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1. SCOPE:

This ARP covers the functional, design, construction, and test requirements for Automatic Braking
Systems. Installation information and lessons learned are also included.

1.1

2. REFERENCES

2.1

2.1.1

Purpose:
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2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building 4D,
700 Robbins Avenue, Philadelphia, PA 19111-5094.

213

3. DESCRIPTION

The ABS is use
landing or takeg

a.
b.
c.

d.

A functional dia
the control pan

MIL-STD-81

0C - Environmental Test Methods

Federal Aviation Regulations, Part 25, Airworthiness Standards: Transport Category Airplanes
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jram of a typical ABS control system is shown in Figure 1. The majd
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Aircraft Electrical Power Utilization and{Jransient Protection
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Cleanliness Requirements of.Parts Used in Hydraulic Systems
1 at the pilot's option to inijtiate controlled ground braking automatically in either a

fety through imtnediate full pressure braking during a rejected takeoff (RTO) condition.

pressure

r ABS units are
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3. (Continued):

The system is armed by the pilot, either on the ground prior to take-off or in the air prior to landing. The
ability to arm the system (apply power, and pre-set for operation) is made contingent upon certain
occurrences and specific inputs from other aircraft systems. The application and automatic control of
brake pressure thereafter, to achieve a deceleration level pre-selected by the pilot, similarly depends
on the same or additional inputs, or both, from other systems. The ABS control circuitry receives
aircraft deceleration from a linear accelerometer unit (preferred) or from wheel speed transducers, for
comparison with the pilot selected deceleration, and then supplies a control signal to a valve, which
applies pressuri to the brakes. The system may use an individual control valve between the hydraulic
supply and each brake, which serves the brake control, antiskid, and ABS functions;|or it may
incorporate a sgparate control valve that bypasses pressure around the pilot.metering valves to all
brakes as showh in Figure 1. The disarming of the system (removal of power from dontrolling
functions) is acdqomplished automatically by normal pilot procedures, fault’detection, qr manually by the
pilot if he desires.

QROUND SPOILER™] SYSTEM

WHEEL SPEED ABS PRESSURE
ANTISKID OPERATIONAL ELECTRONIC 7]
THROTTLES| (IDLE AND REVERSE) CONTROL
VS, Bt
R ESSJ
SHUTOFF

AIR/GROUND SITaE

ABS CONTROL PANEL i

\i7 conTROL
DISARM 4
OFF MAX VALVE
RTO

ABS
HYDRAULIC
MODULE
AUTOBRAKE
LIGHT PILOTS LEFT PLOTS RIGHT
METERED PRESSURE METERED PRESSUf

SHUTTLE SHUTTLE
1 [

OTHER PANEL .CONFIGURATIONS IN USE
ueD g
MIN N $ MAX

OFF |
RTO ANTISKID ANTISKID
CONTROL CONTROL
VALVE(S) VALVE(S)
LEFT BRAKE(S) RIGHT BRAKE(S)

FIGURE 1 - Typical ABS Functional Diagram
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4. REQUIREMENTS:

These design requirements are for landing and rejected take-off (RTO) automatic braking systems
designed as backup systems and not for systems designed for use as the primary braking means (that
is, certification performance basis). Systems designed for primary use must incorporate additional
requirements related to insuring a high reliability of system operation during normal, adverse, and
failure conditions.

41

411

Functional:

General:

a. The AB$ should be a pilot-selectable feature that automatically applies RTO pr landing brakes
without a pilot pedal input.

b. The AB$ braking should be applied equally to all brakes.

c. The ABS should not interfere with the pilot's ability to take evér normal braking by application of
his brake¢ pedal(s)

d. The AB$ should not adversely affect antiskid system operation under any conditions, and
should not apply braking unless the antiskid is ON and fault free

e. A failure|of other automatic stopping means (forrexample, auto spoilers and auto reversers)
should not prevent the ABS from operating

f. Flight dgck controls, procedures, and annurications should be as simple as possible and
should be the same for both landing and.RTO. An acceptable flight deck corffiguration is a
single switch for both landing and RTO;-and a single “AUTOBRAKES” indication to indicate
system dlisarm.

g. Forlandjng, the ABS should be designed to smoothly apply the brakes as sopn as possible
after touchdown and to smoothly control the braking to maintain a constant oyerall aircraft
decelergtion as selected by-the pilot.

h. The AB$ should modulate braking to maintain the selected deceleration leve| and to
compensate for other.decelerating forces such as, spoilers, reverse thrust, and aerodynamic
drag.

i. Brake application should not be dependent on nose gear touchdown; howevgr, careful
considefatiorishould be given to the initial brake application to ensure a controlled and smooth
nose gear touchdown

j. When lahdt ould be given to
systems that ensure non-critical Ioadlng of the nose gear under the most adverse combination
of bump location and braking.

k. ABS braking modulation should be smooth at all times to ensure passenger comfort.

