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1. SCOPE

This SAE Aerospace Standard (AS) prescribes the Minimum Performance Standards (MPS) for wheel, brake, and wheel
and brake assemblies to be used on aircraft certificated under 14 CFR Parts 23, 27, and 29.

Compliance with this specification is not considered approval for installation on any aircraft.

1.1 Application

Compliance with this minimum specification by the TSO applicant is required as a means of assuring that the equipment
will have the capability to satisfactorily perform its intended function(s).

NOTE: Certain performance capabilities may be affected by aircraft operational characteristics and other external
influences. Consequently, anticipated aircraft braking performance should be verified by aircraft testing.

1.2 Composition of Eq

The words “equipment”

uipment

Dr “brake assembly” or “wheel assembly” or “wheel and brake assembly” a

include all components that form part of the particular unit.

For example, a wheel assembly typically includes a hub or hubs, bearings, flanges, drive bars

plugs. A hydraulically 3
pressure plate, wear pin

Also as an example, a
mechanical actuators,
braking activity.

It should not be inferred
all or any of the above
applicant.

For the purpose of this
the landing gear and th
reference to any equipnm
either hydraulic energy
monitors sensors moun|
connectors as applicabl

2. REFERENCES

2.1 Applicable Docum

ictuated brake assembly typically includes a backing\plate, torque tub

bressure plate, wear indicator, heat sink, .and other axle mounted com

from these examples that each wheel'assembly and brake assembly will n
bxample components; the actual assembly will depend on the specific de

specification, the interface_boundaries of the equipment are the wheel ar
b electrical connectors,to the aircraft brake control system. The aircraft b
ent related to the cofitrol of wheel braking that is not assembled to the brg
o the hydraulic aetuators or electrical energy to the Electro Mechanical A
ted in or on the brake assembly. This may also include hydraulic lines a
., if not integral:to the brake.

ents

5 used in this document,

heat shields, and fuse
e, cylinder assemblies,

heat sink, and other axle mounted components integral to the braking actjvity.

n electrically actuated brake assembly typically;-includes a backing plate, torque tube, electro-

ponents integral to the

ecessarily include either
5ign chosen by the TSO

d brake attachments to
rake control system is a
ke on axle and provides
ctuators (EMAs) and/or
nd fittings or wiring and

There are no referenced publications specified herein.

2.2

221

2211

Definitions and Abbreviations

Wheel Definitions

L - WHEEL RATED RADIAL LIMIT LOAD

L is the wheel rated maximum radial limit load in 4.2.1.

22.1.2

S is the maximum static

S - WHEEL RATED STATIC LOAD

load (see 14 CFR 23.731(a), 27.731(b), and 29.731(b)).
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2.2.1.3 TSwr- WHEEL RATED TIRE TYPE(S) AND SIZE(S)

TSwr is the wheel rated tire type(s) and size(s) defined for use and approved for installation on the wheel, normally by the
aircraft manufacturer.

2214 TTwr- SUITABLE TIRE FOR WHEEL TEST

TTwr is the wheel rated tire type and size for wheel test. TTwr is the tire type and size determined as being the most
appropriate to introduce loads and/or pressure that would induce the most severe stresses in the wheel. TTwr must be a
tire type and size approved for installation on the wheel (TSwr), normally by the aircraft manufacturer. The suitable tire
may be different for different tests.

2.2.15 WRP-WHEEL RATED INFLATION PRESSURE

WRP is the wheel rated [nftatiorrpressure(wheetuntoaded):

2.2.2  Hydraulically Acfuated Brake Definitions

2.2.2.1 BROPwmax - BRAKE RATED MAXIMUM OPERATING PRESSURE

BROPwax is the maximyim design metered pressure that is available to the brake'to meet aircraft stopping performance
requirements.
2222

BRPwmax - BRAKE RATED MAXIMUM PRESSURE

BRPwax is the maximunp pressure to which the brake is designed to-be subjected (typically the ngminal aircraft maximum
system pressure).
2.2.2.3

BRPrer - BRAKE RATED RETRACTION PRESSURE

BRPrer is the pressure
sufficiently pressurized t

2.2.2.4 BRPPwmax - BR
BRPPwax is the maximu
2.2.2.5 BRSPio - BR/

BRSPi0 = Brake Rated

to which the brake inlet pressure must be reduced to cause full piston re
p extend all pistons. Applicable-only when adjustment means are provided

AKE RATED MAXIMUM PARKING PRESSURE
m parking pressure;available to the brake
\KE RATED'MINIMUM SLOPE PRESSURE

Minimum 10° Slope Pressure. BRSP1o is the minimum pressure requir

traction after a brake is

ed to hold the rotorcraft

applications on a 10° slgpe at'the design takeoff weight.

2226 BRSP2-BR

m

1
™

BRSP2 is the minimum pressure required to hold the rotorcraft on a 20° slope at the design takeoff weight as used for the
overpressure hydraulic brake tests of 4.4.1.

