The Engineering AEROSPACE ARP 107OA

Resource For Superseding ARP 1070

Advancing Mobility RECOMMENDED
400 COMMONWEALTH DRIVE. WARRENDALE. PA 15098 PRACTICE Issued 4-15-69

Revised 4-15-82

DESIGN OF SKID CONTROL & ASSOCIATED AIRCRAFT
EQUIPMENT FOR TOTAL SYSTEM COMPATIBILITY

TABLE OF CONTENTS

PARAGRAPH TITLE _]’AGE NUMBER
1. PURPOSE: « 5 o 5 o ¢ o #» o 5 o o o o 0. 5%%e o o ° 3
2. SCOPE. . * . L L] - ® L] L] L] . L] L] - - - » - - - L] 3
3. GENERAL REQUIREMENTS « ¢ o o oo o o ¢ o o o & « 3
3.1 Introduction « « o s ¢ o .00 o o o o o o s o d o 3
3.2 Desig’n Practices o« « o o % o o ¢ o o o » o o d @ 4
3.3 Design Goals o« ¢ ¢ o W e e e o o s a e o o 4 o 10
3.4 Desig‘n _Implementation. ® o o ¢ o s 0 o s e « 17

. 3.5 Eviluation Methodsle o ¢ ¢ o ¢ ¢ ¢ o o o » o 4 o« 17
4. PERFORMANCE EVALUATION & « o o o ¢ o « o o« o « 4 « 18
401 laborator-y Tests . . . . . . . 3 L] L] - - . . L . 18
4.2 A Rircraft, TesSts ¢ o o o o o o o ¢ o s o o o o d + 20
5. SKID CONTROL SYSTEM CONFIGURATION: ¢ o o o o o 4 o 22
5.1 Configuration Considerations « « « &+ o o « o { o 22
5.2 Wheel Speed Sensors, Number,

Arrangement and Location « « ¢ o ¢ o o » o 4 o 22
5.3 Skid Control Valves, Number

Arrangement, and Locatione. o« « o o+ o ¢ o o d = 22
5.4 Control Box Configuration and

LOCAtiONn o « o ¢ o e o o ¢ s o o o @ o o o 4 o 29

6, SKID CONTROL SYSTEM COMPONENT
INSTALLATION « s o 5 o o o o 5 o s ¢ o o o o o o 29

6.1 Wheel Speed Sensing Device
Installation o« « o o o ¢ o o o o o o o s o « « 29
6.2 Skid Control Valve Installation. « ¢ o o« « « » « 30
6.3 Skid Control Box Installation. « « o« « o « « o o« 30

SAE Technical Board rules provide that: "“All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the
. Board and its Commiittees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”

Copyright 1982 Society of Automotive Engineers, Inc.
All rights reserved Printed in U.S.A


https://saenorm.com/api/?name=3013efe041f88c81c76da80263b6c8cd

ARP 1070A

PARAGRAPH

TABLE OF CONTENTS (Continued)

TITLE

LESSONS LEARNED. ¢« ¢ o o o o o &
Skid Control Systeme o ¢ o <« &
Tire DynamicsSe « o o o s o o @
Computer Simulation. . . « .

APPLICABLFE DOCUMENTS o o » « o o

FIGURES
1.
2.
3.
4.

TABLES

11

Power Versus Slipe « « o o o o
NASA TN D-4602 Test Data « « « o
Computed Drag Force Data . . « «
Computer Simulation Model. . . &

Factors Influencing Stopping
Performances « s o « %\e o o s

Suggested Aircraft“Certification
Test Schedulgs « ¢« « ¢ « ¢ o o

PAGE NUMBER

. « 30
. » 30
+ « 30
» o 31

« . 31

o o 11

.« 23-27



https://saenorm.com/api/?name=3013efe041f88c81c76da80263b6c8cd

3.1.

ARP 1070A

PURPOSE: To recommend design practices and minimum laboratory and aircraft

requirements for skid control and associated equipment, so as to provide for
total aircraft system compatibility.

SCOPE: This document covers the general requirements for aircraft skid

control systems and their components.

