ne data. In these systems, the normal takeoff thrust setting is usy
w full takeoff (APR) thrust and in many instances is below the ma
inuous thrust setting.

p that-the flight crew cannot set maximum continuous thrust on the

duri

when the

his would not
uirement, but
st solution is
5t setting value
ting.

A\l Engines
irectorate

ust exist for

s (see

Um continuous
been a

e. Figures 14a

14b illustrate how thrust scheduling has been implemented in sonpe past aircraft.

by a mode

br selection
itches to the
s sensed from
ally 10%
imum

engines

hg-an all-engine-operative condition if the system is designed as s

hown in Figure

14a, because the maximum continuous power setting is on the step from normal
takeoff power to full APR power. It is not possible to set maximum continuous thrust
in such a configuration.

A simple solution is to provide a ramp up from the normal takeoff rating to the
maximum takeoff rating and make the slope acceptable for setting power at a point
along the slope.
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FIGURE 14a - All Engines Operating, Available Thrust

Schedules (cannot set maximum continuous thrust)
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FIGURE 14b - One Engine Inoperative, Available Thrust Schedules

(system automatically reconfigures when it senses OEI)
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4.2.1.8.2

(Continued):

Another approach would be to have a cockpit-located, maximum continuous
selection switch that changes the selectable thrust schedules from Figures 14a to
14b when the switch is activated. This allows the flight crew to select the Figure 14b
schedules and set maximum continuous power on all engines whenever that thrust

setti

ng is desired.

4.2.2 Engine Ratings and Thrust Lapse Rates in the Backup (or Alternate) Mode:

4221

4222

4223

Idle

4.2.1.
only i

system normally has this information available in all dispatchable modeg

case,

this information are inoperative.

ntrol: Idle control is generally the same in both the primary and’hackup modes;

0
the fj‘wctions that might typically be incorporated into idle control are di
1. These functions can be the same because their impleméntation generally

volves the use of altitude and total temperature information, and

the control is usually considered non-dispatchableif-its own sensc

Thrust vs. Thrust Lever Position - Non-Rating Modes: For turbofan eng
EPR as the primary thrust setting parameter,:control in the backup modj¢

ussed in

e control
. If this is the

rs supplying

nes that use
e is normally

that of governing fan speed. Therefore, thrustin the backup mode is determined by

the programmed schedule of N1 as a function of thrust lever position. A
Mach|number information may not be-available to the control. Indeed, t
reasop that the control is in the backup mode. In this mode, the control

progr.
to the
stop.

tempg
when
idle fu

Backu
usual
discrg

mmed to schedule fan speed from some fraction of the full thrust
full thrust value of N1, as;the thrust lever is advanced from idle to
The full thrust value.of N1 can be a function of altitude and, if des
rature. As in the ease of control in the primary mode, the multiplig
the thrust leverds at idle needs to be small enough that the contro
nction as the thrust is reduced to idle.

p Mode Lapse Rates - A Simple Approach: As the backup mode
y implement a rating type of control function, there is no need to Iq

ir speed or

his may be the
is usually
value of N1, up
the full forward
red, total

r fraction used
will select the

does not
ck-up aircraft
Changes in

tes|stich as those associated with customer bleed, at 65 knots.

these

d without

airspeed, the controller cannot use a lock and lapse logic routine to implement a given
lapse rate. Therefore, the lapse rate is quite simple. If the scheduled value of N1 is
only a function of thrust lever position and altitude, the control will hold a constant fan
speed at constant altitude. (Increasing airspeed (at constant altitude) while holding
physical fan speed constant causes corrected fan speed to decrease. This tends to
hold EGT constant during the takeoff.) The lapse rate of thrust with airspeed and
altitude is readily calculable and must be compared with that of the full up rating mode.
If the lapse rate is not equal to or better than the full- up mode, a gross weight penalty
will probably be necessary for takeoffs in this mode. If the ATM derated takeoffs (see
4.2.1.4.1) are allowed in the backup mode, the lapse rates for these types of takeoff
also must be compared with those of the full-up mode.
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4223

(Continued):

The full thrust scheduled value of N1 may be a function of total temperature as well as
altitude. This makes the calculations of the lapse rates much more complex because
it adds another variable, but the principal remains the same. The lapse rates in the
backup mode, at all altitudes and temperatures, must be compared with those of the
primary, or full-up mode, and the appropriate aircraft performance adjustments must
be made. Any performance adjustments must be contained in the aircraft's master
minimum equipment list (MMEL), because the MMEL will be the reference used to

allow

4.2.2.4 Backy
move

the a\

Again,

ensur|
powe

The n
FADE

activgted, but since the EECs cannot lock at 65 knots (because they mi

airspd
when
betws
thrust
the ng
inadv

anatabin-th baaldaio raoliaraat naaa
IO'JGI.UII mrunre IJGU[\U'J UT ditTTTTdlo TTTUUGC.

p Mode Lapse Rates - Autothrottle/Autothrust Operation: If the“ay
5 the thrust levers to achieve a target thrust (for example,‘N1), the
tothrottle is essentially the same in the backup mode as the primg
the autothrust or autothrottle computer should go to a’hold mode
e that a fault in that system does not inadvertently-move the thrust
set.

on-moving autothrottle system or autothrust'system is not so simp
C system still knows what thrust positiomallows the autothrust fun

ed), it is recommended that the fixed thrust lever, autothrust syste
performing takeoffs with the EECSs'in the alternate mode. The diffi
en this and the moving autothrottle system is that in the case of th
system, the flight crew cansee inadvertent thrust movement after
n-moving thrust autothrust system, the flight crew would have to g
brtent thrust change from the engine displays. This could be diffic

timely

manner. If it is agteed that this is the case, the engine control ca
mmed to ignorg autothrust inputs during ground operation in the |

itothrottle
operation of
ry mode.

at 65 knots to
lever(s) after

e. The
ction to be

ght not have

m not be used

brence

e moving
thrust set.
iagnose an

Uit to do in a

N be

packup mode.

d be used to
ill prevent an

In

intend to fully

5 that usually

receive considerable discussion because these modes implement a significant thrust or
power deduction on the engine.
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4.2.31

4.2.3.2

4.3

Reverser not Stowed (Response Mode): As thrust in the opposite direction of that

commanded by the thrust lever can be extremely detrimental to aircraft performance,
many FADEC systems are programmed to rapidly go to idle thrust or power if a
confirmed not-stowed or deployed thrust reverser position signal is sensed or received
by the control and the aircraft is in-flight. Most FADEC systems have their own,
dedicated reverser position signals. There usually is not much discussion as to how

fast fuel flow should be reduced to idle.

In many engine control systems,

decelerations to idle can be quite slow at altitude. The required response time should
be establlshed by coordination with the mstaller/alrcraft manufacturer. A rapid decel

flame
aircra

place

highef

hazar
situat

this caise, an engine control system failure caused-thrust to go above ta

during
thrust
there

Thrustt Higher than Commanded and Not Decreasing: Recent'@mphasis

but in such a situation, the rapid englne response may be necessg
t safety.

J on failure conditions in engine control systems in which thrust or
than commanded and not decreasing. Such conditions can lead
dous or potentially catastrophic failure conditioniat'the aircraft leve
on occurred on a twin engine, wing-mounted-aircraft during groun

the takeoff roll. The control did not respond to a throttle comman
(on both engines), and the aircraft departed the side of the runwa
were no fatalities, an ensuing fire resulted in a complete hull loss.

syste
manu
protec
condi
multip

Auxiliary

The FAD
control, s

AIthO\Fh the failure mode could be addressed at the aircraft level throug

that shuts down the non-responding engine, the installers/aircra
acturers will probably want/require the engine manufacturers to p
tion for the engine control system single failures that could lead tg
ion. If the conditiofvis a result of multiple failures, the combination]
le failures will have'to be shown to be suitably small.

-unctions:
EC installation may have a number of auxiliary functions. Examplg

ynchronization, load sharing, and engine condition monitoring. Th
tation and integrity of these functions should be consistent with th

e and/or
ry to maintain

5 has been
power can be
to a

I. Such a

j operation.
eoff thrust
d to reduce
y. Although

In

jh an aircraft
i
ovide
such a
of those

s are: pitch

a)
=

implemen

p safety and

hazard analyses for the engine and aircraft.

- 46 -



https://saenorm.com/api/?name=07e650ecbb9088127e8351f21bb75d6f

SAE AIR5924

5. USE OF SENSORS, AIRCRAFT SIGNALS, AND DATA:

5.1

5.2

5.2.1

Engine Control System Signals and the Use of Aircraft Signals:

The functional requirements for the use of aircraft signals by FADEC systems are quite
different if the signals are dedicated to one engine only or are common to more than one
engine. For those signals dedicated to an individual engine, such as the engine’s thrust
lever input signal, it is acceptable to allow a failure in the signal(s) to cause a significant
(for example, greater than 10%) engine power loss. The regulatory requirements for the
control systemoperation-withregardto-powertosses-are-provided-i4 R § 33.28, JAR
E-50, and the associated advisory material. If aircraft signals used by thelvepntrol can
affect mofre than one engine, the allowable power or thrust change maybe much more
restricted

Signals Dedicated to an Individual Engine:

Signals dedicated to an individual engine include analog{continuous variable), discrete
(on/off), gr digital (numerical) signals.

