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1. PURPOSE: To specify minimum reguirements for aircraft wheels and brakes for
civil aircraft applications.

2. SCOPE: This specification covers minimum requiremente for all aircraft wheels
and brakes in a range of sizeg to accommpaéie the standard sizes and types of
tires. ‘

3, GENERAL REQUIREMENTS:

3.1 Materials and Workmanships

3.1.1 Materfals: Materials shall be suitable for the purpose infended. All metals
. used in the construction of wheels and brakes shall bel Gorfosion resistant
unlesp suitably plated or treated to resist corrosiow during stocking and
normall service life, The use of dissimilar metals; especislly brass, copper,
or steel in contact with alumimum, magnesium, ér alloys thereof, shall be
avoidpd where practicable.

3.1.2 Workmanship: The wofkmanship and finish.shall be in accordance with high
grade| aireraft wheel and brake manufacturing practices.

3.2 Identiffcation: Each wheel and each brake assembly shall be|plainly.marked,
in such[a way that the marking will.not be obliterated or- effaced as a result
of service usage, as follows: : '

a. Namp of manufacturer respomsible for compliance.
b. Serfal number and date(of manufacture (may be combined) ¢n both

wheel halves and demotntable flanges.
¢. Assembly number,

L. DETATIL REQUIREMENTSe

.1 Designs

l,1.1 Brake|Operating Medium: A1l brakes shall be designed and tested to operate
with Fhe 'medium (air, oil or other fluid) specified for thg airplane on which
the b.ma -

L.1.2 ZLubricant Retainers: Suitable retainers shall be provided to prevent lub-
ricant from reaching the braking surfaces and to prevent foreign matter from
entering the bearings.

r.1.3 Removable Flanges: All removable flanges shall be assembled onto the wheel
in a manner that will prevent the removable flange and its retaining device
from leaving the wheel if a tire should deflate while the wheel is rolling.

L.1.Lh Adjustment: When necessary to insure safe performance, the brake mechanism
shal]l be equipped with suitable adjustment devices.

(‘mnvriuht 1963 W MDW Of .ﬂutomotlva EBB'HOBF& ‘m Distributed under license from the IHS Archive . Printed In . & B.



https://saenorm.com/api/?name=296acd56e31dca6ceffa76b065bb3a20

r;‘;“ .. P e ' : - . .
AS227D fsaued 8-1-50 . WHEELS AND BRAKES - MINIMUM REGUIREMENTS

Revised li-15-63 FOR CIVIL AIRCRAFT APPLICATIONS
-

A, 1 5 Inflation Pressure Release: When wheel and/or tire explosion hazards are
created as a result of brake heat, each wheel thus affected shall be equip-
ped with an inflation pressure release device, Suitable tests, as agreed
upon by the aircraft and wheel manufacturers, shall be conducted for the
purpose of demonstrating satisfactory performance of the safety device.

h.2 Amphibian Applications:

h 2.1 Water Seal: Provision shall be made to seal the wheels of amphibious air-
crafi to prevent entrancé of water into the wheel bearings or other portions
of the wheel or brake uhere the presence of water might be detrimental. Un-

sealed. hr ¢ assen BT i if - materials there:m

the procedures stated in AS 586A The same procedures shall agply to brake

castings which function a§ primary landing-load carrying elemerts of the
landing gdar. When valid inspection procedures including samplings plans

have prioy approval of a U.S5. Government Agency [Alr Force, Nawy, etc.),
these prodedures may be used in lien of - the procedures outlined above when
authorigzed Dy FAA, ‘

k.3.2 Forgingss Forgings shall be of uniform condition, free from blisters, fins,
folds, seqms, laps, cracks, segregation, and other defects. Tf strength and
serviceahulity are not impaired, 1mperfect10ns may be removed,

L4.3.3 Rim Surfades:

11.3.3.1 Wheel Rims for Tires and Tubes: The surface of the rim shall be free from
defects |which are injurious to the tire or tube. Depressiong in the rim or
bead seqts which)might injure the tube or casing shall be filled with a

b.3.3.2

the tire beads.

“h.3.h Rim Joints: Joints in the rim surface and joints between rim surfacea and
demountable flanges shall be smooth, close-fitting, and non-injurious to the
inner tube while mount:ing the tire or while in service.

