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(Continued):
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MIL-C-83231
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Definitions:

DESIGN DR
referred to i

available frgm the procuring activity.

NORMAL OPERATING.PRESSURE: Normal operating pressure will be interpre
that pressurg or force-required to produce an aircraft deceleration in accordance
procurement document, as determined by an average of pressure measurement

landing design.gross weight tests specified in 4.2.7.

AWINGS: The terms_"specification control drawing" or "applicable design drawing"
this document withbe interpreted as meaning the design drawing prepared by and

fed as meaning
with the
5 in landplane

NORMAL PARKING PRESSURE: Normal parking pressure will be interpreted as meaning that
pressure or force required to lock the wheel at a load equal to the rated static load specified for the
wheel at a torque in accordance with that derived in 3.5.6.

MAXIMUM OPERATING PRESSURE: Maximum operating pressure(s) will be interpreted as
meaning the maximum pressure(s) which the aircraft system can supply to the brake under design

conditions.
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2.3.5 WEIGHTS AND SPEEDS: As a minimum, the weight conditions specified in Table 3 and related
speeds are defined in the MIL-A-8860 series, MIL-S-8698, or MIL-A-87221 as applicable. For
speeds use the following:

TABLE 1
Condition Brakes On Speed Aircraft Weight

__ Normal landing 0.9V, LPLGW
Maximum landing 0.9V, MLGW
Rejected takeoff 1.0 MWLO MTOGW
Worn brake RTO 0.9 MWLO MTOGW

Rapid turnaround (if required)
Landing 0.9V, LPLGW
Taxi In (1) LPLGW
Taxi Out (1) MTOGW
RTO 0.9 MWLO MTOGW

where:
V, = Standard day approach speed for telated weight
LPLEW = Landplane landing gross weight
MLGW = Maximum landing gross weight
MWLO = Rational main wheel lift off\speed at sea level standard day

MTQGW = Maximum takeoff gross weight
(1) = Brake energy is a funetion of amount of braking required to oppose the idle
thrust and the number of anticipated stops during the taxi phgse

In the event|more severe design-conditions exist, the more severe conditions shall be used.
2.3.6 LOADS: For the purposetofioad testing, the following definitions will apply:
a. Limit Logad: The maximum load anticipated in all normal conditions of operatipn as determined

by the procuring.activity. It should be not less than the load determined by utilizing MIL-A-8860
series s;recifications, MIL-A-87221, or as defined in the aircraft detail specifigation.

b. Yield Load: 1.15 times the limit load.
c. Design Ultimate Load: 1.5 times the limit load.

d. Design landing loads will be as determined by the procuring activity in accordance with the load
conditions of MIL-A-8862 and MIL-A-8863.
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3. REQUIREMENTS:
3.1 Drawings:

3.1.1 Design Proposal Drawings: Design proposal drawings prepared by the wheel and brake
manufacturer should include the following:

a. Reference to the applicable specification.

b. Two-view and cross-sectional drawing including definition of the rim flange, brake and wheel
mounting, hydraulic installation data, and envelope definition.

c. Material{ principal manufacturing process, and finish definition forall major components.

d. Wheel sfatic and dynamic loading conditions, brake energy-definitions, separate and combined
maximum weights for the wheel and brake assembilies.

e. Brake design parameters including:

(1) Heat sink mass and definition of heat sink components
(2) New|and worn

(3) Swept area

(4) Meap radius

(5) Pistgn area

f. Brake pgrformance predictions including:

(1) Prespure-volume curve-defining the pressure to begin brake piston movement
(2) Prespure to cause disk-Ccontact
(3) Brakg release preSsure

(4) Maximum system-pressure at full flow to allow for rudder, spoilers, speed|brakes, etc.

g. Other teghnicalkinformation required to communicate the design.

3.1.2 Interface Drawing: Component or assembly interface drawings suitable for altermpate source
procurement shall be the subject of separate contract by specific request.

3.2 Materials:

Unless otherwise specified in the procurement specification, the following materials are commonly
used for the major components:

a. Aluminum components: Forged aluminum 2014-T6 or 2014-T61 are suitable alloys for wheel
halves and brake housings



https://saenorm.com/api/?name=5f47e84eb4241de72cb71dcbe1d49bc9

SAE ARP1493 Revision A

3.3 Protective Treatment:

Unless otherwise specified in the procurement specification, aluminum alloy should be anodized in
accordance with MIL-A-8625, Type Il or Ill, all over after cold working.

In addition, all exterior surfaces should be painted with one coat of MIL-P-23377 primer and two
coats of MIL-C-83231 urethane top coating.

3.4 Detail Design

3.4.1

3.4.1.1

3.4.1.2

3413

34.1.4

3.4.1.5

34.1.6

3417

Wheel Design Requirements:

Requirements:

Tie Bolts: |Wheel tie bolts, where used, should be of the through-type with nuts
be permitted. If chamfered washers are used, they should be chiamfered on bg
Appropriale MS head form bolts should be used. Appropriate.thread lubricant 2
should be [specified with appropriate substantiation.

Demountgble Flange: Demountable flange wheel configuration should be desi
which will prevent the flange and its retaining deviee from leaving the wheel in
occurs whjle the wheel is rolling. Design considéeration should be given to prot
corrosion and fretting.

no inserts shall
th sides.
nd torque values

pned in a manner
case a flat tire
pction against

Wheel Fatigue: It is recommended that a-system for tracking accumulated theI usage in

service be| established. Accordingly;.wheels will incorporate time change coun
alternativg concept consistent with the aircraft maintenance philosophy.

ers or an

Lubricant and Lubricant Retainers: Suitable retainers should be provided to prevent lubricant

from reaching the braking(surface and to prevent foreign material from entering
The retainers should be removable to allow for cleaning and lubrication of the &
possible, the wheel bearings should be sealed on a stationary surface. Wheel
should no{ be designed to rub on the stationary or permanent portion of the br3g
strut. Rubbing‘sutface should be on an individual part that is inexpensive to re
wear will not.cause condemnation of the brake or strut. Applicable requirement
and MIL- = i i ift

Lubrication Fittings: Wheels should not be fitted with pressure type lubrication
amphibian and beaching gear applications.

the bearings.
earings. Where
bearing seals
ke housing or
blace so that any
5 of MIL-STD-838

fittings excepting

Wheel Valve and Boss: Tubeless tire valves should conform to MS27436. The boss which

accommodates the valve should be in accordance with MS33649.