2.2.3 Electrically Actuated Brake Definitions

The maximum voltage, current and power ratings refer to the maximum values for voltage, current and power at the
actuators in total for all the actuators in an individual brake on test.
2.2.3.1 BOP - BRAKE OFF POSITION

BOP is a retracted EMA position that permits free rotation of the wheel and brake assembly after a brake application and
release cycle.
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2.2.3.2

EMA - ELECTRO-MECHANICAL ACTUATOR

The EMA is a subassembly of the brake that converts electrical power to brake clamping force.

2.2.33

lemax - MAXIMUM BRAKE CURRENT

lemax is the maximum simultaneous current drawn by all the EMAs of the brake assembly in the most critical of the

dynamic tests of 4.3.2 0

2234

r 4.3.3 as determined by test or analysis of test results.

Lemax - MAXIMUM BRAKE LOAD

Lemax is the maximum clamping load the brake assembly is designed to generate with maximum brake control system

command under normal

2.2.35 Lo - BRAKE

Lo is the average of th
determined by test or ar

2.23.6  Lwr - BRAKH

Lumt is the maximum c
permanent deformation

2.2.3.7  Pauax - MAXI]

Pemax is the maximum
dynamic tests of 4.3.2 o

2.2.3.8 PBC-PARKI

PBC is the configuratio
aircraft manufacturer as
2.2.3.9  Vemax - MAXI]

Vewmax is the maximum |
as determined by test of

2.2.3.10 Viomn - BRAH

conditions as established by analysis or test.

DESIGNTANDING TOAD

p 100 peak clamping loads generated in the brake assembly during ‘the K
alysis of test results.

LIMIT LOAD

amping load the brake structure may be subjected to\n its operation w
that would prevent it from performing its intended fungtion.

IUM EMA BRAKE POWER

simultaneous power drawn by all the EMAs of the brake assembly in
4.3.3 as determined by test or analysis;of test results.

NG BRAKE COMMAND

h to which the EMAs are commanded following a high energy stop as
sociated with the parking brake applications in 4.3.3.5.

MIUM EMA BRAKE VOLTAGE

oltage applied to the brake assembly during the most critical of the dynan
analysis of test'results.

E RATED MINIMUM SLOPE VOLTAGE

V1o miN iS the minimum v

FoL stop test of 4.3.2 as

hich would not result in

the most critical of the

normally defined by the

ic tests of 4.3.2 or 4.3.3

bltage required to hold the rotorcraft on a 10° slope at the maximum aircra

t design takeoff weight.

2.2.3.11 Vzowmn - BRAKE RATED MINIMUM SLOPE VOLTAGE

V2o min is the minimum voltage required to hold the rotorcraft on a 20° slope at the maximum aircraft design takeoff weight
as used for the brake tests of 4.4.1.

2.2.4 Common Definitions

These definitions apply to both Hydraulically Actuated and Electrically Actuated wheel and brake assemblies.

2.2.4.1 BRAKELININ

G

Brake lining is individual blocks of wearable material, discs that have wearable material integrally bonded to them, or discs

in which the wearable m

aterial is an integral part of the disc structure.
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2.2.4.2 BRWL - BRAKE RATED WEAR LIMIT
BRW.L is the brake maximum wear limit to ensure compliance with 4.3.4.1 and 4.3.3.2 if applicable.
2.2.4.3 D - DISTANCE AVERAGED DECELERATION

D = ((Initial brakes-on speed) 2 - (Final brakes-on speed) 2)/(2 (braked flywheel distance)). D is the distance averaged
deceleration to be used in all deceleration calculations.

2244 Do - RATED DESIGN LANDING DECELERATION

Do. is the minimum of the distance averaged decelerations demonstrated by the wheel/brake/tire assembly during the
100 KEpL stops in 4.3.2.

2.2.45 Drr- RATED RCCELERATE-STOP DECELERATION{FOR COMMUTER CATEGORY PIRCRAFT)

Drr is the minimum of |the distance averaged decelerations demonstrated by the wheel/brake/tjre assembly during the
KErT stops in 4.3.3.

2246 VoL- WHEEL/BRAKE DESIGN LANDING STOP SPEED

VoL is the initial brakes-@n speed for a design-landing stop in 4.3.2.

2247 Vrr- WHEEL/BRAKE ACCELERATE-STOP SPEED

Vrr is the initial brakes-gn speed used to demonstrate KErt in 4.3.3:
2.2.4.8 HEAT SINK

The heat sink is the mags of the brake that is primarily responsible for absorbing energy during a $top. For a typical brake,
this would consist of the|stationary and rotating disc assemblies.

2249 KEoL - WHEHL/BRAKE RATED DESIGN.LUANDING STOP ENERGY

KEbL is the minimum erjergy absorbed by the\wheel/brake/tire assembly during every stop of the [L00 stop design landing
stop test in 4.3.2.