Thrust Lever Signals and Thrust Reverser Position Signals: Many curren{ FADECs use
dedicated analog-type signals from the aircraft for some of the FADEC system interface
functions. Traditionally, two such signals h@ve been the thrust lever position signal and
the thrust reverser position signal. If these signals are changed to digital-fype signals in
the future — assuming that a digital-type position sensor is used — is not particularly
importapt here. The primary intentof this paragraph is to indicate that thelse signals are
dedicatgd to a specific engine and'that a failure of these signals cannot difectly affect
the operation of any other engine(s). Therefore, these signals are allowed to have a
relatively large effect on engine thrust when they fail. Currently, the engine control is not
required to take a specific-action when these signals are lost. Some engipe controls are
programmed to maintain the engine’s current thrust setting, and some engine controls
are programmed to’run the engine to flight idle or a fixed value of thrust when the signals
are lost| Referto 4.2.3.2.

There ig a. special situation. In many installations, the transducer used forl the thrust
lever angle’or position may be set up to operate between certain limi a signal
outside of those limits is received by the control, the control may be programmed to
assume that the sensor is failed. In the case of the thrust lever position transducer,
consideration of the following condition is recommended:
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5.2.1

5.2.2

(Continued):

Many FADEC systems are programmed to command maximum (or a defined amount
greater than 100%) rated thrust on the engine if the thrust lever is placed in the full
forward position. When the full thrust signal is programmed to request a thrust greater
than normal, maximum takeoff thrust, the full thrust position will not be used during the

normal takeoff conditions.

If the engine control is programmed to implement an idle

thrust command when the thrust lever position signal is lost or out-of-range, consider the
possibility that the thrust Iever posmon transducer may have been mis- rlgged during

mainte
thrust |
during everyday operations, as most takeoffs are at less than maxipiunt t3
conditigns. Such a situation could cause an engine to go to idle when the
asking for maximum thrust. There are at least two approaches.te’address
The firs} is to design the thrust lever rigging mechanism to have limited aJ
the thru
derivatiye application, it may not be possible to limit the(rigging authority.
cases, @ second approach may be used with a redundant channel FADE(
implem
signals gre valid and agree; and if both indicate.that the thrust lever signa
range, the last in-range value can be held to prevent the engine from goin
first approach is the preferred approach.

Cowl and Wing Anti-lce Signal Sources:” In many installations, wing anti-i
selected during the pre-flight procedures, but the wing anti-ice valve does
open until liftoff, because the engine air bleed temperatures are too hot fo
ducting|with no airflow over the.wing. This may be the case for engine co
bleed as well. In these situations, it is recommended that the signal of thg
should ¢ome directly from-the cockpit switch and not the valve controlling
This wil| allow the correct thrust setting to be set by the flight crew during {
although EGT willdncrease when the valve opens and bleed air is extracts
engine,|the proper engine thrust will be maintained.

Severallmodern aircraft now employ automatic ice detection systems that

t lever transducer cannot be rigged to give an out-6f-range condition.

dition when the
the flight crew
keoff thrust
flight crew is
ing this issue.
thority, so that
Ina

In these
system

bntation. Assuming a dual channel system, as an example, if the two thrust lever

is out of
g idle. The

ce bleed is
not actually

r the wing

Wl anti-ice

se bleeds

the bleed.

he takeoff roll;
d from the

activate the

engine's anti-ice bleed air system if ice buildup is detected. In these systg

ms, the

cockpit switch for cowl and wing anti-ice may have an AUTO position, and the switch

may normally be left in that position.

If this is the case and the FADEC system knows

that the switch is in the auto position, the FADEC system should assume the engine air
bleed is being supplied, or will be required to be supplied at liftoff, if TAT is below 10 C,

for example.
accordingly.

If TAT is below 10 C, the engine maximum thrust ratings should be reset
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5.2.3 Air/Ground Signals: The air/ground transition signal can come from several sources. It

524

may come from nose wheel compression or squat switches, main gear co
squat switches (these are sometimes called weight-on-wheels discretes),

mpression or
main gear tilt

switches, or other suitable sensors. In general, the transition to the air mode should not
cause any significant thrust change on the engine. Knowledge of the air/ground
transition is used in several functions. These include air data selection logic, thrust
reverser logic, and several other logic functions. It should also be noted that air/ground
transition discretes have not proven to be very reliable in some applications, so care
should be exercised when using this discrete. For critical functions it is important to

Other Dedicated Signals: Dedicated discrete signals may be usedfor fun

engine fir bleed on/off signals, air bleed high/low selection signals, high id
enable signals, and others. These signals generally have a limited power|
impact on the engine. For these signals it is recommended‘that the loss ¢
resulti
dependgnt on a specific aircraft system and/or configuration. For examplg
of the ajr/ground signal may cause the control to limit'idle thrust on the en
idle setfing. (This is generally considered fail-safe-because go-around pe
the aircfaft is usually based on engine acceleration capabilities, which are

tors to

ctions such as
le/low idle

or thrust

f the signal

the control implementing a fail-safe condition. <Phe fail-safe condition may be

b, loss or lack
gine to a high
formance for
usually

performed from the high idle setting. Thusfailing to high idle protects in-flight aircraft

performance. This condition may not be evident to the flight crew in flight
be during ground operation. If dispatch-with the engine(s) operating at thq
setting Is permitted, the condition.and appropriate performance penalties

containgd in the aircraft's master minimum equipment list (MMEL), becaus
distance would be impacted.during a rejected take-off (RTO) event.)

The disgrete signals areusually dedicated to a specific engine with dedica
sensorg, and wiring, $Q that no single or common failure could cause an if
to be sgnt to morethan one engine's FADEC system.

These §amecaircraft signals could be received by the FADEC system in di
These gignals’would function like the dedicated signals. For these signals

but it would
2 high idle
should be

se stopping

ted switches,
correct signal

gital form.
5 to be
ve to receive

dedicatgd-and independent for each engine, different computers would ha

input signals from independent sensors and send the information to a spe

cific FADEC

system. The question always arises as to whether this separation of engine signals can
be achieved in a configuration in which an aircraft computer interfaces with all engines
through the same digital data bus, but a data bus in which there are separately identified
words for each engine. This is considered acceptable. A question for this situation is
the software and hardware integrity of the computer sending out those independent
engine signals and the authority level given those signals. If those levels are

acceptable, these signals can be considered engine-dedicated signals as
5.3.2 for additional discussion of this subject.

well. See
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5.2.5 A Potential Difficulty with Aircraft Discrete Data Words: FADEC system designers
should be aware of a potential difficulty when using aircraft avionics (ARINC 429)
discrete data words. This problem can and has occurred in several installations in which
the aircraft discrete data words contain aircraft status information that originates from
multiple sub-systems (for example, bleed management computers, brake control units,
etc). Most aircraft have central systems or concentrator units that receive the data from
these subsystems, then repackage some or all of the data that comes in on numerous
labels into a few bit packed ARINC 429 discrete words.

(LRU) i
word be
words b
sent fro
FADEC
(that is,
This co
the ove
The FA
installer
systems
for the ¢

5.3 Aircraft S
5.3.1 Aircraft
some h

configu
feeds in

Ild lead to the FADEC using default or erroneods dircraft data. De
rall engine/aircraft ARINC architecture, this could be a common m
DEC designers should be aware of this potential difficulty and wor

5 this type of difficulty must be considered during the development
lata bus.

Air Data Signals: Most current transport aircraft have two air data
ave a third computer, which is generally used as a hot spare. The

informa
selecti

ADC oJtput bus'isinormally connected to channel A of all engine FADEC
the right ADC.is hormally connected to channel B of all systems. Channe
each FADEG-system cross-talk the data, so each FADEC system channe
of inforrmation.

the two bit ARINC Sign Status Matrix (SSM=
ing sent to the FADEC. In some implementations, the SSM for‘th

would believe that the data received from the aircraft ‘concentrato

eable units
) of the ARINC
b discrete

eing sent to the FADECs was not set to Fail/Warn when seme of the data being
m the subsystem to the aircraft concentrator unit was set 4o Fail/W

arn. Thus, the
" unit was valid

good) when some of the subsystem data sent to thé integrating unit was invalid.

to get a detailed understanding of aircraft-data sent to the FADEC

gnals Common to Multiple Engines:

ation has two air data computers. One, commonly called the left 4
formation to the captain’s display, and the other, the right ADC, fe
ion to the co-pilot’s displays. This is the configuration used for th¢

logic discussed in this section. When two air data computers ar

pending on

bde problem.
with the

s. In future

of the protocol

computers;

more common

ADC, generally

ods

b air data

b used, the left

systems, and
A and B of
has both sets

Most FADEC controllers receive aircraft ADC information and use it in the computation
of engine ratings, such as one engine inoperative, takeoff, maximum continuous, climb,
and go-around ratings. Engine ratings are a function of pressure altitude, freestream
static or total air temperature, and Mach number or airspeed, but air data is also used in
other logic functions as well. The use of ADC information by all EECs allows the engine
controls to compute the same values for the engine ratings, and therefore, the thrust
lever alignment across the engines is usually very good (at the same power setting).
The concern is that use of the same data by multiple engines could affect multiple
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5.3.1

5.3.2

(Continued):

engines if the data is faulty. To address this concern, independent engine sensors may
be used to validate ADC information; if the engine sensors differ significantly from
aircraft ADC information, the engine control normally reverts to its own sensors’ values.