Methods of defining skid control system performance criteria for design and
evaluation purposes are outlined and recommended.

d by the aircraft brake systems engineer to attain the'/m
skid control performance, are covered in detail.

ed methods for measuring performance of skid control systems are
inc luded}

GENERAL REQUIREMENTS:

Introdufption: The skid control system covered Dy this recommendation
provides a means of detecting an incipient skid condition of the|aircraft
tires ahd thereupon functions to control the brakes to maximize braking
drag, pevent tire damage and loss of ailxcraft control. In operation, it
properly adjusts the brake pressure atlall times to maintain the|brake
torque pt the correct level to maintain the tire-runway friction|force at
its peak value and thus give the aircraft maximum available deceleration
resultihg in the shortest possible stop distance.

1 Functfional Operation: The jperformance of the skid control equipped
hydraplic brake system.i's dependent upon the degree of compatibility
achieyed between the-skid control equipment, the airplane's lamding gear
and ajirframe, and the’ remainder of the brake control system.

In oppration, fhe pilot commands hydraulic pressure to the brakes in
propoftion t6 his brake pedal force and/or pedal travel. If there are no
incipfient ,8kids, the skid control system does not interfere with his
brakihg..."If there are incipient skids, the skid control system overrides
the pfilot's input and reduces the brake pressure just enough t¢ stop the
incipIent skids. It does this in a manner which seeks to continuously use
all of the available tire-runway friction braking force but not allow the
tires to stop rotating (lockup) or even enter into deep skids.
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3.1.1

3.1.2

3.2 Design Practices:

Functional Operation (Continued):

The skid control system controls the brake pressure through a skid control
valve in response to information obtained from a wheel speed sensoxr. The
wheel speed information is processed by a control box which then sends a
control signal to the valve, which controls the brake pressure. Upon
qommand from the control box, the skid control valve reduces or removes
brake pressure by venting fluid from the brake to the hydraulic system
reservoir. When conditions improve, the skid control valve, upon command,
reapplies brake pressure at a controlled rate until another incipient skid
occurse.

Perfoymance: The skid control system, in conjunction with thejaircraft

brake |system, should be capable of functioning efficiently’'on g1l landing
surfag¢e conditions from maximum rolling speed to the lowest speged
compafible to ground handling of the aircraft, and should not permit a
complitely locked brake within the control speed rande (assuming the brake

will respond to control). It should reduce brake pressure only the
smallest necessary amount, for the shortest timepossible, so gs to
minimjze stopping distance. Specific areas of)concern are, (1) rapid
initial adjustment to the optimum control pressure, (2) operatjon at
partial metered pressures, and (3) rapid adjustment to changing runway
conditions.

The skxid control system should not induce airframe dynamic instability,
gear walking, gear chatter, etc. _\This will be demonstrated on|the
aircraft throughout the forecasted aircraft ground operation spectrum.

The system should be tuned.for optimum performance over a broad range of
condltions particularly a\wet runway surface, a dry surface, and
combipations of wet and dry surfaces, considering both braking|and
cornering forces, throughout the control speed range. Since the total
braking function involves more than the skid control system an$ wheel
brake|assemblies,\ the total airplane stopping performance is the
responsibility /of the airframe manufacturer.

3.2.1

ConsiLerations: Advanced landing gear systems contain elastic|structure

and cmmmmm:rant design

trends emphasize reduced volume for wheels and brakes, increased shock
strut flexibility arising from the use of high heat treated steels, and
the use of more responsive skid control braking systems.

In general, brake linings capable of withstanding high rates of energy

input, high temperatures, and exhibiting low wear rates have friction
variations that can excite landing gear system natural frequencies.

The performance of the skid control system is dependent upon its mutual
compatibility with the response characteristics of the aircraft brake
system and associated structures; therefore, the designer must consider
these and other variables as noted in Table I herein.
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TABLE I - FACTORS INFLUENCING
STOPPING PERFORMANCE

SUBSYSTEM PARAMETERS . - Lining characteristics
- Heat sink loading
Brake Actuation System - Heat transfer characteris-
o Pedal Linkage to Metering Valves tics
- Actuation mechanism mechanical - Retractor spring pressure
advantage - Wear adjusters

- Cable lepgthrand—stiffness

Hydraulics

- Hydrauli¢ pump capacity and
recovery|rate

- Accumulator pressure/volume
characteristics

- fluid type

~ Brake lime length, size and
stiffnes

- Component flow restrictions

- Return line back pressure
{steady s$tate and transient)