2.2.410 KErt- WHEHL/BRAKE RATED ACCELERATE-STOP ENERGY (FOR COMMUTER CATEGORY AIRCRAFT)

KErrT is the energy absorbed by-the wheel/brake/tire assembly demonstrated in accordance with|the accelerate-stop test
in 4.3.3.

2.2.4.11 R -WHEEL RATEDTIRETOADEDRADIUS

R is the static radius at load “S” for the wheel rated tire size at WRP. The static radius is defined as the minimum distance
from the axle centerline to the tire/ground contact interface.

22412 STr- WHEEL/BRAKE RATED STRUCTURAL TORQUE
STris the maximum structural torque demonstrated in 4.3.4.
2.2.4.13 TSer - BRAKE RATED TIRE TYPE(S) AND SIZE(S)

TSer Must be the tire type and size (approved for installation on the wheel (TSwr)) which transfers the most kinetic energy
and torque into the brake during the design landing and rejected takeoff dynamic torque tests, if applicable.
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2.2.4.14 TTer- SUITABLE TIRE FOR BRAKE TESTS

TTer is the rated tire type and size. TTsr is the tire type and size that has been determined as being the most critical for
brake performance and/or energy absorption tests. The TTer must be a tire type and size approved for installation on the
wheel (TSwr), normally by the aircraft manufacturer. The suitable tire may be different for different tests.

2.2.4.15 VpL- WHEEL/BRAKE DESIGN LANDING STOP SPEED

VoL is the initial brakes-on speed for a design landing stop in 4.3.2.

2.2.4.16 Vrr- WHEEL/BRAKE ACCELERATE-STOP SPEED (FOR COMMUTER CATEGORY AIRCRAFT)

Vrr is the initial brakes-on speed used to demonstrate KErt in 4.3.3 when applicable.

3. GENERAL DESIGN[SPECIFICATIONS

3.1 Airworthiness

s must be considered.
of installed wheels and

The continued airworth
Activities covering perig
wheel and brake assem

iness of the wheels (without brakes) and wheel and brake,@assemblig
dic maintenance, calibration, and repair, for the continued ‘airworthiness
blies shall be defined in a Component Maintenance Manual'per 5.1.7.

3.2 Fire Protection

Except for small parts| (such as fasteners, seals, grommets, and Small electrical parts) that would not contribute

significantly to the prop3g
3.3 Design

Unless shown to be unn
3.3.1 Lubricant Retair]

Lubricant retainers mug
surfaces, and prevent fg
3.3.2 Removable Flar

All removable flanges m

gation of a fire, all solid materials used must/ke’self-extinguishing. See als

pcessary by test or analysis, the equipment must comply with the following
ers

t retain the lubricant under all operating conditions, prevent the lubrican
reign matter from entering the lubricated cavity.

ges

ust be assembled onto the wheel in a manner that will prevent the removal

0 3.4.5 and 4.3.3.5.

t from reaching braking

ble flanges and retaining

devices from leaving thgd wheeliif-a tire deflates while the wheel is rolling.

3.3.3 Water Seal

Wheels and brakes intended for use on amphibious aircraft and/or with electric brake actuation shall be sealed to prevent
entrance of water and other contaminants into the wheel bearings or other portions of the wheel or brake, unless the
design is such that brake action and service life will not be impaired by the presence of sea water or fresh water.

3.3.4 Burst Prevention

For tubeless tire applications, means shall be provided to prevent wheel failure and tire burst that might result from over

pressurization or from elevated brake temperatures if applicable. The means shall take into account the pressure and the
temperature gradients over the full operating range.
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3.3.5 Wheel Rim and Inflation Valve

Tire and Rim Association (refer to the Aircraft Year Book, by the Tire and Rim Association Inc.) or the European Tyre and
Rim Technical Organization (reference: Aircraft Tyre and Rim Data Book) approval of the rim dimensions and inflation
valve is encouraged.

3.3.6 Brake Piston Retention

Hydraulically actuated brakes with more than one rotating disk shall incorporate means to ensure that the actuation system
does not allow hydraulic fluid to escape if the limits of piston travel are reached.

3.3.7 Wear Indicator

A reliable and readily visible method must be provided for determining when the heat sink is worn to its permissible limit.

3.3.8 Wheel Bearingg

When the inboard and putboard bearings of a wheel are not fully interchangeable, consideratior] shall be given to avoid
misassembly of wheel bgarings.

3.3.9 Dissimilar Matetials
When dissimilar materigls are used in the construction and the galvanic potential between the materials indicate galvanic

corrosion is likely, effedtive means to prevent the corrosion must be incerporated in the design] In addition, differential
thermal expansion must{not unduly affect the functioning, load capability;and the fatigue life of the [components.

3.3.10 Brake Release @and W ear Adjustment

When provided on hydraulically actuated brakes, the brake“release and wear adjustment mgchanism shall maintain
appropriate running clegrance when subjected to BRPrer,

The electrically actuated brake assembly and its coritrol system shall provide a suitable means to|maintain an appropriate
running clearance throughout the entire heat sink wear and thermal range when no braking is commanded.