Air data may also be used in other logic functions, such as detecting faults in engine
mounted sensors. The concern is the same as with the rating calculations in that the

improper use of the

multiple
sensorg
exampl
while th

Another
the ratin
normal.
measur
aircraft
much o

other, and the differences were smaller than the analog display resolution

advent
three di
if the er
sources
thrust s
value is
being e

Other A
system
is quite

Many c

aircraft air data information could invalidate the same

may be affected differently than the equivalent sensors on the.en
b, aircraft mounted ADC sensors can be affected by angle-of-attag
e engine inlet tends to straighten the airflow and reduces this’ effeq

important consideration for the use of air data by the ‘engines is t
gs computed by the engines and other aircraft LRWU\agree when
Due to the differences in tolerances and in theflocation of the sen
ng the local air data information, the engines-and the rating comp
Wwill calculate slightly different ratings. In the'days of analog displa
an issue, as the individual systems caleulated values that were ¢

pf digital cockpit displays, in which.fatings are shown to the resolu
pits past the decimal, small differénces become more obvious. It i
gines and thrust rating computer all used their own sensors, the in
would calculate rating values in which the differences would be g
ptting accuracy requirements. This raises the issue of which displ
correct. The use of.common, validated air data results in all the G
nual, thus eliminating*this issue.

ircraft Signalsi. In multi-engined aircraft, many of the signals sent
are signals_ that are common to more than one engine. If properly
acceptable, whether they are analog, discrete, or digital signals.

pnfigurations in a digital system have digital signals that are dedica

FADEC

Sensor on

air data

gine. As an
k changes,

D ensure that

|l systems are

sors

Iter on the

ys this was not

ose to each
With the

ion of two or

s possible that

dividual

reater than the

hyed numeric

alculations

o the FADEC
handled, this

ted to a

system in a given engine location by virtue of location information

in the digital

word. The initial consideration may be that dedicated digital signals can be handled in
the same manner as dedicated analog signals. However, in many (probably most)
cases, the dedicated digital signals come from a common source. This might be a
common computer and/or a common sensor. Examples of dedicated digital signals are
power or thrust trim signals or engine air bleed demand signals that are sent by a thrust
management computer to all engine control systems on a common digital data bus.
Although these signals may be on the same data bus, the signals are dedicated to
particular engine locations by virtue of an engine position code or some other means
that may be embedded within the signal. Thus, each FADEC system is intended to read
its own signals and ignore the others.
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5.3.2

(Continued):

Signals of this type may be dedicated to each engine; however, failure modes in the
sending computer could alter all signals, thereby affecting the control of more than one
engine. Because of this, it is recommended that for fixed wing, multi-engined aircraft,
the engine control allow only a limited authority for these signals. The recommended
limit is approximately £5% thrust in the takeoff mode, and larger values when outside the
takeoff mode. Like the latching logic discussed in 4.2.1.5.2 and 4.2.1.6 above, all of the
dedicated digital signals that come from a common source or computer, as well as those

that affeetth

PN latakh  anrrandeaatalb o oL 1

ff mode.

5.4 Air Data §

Aircraft
air data

5.4.1

5.4.1.1 Air D3

as de

parameter to aircraft and engine performance and-operations. The sen;s

most

normal static pressure inputs to the air data:computers are from manifol

ports
manifi
static
15b.

(pitot
of ma
static
press
stand
users

The s
ice-uf

hifolds and pick-up ports enable the ADCs to receive independent

\v2 9 |.||i'u3t, ShUUIU VO TAlul IUd a GPPIU/\IIIIGLUI}" UJ RnULO in uaunre I.al\UL.
bensor Considerations:

Sensors: The following discussion provides information on some
sensor configurations.

ta Ambient Pressure Probe and Probe Heat Configurations: Barog
ermined from the sensed value of ambient static pressure, is an ir

hircraft air data systems are quite accurate’ (0.25% of full scale or

pn either side of the aircraft. A typi€al configuration is shown in Fi
blding is done to minimize the effécts of aircraft yaw and angle-of-
ports may or may not be heated. A typical static port pickup is sh
The static ports may also. bé;located on the side of the aircraft’s to
probes. In these configurations, they are normally manifolded as

pressures signals—~Some aircraft may provide a third source of an
Lire. It may be only’one port with the pneumatic signal feeding dirg
by display. This display may provide an electrical signal output av

If it doesglitis an excellent source of an independent pressure al

typical aircraft

metric altitude,
nportant

sors used in
petter). The
ded static

pure 15a. The
pttack. The
bwn in Figure
tal pressure
well. Two sets
manifolded
bient

ctly to a
nilable to other
itude signal.

fatic pressure ports are sometimes heated; not from a concern th
in-flight, but to address the concern of condensation, which coul

to flo

the ports will
cause water
accumulate in

the pickup port(s) and freeze. In these situations, heat is used to de-ice the static
port(s) after aircraft power up. If the static pressure pickup port locations are on the
sides of the aircraft's total pressure probes, it is important to check that probe heat is
on before using the static pressure value. In these cases if probe heat is not on, the
front of the total pressure probe may ice-up, and the airflow around the static pressure
ports may be disturbed. If the airflow is disturbed, there will be an error in the static
pressure measurement.
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Nose of
Aircraft

Y Y

Left ADC Right ADC

FIGURE 15a - Typical Cross-Manifolded Bedy Static
Pressure Sensing Configuration

/ Static Line

Static Port

FIGURE 15b - Typical Body or Nacelle

Static Pressure Sensing Port
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5.4.1.2 Air Data Total Temperature Probes and Sensors: Like the pressure altitude signal,
TAT is an important parameter in setting the engine's thrust or power rating at a given
flight condition.

Many aircraft have a single total temperature probe. In this case, the probe generally has
two independent resistive elements, which are used to sense the total temperature and to
supply the two air data computers with electrically independent signals. Since the signals
come from a single probe, the two sensors are subject to common probe failures. Any
foreign-object-damage (FOD) or probe contamination could cause both resistive elements
in a S IIs:U OUIIOUI tU GyIUG but bC III\JUIIUUt SUIIIU GII\JI Gft .LJOU OUPGrGt prObeS for the tWO
indepgndent aircraft TAT signals. This, obviously, is a preferred situatign when it comes
to selecting a total temperature signal because it eliminates any imimediate concern about
comn

on probe failures or malfunctions.

as shown in
5) is

Therg are generally two types of TAT probes. Those that are aspirated,
Figurg¢ 16, in which airflow from the aircraft's environmental system (EC

discharged from the aft end of the probe, causing freéstream airflow to
obe during static conditions, and those that are not aspirated. Asy
if not plogged from FOD, yield a reasonably accurate total temperature 5
static|conditions. Probes that are not aspirated-can be (depending on th
significantly affected by solar radiation and.should not be used during gt
operation as the source of OAT used to:establish the takeoff power sett
illustrates a typical non-aspirated TAT. probe.

Whetlher aspirated or not, total temperature probes are usually not heat
The application of probe heat(would cause a significant error in the sens

ass through
irated probes,
signal during
eir location)
ound

ng. Figure 17

ed on the ground.
ed temperature.

For agpirated probes, the aspiration is not strong enough to overpower the errors caused

qually applied when

put a TAT signal

temperature
gned probe, the
and only happens

joes occur, it is

temporary with duratlons of minutes, not hours. Slmply applylng more probe heat has not
proven successful. Too much heat affects signal accuracy during high altitude (low air
density) and low speed conditions. Obviously, too little heat allows the probe to ice during
heavy, but more ordinary icing conditions. Other than these peculiar icing conditions, the
aircraft’'s TAT probes have proven to work quite well. When the probe ices, the signal
tends to drift toward O deg. C, because the aft exit of the probe becomes restricted and an
ice/water mixture tends to accumulate around the sensor(s). (See the reference listed in
section 2.1.3 from Goodrich on total temperature probes for more detailed information.)

When redundancy for the aircraft's total temperature signal is desired - and this is
always a good thing - separate aircraft total temperature probes should be used.
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FIGURE 16 - Total Air Temperature Probe
(Courtesy of Rosemount Aerospace Inc. The external
shape of the TAT probe in the figure is a registered
trademark of Rosemount Aerospace Inc.)
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FIGURE 17 - Non-Aspirated TAT Probe
(Courtesy of Rosemount Aerospace Inc. The external
shapée of the TAT probe in the figure is a registered
trademark of Rosemount Aerospace Inc.)
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5.4.1.3 Air Data Total Pressure Signals: The aircraft's total pressure sensor signal, in
combination with the aircraft's static pressure signal, is used to compute the aircraft's
airspeed or Mach number. The total pressure signals are generally obtained from two
separate total pressure probes. The two probes feed independent pressure signals to
the two separate air data computers. Modern aircraft total pressure probes are usually
de-iced electrically. A low heat wattage is generally used during ground operation,
and the probes transition to a high heat setting in-flight. Low heat is used during
ground operation to achieve improved probe heater life. The total pressure signal
transmltted from the ADCs usually mcludes a heat on |nd|cat|on That signal may or

has two heat

settings, and |f the S|gnal is to be used by the engine control to determm
Mach number it is important to ascertain if the probe is on high heat in-1
on loy heat can ice-up in heavy ice or moisture conditions in-flight” Sing
aircraft may not have probe heat activated on the aircraft's tatal’pressur
operating on external ground power, or the aircraft may not@even be ele
powefred when the first engine is started, a suitable waiting period shoul
befor¢ the FADEC system attempts to validate and use the aircraft’s tot
signal. The waiting period can be similar to that used for validating engi
discugsed in 4.1.6.1 above.