Overinflation Protection Devices: Overinflation protection devices should be pr
deleted by the procurement specification. Valve boss should be in accordance

ovided unless
with MS33649.
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3.4.1.8 Tire Pressure Gages: If used, tire pressure gage should conform to MIL-G-83016. The gage
boss should be in accordance with MS33649.

3.4.1.9

3.4.1.10

3.4.1.11

Valve Cores: Valve core assemblies should be selected from Tire & Rim Association standards
currently in use with the military services.

Wheel Mating Seals and Grooves: Seals and grooves should be in accordance with AS666.
Standard MIL-P-25732 seal compounds should be used unless the temperature environment

exceeds tie compound capability.

Static Balg
nonsymmig
nearest w
alternate
beyond th
manufactu
exceeded

STATIC UNBALANCE

(OUNCE-IN

CHES)

175

15

125

10

75

25

nce: Wheel halves should be statically balanced with asymmetrical
btrical components installed or simulated within the limits specified in
nole ounce-inch. Assembly of the two wheel halves of a split-type wheel assembly in
osition or assembly of halves of different wheels should'not result in
b specified limits. Static balance operations for wheéls may be omittg
rer shows by an adequate sampling plan that the unbalance requirement is never

ol
Figure 1 to the

unbalance
pd, provided the

5 10 15

30 35 40 45 50
BEAD SEAT DIAMETER (INCHES)

FIGURE 1 - Allowable Static Unbalance

3.4.1.12 Braked Wheel Thermal Sensitive Pressure Release Devices (Fuse Plugs): A minimum of three
fuse plugs should be provided and located in the wheel tubewell area approximately equally
spaced about the wheel. They should be designed so that tire pressure will be released prior to
tire or wheel failure resulting from temperature induced structural degradation. The wheel bead
ledge temperature should not be permitted to exceed 400 °F (204 °C) without fuse plug
actuation. The fuse plugs should not actuate during tests at maximum landing weight (3 stop,
Table 3) (Reference AS707).
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3.4.1.13 Wheel Burst Factor: The following wheel burst load factors apply to wheel tests:

3.4.1.14 Wheel Sa]ety: Nitrogen inflation is required for safety reasons.

3.4.2 Brake Desig

3.4.21

34.2.2

34.23

3424

3.4.2.5

3.4.26

TABLE 2

Type Aircraft Factor Times Rated Inflation Pressure

Land based aircraft
Carrier based aircraft
Helicopter

w e w
ounwm

Seals and
feasible. |
compound
seals may

Wear Indiq
walkaroun

Automatic

wear whele needed. Brake assemblies should be designed for the most practi

the brake

Cylinder L
replaceab
should be

excepted {from this requirement.

Inlet and B
MIL-H-544
boss, inlet]

n Requirements:

Glands: Piston cylinder design should be in accordance with MIL-G
MS28775 seals should be used unless the temperature environment
capability, in which case, appropriate seals should)be selected. Oth
be used with prior approval.

ators: The brake assembly should have Wear indicators visible whe
d inspection with readily identifiable "go-no go" limits without requirin

Adjusters: Automatic adjusters should be provided to compensate f
adjusters.
ners: Brake cylinder liners should be furnished and should be desig

e. If aluminum pistens or cylinder liners are used, the surface wiped
anodized in accerdance with MIL-A-8625, Type Ill. Helicopters are f

leeder Fittings: Brake inlet fittings, threads, and bosses should be in
0. Brake bleeder valves should conform dimensionally to MS27611
fitting; or attaching bolt machined in accordance with MS33649. At

5514 where
exceeds the
er configuration

h performing a
g measurement.

Dr brake lining
cal protection of

hed to be
by dynamic seals
Fequently

accordance with
and installed in a
nreaded steel

insert sho

hId_be provided for inlet bosses in nonferrous brake housings. All fiti

ngs should be

safetied or suitably locked. Self-sealing couplings, if required by the procurement specification,
should conform to MIL-C-25427. As an option, self-sealing, quick-disconnect assemblies may be
provided to enable brake assemblies to be bled in the shop rather than on the aircraft, if

appropriat

e to the aircraft maintenance philosophy.

Brake Operating Pressure and Release: The brake should be compatible with the full range of
operating pressures provided by the aircraft. The brake return mechanism should fully release to
the design travel at a pressure not less than 110% of the maximum steady state back pressure

as felt by t

he brake.
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3.4.2.7 Operating Media: The brakes should be compatible with the operating media as defined in the
procurement specification for the applicable aircraft.

3.4.2.8 Piston Stops: Piston stops should be provided which limit piston travel to prevent venting of
hydraulic fluid upon heat sink failure or operation beyond the normal removal condition. The
piston stops should allow sufficient piston travel to permit a maximum design gross weight
rejected takeoff at the 100% worn brake condition with the maximum operating hydraulic
pressure applied. The stops shall be designed for 1.5 times maximum operating pressure
without the¢ brake discs installed.

3.4.3 Detail Design Requirements - General: The configuration should be compatible with the total
aircraft performance, maintenance, and operational environment. Whee€l-brake gssembly design
should be slich as to tolerate external loads and braking action whichdmay be as
proper perfgrmance during brake application while aircraft is steered through a tyrn. Wheel and
brake assemblies should be capable of use on any mounting position on the aircraft. Brake heat

| should not be required for wheel removal. Stafidard fasteners should be used where

sink remov.
practical on

3.4.3.1 Wheels arn
improperly

3.4.3.2 Sufficient
historically
bushings.

3.4.3.3 Special Tqg
removal, g
the procur

3.4.3.4 Maintaina

3.4.3.5 Identificati

wheel and brake assemblies.

installed on the aircraft where practical.

troublesome; i.e., bearing bores, wheel tie bolt bosses, and brake a

ols: Special or unusual tools and equipment should not be required
r normal maintenanee and inspection of the wheels and brakes unle
ng activity.