3.3.11 Insulation Resistance
The equipment shall haye an adequate.insulation resistance level to ensure the design is robust fo leakage current paths
in accordance with estgblished industry standards. The components shall be insulated from the [external environment to
avoid command currenf and feedback current signals, that in turn give unnecessary messages |n the health monitoring
system or flight deck mqnitors,ef-the system.

3.3.12 Dielectric Strength

The equipment shall have a suitable dielectric withstanding capability for the voltages and voltage surges to which it will be
subjected in accordance with established industry standards.

3.3.13 Bonding, Grounding, and Guarding

The equipment shall employ suitable electrical bonding, grounding and guarding techniques in its design to protect ground
personnel, and the equipment, from fault currents, and from the potentially high voltages that may be present, in
accordance with established industry standards.

3.4 Construction

The suitability and durability of the materials used for components must be established on the basis of similarity or tests. In

addition, the materials must conform to approved specifications that ensure the strength and other properties are those
that were assumed in the design.
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3.4.1 Castings

Castings must be of high quality, clean, sound, and free from blowholes, porosity, or surface defects caused by inclusions,
except that loose sand or entrapped gases may be allowed when serviceability is not impaired. Minor surface

imperfections may be re

3.4.2 Forgings

moved if the strength and serviceability are not impaired.

Forgings must be of uniform condition, free from blisters, fins, folds, seams, laps, cracks, segregation, and other defects.
Minor surface imperfections may be removed if the strength and serviceability are not impaired as a result.

3.4.3 Bolts and Studs

When bolts or studs are used for fastening together sections of a wheel or brake, the length of the threads must be

sufficient to fully engag
carry the required load.
3.4.4 Environmental R
All the components use
strength in service due
3.4.5 Magnesium Par|
Magnesium and alloys
commuter category app
and have suitable corrog

3.4.6 Rivets and Bolt

e—theTTot;, - inctuding—itstockingfeature,and-there mustbe—sufficientomtt

rotection

d (including electrical wiring insulation) must be suitably protected agains
D any environmental cause, such as weathering, corrosion, and abrasion.

[s

having magnesium as a major constituent shall not be used on brake

readed bearing area to

[ deterioration or loss of

s or braked wheels for

ications. Any such magnesium parts shall.pnot’contribute significantly to the propagation of a fire

ion protection including any fuse plug holes;.valve stem holes, and other p|

When rivets are used, they must be properly headed-gver, and rivets or bolts coming in contact

must be smooth to avoig

3.4.7 Steel and Alumi

damage to the tube or casing.during normal operation.

hum Parts

The corrosion protection system(s) shall/be-compatible with the expected environment. All alumi

anodized or have equiv3
3.4.8 Bearing and Brg

The bearings and brakir
brakes.

lent corrosion pratection. This corrosion protection shall include all holes a
king Surfaces

g surfaeces must be preserved during the application of corrosion protectio

assages as applicable.

with the casing or tube

hum alloy parts must be
nd passages.

h finishes to wheels and

4. MINIMUM PERFORMANCE UNDER STANDARD TEST CONDITIONS

4.1 Introduction

The test conditions and performance criteria provide a laboratory means of demonstrating compliance with this TSO MPS.
The aircraft manufacturer normally defines the relevant test parameter values; however these may also be derived from
published aircraft data for applicants for Supplemental Type Certificate (STC).

4.2 Wheel Tests

To establish the ratings for a wheel, it must be substantiated that standard production wheel samples will meet the
following radial load, combined load, roll load, and overpressure test requirements.
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For all tests the wheel must be fitted with a suitable tire, TTwr, and wheel loads must be applied through the tire. The
ultimate load tests in 4.2.1.3 and 4.2.2.3 provide for an alternative method of loading if it is not possible to conduct these
tests with the tire mounted.

4.2.1 Radial Load Test

If the radial limit load of 4.2.2 is equal to or greater than the radial limit load in this paragraph, the test specified in this
paragraph may be omitted. Test the wheel for yield and ultimate loads as follows:

4211 Test Method

With a suitable tire, TTwr, installed, mount the wheel on its axle, and position it against a flat, non-deflecting surface. The

wheel axle must have the same angular orientation to the non-deflecting surface that it will have to a flat runway when it is
mounted on an aircraft and is under the maximum radial limit load, L. Inflate the tire to the pressure recommended for the

Wheel Rated Static Loa
to conduct this test.

If liquid inflation is used,
inflation were used. Loa
Deflection readings mug
seat.