In some applications, aircraft total pressure probe heat is turned on by t
after ¢ngine start. In this type of system.there has been a tendency to d
the probe heat until the aircraft takes the active runway as a means to €
life. To prevent nuisance indications, consider delaying the heat check
power is set above levels required,for taxi. Yet do not make the delay s
detection of probe heat off occurs during the take-off roll, which could c4
potential for a RTO.

Somg ADCs may notput'total pressure on the ADC’s digital output bus.
systes may provide dynamic pressure, Q, which is (P — Ps). During g
operating conditions, the measured total pressure may be less than the
static|pressure Ps during cross- and tail-wind conditions. Since Q is nof
negatjve, Q may be broadcast as zero or as an invalid signal during the
ingprobe heat is present, a fairly long period, such as 30 second
elapse before air data Q is declared to be unavailable, to allow t1

e airspeed or
light. A probe
e many

b probes when
ctrically

d be used

bl pressure

ne P2, as

ne flight crew
elay turning on
xtend heater
Lintil engine

D long that

use a

These

ound
measured
allowed to be
5e conditions.
s to a minute,
ansient

environmental conditions to subside (assuming that Q is set to invalid during these

conditions). If the FADEC system does not receive a valid Q signal afte
data Q should be declared to be unavailable.
signal during this countdown period, the timer should be reset. If the en

r this time, air

If the FADEC system receives a good Q

gine control

does not have its own P2 probe, the engine manufacturer should request the installer
to have total pressure output as a separate, individual signal on the ADC's output bus.
This, or having Q be a valid signal of zero when measured P is less than measured

Ps, will improve the robustness of the FADEC system's primary mode.
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5.4.1.4 Air Data Airspeed and Mach Number Signals: Aircraft airspeed is very important to
aircraft operations. Air data airspeed signals are generally available at airspeeds
above 30 knots. Mach number usually does not become active until it exceeds
approximately 0.10 to 0.15. The aircraft's airspeed (or Mach number) generally has a
smaller effect on the engine's thrust or power rating than altitude or temperature, but is
still quite important from thrust lapse rate considerations as discussed in 4.2.1.5).

5.4.2 Engine Sensor and Probe Configurations (For Determining Aircraft Air Data):

5.4.21

54211

54212

ora
system and the thrust reverser system, then a simple opening on the s

FAL
pres
and
aft b
a pq
obv

Exte
use
the

recd
are

plag
mot
mou

ms are fan case mounted. If the fan case has a solid-aft bulkhea
ilation to prevent pressure build up, so that the fan case pressureg
dequately relieved from any increased pressures’ coming from the

EC system feeding an inner cowl pressure signal to an internal FA
sure sensor has proven adequate. A carrection factor as a functiq
altitude may be needed. Internal fan.cowl pressures - in a fan cas
ulkhead - have not needed a corregtion for engine power setting,

has a
engine control
FADEC
d or adequate
are isolated
fan exit
ide of the
ADEC system
bn of airspeed
e with a solid
but it is always

ssibility that should not be overlooked. A fan case located duct buyirst will

ously affect the FADEC system'sensed static pressure.

brnal Engine Cowl Pressure Pickups: When a cascade-type revers
1 and the fan case does not have a solid aft bulkhead, but uses s¢
fan case compartment from the thrust reverser and fan exit nozzle
mmended that the-engine ambient pressure pickups for wing-moy

ser design is
als to isolate
system, it is
nted engines

ocated on thé.engine fan cowls in a manner similar to the way static ports are

ed on the aircraft (that is, ports on either side of the nacelle). A pi
nted static pressure pickups is shown in Figure 15b. For aircraft
ntedsengines, the static pickups may be located on the aircraft bo

locgtions-may be determined from wind-tunnel testing and validated d
I g/ These static pressure locations may require a correction factd

testin

cture of cowl-
ft fuselage-
y. Useful
iring flight

r, which is

Usua“y deflned as a AP/P (Sensed), In WhICh AP IS P(true amb|ent)_ P(sensed) . AP/P (sensed) IS
usually defined as a function of Mach number. A correction with aircraft angle-of-
attack may also be necessary, but this should be avoided, if possible, because

aircraft angle-of-attack information is not always available. Small adjustments of the

static port locations around the cowl will generally yield locations that are reasonably
insensitive to angle-of-attack. The sensed pressure will probably be slightly sensitive
to the pressure increase that occurs under the aircraft surfaces as the aircraft rotates
and lifts off, but this increase has not been found to present significant difficulty.
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5.4.2.2 Engine Total Temperature Configurations: Total or static freestream air temperature is
also important to determining the engine power or thrust rating, and it is recommended
that the engine control have its own dedicated total temperature sensor. The probe,
which usually contains two sensors when two FADEC system channels are provided,
is normally located in the engine intake. Typically, two types of probes have been
used. The first type is a hooded probe, much like the aircraft's total temperature
probe. If desired, this type of probe can be combined with a total pressure probe, so
that one probe serves both purposes. The hooded type of TAT probe, whether
combined with a total pressure probe or not, needs to be de-iced. In modern FADEC

5423

systemsthisHsusually-dene-with-electrealpewer———M

If the
total ¢
does
resist

typicdl combined T2/P2 probe.

Locat
attem
break
tempg

to correct the sensor reading to freestream conditions. This is always d
to compensate the fan temperature risé-during engine transients and he

condi

Engin
shoul
probe
inlet.

Pexhaust (exhaust hozzle exit pressure measurement)/P2 parameter se

inlet's
value

allowing P2 te be less than Ps, the static pressure. Note: P2 should nof

when
these

fotal temperature probe does not incorporate the combined fanctig
ressure, a vane type total temperature probe may be used{ -This {
hot incorporate a hood. It has a turning vane that directs the airflo
ve temperature element, like the probe shown in Figufe 17. Figur

ng a TAT sensor aft of the fan is not recommended. There have |
pts to locate a total temperature sensor there; in case a sensor ah
5 off and damages the fan. When a sensor has been located behi
rature rise correction term as a functign of fan speed has been us
ions has generally not been yery accurate.

e Total Pressure Probes: yEngines using EPR as their thrust settin

is usually combined:with the total temperature probe and mounte
The location chosen for the probe is important. Thrust will be esta

airflow separates at high airflow or high angle of attack conditiong
of P2 will_be lower than it should be. (This can be controlled somg

this;happens, unless P2 is out-of-range low. It can be set equal tc

n of sensing
ype of probe
W against a

b 18 shows a

Deen numerous
pad of the fan
nd the fan, a
ed to attempt
fficult. Trying
avy moisture

g parameter

j have their own total pressure (P2) probe. In these cases, the total pressure

i in the engine
blished on a
tting. If the

, the sensed
ewhat by not
be invalidated
Ps during

conditions.) Thus, the selected location for the P2 probe should b

e investigated

to determine the recovery of the sensed P2. A P2 probe may yield a low pressure

value due to inlet separation effects. This can happen at high inlet airflows during low
airspeed conditions. Therefore, the sensed value of P2 may need a correction at such
conditions. If a correction is needed, it is usually a function of aircraft Mach number
and engine power setting. The inlet should be reasonably clean from 60 knots and up
and should not experience any significant airflow separation with aircraft angle-of-
attack (within the aircraft's operating envelope).
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FIGURE 18- Engine Inlet Mounted PT2/TT2 Probe
(Courtesy of Rosemount Aerospace Inc. The external
shapeof the PT2/TT2 probe in the figure is a registered
trademark of Rosemount Aerospace Inc.)
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5.4.2.3 (Continued):

Engines using N1 as the thrust setting parameter do not have to have a P2 probe.
These engine controls would only use a P2 signal for the purposes of computing
airspeed or Mach number, and if that signal has a reasonably small effect on the

takeoff rating, the complication of having a P2 probe, along with its de-icing heater
installation, is not considered worth the benefit of having a separate, engine dedicated
airspeed signal. If a P2 probe is not provided with the engine, the ADCs will be the
only sources of airspeed information for the EECs, and in this case, the control logic

-tk |l el P~

o

used
that e

54.2.4 Probdg

54.2.4.1
pow
airc
hea
hea
or3
eng

P2 and Combined P2/T2 Probes: Since probe heat usually requires c

-tk o Aol Aiffaor il k. N S
mu vo WIICIT UIv GIIOPUUU vVAIUCTO UTITOT ol'TUUTU UITUUOU e dil

hsures thrust or default to a safe schedule, as discussed in 4.1.6:4

er (for example, 300 to 500 watts), probe heat is generally supplie
raft. Combined P2/T2 probes (see Figure 18) genérally require mq
than P2 probes due to their increased surfacerarea. It is recomm
er power be turned on and off by the FADEE system during engin
o N2 (or N3) below the engine's lowestidle speed or as a functior
ne-mounted aircraft electrical generators may or may not be on-lir]

Heat Considerations: P2, Combined T2/P2, and Simple T2 Probgs:

peed signal
2.