bility: MIL=STD-470 should be used as a design guide.

pn of Product: All markings should be legible and easily read.

sociated with

d brakes should be designed so that they-cannot be improperly assembled or

ework material should be provided'to allow rework and repair of base material in areas

ltachment

for installation,
5s authorized by

3.4.3.5.1 Wheel
required

a. Size

| - ALl l lo Lal 4l £o1l - HY o i Lot Llotd
dinly. VVIICTIO SlIUUIU LalTy UIC TUNUWITY TToTTativurt. imrneyrar iIctt

; nameplates should be used only when specifically approved.

ing should be

b. Serial number on both wheel halves, on demountable flange and wheel body, or, in the

case

of other designs, on similar major wheel parts

c. Manufacturer's name and/or code and part number

d. Date of manufacture (month and year, which may be combined with the serial number)
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3.4.3.5.1 (Continued):

e. All tie-bolt type wheels should carry a warning note to require deflation of the tire before
loosening of the tie bolts

f. Tie-bolt type wheels should carry a suitable note to clearly describe the lubrication method
and torque values used in tightening the tie bolts

3.4.3.5.2 Brake Marking: Brakes should carry the following information. Stamping or integral lettering is
preferred. If nameplates are required, details should be submitted with the dfawings of 3.1.1.

a. Manpfacturer's name and part number
b. Date of manufacture (month and year, which may be combined-with the gerial number)
c. Serigl number
d. Fluid type

3.4.3.5.3 Location of Marking: When practicable, the partnumber should be so located as to be
readablg after assembly of the part in the complete unit.

3.4.3.5.4 Part and Subassembly Marking: Each part and subassembly, except the follpwing, should be
marked Wwith the appropriate part or subassembly part numbers:

a. Thoge which are permanently assembled by welding, brazing, soldering, ¢r riveting. These
shodld carry the subassembly part number.

b. Thode which do nothave suitable or sufficient surface for the part numbet.
c. Thoge upon which marking would impair the function or structural integrity.

3.4.3.5.5 Type of Marking: Marking should be such that they will not be obliterated or gffaced as a result
of servigecusage where practical.

3.4.4 Interface Definition for Wheel and Brake Detail Design: The wheel and brake detail specification
provided by the procuring activity should define the following interface information together with a
statement of the basis for the information, whether analytical, test, or estimated.
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3.4.4.1

Tires: The following tire data should be provided, when available:

a.

b.

Size designation
Tire construction (type)
Ply rating

Speed rating

Load rpting

Dynanpic load - N.W.

Rated [inflation pressure

Load deflection curves (rated deflection)
Weight (nominal and maximum)

Tire dimensions:

(1) Seftion width (maximum and minimum)

(2) Outside diameter (maximum andxminimum)
(3) Shpulder width (maximum)

(4) Shpulder diameter (maximum)

Static loaded radius

Flat tire radius

. Aspeci ratio

Polar moment of inertia

Vertical, Tateral, and fore and ait spring rates through bottomed conditions
Approximate bottoming load
Tread skid depth

Wheel dimensions:

(1) Bead ledge width (minimum)
(2) Wheel rim size

(3) Width between flanges

(4) Bead ledge diameter

(5) Flange height

-10 -
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3.4.4.2 Strut-Axle: The following related strut-axle information should be provided:

a. Dimensions

b. Material

c. Finish

d. Load distribution in the axle attachment
e. Deflectionwithtoad

f. Fore and aft spring rates

g. Damping

h. Tempdrature limitations

P
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3.4.4.3 Hydraulic

o
<
o
x

_h
=
)
X

Spike surge.definition

s @

Parking‘brake pressure (maximum and minimum)

3.4.4.4 Skid Control System: The following information should be provided, when available:
a. Wheel speed transducer
b. Envelope and mounting information

c. Temperature limitations

-11 -
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3444

(Continue

d):

d. Dynamic pressure ramp rates

e. Concentricity of drive mechanism

f.  Wheel

speed transducer drive interface requirements

3.4.4.5 Aircraft General: The following general information should be provided:

a. Wheel
b. Orient
c. Critica
d. Maxim

well temperature profile
htion on aircraft gear up and gear down
| g loads during all phases of the operational environment

um allowable dimensional envelope

3.5 Capability Requirements:

3.5.1

3.5.2

3.5.3

3.54

Performanc

Reliability:

demonstrati

Maintainabil

consistent w

identified.

Braking Cag
assembly sk

aircraft deta
that the des

consideratio

a.
b.
c.
d. Mission
e.

operatio
f.

Batisfactory completion of all applicable tests in Section 4 should con
bn of compliance with MIL-STD-78%&¢

ty: MIL-STD-470 should be used as a design guide. The requireme
ith the system program requirements. Quantitative task allotments s

ould be defined.in the detailed specification and should consider all

| specificationiand anticipated realistic operational requirements. It i
gn servicelife and the design usage be based on the mission requirs
n of thefollowing factors:

p: The wheels and brakes should satisfy the\test requirements specified in Section 4.

stitute

nts must be
hould be

acity: The brake@energy absorption capacity of the installed wheel apd brake

Aspects of the
5 recommended
bments with due

Total nuvlnber of flights

Total number and type of landings

Total service years

mix or number of flights of each mission

nal checks, etc.

Special operations, such as quick turnaround

Any other special requirements, such as functional check flights, ground maintenance

Unless otherwise specified, the brake should be designed to provide the number of dynamometer
stops defined in Tables 3 and 4. Separate heat sinks are used for Table 3 and Table 4 testing.

-12-
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TABLE 4 - Wheel Brake Field Service Life Spectrum
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3.5.4 (Continued):

Testing to Table 3 is intended to cover capacity requirements, principally for sizing and
performance limits, including safety of flight. Table 4 is intended to represent durability
requirements under realistic average operating conditions in actual service.