I.  The pilot should be capable of changing the deceleration level at any time.

m. The ABS should be capable of operating to a full stop.

n. For RTO, the ABS should be designed to apply immediate full braking upon throttle cut for a
high speed RTO and should be capable of operating to a full stop.

0. The system design should be simple, reliable, and require minimum maintenance. The system

operation should be tolerant of crew mis-procedures.
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411

41.2

41.21

4.1.2.2 Flight Deck Indication:

(Continued):

p. Each item of installed equipment should meet the functional and installation requirements of
FAR 25.1301, 1307, 1309, 1316, and 1322 and satisfy the guidance of FAA AC 25-1309-1A,
and the automatic braking system should perform to meet the requirements of FAR 25.101 (f)

and (h).

g. A failure of any component of the ABS which renders the ABS inoperable or degraded should

be indicated to the pilots in compliance with FAR 25.1322.

Flight Deck Configuration: An example of an acceptable flight deck configuration
shown in Figure 1 and consists of a single, magnetic latching, rotary switch@nd
"AUTOBRAKE" light. The design of flight deck configurations should comply to A
ARP4102/2.

Selector Switch:

a. A single crew action should be required to select the ABS for the landing of

b. The lapding mode should be capable of being armed-(or changing the sele
level) at any time during cruise, descent, approach; or landing rollout.

c. The lapding mode should not be capable of being armed during takeoff.

d. Arming of the RTO mode should be possible\at any time the aircraft is on th
including at the ramp, during taxi out, or during takeoff.

e. Arming of the RTO mode should not be possible prior to landing.

f. Inthe [anding mode, the switch shouldlatch in the armed position and rem:

requirement occurs (in which case the switch automatically drops tg

).

g. Inthe RTO mode, the switch should remain latched until the aircraft lifts off
switch|automatically drops‘to the OFF position).

h. The switch should be teadily accessible to both pilots.

a. The AUTOBRAKE indication should come on only to indicate that the ABS
has disarnied. A possible exception to this is that, when the switch is place

in present use is
single
ARP4102 and

RTO mode.

cted deceleration

e ground,

hin latched until a

the DISARM

n which case the

landing or RTO)
d in the OFF

positiot;
cause uncommanded application of the brakes. An example would be that

re that could
the ABS shutoff

valve is open (as sensed by a pressure switch downstream of the valve). When the RTO

mode is selected, the indication should not come on during taxi, takeoff, or

low speed RTOs

and should come on only if ABS RTO braking is not applied after a high speed RTO is

initiated.
b. The AUTOBRAKE indication should be in plain view of the crew during the
rollout, and should be designed in accordance with ARP4102/4.

landing and

c. Once the AUTOBRAKE light has come on, the ABS pressure should be released and the

light should remain on until the selector switch is positioned to OFF:
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4.1.3 Landing ABS Operating Logic:

4.1.31

41.3.2

41.3.3

Arming (Landing): The selector switch should latch in a selected landing position (e.g. 1, 2, 3, 4,
or MAX) when all of the following conditions are met:

a. Deceleration level manually selected,
and
b. No disarm condition exists.

Once armed, the switch should remain latched in the selected position and.the| AUTOBRAKE
indication should remain extinguished until a disarm condition occurs or'until the switch is
manually positioned to OFF. The AUTOBRAKE indication should reflect the state of the system,
not the pogition of the switch. Disarm by thrust lever should not be‘possible until after ABS
operation has begun following touchdown.

Application (Landing): When armed, the system should smoothly and promptly apply brakes to
the select¢d level of deceleration when all of the following conditions are met:

a. Thrust{levers retarded to idle,
and
b. airplarje on ground,
and
c. wheelg spun up on the aircraft.

The ABS should continue to brake until a disarm condition occurs or until the sgelector switch is
manually positioned to OFF. The use of reverse thrust should not disarm or have any adverse
effect on the operation of the~ABS.