4.2.1.2 Yield Load

Apply to the wheel and

(=Y HY) W] 'H O =Y | 1 (I 1 £ H
L, o, WIUT Yas Aaltu7ul Tyuid. T1uys 1Tiay DT UsSTU 1T PJialt UT'UVET PITooUriZ

liquid must be bled off to obtain the same tire deflection for eachdoad cas
d the wheel through its axle with the load applied perpendiculardg the flat
t be taken at suitable points to indicate deflection and permanént set of th

tire assembly a load not less than 1.15 times the’/maximum radial limit Ig

paragraphs 23.471 throyigh 23.511, or 27.471 through 27.505, or 29.471 through 29.511, as appro

Determine the most crit

cal wheel orientation with respect to the:non-deflecting surface. Apply the

against the non-deflectipg surface, and with the wheel rotated90° with respect to the most critica

loading with the wheel ]
operation must be used
pressure may be increa

Three successive loadi
permanent set increme
loading or 0.005 inch (G
loose bearing cups, liqu
4.2.1.3 Ultimate Load

Apply to the wheel used
limit load, L, for castingy

80°, 270°, and 0° from the most eritical orientation. The bearing cups, ca
for these loadings. If at a point offoading during the test bottoming of the
bed an amount sufficient only.to,prevent bottoming.

ngs at the 0° position must not cause permanent set increments of inc
t caused by the last feading at the 0° position may not exceed 5% of the g
.127 mm), whichever is greater. There must be no yielding of the wheel
d or gas leakage through the wheel or past the wheel seal.

in thesyield test in 4.2.1.2, and the tire assembly, a load not less than 2 tir
,@and 1.5 times the maximum radial limit load, L, for forgings. Refer to 14

tion protection device(s)

e that would result if gas
non-deflecting surface.
e wheel rim at the bead

ad, L. Refer to 14 CFR
Driate.

load with the tire loaded
orientation. Repeat the
nes, and rollers used in
tire occurs, then the tire

reasing magnitude. The
eflection caused by that
such as would result in

nes the maximum radial
CFR paragraphs 23.471

through 23.511, or 27.41

/1 through 27 505 _or 29 471 through 29 511 _as appropriate If the same

heel test article is used

for both the radial and combined load tests, all of the yield loads of 4.2.1.2 and 4.2.2.2 shall be completed before the
ultimate loads tests of 4.2.1.3 or 4.2.2.3.

Apply the load with the tire and wheel against the non-deflecting surface and the wheel positioned at 0° orientation
(see 4.2.1.2). The bearing cones may be replaced with conical bushings, but the cups used in operation must be used for
this loading. If, at a point of loading during the test, it is shown that the tire will not successfully maintain pressure or if
bottoming of the tire occurs, the tire pressure may be increased. If tire will not hold pressure or if load cannot be
successfully applied to the tire with increased pressure, then a loading block that fits between the rim flanges and
simulates the load transfer of the inflated tire may be used. The arc of the wheel supported by the loading block must be
no greater than 60°.

The wheel must support the load without failure for at least 3 seconds. Abrupt loss of load-carrying capability or
fragmentation during the test constitutes failure.
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4.2.2 Combined Radial and Side Load Test
Test the wheel for the yield and ultimate loads as follows:
4221 Test Method

With a suitable tire, TTwr, installed, mount the wheel on its axle and position it against a flat, non-deflecting surface. The
wheel axle must have the same angular orientation to the non-deflecting surface that it will have to a flat runway when it is
mounted on an aircraft and is under the combined radial and side limit loads. Inflate the tire to the pressure recommended
for the maximum static load with gas and/or liquid. Plugs may be used in place of over pressurization protection device(s)
to conduct this test.

If liquid inflation is used, liquid must be bled off to obtain the same tire deflection for each load case that would result if gas
inflation were used.

For the radial load comlfmnent, load the wheel through its axle with load applied perpendiculai’to the flat non-deflecting
surface. For the side load component, load the wheel and tire assembly through its axle parallel {o the flat non-deflecting
surface. The side load |component should arise from the friction of the tire or the loading blodk on the non-deflecting
surface. Apply the two Ipads simultaneously, increasing them either continuously or in ihcfements no greater than 10% of
the total loads to be applied.

If it is impossible to gengrate the side load because of friction limitations, the radial load may be ipcreased, or a portion of
the side load may be applied directly to the tire/wheel. In such circumstanees"it must be demonstrated that the moment
resulting from the side lgad is no less severe than would otherwise have oggcurred.

Alternatively, the vector| resultant of the radial and side loads may_ be applied to the axle. Deflgction readings must be
taken at suitable points {o indicate deflection and permanent set of the wheel rim at the bead seat.

4.2.2.2 Combined Yigld Load

Apply to the wheel and tjre assembly radial and side loads*not less than 1.15 times the respective ground limit loads. Refer
to 14 CFR paragraphs p3.485, 23.497, and 23.499,.6r27.485 and 27.497, or 29.485 and 29.497, as appropriate. If at a
point of loading during the test bottoming of the tife joccurs, then the tire pressure may be increaged an amount sufficient
only to prevent bottoming.

Determine the most critical wheel orientation.with respect to the non-deflected surface.

Apply the load with the tire loaded against the non-deflecting surface, and with the wheel rotated 90° with respect to the
most critical orientation| Repeat thé. loading with the wheel 180°, 270°, and 0° from the most|critical orientation. The
bearing cups, cones, anf rollers.used in operation must be used in this test.