3.5.4.1

3.54.2

3.5.4.2.1

3543

Landing and Takeoff Brake Capacity Analysis: The design brake energy should be the result of
a rational aircraft and aircraft operational analysis and should be approved by the procuring
activity. For the analysis, the following criteria should apply unless stated otherwise: On the

landplane |l

anding, maximum landing and rejected takeoff conditions, the brakes should be

applied toa torque level associated with the effectively available dry concrete t|re-friction level.
The ground velocity of brake application should be as defined in 5.3.5., The sefvice energy
condition \ill be defined from the average service landing weight, landing rollogit, and braking
techniques anticipated for the aircraft. The landplane landing, maximum landirl]g, and maximum

takeoff we|

ghts should be as defined in MIL-A-8860 or MIL-A-87221.

Operationgal Energy Analysis: An aircraft operational energy analysis should be performed which
considers the total operational environment required of the aircraft. The resultg of the analysis
should be [approved by the procuring activity and reflected in the brake test program.

Turnaroyind Capacity: In the event a mission turnaround requirement is placgd upon the total
aircraft gystem, a special brake dynamic torque test sequence should be conPucted

demonsfrating the required capability. The'test sequence should be subject

the gove

o the approval of
rnment procuring activity.

Additional|Testing: Consideration(should be given to conducting special tests dquring the

development program to evaluate-the following to establish operating limits:

a. Hot brake parking - kinetic energy limit

ral functionat integrity or metal creep after heat exposure and parking

lug actuation and energy limits

b. Structy
c. Fuseq
d. Dynan

: FH R Y A -t ok 4
e CUTTTPAUUNILYy Wil SUPPUTL SUTULLWUTT

e. Dynamic compatibility with antiskid control system
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3.5.5 Wheel Capacity: The load capacity of each landing wheel on an aircraft should be equal to or
greater than the maximum load that the wheel will be subject to at maximum towing or taxiing
design gross weight of the aircraft. Additionally, nose wheels should carry a dynamic rating
equivalent to the actual maximum dynamic load for the condition of load shifting onto the nose gear
during braking. In cases where auxiliary wheels do not normally support static loads (as in wingtip
protection wheels), the wheel capacity will be determined by the procuring activity, based on
appropriate dynamic loading calculations. A complete static and dynamic analysis of the main and
auxiliary wheel loads should be made by the aircraft manufacturer. From this analysis a loading

3.5.6

3.5.7

spectrum sh

Compatibilit

for the purpq

system. Dy
actuated by
including an

performed w
assembly du

produce the
should be d

These comp

a. The ovefall brake system has characteristics that permit the pilot to safely control the airplane's
velocity fluring ground operations.

b. The indiyidual system components function as required to achieve overall system performance.

c. The durability or structufal integrity on any individual brake system component is not impaired
by opergting under simulated braking conditions and that the system comporjents fit together
and fundtion as required, including laboratory test axles which simulate the stjuctural deflection
charactdristics of.the aircraft axle.

Environmenf: The wheel and brake equipment should be compatible with the intended air vehicle

environmentatrequirements:

ould be prepared.

Requirements: Wheel and brake assemblies should be subjected t
pse of proving compatibility of the wheel and brake assembly,with thg
namometer stops should be performed at normal braking €nergy leve

ly skid control provisions. Additionally, a torque requirement analysis|
hich considers wet and dry brake static and dynamic torque requiren
ring the expected operational aircraft environment. The results of th
brake pressure torque requirements definition in the procurement sp
bmonstrated during qualification testing;

atibility tests should be designed toaccumulate evidence that:

D laboratory tests
airplane brake
s with the brakes

a system simulating a pilot's commands through the airplane's braking system,

should be

ents of the brake
e analysis should
ecification and

4. QUALITY ASSURANCE PROVISIONS:

41

Product Verification:

Product verification of design and performance requirements may be made by analysis,
demonstration, similarity, or by tests.
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411

4.2 Test Methods:

4.2.1

4211

42.1.2

specified in
used. If the
same tire de
exceed the
perpendicul
be loaded d
should be t

combined |

Stress Analysis: The manufacturer should prepare a stress analysis covering the wheel and brake
assembly. All static and fatigue loads should be analyzed and margins of safety noted for critical
parts.

Radial Load Test: This test should be performed by applying the radial load to the wheel through a
tire of proper size and fit inflated to an initial pressure equal to the rated inflation pressure (or as

Yield Radipl Load Test: The wheel should support the yield radial load for 10 s
consecutiyely at 90°, 180°, and 270°, followed by three more load applications
with brakelassembly or a suitable simulation installed. The 0° position should b
load contdct point which should normally include the valve hole. The 90° incre
altered whien structural conditions indicate. The successive loadings at the 0° p
cause radjal permanent set increments of increasing magnitude. The permanse
caused by the last loading (at\the 0° position) should not exceed 5% (or .005 in

the procuring document for shipboard operations). Either air or watgf inflation may be
tire is filled with water, the water should be bled off during loading-to|approximate the
flection that would result if air inflation were used, and the inflation pr¢ssure should not
bressure at maximum tire deflection. The load should be applied to the wheel and

hr to the axle centerline by means of an axle passing throdgh the hulj. The tire should
rectly against a flat, nondeflecting surface. Deflectiontand permane
ken at suitable points on the wheel to indicate deflegtions of the whe
seat, hubs, and other critical areas. Wheels intended for tubeless tire mounting s
tested with gaid mountings unless otherwise specified. Ifithe radial load compon
d test exceeds the radial load test requirement, then the radial load
omitted. Thg required radial load tests are specifieddbelow.

t set readings

Bl rim at the bead
thould be so

ent of the

test may be

when applied

at the 0° position
b the most critical
ments may be
bsition should not
nt set increment
(.127 mm)

whichever|is greater) of the ftotal deflection caused by the last loading. There ghould be no

yielding of{the wheel such as would result in loose bearing cups, air leakage, o
any critical clearance-areas. The bearing cups and cones and rollers should be

Ultimate RadialLoad Test: The ultimate load should be applied at the 0° positi
wheel on Which the yield radial loads were applied. The wheel should support

r interference in
used for this test.