Disarm (Landing): The.ABS should disarm when any of the following conditions are met:

a. Either prake pedal is applied above a preset landing ABS braking level,
or

b. any thijust lever is advanced while on the ground after touchdown (except thiat, during the first
few seconds-afterthetotuchdown air-to=grotnd-transitonitmay bedesirable that an
advanced thrust lever will not cause a disarm; and, if thrust levers are advanced for thrust
reverse, it should not cause a disarm),
or

c. ground spoilers are stowed, after having been deployed on the ground,
or

d. An ABS fault is detected (such as failure to apply ABS pressure when the aircraft
deceleration is below the selected level),
or

e. The antiskid system is OFF or an antiskid fault is detected.
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4.1.3.3 (Continued):

4134

414 RTOABSO

41.41

414.2

When disarmed, the ABS braking command should be promptly, but smoothly, removed, the
AUTOBRAKE indication should illuminate, and the switch should unlatch and fall to the DISARM
position. Once disarmed, the system should remain disarmed until manually re-armed or
selected OFF.

Off (Landing): The system should immediately release ABS braking (if on) and extinguish the
AUTOBRAKE indication (if turned on) when the following condition is met:

a. Switch

When the

indicate am ABS fault that could result in uncommanded brake application.

Arming (R
conditions
a. RTOid
and
b. airplan
and
c. noAB
and
d. antiski
this re
Once arm
occurs. T
condition ¢

is manually selected OFF.

switch is off, the AUTOBRAKE indication should remain extinguisheg

perating Logic:

TO): The selector switch should latch in the RTO position when all ¢
are met:

manually selected,
e is on ground
S faults are detected,

d system in ON and no faults are detected (further consideration sho
huirement on installations where the antiskid is shut off for taxi).

bd, the switch should remain latched in the RTO position until an OF
ne AUTOBRAKE indication should remain extinguished until a DISAR
pceurs (consideration should be given to the indication during the taxi

| except to

f the following

uld be given to

- condition
RM (RTO)
and takeoff roll in

regard to the advisability of alerting the pilot of antiskid/ABS faults during this crjitical time period).

(DTN ARG

Applicatio

ALl ol bl n la Lol aliadtal 1 £..1
FINTU ) VVTICTT AlThie U, Ui1c ADO SYyoSITITT STTUOUTUTTTITTICTUIALTly appPly TUl

the following conditions are met

braking when all

a. All thrust levers are advanced when airplane is accelerated through a predetermined ground

speed
and

(60 to 100 KTS typical),

b. ground speed is above the predetermined level,

and

c. all thrust levers are retarded after reaching the predetermined speed

Once applied, RTO automatic braking should continue until a DISARM (RTO) condition occurs or
until the switch is positioned OFF.
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4.1.4.2 (Continued):

4143

4144

Consideration should be given to applying less than full automatic braking with the nose gear in
the air, to prevent hard nose slam-down for RTOs after rotation but before liftoff.

The use of reverse thrust should not disarm or have any adverse effect on the operation of the
ABS.

Disarm (RTQO): The ABS should disarm when the following conditions are met:

An RTO has been initiated above a predetermined ground speed (as determingd by logic
redundant|to the application logic),

and

a. either prake pedal is applied above a preset RTO pressuré&.level,
b. (a):wy thrust lever is advanced while on the ground (except that, if thrust levels are advanced

for thryst reverse, it should not cause a disarm),
C. ;:ounc spoilers are stowed, after having been deployed (on the ground),
d. Xrn ABP fault is detected (such as failureto apply full braking),
e. Z:ﬂiskid OFF or fault.

When disgrmed, the ABS braking-should be immediately released, the AUTOBRAKE indication
should illuminate, and the switch should remain latched in the RTO position. Once disarmed, the
system shpuld remain disarmed until manually selected OFF.

Off (RTO)] The ABS:system should immediately release ABS braking (if on), extinguish the
AUTOBRAKE indigation (if on), and unlatch the switch (allowing it to fall to OFF|) when any of the
following gonditions are met:

a. Switchs mantaity-setected of;
or
b. airplane is airborne.

When the switch is OFF, the AUTOBRAKE indication should remain extinguished except to
indicate a fault that could result in uncommanded brake application.