A tube may be used in g tubeless tire only when it has been demonstrated that pressure will be logt due to the inability of a
tire bead to remain propetly‘positioned under the load. The wheel must he tested for the most critidgal inboard and outboard
side loads.

Three successive loadings at the 0° position must not cause permanent set increments of increasing magnitude. The
permanent set increment caused by the last loadings at the 0° position must not exceed 5% of the deflection caused by
the loading, or 0.005 inch (0.127 mm), whichever is greater. There must be no yielding of the wheel such as would result in
loose bearing cups, gas or liquid leakage through the wheel or past the wheel seal.

4.2.2.3 Combined Ultimate Load
Apply to the wheel, used in the yield test of 4.2.2.2, radial and side loads not less than 2 times for castings and 1.5 times

for forgings, the respective ground limit loads. Refer to 14 CFR paragraphs 23.485, 23.497, and 23.499, or 27.485 and
27.497, or 29.485 and 29.497, as appropriate.
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Apply these loads with a tire and wheel against the non-deflecting surface and the wheel oriented at the 0° position
(see 4.2.2.2). The bearing cones may be replaced with conical bushings, but the cups used in operation must be used for
this loading.

If at any point of loading during the test it is shown that the tire will not successfully maintain pressure, or if bottoming of
the tire on the non-deflecting surface occurs, the tire pressure may be increased. If bottoming of the tire continues to occur
with this increased pressure, then a loading block that fits between the rim flanges and simulates the load transfer of the
inflated tire may be used. The arc of wheel supported by the loading block must be no greater than 60°.

The wheel must support the loads without failure for at least 3 seconds. Abrupt loss of load-carrying capability or

fragmentation during the test constitutes failure.

4.2.3

Wheel Roll Test

4.2.3.1 Test Method

With a suitable tire, TT
flywheel. The wheel ax|
runway when it is mount
shall be not less than 1
pressure factors. The w
aircraft and 500 miles fg

At the end of the test,
seal(s), and the bearing

4.2.4 Overpressure T
The wheel assembly,

application of 3.5 time
3 seconds. Abrupt loss
be used in place of over

4.2.5 Diffusion Test

A tubeless tire and whg
greater than 5%. This te|

4.3 Wheel and Brake

.10 times wheel rated inflation pressure (WRP) to account for tempera
heel must be tested under the maximum static load (S) fora distance o
r Parts 27 and 29 rotorcraft.

he wheel must not be cracked, there must be no.leakage through the
cups must not be loose.

pst
vith a suitable tire, TTwr, installed,\must be tested to demonstrate th
5 the wheel rated inflation pressure, WRP. The wheel must retain th

pf pressure containment capability or fragmentation during the test const
pressurization protection device(s) to conduct this test.

bel assembly must'hold its rated inflation pressure, WRP, for 24 hours
St must be performed after the tire growth has stabilized.

Assembly-Tests

T, installed, mount the wheel on its axle and position it against a flat'non-deflecting surface or a
e must have the same angular orientation to the non-deflecting¢surface that it will have to a flat
ed on an aircraft and is under the Wheel Rated Static Load, S. Dufing the foll test the tire pressure

re rise and loaded tire
f 1000 miles for Part 23

wheel or past the wheel

at it can withstand the
e pressure for at least
tutes failure. Plugs may

vith a pressure drop no

d-brake assembly with a suitable tire. TTer installed —must be tested

bn a testing machine in

accordance with the following, as well as 4.3.2, 4.3.4, 4.3.5, and, if applicable, 4.3.3.

are normally defined by the aircraft manufacturer.

For tests detailed in 4.3.2 and 4.3.3 the test energies KEoL and KErt, and brake application speeds VoL and Vrr,

For tests detailed in 4.3.2 and 4.3.3, the initial brake application speed must be as close as practicable to the

speed established in accordance with 4.3.1.2. If a lighter inertia is selected, the distance averaged deceleration
shall be increased proportionately to achieve the distance averaged torque at the desired inertia. Marginal speed
increases are also allowed to compensate for brake pressure release permitted in 4.3.3.4. The energy to be
absorbed during any stop must not be less than that established in accordance with 4.3.1.2. Additionally, forced
air or other artificial cooling means are not permitted during these stops.

4.3.1 General
4.3.1.1 The wheel ar
4.3.1.2

43.1.3

43.1.4

brake on the aircraft.

Hydraulically actuated brakes must be tested using the fluid (or other actuating means) specified for use with the
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For brake stopping performance tests, electrically actuated brake assemblies must be tested using a control

system and electrical power source providing representative characteristics of the actuating means to the EMAs,
including limitations, specified for the aircraft braking system. lswax, Vemax and Psmax shall not exceed the
capabilities of the aircraft brake control system, Ismax, Vsmax and Pswax, for which the equipment is intended.
They must also be tested with any equipment which could affect any of the parameters recorded in Section 5.
For example, if multiple brakes are actuated by a single electrical power source, then these brakes need to be
connected to the power source during the brake tests.