bn of the same
the ultimate load

f 10 f loialotlo o Lol lo 1 : Tl o H
or S arter-wnreninere- snothdPe MNoO T Cracksm dily ditdo. TTIC Tdalrirly LUIIToS

may be replaced

with conical bushings, but the cups should be used. If desired, a tubeless tire may be replaced

with tire and tube.
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4.2.2 Design Landing Radial Load Test: The load should be applied in the same manner as described in
4.2.1. The load should be supported for not less than 10 s, and the resulting permanent set should
not produce loose bearing cups, air leakage, interference in critical running areas, or make the
wheel unsuitable for further service. The tire inflation pressure should be the maximum design
operating pressure for the condition being simulated. For Navy aircraft intended for shipboard use,
the wheel should be loaded for this test condition through 1-3/8 in (35 mm) diameter cable or steel
bar that simulates statically the wheel design landing load plus the load imposed rolling over or
landing on a_1-3/8 in (35 mm) diameter cable. If a cable is used, the specimen should be at least
3ft(914 mn||) long with ends secured to prevent looseness. Unless otherwise sgecified by the

423

4.2.31

procuring ad

Combined L
wheel throu
design oper:
water, the w|
would result
deflection.

wheel and

accordance
axle passing through the hub. The tire should beoaded directly against a flat, n

pting pressure. Air or water inflation pressure may be@sed. If the ti

if air inflation were used, and inflation should nof’exceed the pressur

surface so that the combined load is as ascertained above. The loads should be

simultaneously, either continuously or in increments of approximately 10% of the
Readings should be taken at suitable paints-on the wheel to indicate deflections
sets. The r@quired combined load tests are specified below.

Yield Combined Load Test: The wheel should support the components of the y

ield loads should be applied in both inboard and outboard directions
the ground angle and magnitude determined by the airframe manuf
ith applicable specifications. The wheehand tire assembly should b

tivity, the wheel should be loaded perpendicular to the axle centetling.

oad Test: The combined load test should be performed by-@pplying the load to the
jh a tire inflated to an initial pressure equal to the rated.inflation pressure or the carrier

is filled with

ater should be bled off during loading to approximaté the same tire deflection that

at maximum tire
on the same
acturer in
e mounted on an
bndeflecting
applied
specified values.
hnd permanent

flection to that
of load transfer
ve, where

ield combined
pplications at the
pplication should
oad contact point
red when

structural conditions dictate. The successive loadings at the 0° position should not cause
permanent set increments of increasing magnitude. There should be no yielding of the wheel

such as would result in loose bearing cups, air leakage through the wheel or pa

st the wheel seal,

or interference in any critical clearance areas. The bearing cups and cones and rollers should be
used for this test. A conventional tire and tube may be used when testing a tubeless wheel only
when it has been demonstrated that pressure will be lost due to the inability of the tire bead to

remain properly positioned when under load.
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4.2.3.2 Wheel-Brake Interference: For wheel assemblies used in conjunction with brakes, the yield load
test of 4.2.1.1, 4.2.2, and 4.2.3.1 must be run with the brake assembly or a suitable simulation
installed, and it should be determined that no interference exists.

4.2.3.3

424

4.2.5

Ultimate Combined Load Test: The ultimate combined load should be applied at the 0° position
of the same wheel on which the respective yield combined load tests were performed. The

ultimate load should be sustained for a minimum of 10 s after which there should be no cracks in
any area. The wheel should be loaded in the most critical direction. The bearing cones may be

replaced v
replaced v

Burst Test:

the tire. A ti
valve hole tq
3.5 times th
tire, whiche
pressure or
to a burst pr
pressure reg
specified by

Roll Test: T
assembly ag
size and ply
tires should
flat-surface
imposed. F
test pressur
Roll tests sh
should not r
hardware re

a. Thermal

ith conical bushings, but the cups should be used. Tubeless tire mo
ith a tire and tube.

The burst test load should be applied to the wheel by means of hydrg
re and tube may be used when testing a tubeless tire wheel by addin]
the test article. Wheels of land-based aircraft should®e tested to a
p rated tire pressure, at the rated static load of the-wheel or the burst
eris least. Wheels of carrier-based aircraft shotld'be tested to 4.5 ti
fo the burst strength of the tire, whichever is least. Helicopter wheelg
essure producing not less than 3.0 times the-axial load which results
uired for the static wheel load at the taxigross weight. Alternate spec
the procuring activity. Overinflation devices may be removed or isol

he roll test should consist of a series of landings or a continuous roll
ainst a rotating road wheel., Roll tests should be performed with tires
rating and construction (bias or radial) as will be installed for aircraft
be used when testing tubeless wheels. Roll test tire inflation pressu
nflation, as specified\by the procuring activity, applicable to the loadi
pr each loading condition, the roll test tire inflation pressure should be

ould be perfermed in accordance with the following procedures and
bsult in craeks or other evidence of failure. Final inspection should b
moved._from the structural components.

Conditioning: Prior to roll testing, all wheels utilizing shot peening, r

untings may be

static pressure in
g the necessary
burst pressure of
strength of the
mes the rated tire
should be tested
from the tire
ifications may be
hted.

of the wheel
having the same
usage. Tubeless
e should be the
ng condition
constant. All tire

ps, road wheel sizes, and mileage should be reported in the qualification test report.

conditions and
5 made with all

DIl burnishing, or

other co

al | lo Lol la lo | - o ol it 4l 1 ol
U=VWUTRITTY PIULESOTS STTUUIU TIaVT UTTIT SUUJTULITU LU TITTTTTIAal CUTTUTLU

ing equivalent to

the cumulative temperature-time history resulting from brake heat dissipation experienced
during the dynamic torque tests of 4.2.7 except for the rejected takeoff condition. Thermal
conditioning may be accomplished by performing dynamic torque testing, by simulation of the
thermal distribution in the wheel utilizing a simulated brake heat sink to produce the same
temperatures encountered during the dynamic torque testing, or by a suitable oven heat soak.

Stress Measurement: The stresses in the bead seat or other areas affected by the tire should

be measured for each loading condition and for each test inflation pressure which is utilized.

The stress measurements shall be reported in the qualification test report. Any change in the
tire supplier, construction, or ply rating should require retest of wheel or generation of a suitable
comparative stress analysis.
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4.2.5 (Continued):

c. Minimum Roll Distance: The applied loading conditions and roll distances wil

| be supplied by

the procuring activity. The minimum requirement should be 3000 miles (4800 km) at loads

encountered on the aircraft at maximum taxi gross weight.