Tire

Brake mounting—s%jffness
Vibration characteristics

Torque frequency 1

Footprint’ area

Foreg and aft stif
Vertical stiffnes
Lateral stiffness
Mass

Inertia

Inflation pressur

fesponse

Tread design and year
- Metering|valve flow capacity = Thermal propertie%
- Metering|valve pressure gain - Rolling resistanc
- Diameter
Antiskid System - Damping characteristics
o Wheel speed detector - Nose wheel tire sjze
- Hub cap ¢oupling mechanism {used as velocity|reference)
~ Electrical characteristics - Coefficient of friction
- Resoluti¢n
- Demodulator characteristics RELATED AIRCRAFT SYSTEM
PARAMETERS
o Electronicsg
- System type Landing Gear
- Detailed|design—{skid control o Strut
circuit logic) - Fore and aft stiffness
- Strut effective m3ss
- Fore and aft damping
o Servovalve - Vertical stiffness

- First stage type - Metering pin design

Flow gain

Pressure gain
Second stage lap
Frequency response

Torsional stiffness
Torsional damping
Tolerances

Strut geometry

Wheel, Brake, and Tire System o Truck
o Brake - Mass
- Pressure volume characteris- - Inertia

tics

Truck unbalance
Truck pitch dynamics
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TABLE I - FACTORS INFLUENCING
STOPPING PERFORMANCE (Cont'd)

Airplane
o Rerodynamics
- Brakes on speed
- Rerodynamic coefficients
(1ift and drag)
- Spoiler deployment rate and
effectiveness
- Engine i@le spindown and
reverse thrust characteristics

o Directional Control
- Nose gear steering system
- Rudder(s
- Ailerons
- Spoiler
- Elevators
- Engine(s
- Differential braking

o Geometry
- Center-of-gravity location
- Landing ggear arrangement
- Airplane| weight
- Airplane| mass moment of
inertia
- Wing stiffness

o Operationall Characteristics
- Pilot brpking technigue

ENVIRONMENTAL PARAMETERS

Runway

o Roudghness |[(mi¢ro and macro
texture)

o Contamination (water-rubber)

o Slope

o Crown

Atmosrheric

o Ambient temperature

o Pressure altitude

0 Wind velocity and direction
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Considerations (Continued):

Poor brake control can degrade the inherent directional stability of the

aircraft.
upon available friction or mu between.the tire and runway.

Refe

Both stopping ability and directional control are dependent

rring to

the tire mu-slip characteristic (a typical curve is shown in Figure 3), it
is acknowledged that most modern-day skid control systems utilize some
means of sensing skid level to determine available mu and thereby react to

maximize the utilization of this available mu.

In the sensing mode, the

tire is forced into an incipient skid which allows the tire to traverse

stabili

e force is reduced on the back side of curve.

Therefore,
antageous to specify brake control systems that dwell

antly in the upper regions on the front side of the curve.

system optimization to assure high lateral force capabil
ished by system "tuning". The least expensive method to
ing is through the use of an analog or digital skid cont]

Skid
ity can be
accomplish
rol

r that enables assessment of the period gn‘time the systpm dwells

ack side of the mu-slip curve. Althoudh data gained thr|
re valuable in determining a measure Of directional cont

pugh this
rol

ty for the aircraft, the total ground control problem is much more

and consideration must be given tolall aircraft related
bine to produce satisfactory stopping performance.

ntrol System Responses: A primary design objective is th

attain
involw

objecti

landin
cycle

(1)

brake
and br
airpla
whiche
result
consid

mi

ent Of minimum response time in each of the skid control
d in the completion of alskid control cycle. Nevertheles
ve must be compatible.with the elastic characteristics of
gear, airframe, tire, brake, and hydraulic system. A sk
onsists of the following events:

sure of exceSsive wheel deceleration or slip, (2) reduct
essure at_skid control system command to optimize the wh
e function; and (3) reapplication of brake pressure to a
e deceleration commanded by the pilot or the maximum atta
r is ‘Iess. In view of the fact that some sgkid control c
in ‘psc¢illatory loading of the landing gear structure, it
red good practice to perform analysis to show that the os

influences

=3

=

components
5, this
the

id control

ion of
eel, tire,
rhieve the
inable,
ycles

is
cillatory

loading resulting from skid control cycles does not cause structural

damage to the landing gear or airframe.