4.3.5 Rivets and Bolts: When rivets are used, they zhall be well headed over, and
rivets or boits coming in contact with the casing or tube shall be smooth
enough not to damage the tube or casing during normal operation.

4.3.6 Bolts and Studs: When bolts and studs are used for fastening together seci-

‘ .Jons of a wneel, the length of the threads for the nut extending into and
bearing against the sections shall be held to a minimum; and there shall be
sufficient unthreaded bearing area %o carry the required load.

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=296acd56e31dca6ceffa76b065bb3a20

WHEELS AND BRAKES - MINIMUM REQUIREMENTS lssued 8-1-50 AS 227 D
FOR CIVIL AIRCRAFT APPLICATIONS Revised L~15-63 §

-3 -

L. Protective Treatments

h.lhi.l

L.h.2

h.b.3

holik

L.b.5

5. QUALIFIGATION TESTS:

Steel Parts: Wherever possible all steel parts, except braking surfaces and
Those parts fabricated from corrosion resistant steel, shall be cadmium plated
or zinc plated. Where cadmium or zinc plating cannot be applied, the surface
shall be thoroughly cleaned and suitably protected from corrosion.

Aluminum Parts: 411 aluminum alloy parts shall be anodized or have equiva-
lent protection from corrosion.

Magnesium Parts:. All magnesium alloy parts shall receive a suitable di-

chro : pgion.
Bearing énd Braking Surface: The bearings and braking gurfaces shall be

protjctea during the application . of finlsh to the wheels apd brakes.

Operdting Cylinders: Prior to inspection tests,(Cbhe cylinders shall be
suitdbly cleaned to remove all meital particlesand cther fpreign matter.
The dqylinder ports shall be suitably capped/te prevent entrance of foreign
mattgr.

b AN 1ngg: &0 es:.gno Wnee Qr BE1-DIrEKe Sh&all ve &) Q (¢} gra mgs
C.1  Rati Fach desi f wheel whee'l-brake shall have the followin +i
as app]

[icables

S |= Maximum Static Load in 1bs.
= Maximum Limit Loadodn 1bs.

L
KEpp, |= Maximum Landing Kidetic Energy Capacity in ft. lbs,

KER10 |= Maximum Rejected Take-off Kinetic Energy Capacity in ft. 1bs.

Vgo [= Power off Stall Speed in mph {not applicable to Method Il analysis
per paragraph 5.3.7.1.2).

5.2 Tests Hequired® “ The ratings for wheel assemblies and brake |assemblies shall

be subqiantieted by the following tests as applicable:

()~ %Wheel, Table I
(jr)—Brake s Ffabte—EF

5.3 Test Methods:

. 5.3.1

Radial Load Test: The required limit lcad shall be determined by the air.
Trame manvlacturer from t%e ground load requirements of CAR, and shall be
equal to the operating condition of maximum radial load reaction with side
load equal to zerc, 1If the critical combined load condition as defined
under the combined load test, has a limlt radial component in excess of the
required 1imit radial load, the radial load test shall be omitted. This
test shall be performed by applying the radial Joad to the wheel through a
tire inflated to an initial pressure equal to the rated inflation pressure,.
Either alr or water inflation may be used, If the tire is filled with water,
the water shall be bled off during loading to approximate the same tire de-
flection that would resuli if air inflation were used and the inflation
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£.3.1 Radial load Test: (continued)

pressure snall not exceed the pressure at maximm tire deflection. The radial
load shall be applied to the wheel by means of a straight axle passing through
the hub. The tire shall be loaded directly against a flat, non-deflecting
surface, Deflection and permanent set readings shall be taken at suitable
points on the wheel to indicate deflections of the wheel rim at the bead seat.
The use of strain gages or special coating to indicate regions of high stress
is desirable. Wheels intended for tubeless tire mounting shall be tested in
the same manner, unless otherwise specified. The required radial locad tests
are specified below. ‘ -

The 0° position shall be-‘the initial 1oad

‘point which shall normally include the valve holel e 90° incre-
1] be altered if. otherggositlons are more critical. |The successive

loadings|at the 0° position shall not cause radial permanent $et increments

‘of increpsing magnitude. The pérmanent set increment caused py the last

at the 0° position) shall not exceed 5% of the deflegtion caused

8t loading, There shall be no yielding of the wheel|such as

1% in loose bearing cups, air leakage, or interference in any

eritical| clearance areas. The bearing cups and cones and rolllers shall be

ised for|this test. RN RN

g at the 0° position.