[72]

pnsiderable

d by the

re anti-icing

ended that

e starting, at 2
of N1. The
e by the time

n heater
e signal

that
pow
indi
cou
an g
the
con
usin
toa
it is
pow
time
takeg
moq

N2 (or N3) is reached. A current sénsor should be used to confirn
er. This sensor could be aircraft-supplied, in which case a discret
Cating heater operation shoulde supplied to the FADEC system, pr the sensor
d be contained in the FADEC system’s electronics unit itself. In either case, wait
ppropriate period beforé performing the check on probe heat. This is similar to
discussion of validation .engine P2 that is given in 4.1.6.1. If heater power is not
irmed after an appropriate wait period, it is recommended that for those engines
g EPR as a thrust-setting parameter, EPR be set to invalid and the control revert
n alternate made. If heater power comes back after an extended qutage period,
acceptable’to re-set EPR to valid if it is known that the probe will de-ice when

er is reapplied; however, if the probe is iced, it may take a significant period of
for the.probe to de-ice and start working properly, and this delay $should be
n_inte'account. The control should NOT automatically revert back|to the EPR
e-/(See 4.1.6.1.)

Concerning the T2 portion of combined P2/T2 probes: If the electrical heater circuit
fails, the probe will most likely read total temperature, but the time constant of the
probe becomes considerably longer in icing conditions. Therefore, if the heater
circuit fails and the sensed total temperature is below 10 C, the engine control
temperature selection logic must account for the significant increase in time delay
that the sensor may have. (The FADEC system will not know if the probe is
operating in icing conditions, or just cold clear air conditions when TAT is below

10 C.) If probe heat returns after being inoperative for a significant period of time
(and a long time constant is being used because T2 has been below 10 °C for some
time), approximately 2 to 5 minutes must elapse before changing from the use of a
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5.4.2.4.1

54242

5.5 FADEC S

(Continued):

long time constant to a short time constant, or other special logic that may be used to
account for probe icing, so that the probe has a chance to de-ice. After loss of heat
during icing conditions, the re-application of heat while still in icing conditions can be

problematic. It must be proven that the probe will de-ice when heat is

restored in

icing conditions. Then the transient effects of re-establishment of heat must be
accommodated. Depending on the probe design and the nature of the ice build-up, it

is possible that the air trapped in the probe around the sense element

will initially
e-use of the

hea
T2 4
tran

tp-anc-yiete-an-erroneous-temperature—THhetogictsed-toatow
ignal when heat is re-applied needs to properly account for these
Sient responses.

Sim
rece
that
inst
prok

ple T2 Probes: The simple T2 vane type of probe in many installa
ssed into an indented area, which acts as a separatof.for some of
may be flowing into the inlet. These types of probes do ice up, by
hllations, no de-icing system is included. When‘gpeérating in icing
e time constant will be longer for this type of probe, as well.

ystem Air Data Selection Logic:

The air data selection logic should comply with the requirements of 14 CFR
detailed in AC 33.28-1. In general, the regulation states that errors or faults
signals uged by the EECs should not result in a thrust change - due to unde
of greater than 3% when operating.in the takeoff envelope. Outside the tak
greater undetected thrust changes have been accepted.

The following logic is an approach to meeting the requirements of §33.28, b

types of

tions is

the water/ice
t in many
conditions, the

§33.28, as
in aircraft
tected faults -
off envelope,

ut it is not the

only method or logic thatcan be used. However, it has been shown to meet the

requirements in previous applications. This section also provides guidance
approach|that can béused to evaluate a selection logic even though a speg
manufacturer’s implementation might differ in detail.

The objegtive here is to use air data signals - when they are correct - to detg

on an
ific

ermine the

engine th
The objective is NOT to replace engine information with air data information
acceptable to have a failure or malfunction in aircraft air data signals cause
unacceptable (see AC 33.28-1) change in power or thrust on any or all engi

ling envelope.
. Itis also not
an

nes.
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5.5.1

Ambient Pressure Selection Logic: Since the aircraft's pressure altitude s

ignals from the

left (L) and right (R) ADCs of transport aircraft are independent, the FADEC system

selection of pressure altitude is generally straightforward.

Today’s FADEC systems are configured with either one or two dedicated

P ambient Signals.

Those FADEC systems with two sensors generally use either the one closest to the
average of the ADC signals or an average of the two engine dedicated signals (if they

are in reasonable agreement) to complete the logic described below.
|tisaC O—SCeT1eC ";’;’;”i" PTresSSufe
signal dgrees with the engine's ambient pressure signal(s) - after the engi
have bgen corrected for position error. A detail to be considered is the'sy
when the tolerance between the ADC signals and the engine sensoris ex
simplest approach is to make a step change to the engine sensofvalue a
between the ADC value and the engine sensor value exceeds.the acceptd
band. This approach results in a step change in thrust. As‘a response to
a generglly acceptable response. However, if the step<change is a result
maneuyers causing transient exceedences of the tolerance band, then thg
may not be acceptable.

The follpwing describes a way of implementing a smooth transition betwes
and engine data. This smooth transition logic is used in the discussion of
temperature and total pressure selectionlogic, as well.

The degign intent is to use ADC information whenever it agrees with engir
information. Therefore, the control is allowed to use ADC P mpient(S) if they
given AP of the engine control system’s ambient pressure signal. AP shou
so that g faulty aircraft P mpient Signal will not cause a thrust change of mor
all engipes when operating in the takeoff envelope. (The +3% thrust chan
requirements usually.results in a AP of approximately 0.3 psid.) The seleq
which ajr data ambient pressure signal to use (left ADC or right ADC) is u
the onelthat is_clesest to the engine’s Pympient Signal, but if the left ADC P,
the AP criterion; give this ADC value preference so that all engines will co
maximymrrated thrust using the same parameter(s). (If the left ADC Pamp;

de) signal if the
he signal(s)
5tem response
ceeded. The

5 the difference
hble tolerance
a failure this is
of aircraft

b step change

en ADC data
the total

e sensor
are within a
Id be chosen

e than 3% on

ge

ttion priority of

sually given to

bient 1S Within

mpute

Lt iS not within

AP of theenmgine'sbu eTight ADC s usethe ight ADC s Pambient.) ©
closest Pambient Signal becomes farther than the chosen AP away from the

signal, the engine needs to begin moving over to its own signal. To avoid

e the aircraft’s
engine’s
a step

change, this can be accomplished with a linear interpolation between the aircraft signal

and the engine signal over an interval from AP to 2*AP, so that the engine

is operating

on its own signal when the difference between the aircraft and engine signals is double

the chosen AP starting value. At this point, stay on the engine signal unle
difference becomes less than the double AP threshold. If the difference b

ss the
ecomes less

than the double AP threshold, start interpolating again. If the signal difference becomes
less than AP, select the ADC’s Pampient Signal. This logic is referred to as smooth
transition or fairing logic and is illustrated in Figure 19. This same logic can be used for

total temperature selection and total pressure selection as well.
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FIGURE 19 - Typical FADEC Selection Logic for Static Pressure,

Total Temperature, and Total Pressure Information
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5.5.1

(Continued):

If the engine's ambient pressure signal suddenly goes out of range and the aircraft's
ambient pressure signal is available and valid, use it for get home purposes. A valid
FADEC system dedicated pressure signal is required for dispatch.

The following selection logic can be used to assess the health of the engine’s remaining
(that is, remaining if it started with two sensors and one has failed, or if the FADEC
system only has one sensor) Pampient Signal:

If the FADEC system has access to two aircraft ADC ambient pressure, signals and

a. If the two aircraft ADC signals agree within approximately 0.1°gsia, or o, and if
necessary, at least one of their probe heats is on; and

b. If the engine's remaining Pamvient Signal differs from bath'of the ADC signals by more
than 2*AP psid or greater, then:

c. Dedare the engine's P mpient Signal failed for the remainder of the flightiand use the
aircfaft's ADC ambient pressure signal to gét home. Latch an engine Pampient fail
megsage. Declare the control to be in a.non-dispatchable configuratign, and after
having locked out the engine's P mpient:Signal, don't use it again in that flight.

If the two aircraft ADC Pambients d0 Not . agree within AP psia, various schemnjes may be
used to|determine what P,mhient Signal the engine control should use. Some examples
are:

a. If the engine control hias'two dedicated Pampient S€NSOrs and those sensgor values
agree, use the average of the two engine sensor Pampient Values as the|selected
Pamk ient-

b. If only one.endine P.mvient SENSOT Value is available and it agrees with ¢ne of the
ADC’s Pitsients Within AP, use that ADC P mpient @s the selected signal.

c. If only one engine Pampient SENSOT VaIUE IS available, and that signal and the two ADC
signals all differ by more 2*AP, then either select the engine P,mpient Signal or go to a
default value.

The above logic works well for determining engine Pampient S€NSOT SOft shifts and other
malfunctions when the two ADC P mnvient Values agree and are correct, but there have
been situations in which this logic may not work so well. These situations occur when
the two aircraft ADC values agree and are wrong. Such situations have occurred during
maintenance when the static ports were taped over, and the tape was not removed
before returning the aircraft to service. If the above logic is used during such a situation,
it is possible for all engines to end up operating on incorrect ADC values of Pampient.