The following variables

considered pertinent to this analysis:

are
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3.2.2 skid

Control System Responses (Continued):

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

(e)

skid control systém frequency response characterispics.
Brake assembly frequency response characteristics.
Hydraulic system frequency response characteristics.
Airplane gross weight and moments of inertia.

The elastic and damping characteristics of the landing gear. High

(£f)
(g)

(h)

(i)

(3)

drag loads at low speeds may affect the structure.
The airplane's aerodynamic characteristics.
Tire to runway friction for various tire tread_ éand runwgdy conditions.

The brake's pressure versus torque characteristics. Vayiations in
brake frictional coefficients result fromydifferent eneygy levels.

Brake system command pressure characteristics.

Elastic characteristics of the tires.

3.2.3 Recdmmended Data Exchange: It isgadvantageous to provide the system

analyst with the greatest quantity of information available go as to
assyre the least amount of system deficiencies prior to aircraft test.

The e

fore, the following data exchanges are recommended:

3.2.3.1 Cystomer Data: The following data, to the extent possible, should be

povided to the skid ¢ontrol manufacturer:

Complete brake system schematicse.

Diagram-showing all of the hydraulic line sizes and rgstrictions
between brake metering valves, brakes, and reservoir.

Brake pressure versus fluid displacement for the brakge assembly.

(d)

(e)

(f)
(g)

(h)

(i)

Brake torque characteristics over the pressure and speed range.

Skid control system schematics, envelope and mounting requirements,
and requirements for system checkout equipment and procedures.

Ajrcraft weight and CG location.
Aircraft pitching moment of inertia.

Main landing gear natural frequency and spring rate, in the drag
direction and its structural damping coefficient.

Mass moment of inertia of the main landing gear wheel and tire.
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3.2.3.1 Customer Data (Continued):

(3)
(k)

(1)

(m)
(n)
(o)
(p)

(q)

(r)
(s)

(t)

(u)

3.2+.3.2 Vendor Data: The skid control manufacturer should provide:

(a)
(b)

(c)

(d)

(e)

(£)

Mass moment of inertia of the rotating parts of the main landing

gear brakes.

Natural frequency and torsional spring rate of tire, wheel, and

rotating brake parts.

Natural frequency, torsional spring rate, and structural damping
coefficient for the brake housing, axle, and brake non-rotating

parts.

Performance specification or other technical descraptior
landing gear assembly, tire, wheel, and brake.

A table or schematic showing the skid control valve's cg
electronic energization for various possible-combination
gear and pilot operated switches.

Tabulation of mandatory fail-safe requirements.
Maximum and minimum speeds to which skid control is exps

Skid control system efficiency’ requirements.

Designation of special féatures, such as touchdown protsg
locked wheel protection, or automatic prebraking feature

A description of the’ control and warning devices to be
the pilot. .

Electrical input characteristics.
Electromagnetic interferences and environmental requiren

AN .

Electronic schematics.

of the main
ndition of

s of landing

cted.

ction,
S.

rovided for

ES

entse.

Failure modes and effects analysis.

Reports showing compliance with specified requirements.
design analysis by components and as a system.

Skid control system component characteristics as require
procuring activity for overall brake system analysis.

Recommended system maintenance and checkout procedures.

Recommended ground support equipment.

Detail

d by the
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3.2.3.2 Vendor Data (Continued):
(g) Complete working drawings except proprietary data.

(h} Unit acceptance test procedures including substantiation of testing
requirements.

(i) Qualification test procedure and test results.

3.3 Design Goals: The skid control system should be capable of providing brake
drag effictencies—omrtheorder—of—90% whemr required;prevernrt—tocked wheel
skids, and provide optimized cornering capability under normal)joperating
condiflions, e.g., dry, wet, slush, and ice.

During the design phase, consideration should be given te the ehnergy

transfler through the tire into the brake. While it¢ig)important to operate
the tifre at a slip that maximizes the drag force,, it 'is also important, in
order [to minimize tire heating, to limit this slip. In other EErds, it is N
importlant to maximize the power transmission 9 ‘the brake and mlinimize the
power [dissipated in the tire.

Figure| 1 illustrates the relationship befween tire and brake energy
absorption or power versus the tire slip.