5.3.1.2 Ultimate| Radial Load Test: The ultimate load shall be applied at the 0°

position| of the same wneel on which the yleld radial loads were applied.
The wheell shall support the ultimate load for {ten seconds.
cones may be replaced with conical bushings, but the cups sha 1 be used.

is filled with water, the water shall be ‘bled off 4
te the same tire deflection that would result if ai
vwere used and inflation shall not exceed the pressure at maxi
tion. Yielld Jodds shall be applied in both inboard and outboard directions

on the samp“wheel and at the ground angle and magnitude dete ed by the
airframe manufacturer to demonstirate compliance with CAR, The required

1imlt combined load components, both inboard and outboard, shall be determined
by the airframe manufacturer and furnished to the wheel manufacturer. The
wheel and tire assembly shall be mounted on a straight axle passing through
the hub. The tire shall be loaded directly against a flat, non-deflecting
surface, The loads shall be applied simultaneously, elther continuously or
in increments of approximately 10% of the specified values. Readings shall
be taken at suitable po;nts on the wheel to indicate deflections and perman~
ent sets. _

jnflation
tire deflec-

5. 3 2.1 Yield Combined Load Test: = The ﬁheel ahall support the componants of the

yleld combined load appiied comsecutively at 0°, 90°, 180°, and 270° fol-
lowed by two more load applications at the 0° position. The 0° position
shall be the initial load contact point which shall normally include the
valve hole. The 90° increments 8hall be altered if other posltlons are
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5.3.2.1 Yield Combined load Test: (continued)

more critical. The successive loadings at the 0° position shall not cause

permanent set increments of increasing magnitude.

There gshall be no

yielding of the wheel such as would result in loose bearing cups, air
leakage through the wheel or past the wheel seal, or interference in any
eritical clearance areas. The bearing cups and cones and rollers shall be
used for this test, A 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 a tire bead to remain properly positioned when under load.

5.3.2.2 Ultlmate Combined Load Test: The ultimate combined load shall be applied

at 2 2 m
bired load tests Were performed.

e G p o

. Che raspec tive yield come
The ultlmate 1oad shaill be sustained for

tert seconds. The wheel shall be loaded in the most eritfical direction.

Thg bearing cones may be replaced with conical bushings, but the cups shall
be lused. 4 tubeless tire may be replaced with a‘dire and tube.

5.3.3 Bursy Test: The wheel shall be hydrostatically tested to

B, and sha shal] withstand this test without railur

P = pf
Where: p = Inflation pressure required fo
f a Factor specified in<Tahle I

5.3.4 Roll|Test: Wheel with tire installed shall withsﬁand, wil

development of cracks, a roll dife specified in

than |the maximum static rating 'St of the wheel.

vicel it may be desirable do subject the wheel

[

T maximum =

burst pressure,

tatic load (3)

hout failure or

Table T wyder a load not less

For certpin types of ser-

%o & roll Hest of greater

duratfion than specified Wn 1able 1 L0 assure Jonger SEIvic

e 1ife, 1In such

caseg the exact condition of test should be dei

ermined Oy

agreement between

the dircraft and wheel manufacturer,

5.3.5 Tubeless Wheel Pressure Test:

5.3.5.1 Stdtic Tedst: The tubeless tire and wheel ass

embly shall

be inflated to &

pregsure of 1.5 times the rated inflation pressure and immersed in water.
shall not exceed four bubbles

The rate’of leakage, as evidenced by bubbles,
second from the wheel.

5.3.5.2 Dynamic Pressure Test: The tubeless tire and wheel assembly shall be
Tolled under the load specified by the roll test for at least 25 miles
with no pressure drop greater than 5%. Mileage accumulated during this
test may be used in computing the total mileage in the roll test.