(1) A suitable portion of the roll test should be conducted at the static rated capacity. A
minimum combined load roll of 75 miles (121 km) in each direction should be conducted

with combined radial and side loads corresponding to those produced by
maximumm design gross weignt.

a .20 gturn at

(2) Heligopter wheels are not subject to the loading conditions in (1) above upless specified in
the getail specification. Instead, helicopter wheels should be rolled 250 npiles (400 km)
minimum with an applied radial load not less than the static wheél reaction based on

helicppter maximum taxi gross weight.

(3) Whegls for carrier-based aircraft should be subjected-to/a roll test which s
takeoff loads. The conditions for this test should be proposed by the airc
and approved by the Naval Air Systems Command.

(4) Fifth|percent of the straight roll portion of the-roll test for carrier-based air

imulates catapult
aft manufacturer

craft wheels

shodyld be conducted with the tire inflated'to the pressure required for shipboard operation.

(5) As part of the roll test, conduct a 50:mile straight roll test at rated load with 90%

recommended tie-bolt torque.

d. Extendefd Roll Test: Upon completion of the minimum roll requirement, the rg
should be repeated until wheel failure occurs. Tie bolt or bearing failure after
portion gf the test has been’‘completed will not be construed as wheel failure.
portion qf this test may be’concluded prior to failure provided a total roll test g
miles has been obtained on the test wheel. The qualification test report shou
include these data:

e. Alternat¢ Testsy When specified by the procurement document, alternate tes

Il test conditions
the minimum
The roll to failure
istance of 6000
d be amended to

I arrangements

representing' combined loads or spectrum tests may be required.

4.2.6 Tubeless Wheel Pressure Test:

4.2.6.1 Dynamic Pressure Test: The tubeless tire, whose growth has stabilized and wheel assembly
should be rolled under the load specified by the straight roll test (4.2.5) for 25 miles (40 km) with

no pressure drop greater than 5% or 5 psi, whichever is less. Mileage accumu
test may be used in computing the total mileage in the roll test.

lated during this

-20-



https://saenorm.com/api/?name=5f47e84eb4241de72cb71dcbe1d49bc9

SAE ARP1493 Revision A

4.2.7 Dynamic Torque Test: The dynamic torque tests should be in accordance with the conditions

outlined on the applicable specification drawing or in the procurement specification. Unless
otherwise specified, the number of stops should be as specified in Section 3. The wheel and brake
should successfully complete the test sequence defined in Tables 3 and 4. Table 3 testing is
fundamentally for the purpose of establishing braking capacity and performance capability. Table 4
testing is a demonstration of field service life. Success criteria listed on Tables 3 and 4 apply.

a. Break Wear Characterization: Brake wear data from each of the significant test conditions is to

be extra
represer

During thesg

development-qualification testing. Parts may not be changed or remaved except

beginning of
hose or equ
rotating disk
disk drive ke
should be cl
the extent o
or the first 1
performed {(
service. Tul
size and ply
should be in

a. Test to design requirements as furnished by the airframe manufacturer.

b. Aflywhe
to, but n
3.54.1.
Ib, which
aerodyn
inertia d

bolated and a curve plotted relating brake life for the various energy
ted. Tubeless tires shall be used where applicable.

 tests, the brake assembly may be disassembled to enhance learnin]

taxiing per Table 4. The brake may have the lining,dust removed by
valent with the wheel removed. When the wheel assembly is reinste
must be placed in the same position and in relationship with the othe
ys as they were when the wheel was removed: After completion of
paned and inspected for defects. No parts should have cracked duri
compromising the structural integrity during the 20 or 30-3 stop con
D2 stop conditions of Table 4. If cracks or defects are present, an an
p determine the origin and cause ofthe defect and the potential effec
eless tires should be used when testing tubeless wheels. The tire sh
rating and construction type as-the aircraft installed tire. The dynam
accordance with the following procedure:

el weight should be selected which provides an inertia equivalent apj
bt less than,the effective mass of aircraft per brake based on the rat
The inertiadequivalent should not exceed the desired mass by more
ever is'greater. Energy and drag forces caused by auxiliary braking
amic‘drag, reversed thrust, and drag chutes may be accommodated
bwnward from the actual aircraft mass. In any cases where residual

conditions

g during

as noted at the
the use of an air
lled, the brake

I disks and wheel
he test, all parts
hg these tests to
Hition of Table 3,
alysis should be
t of continued
ould be the same
ic torque tests

proximately equal
onal analysis of
than 10% or 100
means such as
by adjusting the
engine thrust

exceeds

4l HH lo, | - £, alal ol sakt H n lo pu | | - + 4
UITOT dUAlliary Ulraniity TUTLCo, dUUTU TTITTUd 15 U VT USTU. T Ul ITolll

1g in accordance

with Table 3, the energy credit is disallowed in certain cases. The inertia adjustments
mentioned above do not apply in such cases.

The flywheel speed at application of the brake should be determined as that peripheral speed

which, under the chosen flywheel weight, will give the required kinetic energy. Brake
application speed shall be the actual speed when using electrical simulation dynamometer.
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4.2.7

(Continued):

d. The following should be accomplished: Bring the flywheel to the proper velocity, land the test
wheel, apply the prescribed load, apply brake pressure, and bring the test unit to a complete
stop. The design specification will identify the required stop time and/or stop distance. The
average stop time or distance for any five consecutive landplane landing weight stops should
be equal to the correct stop time or distance for the test condition. All stops which fail to meet
the minimum required performance must be compensated by a comparable increase in
deceleration within the next five stops. Alternately, added testing, which satisfactorily

demons
accompl

During t
to comp
following

(1) With

(2) With
torqu
prec

(3) Atle
requ
cond

(4) Ifca
aircr.
perfq

0.5¢g

should be able 10 produce a static torque equivalent to parking a maximu

rates the capability of the brake to produce the deceleration required
shed.

ne dynamic torque test, the brake pressures required to develop stati
y with the torque compatibility analysis (3.5.6) should be ‘determined
conditions:

brake at room temperature, approximately 70 °F {21 °C)

brake heated by a landplane landing desigh gross weight energy stq
e test applied as soon as possible after campletion of that stop cons
butions that must be taken