From Figure 1, it is obvious that the same tire drag force can pe developed
whethefr the control is operating en the left side or the right [side of the

tire drag force curve. Howeverx, the relative energy dissipation in the tire
and brpke is considerably different for each case.

The rellative effect on the brake is minimal, but the impact on fthe tire can
be significant. This-has a major impact on tire wear and life.| Also, if

chronijc, it may lead to unexpected blowouts due to continually pverheating
in the area of the tire tread.

Thereflore, any )demonstration of skid control performance should| contain a
means [to evaluate the position of the control with relation to the leading
edge of thé tire drag force curve.

3.3.1 Braklmg V5. Cormering Interaction: The early work performed by NASA and
published in report NASA TN D-4602 covered tire braking in conjunction
with cornering forces and measured at various yaw angles, velocities and
runway conditions. Figure 2 is a record taken from this report and
illustrates the relationships of the forward drag forces to the side or
lateral forces. It is quite apparent that the lateral force capacity
decays rapidly as the slip is increased. This again reiterates the need
to maintain skid control on the forward portion of the tire drag force
curve.

For performance evaluation, the control simulation should incorporate
characteristics similar to Figure 3.

10
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3.3.2 Brake Application Response: The skid control system should not reduce the
brake control system's ability to respond to the pilot's commands.
However, if the addition of a skid control system to the aircraft should
cause a significant change in the brake control system's ability to
respond to rapid changes in pilot command, an analysis to show that this
change does not adversely affect landing gear dynamic loads or introduce
any undesirable airplane pitching characteristics should be performed.

3.3.3 Hydraulic System Design Goals:

3.3.3.1 B3 pasgages should
b¢ sized to permit adequate flow to and from the skid contyol valve.

Coénsideration should include the desired initial brake \response from the

fully released position against residual reservoir pPréssur¢ to brake

applied position in addition to subsequent cyclic aeapplication of

pressure by the skid control valve. Additionaltconsideration should be

g

p

o

ven to the metering valve's compatibility relative to the¢ demands
aced upon it by the skid control valve im~the application and release
brake pressure associated with skid cont¥ol.

3.3.3.2 Hydraulic Lines: Hydraulic piping and\ fittings should be flesigned to
minimize restriction of flow with thé’ objective of optimizing skid¢
control response time.

Size: Hydraulic lines for suwply and return should be selgcted to

provide minimum pressure dréps compatible with flow requiréments of the
brake metering valves, skid control valves, and brake assemblies under
installed environmental conditions.

Type: Hydraulic tubing, rather than hoses, should be inst3lled
- d¢wnstream of the-brake metering valves where possible to minimize the
a¢cumulator effect during pressure changes.

Pdrking Requirements: System parking requirements should recognize
ipternal (leakage of the skid control valve. Shutoff valveg may be used
to blockK quiescent flow to system return.

System Bleeding: Provisions should be incorporated to minjmize
entrapped air within the system. Reverse bleeding of the system should
be limited to those installations which provide adequate internal or
external means to prevent entry of contaminants into hydraulic
components. Some skid control valves, for example, can be rendered
inoperative if contaminants reach valve spools and orifices.
Self-contained inlet filters in these control valves are not effective
during reverse bleeding. System designers should consider location of
bleeder valves, integral bleeding devices, and number of personnel plus
equipment necessary for proper system bleeding.

—
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3.3.3.3

3.3.3.4

3.3.3.5

3.3.4 Brake Design Goals:

ARP 1070A

Internal Leakage of the Skid Control Valve: Internal leakage
skid control valve should be minimized in installations where
necessary to reduce the bleed-off of any accumulator pressure
available for parking or as a stored emergency supply.

of the
it is
which is

However,

consideration should be given to any reduction in valve performance that

may result from reduced internal leakage.

Contamination Control:
should be provided.