-65 -



https://saenorm.com/api/?name=07e650ecbb9088127e8351f21bb75d6f

SAE AIR5924

5.5.1

(Continued):

A solution to this might be to have the other engine(s) Pambient Signal(s) available to all
engine controls. This would appear to offer a significant benefit for fault isolation,
detection and accommodation. If this were the case, the engine control system could
revert to their own Pampient Signals if the other engine Pampient(s) agree and differ from the
ADC P.mpients. It is possible in this situation to have improper maintenance done to all
engines at essentially the same time, which results in the engine Pampients agreeing, but
being incorrect. The only mitigating factor in this scenario may be that to prevent
commop-engire-maintenance-problems—from-ocedrring,the-operaters-arejcontinually
encourgged to work on only one engine at a time between revenue flights

There id
and it has not appeared to offer any significant advantage to FADEC systeém or aircraft

operatign. This logic has been used on twin engine aircraft.and is as follows: When the
left and|right Pambients disagree by a certain amount, havehg left engine F

separatjon, it immediately results in a configuration in which one engine F
is selecting and using ADC information (because-the engine and aircraft H
but the pther engine reverts to its own sensor\alues (because it disagree
aircraft
squawkl Therefore, when the two ADC values disagree with each other,
engine gontrol use the one that’s closést to its own value. This will keep
engineqd operating on the correct ADC P mpient throughout the flight, and si
and co-pilot’s altitude informatian will not agree in that flight, the ADC sys
the required maintenance before the next flight.

Finally, when the engine control is not configured to receive information fr

ambient)- Sometimes this results in.thrust stagger and an associatg

DEC system
ambient agree),
with the

d flight crew
ave the

oth (all)

ce the pilot’s
em will receive

bm the other

engine(B) Pambients), aNd-all three Pampients for one engine control system - the two ADC

Pambients|and the remaining engine Pampient - differ considerably and the eng
in rangeg, use thé engine signal. This will maintain engine-to-engine sepaf

A singlg FADEC system P.npient S€NSOr has been considered acceptable b

ine’s signal is
ation.

ecause of the

redundancy of independent aircraft altitude sensors. Due to this, some ern]

gine

manufacturers have requested that the engine be allowed to operate full time on the
aircraft's sensors and that any need for an engine static pressure sensor be deleted.

However, even with aircraft designs in which electrical power is considered critical,
conditions of total power loss for significant periods of time are expected to occur. That
is why many fly-by-wire aircraft have dedicated power sources - engine located - to
maintain power to those critical flight control functions. Therefore, it is considered
inappropriate - at this time - to let a signal of such importance as pressure altitude be
supplied by the aircraft systems for all engines. If it could be shown that the engine
operates satisfactorily and meets all of its FAA Part 33 requirements without pressure
altitude information, it would, of course, be a different matter. Obviously, if other sensors
internal to the engine could supply the needed information, that would also be
considered acceptable.
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5.5.1

5.5.2

(Continued):

NOTE: The engine Pampient Sighal should be frozen following touch-down on the
landing. The Pampient Signal can become quite erratic during thrust reverser

operation, and the selection logic will not work well.

Total Temperature Selection Logic: The total temperature selection logic is quite similar
to the ambient pressure selection logic, but there are differences in the fault detection
logic when only one TAT aircraft probe with two temperature sensors is used.

For airc

essentid

deg. de
takeoff
given p
AT crite
engine
2*AT, s
closest
is similg

When {f
same a
the use
can be
engine
from inl
operatic

lly the same: Use ADC TAT if it agrees with engine T2 withincapp
g. C (see Figure 19). The AT meets the £3% thrust change.requi
bnvelope generally around 3 C. Again, as with Pampient, the\LADC 5
eference, but the RADC TAT should be used if it is thexonly signa
rion. If neither ADC is within AT of engine T2, usedheone that is

jon logic is
roximately AT
ement in the
should be
meeting the
closest to the

and begin fairing to the engine sensor’s value of-F2 over an interval from AT to

b that the engine is selecting its own T2 value.when the difference

r to that used for the P.mbient S€lection, as.discussed above.

nere are two separate aircraft probes; the failure detection logic is
5 the Pambient failure logic given abeve; however, for the total tempe
of the selection logic is dependent on knowing when the aircraft's

between the

ADC TAT and the engine’s T2 is equal to orgreater than 2*AT. This fairing logic

ossentially the
rature signal,
TAT signals

ised. Generally, the enging’s T2 signals have a higher degree of
s running. When mounted-inside the engine inlet, the probe bene

accuracy if the
its greatly

et airflow, and even if the aircraft TAT probe is aspirated during ground
n, it can have significant heating errors from solar radiation. Thergfore, in most

applications, the following-total temperature logic is only used in flight. Sipce the engine
probe ig§ generally equalto or better than the aircraft TAT probes, the malfunctioning
conditign that the logic is attempting to detect is a partially plugged enging T2 probe.

The logjc is asfollows:

If the FADEC system has access to two independent aircraft ADC TAT signals, and the

aircraft is operating in a regime in which it is known that the aircraft TAT signals should
be good, and

a. If the two aircraft signals agree within approximately AT C, and at least one of their
probe heats is on, and

b. If the engine's T2 signal(s) differ from both of the ADCs by more than 2*AT, for a
significant period of time, then

- 67 -



https://saenorm.com/api/?name=07e650ecbb9088127e8351f21bb75d6f

SAE AIR5924

5.5.2

(Continued):

C.

Declare the engine's T2 signals failed for the remainder of the flight and use the

aircraft's ADC TAT signals to get home. Latch an engine T2 message. Declare the
control to be in a non-dispatchable configuration, and after having locked out the
engine's T2 signal, don't use it again in that flight.

If the two aircraft ADC TAT signals do not agree within AT C, various schemes can be
used to determine what total temperature signal the engine control should use. Some

exampl

If th
sen
valu

a.

If on
valu
than

When 3
TAT sh
in the s
configu
aircraft’
Sensors
valid. U
another
engineg
accomn
logic for

Concer

ES dlic.

b engine control has two separate, dedicated T2 probes and-sens
5or values agree, use the average of the engine sensor T2s.as thg
e.

ly one engine T2 probe with two sensors is usedg{and the two eng
es agree, but those values and both of the ADC<TAT values all dis

single aircraft probe with two separatexsensors for the two ADCs

buld probably not be used unless theengine's T2 sensors (there a
hme engine probe) are both confirmed as failed. In single aircraft

ations, the aircraft TAT signalscare NOT independent. Itis just as
5 TAT probe to be partially plugged as the engine’s T2 probe. Ifb
are definitely confirmed as:failed, use the average of the aircraft
se the valid one if one is.invalid, or use a default values as approy

nodation. The benefit is that of being able to construct a more rob
determining:faulty engine T2 signals.

ning default values: Use the corner point day temperature as a fur

It with aIt|tude that tends to close down the stator vanes, or place

brs and those
selected TAT

ine sensor
agree by more

2*AT, then either select the engine T2 signahor go to a default value.

s used, aircraft
re usually two
TAT probe
likely for the
bth engine

[AT if both are
riate. Thisis

configuration in whi¢h having each engine’s T2 signals be availaljle to all
would appear to©ffer a significant benefit for fault isolation, detegtion and

Lst detection

ction of

for the ratings or transition to an alternate non-rating mode. Use g conservative

other variable
gine cannot

make fuII thrust because it would hit an N2 or N3 redline I|m|ter with the altered

geometry in place.

decel fuel flow limits.

If involved, use a conservative value of T2 for the engine's accel and

If the control uses T2 for rating determination only, and other internal engine sensor
information is used to set the variable geometry and fuel limiting schedules (and any
other important items), the control could be considered dispatchable with the engine's T2

sensors failed.

If this is the case, it is assumed that the control would go to a non-rating

mode when both T2 signals are considered failed, and the control does not have to send
a no dispatch message to the aircraft. There should be a provision to put all other
engines in the same mode so that the thrust levers align during power settings, even if
the aircraft is equipped with separate autothrottle servos for each thrust lever.
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552

5.5.3

(Continued):

Many inlet located temperature sensors indicate erroneous TAT when the engine is in
reverse thrust during ground operations. One solution that could be considered is to
freeze the engine's TAT value when reverse thrust is commanded on the ground.

Total Pressure Selection Logic: For an EPR controlled engine, it should be acceptable
to use the selected total pressure signal, whether it is the engine control's dedicated
signal or the air data total pressure signal, in the calculation, display, and control of EPR.

A eSstire e—withrone-or-two-presstre sensors
located [within the FADEC system - the selection logic for the FADEC gystem total
signal is quite similar to that for ambient pressure and total‘tempgrature.
Again, the agreement between the aircraft’s total pressure signalsfand engine’s P2
signal should be established so that the effect on all engines fron¥faulty ajrcraft total
pressurg signals meets the £3% criterion in the takeoff envelope.

In setting up FADEC system logic to detect engine P2 system faults, expdrience has

lhat any tolerance test between air data total pressure and engine P2 should
done when operating below a Mach number of approximately 0.2| The aircraft's
signal can be quite erratic during ground operations and cross-wind condifions, and in
previous FADEC system applications that have used tolerance checks befween ADC
total prgssures and engine P2s to validate.the FADEC system’s signal, there have been
numerous reports of false engine P2 fail messages latched by the FADE(Q system during
ground pperations. In flight, ADC total\pressure is normally quite accurate. However,
caution|should be used before declaring the engine's P2 failed if it falls out of tolerance
with air¢raft P2. Several incidents*have occurred in which the aircraft has|been
dispatched with the aircraft's total pressure probes inadvertently left cappgd by
mainterjance or with probetheat not selected on by the flight crew. In thege cases, had
the engjne controls been set-up to select ADC total pressure when the twp ADC total
pressures agree and the engine's P2 differs, all engines would have reverted to the use
of aircrgft total pressure. This would have aggravated the situation. Thergfore, it is
important to make)sure that probe heat is on the aircraft probes, and even if the two
aircraft ADCtotal pressure signals agree, and they differ significantly from the engine's
P2 signgl,.itis'recommended that the engine control either: (1) follow its own P2 signal;
or (2) s¢t@/fault flag on its own signal and transition to the soft reversionary mode. If the
engine control's P2 signal is faulty, the flight crew will note it in the first of these options
via different values (between the engines) in the other engine parameters. In the second
option, the flight crew will note the mode transition and place the control on the hard
reversionary mode. This mode is generally independent of freestream total pressure.