-10 -
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4.1.5 Logic and Control Inputs:

4.1.5.1 Thrust Lever Position:

a.

b.
c.
d.
4.1.5.2 Brake Pedal Applications:

a.

4.1.5.3 Air/Ground Mode:

Sensors (or switches) should be installed to monitor the position of each thrust lever. For
airplanes with three or less thrust levers, multiple switches should be installed on each thrust
lever.

The thrust lever position sensors, or other means, should be rigged as close as possible to
the hapds-off idle position, allowing for reasonable thrust lever position tolefances.

The thfust lever position sensors should be configured so that the dominant failure mode
indicates thrust levers advanced.

Positigning the thrust levers for reverse thrust should not disarm the ABS.

For the landing mode, pressure switches, or other means; should be installed to indicate
when gither the left or right braking has been applied:above a predeterminefl level. The level
should be high enough to preclude inadvertent system disarm, yet low enoligh to allow
smooth intentional disarm.
For th¢ RTO mode, brake pedal application switches should be installed tq operate when
either prake pedal has been applied to a;point near full brake application.
The brpke pedal application switches should be configured so that the domipant failure mode
indicates pedal braking applied.

a. Positign sensors should/be'installed on the main landing gears to monitor the air/ground

mode.| These sensors (or their associated logic, or both) should be used fgr all ABS air/
ground logic except.for special deceleration control logic to address smooth nose gear
derotation. For thisfunction, nose gear air/ground switches or other means such as proximity
sensofs or ingrtial reference pitch attitude may be used.
The aif/grotind sensors (or logic, or both) should be configured so that the gominant failure
mode |ndicates ground mode.

4.1.5.4 Ground Speed and/or Wheel Spin-up:

a. Atleast two independent ground speed or wheel spin-up, or both, signals should be obtained

for the separate purposes of providing ABS application logic and fault monitoring logic.
Wheel speed signals are preferred due to their inherent accuracy (relative to ground speed)
and due to their relationship to the antiskid system (insurance that a speed reference exists
for locked wheel protection). Airspeed signals should not be used due to their susceptibility
to altitude, temperature, and wind.

The ground speed or wheel spin-up, or both, signals should be configured so that their
dominant failure mode indicates low speed or no spin-up.

-11 -
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4.1.5.5 Deceleration:

4.1.6

41.7

41.71

41.7.2

a

. At least two independent airplane deceleration signals should be obtained for the separate

purposes of providing ABS deceleration control and fault monitoring logic. Signals directly
measuring aircraft longitudinal deceleration are preferred to other means of ABS control,
such as differentiated wheel speed signals, due to minimal lag/errors by the implementation
of the directly measured deceleration system.

The deceleration signal(s) should be configured so that their dominant failure mode indicates
no dedeleration.

Built-in Test|Equipment (BITE): BITE provisions for test or maintenance yse shopld be
incorporated in the electronic control unit and should meet the following.general fequirements:

a. The conjrols and displays should be located on the front panelof the control unit or be
incorporgated in a central monitoring/maintenance computer.system.

b. The BITE provisions, along with simple procedures for conducting the tests, $hould provide a
complete verification of the system integrity and should:permit fault isolation {o the LRU (Line
Replacepble Unit) or input signal. To facilitate maintenance, the fault isolation feature should
be designed so that the ABS is powered but need-not be armed.

c. Hardware or software added to meet the BITE\requirements should not interfere with the
normal gystem functions.

d. The des|gn should have a continuous fajlure monitoring system which will stovle continuous and
intermittent faults in memory for later readout by ground maintenance personnel.

e. The des|gn should allow control and assessment by one maintenance person.

Failure Modps:

Single Faijure Conditions{ The ABS should be designed so that no single failufe condition will:

©® Q0T

Causelinadvertent ABS brake application during takeoff.
Fail tofindicateswhen the system is unable to deliver brake pressure to the gelected level.
Advergely affect antiskid system operation.
Interfefe-with or prevent pilot pedal braking.
Fail to reteaseABS-when pitot-pedat-brakingisappted-or-when-thrusttevers are advanced

for takeoff.

Probable Single Failure Conditions: The ABS should be designed so that no probable single
failure condition will:

a.
b.

Fail to indicate when the system is unable to deliver RTO ABS braking.

Apply ABS landing brakes before landing, or apply ABS RTO braking before an RTO above
a predetermined ground speed (for example, during taxi).

Cause AUTOBRAKE indication during takeoff.

-12 -
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