For brake structural tests, the electrically actuated brake assemblies may be tested with an alternate control

system to that required for the brake stopping performance tests. The control system must be capable of
structurally loading the EMA load path and brake structure to the static values required by the test conditions.

4.3.1.5

4.3.1.6

4.3.2 Design Landing

43.2.1 The wheel a
each at the

than 10 ft/s? (

(1.83 m/s?).

The maximum brake ad
shall not be more than t

Stop Test

C—o1a VY

ean distance aver
.05 m/s?).

aged deceleration, D, normally defined by

tuation force used for the 100 stop condition for aitplane and the 20 sto
e brake rated metered operating pressure, (BRORmax).

Kign landing stop test, the disc support structure must not be changed if it
e material is integral to the structure of the disc. One change of indivi

bonded wearable material is permitted for Part 23 airplanes. The remainder of the whe

4.3.2.2 During the de|
if the wearab
must withstal
permissible tg
4.3.3 Accelerate-Stop

4.3.3.1 The wheel a

averaged dec
This test establishes the
a. The Brake Rated M

b. The maximum brak
drag capability base

hd the prescribed KEpL stops without’ failure or impairment of opera
replace worn or deteriorated tires.

Test for Commuter Category@Aircraft and Jets Over 6000 Pounds

nd brake assembly under test must complete the accelerate-stop test
bleration, D, normallysdefined by the aircraft manufacturer, but not less tha

maximum accelerate-stop energy rating, KErr, of the wheel and brake as
hximum Operating Pressure, BROPwmax; or

e for€e consistent with the aircraft's braking actuation force limitations (i
[ en¢Substantiated data).

stops at the KEoL energy,

anufacturer, but not less

he KEpL energy, each at
ut not less than 6 ft/s?

b condition for rotorcraft

is intended for reuse, or
jual blocks or integrally
el/brake assembly parts
tion. Tire changes are

at the mean distance
n 6 ft/s? (1.83 m/s?).

sembly using:

or example, tire/runway

This test establishes the maximum accelerate-stop energy rating, KErt, of the wheel and brake assembly using the
maximum brake current, voltage and power inputs consistent with the airplane's braking force limitations (tire/runway drag
capability based on substantiated data).

4.3.3.2

recommended for fully worn brake.

For the accelerate-stop test, the tire, wheel, and brake assembly must be tested at KErt for a new brake, and

NOTE: This test for a fully worn brake condition is not required by regulations for Part 23, 27, and 29 aircraft, but, it is
strongly supported by industry as a safety enhancement, as required for Part 25 airplanes in TSO-C135a.

a. A new brake is defined as a brake on which less than 5% of the usable wear range of the heat sink has been

consumed.

b. A worn brake is defined as a brake on which the usable wear range of the heat sink has already been fully consumed

to BRWL.
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The proportioning of wear through the brake for the various friction pairs for this test must be based on service wear
experience or wear test data of an equivalent or similar brake. Either operationally worn or mechanically worn brake
components may be used. If mechanically worn components are used, it must be shown that they can be expected to
provide similar results to operationally worn components. The test brake must be subjected to a sufficient number and type
of stops to ensure that the brake’s performance is representative of in-service use; at least one of these stops, with the
brake near the fully worn condition, must be a design landing stop.

4.3.3.3 At the time of brake application, the temperatures of the tire, wheel, and brake, particularly the heat sink, must,
as closely as practicable, be representative of a typical in-service condition. Preheating by taxi stops is an
acceptable means.

These temperatures must be based on a rational analysis of a braking cycle, taking into account a typical brake
temperature at which an aircraft may be dispatched from the ramp, plus a conservative estimate of heat sink temperature
change during subsequent taxiing and takeoff acceleration, as appropriate.

Alternatively, in the absdnce of a rational analysis, the starting heat sink and EMA temperatures/if{applicable, must be that
resulting from the appligation of 10% KErr to the tire, wheel and brake assembly, initially atmot Igss than normal ambient
temperature (59 °F/15 °C).

4.3.3.4 A full stop derponstration is not required for the accelerate-stop test. The test‘brake pressure may be released at
a test speed of up to 23 mph (10 m/s). In this case, the initial brakes-on.speed must bg adjusted such that the
energy absorlped by the tire, wheel and brake assembly during the test is not less than the energy absorbed if
the test had cpmmenced at the specified speed and continued to zero’‘ground speed.

4.3.3.5 Within 20 sedqonds of completion of the stop, or of the braké pressure release in accgrdance with 4.3.3.4, the
brake pressufe must be adjusted to the Brake Rated Maximum Parking Pressure, BRPPwax, or Parking Brake

Command (P

No sustained fire that €
after application of park
means nor coolants may

The time of initiation o
sequence of events des

be applied.