5s than 10%, at 50% approximately; and again after 90% of the num
red by Table 4, or as otherwise'specified by the procuring activity. (1
ucted by applying a tangentiat force at the static radius of the tire.)

bon composite or other water absorbing material is used as brake lin
bft is designated forshipboard operation, the following additional test
rmed:

al (1892 mf).of water should be sprayed into heat sink cavity of the b

, may be

c torque suitable
under the

p and with static
stent with safety

per of stops
[his test may be

ing material and
should be

rake. The brake
M gross weight

airpl
this

hne im,any orientation on a 10° slope without movement. The hydray

lic pressure for

st'should contribute to establishing the emergency braking pressurT for the airplane.

f. During the dynamic torque test, the Tollowing data should be recorded:

(1)
(2)

Weight and description of wheel, brake, and tire used

Flywheel diameter, inertia equivalent, speeds, and kinetic energies
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4.2.7 (Continued):

3)

(4)
®)
(6)
(7)
(8)
(9)

(10)

The test facility should obtain time-temperature relationships of the following components
for the conditions noted and present the data in the formal qualification test report:

(a) Hydraulic fluid

(b) Wheel adjacent to the fuse plug (if incorporated)

(c) [Bead tedge above each brake
(d) | Other critical components
(e) [ Axle

(f) |Brake heat sink

perature recordings should continue until the hottest portion has copled to 300 °F
(149 °C). Temperature limits of the bead ledge.should not be in excess|of 350 °F

(177 °C) for maximum landing condition of Table 3 unless otherwise deflined in the
applicable specification document. A minimum of three design landing ptops, and the
criical one stop test should be conducted without accelerated cooling after conclusion of
the stop. Park the brake with parking pressure, if applicable, and record temperatures of
theg bead seat, disks, and fluid untirtemperature peaks are reached without cooling air
afteér a typical field service landing and an overweight landing of Table 4. Accelerated air
cooling on other stops may be.employed after the above-noted compongnts have attained
thelir peak temperature. Cooling air may be used to simulate taxi conditjons. Three
used.
Acgelerated cooling procedures should be described. When cooling fans are used, the
timee of cooling, ambient temperature, and velocity at the test brake should be noted in the

Wheel load

BraKe»operating pressure (or force) for each stop, based on distance

Average dynamic torque for each stop, based on distance
Stopping time and distance for each stop
Static torque information

Fluid displacement for new brake and brake worn to maximum allowable clearance at
room temperature for each wear condition

Tangential force at circumference of tire required to rotate wheel, with brake pressure
released to back pressure after completion of every fifth stop of Table 4.
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4.2.7 (Continued):

(11) Time required for wheel, brake, and tire assembly, landed against flywheel, to stop
flywheel from an initial landing speed of 30 mph. This observation should be made after
every fifth stop of Table 4 with back pressure applied except that it may be omitted when
no noticeable brake drag is present.

(12) Brake operating clearance prior to test and at least four times during the test of Table 4.

(13) The thickness of the lining of each of lined disks and the thickness of each unlined disk at
the beginning and at the end of the normal energy stops (including~'3” gtop or overload
comditions where applicable)

(14) The number of missions to wear out a brake should be estimated by megasuring the
average wear from Table 4 testing and prorating this wearo the fully wofn condition using
data from the disk and/or lining with the least usable friction material remaining at the time
of fhe measurement. This wear position will be cofsistent with the wear pin indicator
sefting and should be such that the aborted mission stop capability remains in the brake.

(15) Ti

me after stop to fuse plug release and energy level of stop
(16) Abjlity of tubeless tire wheels to retainpressure satisfactorily under braking conditions.

(17) Any other information that will be of assistance to ultimate users of the ywheel and brake
asgembly

g. Real time data traces should be made during the dynamic torque test, recording the following
for each|run for submissionwith the test report:

(1) Flywheel velocity
(2) Testwheel velogity

(3) Brakg torque

(4) Brake pressure at the brake port

4.2.7.1 Safe Brake Service Removal Point: Unless otherwise specified, the brake assembly should
have a useful service life on the aircraft until the wear indicator device has a 100% worn
indication. The 100% worn point should be such that an aborted mission stop per Table 4 can be
performed by the brake assembly as demonstrated by a suitable laboratory test. The laboratory
test specimen should be worn to the 100% worn indicator point by aircraft, laboratory, by
machining or combinations thereof as approved by the procuring activity prior to demonstrating
the worn brake stop of Table 4.
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4.2.9

4.2.10

4.2.11

Lining Fusion Test: A dynamic test should be conducted to show that no lining fusion or welding
will occur over the full operational range of the brake up to and including the three-stop condition.
The test procedure should be subject to approval of the procuring activity. (Not applicable to
brakes having carbon-carbon heat sink materials.)

Turnaround Dynamic Torque Test: Unless otherwise specified, the wheel-brake-tire assembly
turnaround capacity should be sufficient to provide the aircraft with a typical service landing, a 30
knot 2 mile (3.2 km) taxi-in, a 15 min hold, a 2 mile (3.2 km) taxi out, and abort capability to the
maximum landing design energy condition. Thirty knot cooling air may be utilized for the landing
stop, taxi, apd abort portions of the turnaround demonstration. The turnaround capability should
be laboratory demonstrated on a 90 to 100% worn brake assembly.

Compatibility Tests: Suitable compatibility tests should be conducted ceflecting the results of the
analysis and the requirements of 3.5.6 herein and which are reflected in the detajled specification.

Structural Tgrque Test: The brake should be actuated at the.maximum operating| pressure.
Tangential I¢ad should then be applied at the static radius:of the tire until the applied tangential
load equals [1.2 times (1.0 for helicopters) the maximum rated static load of the wheel. The friction
surfaces of the brake may be bolted or clamped together or otherwise restrained|to withstand the
required tangential load of 1.2 times (1.0 for helicopters) the maximum rated stat|c load of the
wheel. The|wheel and brake should withstand.the structural torque test without failure for 3 s. In
the case of & structural carbon brake, the structural torque test will be conducted|on a 100% worn
brake as defined in 4.2.7.1.