Filtration of fluid to the skid control valves
The filter should retain all particles which can

adversely affect valve operation, and its capacity should be consistent

with [established overhaul periods. Filtration size should be
(neveér smaller) than the aircraft hydraulic system filters:

System Flow: Initial consideration should be given to.provisj
decr¢asing brake release time. Subsequent analysis should shg
components of the skid control and hydraulic brakexsystem, whe
functioning together, are capable of achieving the-required sK
cycle. This analysls should take into consideration possible
hydrgulic capacity which may adversely affect/ the braking syst
comblned with the flow rates that occur during skid control cy
Extre¢mes of operating temperatures which will be encountered g
operation of the airplane should also:bé’considered in this an

3.3.4.1

3.3.4.2

Respfnse: Minimum brake response time is desirable. The prod

larger

ons for

w that

n

id control
limited
em when
cling.
uring the
alysis.

uring

actiyity should determine and-provide brake response time data to the

skld|control system manufac¢turer such as step response and fre
resp¢nse between brake pressure and torgue.

ure: Maximum aircraft hydraulic system pressure should %
fied for maximum metered brake operating pressure wheneve
icable.

ollowing/are reasons for the use of maximum hydraulic syd
ures

Conditions for best possible antiskid braking performance

quence

tem

are

enhanced by keeping the operating pressures as high as possible.

pressure may experience high momentary pressure drops whi

Metering valves that regulate maximum brake pressure below system

ch will

tend to introduce cross-talk between two or more skid control valves

that are supplied from the same metering valve.

This problem does

not occur where only one skid control valve is supplied from the

metering valve.

(c)

For paired wheel skid control systems, directional control problems

due to production tolerances on the maximum pressure setting will be

eliminated.

15
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3.3.4.2

3.3.4.3

3.3.4.4

3.3.4.5

3.3.4.6

3.3.4.7

3.3.4.8

3.3.4.9

" Pd

Pressure (Continued):

A reason that may exist for not using maximum hydraulic system pressure
is the situation where it is desired to use accumulator pressure in the

hydraulic system for emergency braking.

In this case,

a lower brake

operating pressure is required to allow a maximum number of brake

applications.

Another reason might be for dual brake pressure control

systems, where loss of one system is compensated by an increase in
maximum output pressure from the other system.

F]

Uid Displacement: Hydraulic rluid volume change should De

£y
fy
sH
ar

Fl

a minimum

om residual pressure to maximum operating pressure for-both new and

lly worn brake conditions (compatibility with the antiski
ould be confirmed). A relatively high brake structural s
d self-adjusters should be considered to accomplish the a

uid Passages: Ports and internal fluid passages should

a

Melchanisms:

ae
in
ar
re

§9als:

ag
e

ajsure minimum air entrapment and minimum f£low restrictions

sure lowest practicable resistance to fluid flow.

d system

Ezing rate
ve.

designed to
and to

Brake release mechanism, self-adjusters if emplloyed, brake

tor wheel drive key interface, brake stator torque tube spline
terface, and hydraulic seals should be designed to minimifze friction
d its effects on the hysteresisiassociated with applicatijon and

lease of the brakes.

The brake's hydraulic seals should be adequately priptected

ainst entry of foreighimaterial and selected for life witlhin the

pected environment.

rt Location: The'brake pressure ports should be located

gi

Rgaction ToXque:

ven due consideration to the configuration of the supply

For airplanes with multi-wheel bogies, t

tqg
re

rque should react in such a manner that brake applicatio
sult - in" variations of the vertical wheel loads.

after having
piping.

brake's
s do not

Eﬂturn Springs: Return springs should be strong enough to pvercome
maximum Squeeze brake piston sea riction and reservoir pressure plus

additional force for satisfactory brake-off response.

3.3.5 Electrical Design Goals:

16 l
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3.3.5.1

3.3.5.2

343.5.3

3.3.5.4

3.4

Electrical Power:

ARP 1070A

electrical power for the skid control system:

a)

b)

c)

The following items'should be considered in regard to

Normal and emergency power characteristics should be evaluated for

any detrimental effect on system performance.

A means to engage or disengage electrical power should be made

available to the pilot.

Voltage transient protection should be incorporated in all electrical

a)

e)

Ele

and electronic assemblies.

Power interruption characteristics should be evaluated a
established for skid control performance.