5.3.6 Alternate Tests: When the tests regquired by 5.2 (a) are not consistent with
loads imposed on the airplane, eguivalent alternate loads and tests may be
evolved to the satisfaction of the airplane manufacturer.
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5.3.7 Dynamic Torque Teat:

5.3.7.1 Braking Capacity Caleulations: Either of the following methods may be
Wsed to determine the energy capacity required of the wheel—brake sysitem.
(Refer to Table II).

5.3.7.1.1 Method I:
KE = .033h W

Where: KE = Kinetic energy per wheel-brake system - ft. lbs.
W= Alrplane weight applicable to wheel-brake system - 1bs,
. mpd--. -

The aigceraft manufacturer shall speclfy values for W and V
5.3.7.1.1.1 Trangport (CAR Part b,b)
(1) |For the design landing energy Stops'
W = design Iandlng weight applmcable to wheelwbmake gystem,
V = Vg, = Power-off stalling speed of the airplane afy sea level
at the design 1and1ng weight and the 1and1ng coniiguration.
(2) [For the accelerate-stop condltion, the energy'shall te calculated

for the most critical combingtion of take-off welght and Vi speed
as determlned by the aircraft manufacturer.

5.3;7.1.1.2 'NOn#Transport (CAR Part 3) o |
| (1) For the d931gn 1and1ng energy stops, the energy shalj be calcu=

... [lated in the same manner ag for the Transport (CAR Part hb) air-

craft,

5.3.7.1.1.3 FRototeraft (CAR Parts 6 and 7)

(1) [For the design landing ehergy stops, the energy 'shall be calcu~
© |lated for the most critical combination of take-off yeight and
brake application speed as determlned by ‘the Hotorcr ft manu~
Tacturer. ‘ '

5.3. ? 1.2 Method II: The wheel-brake system kinetic energy shall be based on a
Tational analysis of the sequence of events which are expected to occur
during operational landings at design landing weight or rejected take-off
stops at maximum weight. The analysis shall include rational or conser-
vetive values of braking ccefficients of frietion between tires and run-
way,’ aeroudynamic drag, propeller drag, or power plant forward thrust;
and if more criticdl, the most adverse single engine or propeller mal-
function which would result in ‘a loss of drag credit for that engine or
propeller. In addition, the analysis may include the effect of auxiliary

deceleration devices which may be allowed in the field length certification

test of the specific aireraft.
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5.3.7.1.2.1 Transport (CAR Part hb)

503070102.2

5.3.7'2

Dyn

(1) The design landing energy stop analysis shall be based on the

design landing weight per wheel-brake system and conservative
values of airplane brake application speed for the airplane
landing configuration.

(2) For the zccelerate-stop condition, the energy shall be calculated

for the most critical combination of take-off weight and V1 speed
ag determined by the alrcraft manufacturer.

—Non-Transport— {CAR Part 33
»t 33

(1) For the design landing energy stop analysis) ‘the kinetic energy

shall be calculated the same as for Transport ([CAR Part Lb)
aircraft.

jamometer Test: Dynamic torque tests shall be conduciled on a suitable

ind
ton
sh

5.3.7.2.1

5.3.7.2.2

(2)

(3)

¥eéthod II1s

_ethod T:

riia brake testing machine, Kinetic energy, speed, deceleration, and
que will be a8 determihed by Method I or Method IIL. [Aimworthiness

11 be demonstrated by one wheel-brake system withstanding all of the
dyngamic torque tests specified for the applicable Method asg shown in
Table I and in accordance with 5.9:7.2.3. The test corditions ares

(1) A flywheel inertia edquivalent approximately equall to but not less

than 99 per cent.6f the airplans weight per wheel.brake system for
the applicable (stop condition.

A flywheel-speed approximataly equal to the airciaft speed used in
the Method-1I calculations however, the speed may [be adjusted to
develop the specified kinetic energy.

A Yrake pressure shall be used during any one stgp to develop the
gyerage deceleration rate shown in Table IT.