This configufration may be achieved by machining the test specimen to the worn dimensions. Data
will be obtaiphed using 1.5 maximum operating pressure to a torque level resulting in slippage or
failure, whichever comes first/~In"the event the tangential load does not achieve [1.2 times the
maximum sfatic rating of thé wheel, the carbon heat sink members may be restrgined and the test
reconducted to achieve 4.2.times the static wheel load tangential load.

4.2.11.1 Co-rotating Wheels:~Co-rotating wheels should also be tested to verify the stryctural integrity of

4.2.12

the co-rotating feature. They should be subjected to a tangential load of 1.2 times maximum
rated load|of.the wheel applied at the static radius of the tire. There should be |no evidence of

failure as arestitofthistest:

Overpressure Test: For structural evaluation the brake should be parked for a period of 5 min with
an applied operating pressure equal to twice the maximum operating pressure. The test should be
conducted with linings and heat sink having thickness comparable to the maximum permissible
wear. There should be no leakage or failure during this test.
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4.2.13 Endurance: The hydraulic brake should be subjected to 100 000 cycles (50 000 for helicopters) of
application and release of pressure equal to normal operating pressure or parking pressure,
whichever is greater, and 5000 cycles (2500 for helicopters) at a pressure equivalent to the
maximum operating pressure. This test should be conducted using a minimum clearance
equivalent to the minimum clearance allowable between adjustments. The first portion of the test
may be divided into four parts so that 25 000 cycles (12 500 for helicopters) may be applied at each
of four positions of brake piston travel conforming to 25%, 50%, 75%, and 100% travel,
respectively. _The rate of cycling should be no greater than 30 cpm. During and at conclusion of

the test, the
evidence of
of the procu

4.2.131

4.2.13.2

4.2.14 Extreme Ter

4.2.141

4.2.14.2

Brake Ret
(4.2.13) to
Tests shol
braking su
brake mot
disengage
drawing.

Impulse C
times the

required p|
setting. T

Aging and
temperatu
particular
operating
normal op
Leakage r|

Fing activity.

Id likewise be conducted to determine the minimum{pressure or for

on release of pressure at all pressures below that specified on the

ycling: The brake housing should:be subjected to 200 000 cycles frg
maximum operating pressure at.a maximum cycling rate consistent w

nere should be no evidence of failure in the housing as a result of thi
nperature Test:

Heat Test: The brake, filled with operating fluid, should be subjectec
re of 225 °F (107 °C) for MS seals or better, or higher temperature ag
bpplicationother than 3-stop maximum landing conditions. With the
fluid being’maintained at this temperature, the brake should be cycle
brating pressure followed immediately by 25 cycles at maximum ope
hte-should be limited as specified in 4.3.3.1.2. Where warranted, de

leakage rate should be limited as specified in 4.3.3.1.2, and there stjould be no
other malfunction. Alternate endurance tests may be used upon,wriften authorization

irn Pressure: Tests should be conducted before and aftépthe endurpnce tests
determine the minimum hydraulic pressure to bring th@braking surfdces into contact.

at which the

rfaces disengage on release of pressure. The tests should be condycted with the
nted on a horizontal axle with the wheel assembled. The braking surfaces should

pplicable design

m 0.35 to 1.35
ith achieving the

Fessure levels. The test should-be performed with the piston travel gt the most critical

5 test.

| for 7 days to a

5 required by the
brake and

d 1000 times at

rating pressure.

iation from the

tion of

aging tem
substantia
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ting data to the activity responsible for approval.

Cold Test: Upon completion of the aging heat test (4.2.14.1), the brake, filled with operating fluid
under atmospheric pressure, should be subjected to a temperature of -65 °F (-54 °C) for a period
of 72 h. There should be no leakage during this period. With the brake and operating fluid being
maintained at this temperature, the brake should be cycled 25 times at normal operating
pressure followed immediately by five cycles at maximum operating pressure. The brake
clearance should be checked between each cycle at maximum operating pressure to insure that
the brake releases completely. The time required for the brake to release completely should be
noted. Leakage rate should not exceed one drop for 3 in of seal. Upon completion of the cold
test, the brake should satisfactorily pass the static and dynamic leakage test as specified in
4.3.3.1.1and 4.3.3.1.2.
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4.2.15 Special Test Requirements: Special design and test requirements as specified by the procuring
activity may supersede the above. The inclusion of any auxiliary feature in the wheel or brake
design, such as a tire pressure control system or a safety overpressurization prevention relief
valve, should require a formal demonstration, and the procedure and results must be approved in

writing by th

e responsible government procuring activity.

4.2.16 Service Test: The right is reserved to require suitable service tests of wheels, brakes, or wheel-
brake assemblies prior to granting of approval. This test will consist of a series of flight tests or taxi
tests with the equipment installed on the aircraft for which it was designed.

4.2.17 Safety of Fli
wheel or brg

a. Wheels:

(1) All sfatic load tests (4.2.1 and 4.2.3)

(2) Burs

(3) 30%
b. Brakes:

1) Satigfactory completion of the testing defined in Table 3, plus 60% of the
( y comp g p

90%
4.3 Quality Confo

431 Tests of Ma
should be s

a. Examingtion of Product: A suitable examination of products should be gener|
qualification program. The parts used for qualification tests are to be represe

producti

b. Material

ght Tests: The following level of successful testing should be complg

 test (4.2.4)

of the required roll test (4.2.5)

of structural torque test, and fall'completion of the static pressure tes

'mance Tests:

bjected to the following tests when required or specified:

bN parts:

ted before the

ke equipment or the wheel-brake assembly is considered safeto relgase for flight test:

endurance test,
bt

rials and Parts: Materials and parts used in the manufacture of wheels and brakes

ated during the
ntative of

b Tast:
5—B85t:

(1) X-ray Control: Aluminum and magnesium alloy castings should have X-ray control in
accordance with AS586.

(2) Penetrant Inspection: Unless otherwise authorized by the procuring activity, penetrant
inspection should be in accordance with MIL-1-6866.

(3) Magnetic Inspection: All magnetizable highly stressed parts of wheels and brake
assemblies should be subjected to magnetic inspection in accordance with MIL-1-6868.

(4) Forging Inspection: Inspection should be in accordance with the applicable material
specification.
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