Power redundancy or isolation should be utilized to minij
system failures.

ctromagnetic Interference (EMI): Consideration should be

EMI
des

EMI
sim

Wir
bet

It
tha

Shi
whe
con

Con

vib
thr

design requirements sufficiently earlyrin a skid control

tests should be performed on the “skid control system ins
nlated aircraft network.

ing: Wire routing shouldxbe controlled to prevent intera
ween the skid control system and other equipment.

is generally considered good design practice to not use w
n No. 22 gage.

blded wire should be considered for sensitive circuits su
b1l speed sensing circuit. It is recommended that the shi
Einuous and-'grounded at both the sensor and the control b

hectgrs: Connectors should be enviromment resisting type
ration areas, such as the landing gear, the connectors shi
bgded type with lock wire. The larger pin sizes should b

hd criteria

nize total

given to
sy stem

ign program to preclude operational problems on the aircraft.

ralled in a

ttion

ire smaller

rh as the
bld be
bX connectores

b In high
11d be the
b used

wherever possible and the maximum spacing maintained between the pins.

Design Implementation:

design concepts and features.

Preference should be given to established and proven

New design features should be adequately evaluated and supported by theory,

analysis,

and planned test and evaluation.

State-~of~art devices and features should be of a mature' design.

Evaluation Methods:

17
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3.5.1 Techniques:

It is strongly recommended that a multi-discipline approach

be employed in the evaluation of each feature and functional aspect of the
design as well as to the evaluation of the adaptation and integration of
the design into the total system.

Evaluation of Product:

Methods:

This should include design analysis and planned tes

Acceptance test data, and review of f

t.

ield service

history will give much insight on maintainability and reliability.

Wors

Plan
envi

Comp

4. PERFORM

. s . . . "
FCTasearatysTsof oritivatdesignr features Is mandatory-

hed demonstrations
ronmental extremes.

tests should be performed at ambiént a

hter simulation tests and analysis should be employed whe

ANCE EVALUATION:

4,1 Labora

fory Tests: The following type tests dre suggested as an

of ant

4.1.1 Dynai

lcipated performance prior to first Eldight.

lometer Test: Dynamometer testing'is a valuable tool for

ope ri

nting behavior and compatibility  between the various acti

of t

e total braking system. Dynamometer tests should not be

substitute for aircraft or computer tests in determining and

overall braking efficiency and effectiveness.

not
offe
toraq

As a
manng
axle
quan

(a)

Dynamometer te
andatory during the dewvelopment cycle of a skid control

information on potential problem areas, such as brake v
e variations.

minimum, the/skid control system components should be mo
by similar to .the proposed aircraft installation on a sui
or landing‘gear carriage. For all tests performed, the
rities should be recorded with respect to time:

Hydratilic pressure at the skid control valve inlet port.

nd

h practical.

indication

evaluating
e elements
considered a
bptimizing
sting, while
Eystem, can
ibration and

linted in a
table stub
following

(b)
(c)
(d)
(e)
(f)

(g)

18

Hydraulic pressure at the brake 1nlet port.
Hydraulic pressure in the brake.
Dynamometer peripheral speed.

Aircraft wheel speed.

Skid control valve signal.

Brake torque as measured at the axle.
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4.1.1 Dynamometer Test (Continued):

4.1.1.1

4.1.1.2

4.1.1.3

(h)

(1)

Drag force (ground reaction force) if available.
Wheel load.

Procedure:
loading mechanism which holds the ram pressure constant during

The aircraft wheel radial load should be applied by a

brakinge.

Consideration should be given to adjusting tire inflation pressure for

appropriate deflection for each load condition.

Both
taken| into
assumption

account.
that the aircraft nose wheel suspension is infinite

Determination:
by utilizing data obtained from repregentative dynar

Efficflency
deterfiined
runs.| The
integrated

from "brakes on" to ten miles perihour at a minimum

repregpentative sections to get the actual “area under the curves.

peaks| (not transients) of the curves may‘be connected and intes
get the optimum area. The efficiency, of braking is defined as
of the actual area to the optimum.area (see ARP 862).

Dynamometer braking effic¢iency can be

ift and weight transfer effects (due to deceleration)' should be
However, weight transfer may be computed ¢n the

ly stiff.

hometer

drag force, brake torque, or brake pressure curves ghould be

of four
The
jrated to
the ratio

A digjtal computer program mayxbeé developed to perform the num
integration.
at different aircraft speed)for each curve. Each set of data
sample points (100 milli-second time interval) may be used as
of 'the computer program. ' Four sections of area may be compute
actua
Pressyire respectively. The integration may then be accomplish
the ajd of a digital computer routine. The efficiency may be {
by taking the Tatio of the average of actual area to the optimy
Computer Simulation Test: 1In conjunction with, or in lieu of,
dynampmeter tests described above; computer simulation testing

rical

Four sets of data of at least 2.0 seconds should|be taken

ith 20
he input
for

L drag, torque ©r“pressure curves, and optimum drag, torqiye or

d with
alculated
Im area.

the
should be

condugted to ascertain the deqgree of flexibility that exists wi
control loop of the skid control system.
should be explored are: gear damping, reduced pressure input,
pitch, and variations in runway mu.

thin the

The minimum variations that

truck

This technique permits testing the skid control sub-systems and units

under planned simulation of system environment.