As with the engine’s P mpient and T2 signals, it would appear to be beneficial to all
FADEC systems to have each engine’s P2 signals be available to all other engines for
fault isolation, detection, and accommodation. This would allow a more robust detection
of faulty or malfunctioning engine P2 signals to be constructed.
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5.5.4.1.1

5.5.4 Airspeed and Mach Number Selection Logic: Airspeed (or Mach number)
It can be significant at higher

a small impact on engine ratings in the takeoff envelope.

generally has

speed conditions, such as at Mach 0.6 and above, but these are generally considered to
be higher altitude conditions. For engines that incorporate a P2 probe, the calculation of

airspeed from the FADEC system’s selected static and total pressure sign
straightforward.

als is

For engines that do not have a P2 probe, compare the two ADC Mach number signals

and, if they agree W|th|n 0.05 Mach, use the average When in fllght mak

that the|control default to a conservative Mach number schedule @s a func
For large turbine engine aircraft, a suggested schedule is Maéh 0.2 from 2
altitude|to 1500 feet above the highest altitude certified fortakeoff. This p
around performance. From 1500 feet above the highest'ceértified takeoff 3
default Mach number schedule should reflect the engine-out, max-continu
drift-down-speed-schedule for the intended aircraft.“Obviously, this ensur
engineq will deliver maximum continuous thrustor-power during engine ol
This poftion of the schedule only has to go to.the highest obstacle clearan

along the intended flight path. For aircraft.flying over mountainous regions,

as highfas 21,000 feet. From that altitude; the schedule can fare over to t
Mach npimber cruise schedule as a function of altitude. If the Mach numb
more thian 0.05 for several seconds;,,for example 10 seconds or more, hol
averageg value while the clock is'running, and then transition to the default
The control should latch that condition and not shift back to using ADC Mg
even if the ADC Mach nunibers were to then agree within 0.05. Doing thi
the thrust of all enginesto-abruptly go up or down during the transition. In
practicd, the Mach number values from the two ADC should never differ b
0.05 dufing normal operation.

Thryst Management Computer (TMC) Selection of TAT: As many airg
commob~TAT probe with two elements, both elements will agree, but t
the probe becomes blocked due to icing or FOD. Indeed, many TMCs

e sure that at
vsufficient time
air/ground
ure probes

, itlis suggested

tion of altitude.
000 feet
rotects go-
[titude, the
ous-power,

es that the

t conditions.
ce altitude
this can be
he normal

ers differ by

d the last good
schedule.

ich number,

5 could cause
general

y more than

raft have a
ve incorrect if
do not even

cross-compare the two TAT values from the left and right ADCs to see if they

disagree. They simply use the left ADC TAT and, if it becomes invalid,

which may be

based on a gross failure such as the signal going out of range, they switch to using
the right ADC TAT. As a result, there have been several reported incidents of
incorrect TAT signals causing incorrect engine rating information to be displayed to

the flight crew. Based on this experience, it is strongly recommended
aircraft's TMC compare multiple sources of TAT before selecting a val
in the calculation of engine ratings.

that the
id TAT for use
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5.5.4.1.1

6.

6.1

(Continued):

If the two ADC TAT signals agree within AT of each other (for example,
approximately 3 °C), but they differ significantly from the engine T2 signals and the
engine T2’s agree with each other, the aircraft TAT probe is probably partially
plugged. This is a situation that can occur more frequently on an aircraft that is
configured to use one probe. If the single aircraft probe is partially plugged, the two
TAT signals will probably be higher than true TAT, but they may not be out-of-range.
If the aircraft computer computing thrust uses this signal, the calculated thrust rating

will

Airc
hav
take
ina
and
ratir]
prog
take
ope
corr
runv
the
hea
cau
be 3

Futd
the
ratir
con
info
T2 s

probably betower tharm it shoutdbe:

raft that are not equipped with an aspirated TAT probe are notusy
b the TMC use the engine's T2 probe for TAT information to. deterr
off power setting. In these aircraft, the flight crew has to €ither log
power setting chart based on altitude, tower OAT, gross weight, r
flap setting, or manually input a TAT to the TMC«So-the TMC can
g. Because of these situations and other conditions, it is recomm
ram the EECs to be able to achieve at least 0:5 to 1.5% more tha
off rated thrust at the full forward thrust position. (See 4.2.1.3.) D
rations, the flight crew (during pre-flight)ay input a reported tows
ect at the time, but because of the time lag involved, it is colder th3
vay conditions when the actual takeoff commences. If the engine
arget set by the flight crew, the.crew may elect to abort the takeof
droom provided by the FADEC system addresses this concern. A
5ed by small temperature differences during hot day operating con
voided.

re aircraft thrust management systems may use the FADEC syste

g in today’s.systems. However, as some of those calculations mg
pleted befare engine start, the aircraft systems will probably have

ignal’is:probably not valid when the engine is not running). There

siturtion as that described in the paragraph above could occur.

ally set up to
hine the

k up the rating
inway length,
look up the
bnded to

h the full

uring manual
r TAT that is
hn actual
cannot achieve
f. A little
borted takeoffs
ditions should

m to compute

ratings. This will eliminate some of the differences in the computation of the

y have to be
to send TAT

rmation-te._the control to obtain the calculated information (because the engine’s

fore, the same

INSTRUMENTATION AND FLIGHT-CREW INTERFACES:

Aircraft Located Engine Displays and Switches:

It is not the intent of this report to describe all of the propulsion displays provided or used
in an aircraft. The general display requirements are given in the appropriate sections of
the CFR, such as §§23.1305 and 25.1305. The intent is to mention a few displays in
which standardization would be helpful and some indicators that are needed and not

specified

Figure 20

in §§23.1305 and 25.1305.

illustrates a typical propulsion system flight deck display.
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FIGURE 20 -)Typical Presentation of Powerplant Data
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6.1.1

Thrust Setting Parameter Display - Primary Mode of Operation: There are several
different configurations for the display of thrust setting parameter. Whether the display is
a circular or a vertical tape type of display, it is desirable for the display to show the
following information:

a. The actual value of the parameter;

b. The control system (instantaneous) commanded value of the parameter;

c. Thervatuethatthe FADES Dybtclll wottdcommand-if-the-thrustot power lever were
advanced to the maximum forward position;

d. Theltarget value for the parameter as determined by a thrust, flight mgnagement
computer, or FADEC system; and

e. Any|[redline or maximum certified limit that is required:te*be observed by the flight
crew, such as a rotor speed redline.

Figure 21 depicts a typical thrust setting display showing this information. | The control
system [commanded value of the parameter is qUite helpful to the flight creaws because it
moves yith thrust lever position and shows the value being commanded qgf the engine
when it[reaches steady state operation. The maximum value to which thel engine would
operate] shown in Figure 21 as the max.bar at the top of the display, is also informative.
If, due tp some malfunction, the max bar is the target bug, which is provided by the
thrust of flight management computer, the flight crew would know that something is
wrong, pecause the display is indicating that the engine control is not capable of
achieving the target value at.the full forward thrust lever position. The flight crew would
not initiate a takeoff under-suich conditions. Note that the max bar does npt represent
the parameter value formaximum rated engine thrust at that flight conditign. It merely
represents the parameter value commanded at full thrust lever position. This should
always pe greaterthan the maximum rated thrust value. (See 3.2.4.2.3 fgr more
discussjon on thrust vs. thrust or power lever position.)

At steadly-state conditions, the commanded value of the thrust setting parameter should

' ' d indicate
abnormal control system or engine operation. For example, as the fuel pump
deteriorates, the pump may not be able to deliver the fuel flow needed to achieve the
commanded value of the thrust setting parameter. Such a situation would be squawked
by the flight crew and investigated and corrected by maintenance.

If it is considered that the maximum rated value of thrust is more important than the
value to which the engine would run at full thrust, let the max bar be driven by the TMC
and let the circular arc showing the outline of the display stop at the maximum value the
engine control would command at full thrust. This is shown in Figure 21. This display
format is fine, but it becomes a bit more difficult to determine if the engine is capable of
achieving the target thrust at full thrust lever position, because the ending of the circular
arc is not as apparent as the max bar.
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FIGURE 21 - Typical FADEC Engine Thrust Display
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6.1.1 (Continued):

Since the control is generally designed not to govern the engine to EPR at idle, logic is
usually added to the displayed EPR (or N1) command signal to eliminate the
disagreement between the command and actual values of EPR (or N1) at idle condition.
Simple logic, such as the following, has proven to be adequate.

IF (EPRcmd.GT.1.15) EPRcmd-display = EPRcmd
IF[(EPRcmd.LE.1.15).and.(EPRactual.GT.1.15)] EPRcmd-display = 1.15
|F[(EPru|||dLE115)a||d(EPRautua:LE115)] EPRemd=disptay—=—fPRactual

The abgve logic assumes that the engine is capable of being closeA60p E[PR controlled
at EPR$ above 1.15 at all flight conditions. If not, use a threshold.¥alue that is. The
thresho|d value can be a function of altitude and Mach number.if desired.