BC) as applicable and maintained for at least:3 minutes.
xtends above the level of the highest\point of the tire is allowed before

ng pressure or brake clamping foree as applicable; until this time has elal

tire pressure release (far example, by wheel fuse plug), if applicable,
cribed in 4.3.3.4 and 4.3.3.5'is illustrated in Figure 1.

b minutes have elapsed
psed, neither firefighting

is to be recorded. The

Speed Optional brake
--------- TTTTTTTTTTANY release <23 mph
(10 m/s) with
_________________ higher brakes on
Accelerate-gtop initiated at speed Brake Rated Maximum Parking Pressure (BRPPyay) of Park
heat sink teperature per Brake Command (PBC) as appflicable, applided within 20
4p.33 seconds after conclusion of accplerate-stop and maintained
for at least 3 minutes (4.3.3.5)
Taxi stops as required to
produce desired initial heat No fire fighting means or artificial
sink temperature ON coolants and limited tire fire before this
20 Second [ time (4.3.3.5)
Maximum
23 mph M 3 VN MINIMTIUM —
(10 my/s) \
Time
M 5 i MNIMUT  ——
e No Forced Air Cooling Permitted —

Figure 1 - Accelerate-stop and park test sequence for commuter category aircraft and jets over 6000 pounds
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4.3.4  Structural Torque Test

The Wheel/Brake Rated Structural Torque, STR, is equal to the torque demonstrated in the test defined in 4.3.4.1.

IMPORTANT NOTE: The factors given in 4.3.4.2 and 4.3.4.3 WILL NOT be sufficient in every case to satisfy the
installation requirements of the Braked Roll Conditions specified in 14 CFR 23.493(c), 27.493(c),
and 29.493(c).

Apply to the wheel, brake and tire assembly, the radial load S and the drag load corresponding to the torque

specified in 4.3.4.2 or 4.3.4.3, as applicable, for at least 3 seconds. Rotation of the wheel must be resisted by a
reaction force transmitted through the brake, or brakes, by the application of at least Brake Rated Maximum
Operating Pressure, BROPwmax, or Lewax, as applicable or their equivalent. If such pressure or its equivalent
clamping force is insufficient to prevent rotation, the friction surface may be clamped, bolted, or otherwise

restrained while applylng the pressure The most critical brake wear condltron

43.4.1
configuration,
wear through
equivalent or
components
structural torg
after initial ap
4.3.4.2 For landing g¢
4.3.4.3 For landing g¢
4.3.4.4 The wheel an
carrying capal
4.3.5 Wheel to Brake

There must be no interflerence in any critical areas between the wheel and brake assembly (with

conditions, taking into g
tests. Testing shall be c

4.3.5.1 Radial Limit L
With a suitable tire, TT]|
deflecting surface. The

a flat runway when it is 1

Inflate the tire to the pre

inc
he brake for the various frrctron parrs for this test must be based on servig
similar brake or test machine wear test data. Either operationally worn 'or 1
ay be used. An actuating fluid other than that specified for use on.the airg
ue test. The EMA may be cooled and/or restrained at the source-of electrg
blication of Lemax in lieu of maintaining application of electrical ctrrent throu
ar with one wheel per landing gear strut, the torque is -2 (SxR).

ar with more than one wheel per landing gear strut;.the torque is 1.44 (SxH

H brake assembly must support the loads withut failure for at least 3 seco
pility or fragmentation during the test constitutes failure.

Clearance Test
ccount the axle angular orientation. Lack of interference can be establig
bnducted per the following(methods:

bad Wheel and Brake:Clearance Test

T, installed, mount the wheel and brake on a suitable axle, and positig
wvheel axle must have the same angular orientation to the non-deflecting s

hounted oman aircraft and is under the maximum radial limit load, L.

ssurerecommended for the Wheel Rated Static Load, S, with gas and/or

luding fully worn brake

oagls. The proportioning of

e wear experience of an
nechanically worn brake
raft may be used for the
motive force generation
ghout the test.

R).

nds. Abrupt loss of load-

fittings) up to limit load
hed by analyses and/or

n it against a flat, non-
Lirface that it will have to

iquid. If liquid inflation is

used, liquid must be blg
must not exceed the p

d off/to obtain the same tire deflection that would result if gas inflation we

e used. Liquid pressure
flected to its maximum

extent. Load the wheel through its axle with the load applied perpendicular to the flat, non-deflecting surface. Refer to
14 CFR paragraphs 23.471 through 23.511, or 27.471 through 27.505, or 29.471 through 29.511, as appropriate. If the
radial limit load of 4.3.5.2 is equal or greater than the radial limit load specified in this paragraph, the test specified in this
paragraph may be omitted.

Determine the most critical wheel orientation with respect to the non-deflecting surface. Apply the load with the tire loaded
against the non-deflecting surface. If multiple critical orientations are determined, repeat the testing for each critical
orientation. The bearing cups, cones, and rollers used in operation must be used for this loading. If at a point of loading
during the test bottoming of the tire occurs, then the tire pressure may be increased an amount sufficient only to prevent
bottoming.
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