Each of the interface

signals and parameters to the test item is computer synthesized and

simulated thereby permitting precise, repeatable evaluation of

system

performance without the expense, logistics, and delays intrinsic to

flight testing.
exhibited in Figure 4.
used:

A typial model of an analog brake simulation is
The following is a description of the symbols

19
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4.1.1.3

4.2 Ai

Computer Simulation Test (Continued):

D - Drag Due to Brake Torque

- Aerodynamic Drag

Fg - Braking Drag Acting on Aircraft Mass
Fy - Vertical Load on Main Gears

Fjy - Vertical Load on Nose Gear

L | - Aerodynamic Lift

Pg| - Brake Pressure

Tg| - Brake Torque

X | - Aircraft Velocity

Xg - Gear Fore-Aft Velocity

Xgl = Tire-Runway Slip Velocity
GW - Wheel Velocity

Z | - Aircraft Vertical Velocity at CG

Z | - Aircraft Vertical Displacement at CG
© | - Pitch RotatiomVelocity
© | - pitch Rotation

T5 - Idle Thrust

rcralfft Tests:

4.2.1

Test| Description: Aircraft testing is the final proof of system adequacy

20

as far as system stability, performance, and efficiency are concerned.
Therefore, certain minimum aircraft testing is required to demonstrate
design goals and system requirements. A suggested general aircraft flight
test schedule is presented in Table II. More or less, testing may be
required depending on the aircraft's intended usage. If the skid control
system contains entirely new or unproven circuits, consideration should be
given to providing a prototype control box with a number of externally
variable parameters (gains, time constants, etc.) available for
expeditious tuning of the system to the airframe. Also, very early in the
aircraft test program, relatively high (80% and up to expected max.)
kinetic energies should be investigated, as this is an area where landing
gear component/skid control system instability phenomenon is most likely
to occur.
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COMPUTER SIMULATION MODEL
FIGURE 4.
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4.2.2 System Efficiencies: During test Number 3, conduct sufficient tests over
a variety of wet and dry surfaces to permit development of an Efficiency
versus Coefficient of Friction Curve. Efficiency of the total system can
be determined by a variety of methods, similar to determining of
efficiency during a dynamometer test. Brake torque, brake pressure,
stopping distance, or drag force can be utilized to determine the
efficiency of the total system. Total system performance is important
because it includes the hydraulic system interface, the landing gear
responses, the brake characteristics, and antiskid system characteris-
tics. It is the prime responsibility of the airframe manufacturer to
contfol a total system efficiency and not a single supplier gffort. It is
concpivable that total system efficiency can be determined~on a computer
simuflation if the component or subsystem inputs are availableg. However,
the Flight test approach is preferred.

5. SKID CONTROL SYSTEM CONFIGURATION:

5.1 Configpration Considerations: The selection of~a‘skid control [system
configuration is conditioned by considerationg)usually including the
followling:

(a) Number and arrangement of braked whééls.

(b) Degree of emphasis on stopping/¢ornering performance.

(c) HAvailable space.
(d) Alirplane electrical witirlg configuration.
(e) Wheel brake friction-variation.
(f) System cost.
(g) Reliability’.and maintainability.
(h) Weight

5.2 Wheel Ppe€ed Sensors, Number, Arrangement, and Location: A wheell speed
sensor should be provided at each braked wheel or group of braked wheels
which are restrained to rotate together to assure detection of incipient
skids. The wheel speed sensor installation should assure accurate sensing
of wheel angular motion. Constant velocity coupling between the wheel and

wheel speed sensor should be provided to remove any velocity effect
resulting from offset between the center lines of rotation.

5.3 Skid Control Valves, Number Arrangement, and location:

22
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