For an IN1 rated and controlled engine, which operates onN2 or some othHer parameter,
such ag a minimum bleed delivery pressure at idle, thedlogic for the display might be:

IF (N1cmd.GT.40%) N1cmd-display = N1jcmd
IF[(N1cmd.LE.40%).and.(N1actual.GT.40%)] N1cmd-display = 40%
IF[(N1cmnd.LE.40%).and.(N1actual.LE.40%)] N1cmd-display = N1pctual

The abgve, of course, assumes that the.engine will always be in N1 control at N1 rotor
speeds|above 40% physical speed._|If'Aot, the logic needs to contain a number at which
the engjne is under N1 control.

6.1.2 Thrust $etting Parameter Display - Backup Mode of Operation: The thrusrl: setting
display jn the backup mode can be very similar in function to that shown in the primary
mode. |f the primary mode uses EPR as the power setting parameter, thg backup mode
will probbably be fan speed, N1. In past applications, the EPR display for the primary
mode of control had-a max bar at the full scale position of the display that|represented
the FADEC system full thrust commanded value for EPR. When the contfol reverts to
the soft|reversion mode, or the pilot selects the backup mode, the EPR display blanks
and shgws ‘o information, and the N1 display becomes the power setting|display. This
display has the same indicators on it as the primary display _but in this case, the display
also shows the redline value of N1. Also, it was felt that using the max bar to show the
maximum value to which the engine would be controlled at full thrust would not be
especially useful, because generally, this value was too far above the maximum rating to
be of much value. Therefore, although the max bar on the EPR display in the primary
mode represents the full thrust value of FADEC system commanded EPR, in the backup
mode, the max bar on the N1 display is driven by the aircraft's TMC and shows the N1
for the maximum rated value of thrust at that flight condition.
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6.1.2

6.1.3

(Continued):

Changing the meaning of the max bar from one mode of engine control to another is not
considered to be good practice, even though the display parameter changes from EPR
to N1 when the control reverts to the backup mode. For N1 controlled engines, the

thrust setting display would be N1 for both modes.

If it is desired to have the max bar

represent the maximum certified thrust value (at that flight condition) in the backup
mode, it is recommended that max bar have this same meaning in the primary mode,
and that the end of the circular arc represent the maximum value of N1 commanded by

fiall o

the FADI—\J oyotcm Gt I.lJII l.IIIUDt :UVUI 'JUOItIUII

Primary
Switchd
mode.

and no
distinct
mode f4§
backup
describ

e If bd

e Ifth
is in
modg

e [fth
is in
resd

e If bd
con

These

Mode Fail and Backup Mode Active Indications, and Backup-Mod
s: There generally is no indication that the control is operating in

tis assumed that when operating normally, the controkisdn the pr
special indication of that is needed. It is recommended’that the ai
primary mode fail indication to notify the flight crew~6f a FADEC sy
ilure, and that a separate indicator is used to show that the contrg
mode. One method to accomplish this goal is\to use two indicatof
bd below:

th indicators are off, the control is in_the primary mode.

b primary mode fail indicator is en and the backup mode active is (
the soft reversionary mode.and is indicating that it is not capable
e operation.

b primary mode fail indicator is off and the backup mode active is
the backup mode;but the FADEC system believes that it is has th
urces to operate in the primary mode.

th indicatarsare on, the control is in the backup mode. It also shq
rol is indieating that it is not capable of operating in the primary m

Command
he primary
mary mode
craft have a
stem primary
| is in the
lights, as

bff, the control
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bn, the control
e necessary

ws that the
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|splays can be drlven solely by the FADEC system or not, depen

the airck

ing on what

yvpowered but

the engines are not runnlng and what the alrcraft manufacturer wants displayed during

in-flight

shutdowns, with the fuel switch on and off.

It is recommended that there is a separate switch - one for each engine - that when
activated, commands the control to enter the backup mode. De-selecting the switch
commands the control, if the resources are available, to leave the backup mode and re-
enter the primary mode. Experience indicates that these switches should not be located
near the fuel on/off switches from a human factors standpoint, to prevent inadvertent
engine shutdown.
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6.2 Display of Information Concerning FADEC System Faults and Dispatch:

There have been several examples of the in-flight display of information concerning
FADEC system fault conditions and dispatchability, which have caused some difficulties
for flight crews. A rather severe example, which has occurred in service, was the showing
of a FADEC system channel fail message when a channel was not using aircraft air data
information because it disagreed with the channel's own sensor inputs. In this case, the
aircraft in question had some difficulties with aircraft air data and both channels on a twin-
engine aircraft reverted to operating on their own sensors. This caused failure messages
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diverted t
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[ ]
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esser
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exped
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tially unchanged and there is nothing for the flight crew to do. A b
of the messages that are acceptable, and those that are not, alon
ted effect on engine operation,the crew action, and when it is rec
e message be inhibited, is@iven below.

ving examples are based on lessons learned and have been consi

meant to be generalizations and the recommendations may not af
stallation. Note that the acceptability of any of the following mess

8,4) CONTROL FAIL

Show

In some of
and they

puld be shown

understand
and may

OT show messages concerning minorfailures, when system operation is

rief listing of
j with the
bmmended

dered useful.
ply to a

ages must be
sed on the

cannot control fuel flow or variable geometry).

may operate erratically. Engine will probably shutdown.

Crew Action: Monitor engine operation, secure engine if required.

Inhibit: Takeoff (V1 -x kts. to 400 feet AGL)

y (for example,

Effect on Engine: Engine Thrust/ Power Modulation may not be possible. Engine
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6.2 (Continued):

E1(2,3,4) RPM LIMIT (or, just LIMITER)

Engine is at steady state power and operating on an RPM (or other) limiter.

Effect on Engine: Engine is not making commanded thrust.

Crew Action: None needed. This just provides crew awareness.

>

hibit: Takeoff (V1 — x kts. to 400 feet AGL).

E1(2,8,4) SUB-IDLE

Engine operating below the selected idle

Effect on Engine: Engine operating below the selected idle and the
recover the engine.

Crew Action: Shut down the engine and restart.

=)

hibit: Takeoff (V1 - x kts. to 400 feet AGL)

E1(2,8,4) NO DISPATCH

Contrpl is in a no dispatch configuration. Refer to 7.1.

Effecf on Engine: Generally none.

Crew|[Action: None.

Inhibits: Incflight & on-ground at speeds above V1.

(Sho ind-this message in-flight mav only distract the flight crew.)
) ) g Y 7 ) 7

control cannot

-78 -



https://saenorm.com/api/?name=07e650ecbb9088127e8351f21bb75d6f

SAE AIR5924

6.2

(Continued):

E1(2,3,4) SHORT DISPATCH

Control is in a short term (allowable, but time-limited) dispatch configuration. Refer to

7.1.

o Effect on Engine: Generally none.

e C
e In

(S
E1(2,

Contr
all thr

Mess
and T

o Effect on Engine: Thrust moduilation not possible.

e C

=]

E1(2,

Autos

ew Action: None.

hibits: In-flight & on-ground at speeds above V1.

howing this message in-flight may only distract the flight crew.)
8,4) IDLE

D| is holding engine thrust to idle, probably because the reverser is
st lever position information has been lost:

hge may not be needed if an “E1(2,3;4) REV UNSTOW” message
| A FAIL is used.

ew Action: Usually Information only, secure engine as necessary
hibits: Maybe takeoff (V1 - x kts. to 400 feet AGL).
B,4) AUTO<START OFF

tart has.been selected off.

e E

not stowed or

is incorporated

hed N2. Fuel

flow will begin when selected on. Control may not monitor EGT during start.

e Crew Action: Turn on fuel at appropriate core speed, monitor engine starting.

¢ Inhibited: Inflight (if control has auto ignition in-flight) and on-ground at engine core
speeds above idle - x percent.
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6.2

(Continued):

E1(2,3,4) CONTROL MODE

Control is operating in the backup or alternate control mode.

E1(2,8,4) THRUST (or LOW N1 or LOW EPR)

Many|installers are showing a thrust-related message-o_ the flight crews|
does

E1(2,8,4) FADEC OVERTEMP

FADHC detected internal'temperatures above allowed temperature.

Effect on Engine: Usually none.

Crew Action: Awareness, engine may be over-boosted at full thrust lever position.

S
C

Inhibits: Takeoff (V1 - x kts. to 400 feet AGL) and Landing (less-than
to|x sec. after WOW).

Effect on Engine: Engine is not achieving c@mmanded value of thru

=]

Effect on Engine: Abnormal engine operation may occur.

Cﬂew Action: Turn off bleed and/or anti-ice system, depending on th

not achieve the commanded value of the thrust setting parameter.

hibits: Takeoff (V1 —x kts 10400 feet).

urcerof heat that may be affecting the FADEC. Perform an enging
se-of abnormal engine operation

Inhibits: Takeoff (V1 —x kts. to 400 feet).

200 feet AGL

if the engine

st

Crew Action: Generally none. Usually,'there is nothing the crew cap do (except
abort a Takeoff).

e possible
shutdown in

This is an often discussed message, and there are many pros and cons to such a
message. Currently, the few installations that show these types of messages have
experienced a higher than normal number of aborted takeoffs, caused by the
inappropriate showing of the message when the condition was really minor. This does
not mean that such a message might not be valuable to the flight crew in other flight
conditions. In general, the data seems to show that when to show this type of
message needs more development work and a better validation of the value of the
message.
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