(1)

(2)

A flywheel inertia equivalent capable of developing the determined
kinetic energy when Stopped from the aircraft brake application
speed. '

Unless otherwise specified, brake pressure shall be used during any
one stop of the design landing test to develop the average decelew
ration rate specified in Table II. During the accelerate-stop test,
as required for Transport (CAR Part Lb) aircraft, a brake pressure
shall be used to develop the deceleration necegsary to meet the
airplane speed-torque requirement as shown by the Method 1T analysis
as specified by the aircraft manmufacturer.
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'503¢7.203 G’eneml:

(1) Llanding Stops (A). One ehange of brake lining and attached discs is
permissible in making the 100 normal energy stops. The remainder
of the brake assembly parts shall withstand the 100 normal energy
gtops without fallure or impairment of operation,

{2) Accelerate Stop (B). Linings and bare discs may be new or used.
No less than two landing stops shall have been completed on this
brake prior to this test,

(3) 'iinings™ mean either individual blocks of wearing maferial or discs’
ich have wearing material integrally bonded to them.
Bare Discs" mean plates or drums which do not Have welaring material

(L)
, tegrally bonded to them.

5.3.8 Structural Torque Test: The test shall consist of the applicatfion of at

e [rated static load (S) and a tangentialtorque load to the wheel.
During this test, rotation of the wheel shall be resisted by a [force trans-
ough the brake or brakes by an application of at leagt maximum
1ine pressure. If the wheel rotatesCor if prior testing [indicates the
wheel woulld rotate before development of \the required torque lopd, the fric-
ces may be clamped, bolted, oy otherwise restrained while applying

5.3.8.1 Wheel Tanding Gear Unitss The wheel-brake assembly shall withstand

“1oad df'l 2 OR for ab least 3 seconds without fallnré. R is the

5.3.8.2 Multiplel Wheel Landing Gear Units: The wheel-brake assembly [shall withstand
a torqug load of Ll.hk OR for at least 3 seconds without failure. R is the
normal lloaded radius of the tire under rated load (S).

Note: e l.ul-factor includes an additional factor of 1.2 ih recognition
f landing gear configurations with a 60 per cent - L{ per cent

eei load component shall be at least 1.2 5 when meetiing the re- .
n+n'f'|:'-299 :

5.3.9 Burst Pressurc: The brake with actuator piston extended to simulate a maxi-
mum wornt condition shall withstand a pressure test as noted in Table II.
Unless otherwise specified by the airframe manufacturer, the test pressure
ghall be the greatest of the following:

2.0 times maximum brake system pressure, assuming no malfunctions,
2.0 ‘times maximum pressure required for Paragraph 5.3.7.2.

2.0 txmaslpressure reqplred for a static torque of 0.55 SR with
brake at 70°F (fixed wing aircraft).

2.0 times pressure required to hold rotorecraft on a 20° slope.
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Endurance: The brake shall be subjected to Ny cycles of application and
rejease pressure equal to normel operating pressure and No cycles at a
pressure equivalent to the maximum operating pressure as specified in Table
TI. Normal operating pressure shall be defined as - (1) the average pres-
sure required to conduct the "A" portion of the dynamic brake tests of
Table II if the stops are made with a constant pressure; or (2) the average
of the maximum pressure required to conduct the MA" portion of the dynamic
brake tests of Table II if the stops are made with & variable pressure to
simulate predetermined torque-aspeed curves. The maximum operating pressurse
shall be defined as the greatest of - (1) the pressure required to develop
a static torque of 0.55 SR (where S is the static ratmng and R the normal

onduct, the dynamic ‘borque tests of Tabla II; or (3) maxiium brake
pressure avsilable to the brakes, During this test,| the minimum piston
trayel shall be no less than the maximum allowable piston travel prior to
adjystments. The first portion of the test may be)divided inte four parts,
such that N /h cycles may be applied at each of four posiftions of brake
piston travel conforming to 25 per cent, 50 pér cent, 75 [per cent, and 100
per |cent travel, respectively. The total leakage durlng this test shall be
limited to 5 c¢.c, No malfunction shall be ‘evident during or wpon completion
of ghis test.

Taxi and Parking Test: At least one maximum weight landing test followed
by d taxl roll, one taxi stop, and parking tvest, WNiCh replmstically 8iml-
latgs normal airplane operation;<shall be conducted on the dynamometer. he
Tax] speed and distance Shall be obtained from the alrpiane manulacLurer,

Prepared by
SAE Committee A-5, Aircraft Wheels,
Brakes, Skid Controls & Axles
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