Title 14—AERONAUTICS AND
SPACE

Chapter I—Federal Aviation Adminis-
tration, Department of Transportation

[Docket No, 8183; Amdt. 87-28}

PART 37—TECHNICAL STANDARD
ORDER AUTHORIZATIONS

Aircraft Wheels and Brakes

The purpose of this amendment to
Part 37 of the Federal Aviation Regula-
tions is to update the standards for air-
craft wheels and brakes and to establish
standards for small aircraft landing
wheel brakes.

This amendment was proposed in No-
tice 68-24, issued on October 8, 1968 (33
F.R. 15344). Numerous comments were
received in response to the notice. Based
upon these comments and upon further
review within the FAA, a number of
changes have been made to the proposed
rule. These changes and the FAA’s dis-
position of the public comments are dis-
cussed hereinafter,

The marking requirements have been
changed to require that the aircraft
wheels and brakes be marked with the
“part number” rather than the “drawing
number”. The part number is more
meaningful with respect to the identifi-
cation of a wheel or brake.

In response to comments, the design
landing kinetic energy is now identifled
as “KEpr” rather than “KErr”. The pro-
posal has also been changed to require
only one copy of the manufacturers’
equipment limitations. In addition, the
proposed revision to the current TSO de-
leting the requirements that manufac-
turers must furnish the “maximum
static load rating” and the “maximum
limit load rating” has been withdrawn in
response to various comments. The FAA
agrees that the manufacturer should
continue to furnish this information.

Various comments objected to the re-
quirement in proposed § 37.172(c) 1)
that the manufacturer submit to the
FAA operating instructions and installa-
tion procedures for wheels and brakes.
They indicate that such data would serve
no useful purpose in approving wheels
and brakes under the TSO system. More-
over, it was stated that operating in-
structions and installation procedures
cannot be finalized until the equipment
has been tested on the aircraft. It was
not the intent of the proposal to require
the manufacturer to submit procedures
and instructions for installing and oper-
ating the wheels and brakes on a par-
ticular aircraft. The integration of the
wheels and brakes in the aircraft is ap-
proved under the type certificate or sup-
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plement type certificate. The proposal
has been changed to make it clear that
the information required to be submitted
is only the applicable limitations per-
taining to the installation of the wheels
and brakes on any aircraft.

One commentator recommended that
a general statement be added to the de-
sign requirements of the FAA standard
for wheels and brakes (herein referred to
as Standard) requiring that each wheel/
brake unit and its individual components
be so designed as to prevent, to the max-
Imum extent possible, an incorrect as-
sembly or installation. While this recom-~
mendation goes beyond the scope of the
notice, the FAA considers that it has
merit and it will be given consideration
in future rulemaking actions.

There was also a recommendation that
a requirement should be added to the
standard for a means to bleed the brake
unless proven unnecessary. The FAA
does not agree. While most existing
brake system designs incorporate provi-
sions for bleeding the system, such pro-
visions are only for convenience in serv-
icing the system. Bleeding provisions are
not considered to be a part of the mini-
mum performance standards for brakes.

One of the comments pointed out that,
as proposed, the requirement concerning
lubricant retainers should be revised to
also require that lubricant retainers be
suitable under specified normal operation
and maximum temperature KErr condi-
tions. The commentator stated that fail-
ure of the retainers could result in
grease, thinned by hot temperature, run-
ning on to & hot brake assembly and
starting a fire. The FAA agrees and this
was the intention of the proposal. There-
fore, to make this clear, the requirement
has been changed to require that lubri-
cant retainers retain the lubricant under
all design maximum operating condi-
tions,

A recommendation was made to delete
the proposed requirement that water
seals must be furnished unless the ex-
posed materials in the wheels are corro-
sion resistant. The commentator indi-
cated that other acceptable designs could
maintain the necessery level of safety.
The FAA agrees and proposed section
2(a) (4) has been changed accordingly.

Several comments maintain that ex-
plosion of wheel and tires can be pre-
vented through the utilization of a reg-
ulator or thermal fuse. These comments

recommended that ‘the Standard be
changed to require explosion prevention
rather than requiring a means to mini-~
mize the probability of wheel and tire
explosions. The FAA disagrees with these
comments, since to its knowledge, there
is no means presently availablé to pre-

vent wheel and tire explosions. Another
comment suggested limiting the appli-

cability of the explosion requirement to
wheels equipped with brakes that are
retracted within the confines of the wings
or fuselage. The FAA does not agree with
this suggestion since wheel and tire ex-
plosions caused by elevated braking
temperatures have occurred in both re-
tracted and extended gear positions. .

The rating requirements in proposed
section 3 of the Standard have been
changed to reference Parts 23, 27, and 23
as well as Part 25 of the Federal Avia-
tion Regulations.

Comments were also received recom-
mending that the Standard require the
airframe manufacturer to supply the
wheel manufacturer with the radial load
limits for wheels. The FAA does not agree
with this recommendation. While the
manufacturer Is not prohibited from
securing information from the airframe
manufacturer, there is no reason to re-
quire him to do so. However, the pro-
posal has been changed to make it clear
that the radial limit load must be deter-
mined under the regulations applicable
to the aircraft.

One commentator recommended that
the rating requirements in the Standard
be revised to also specify the kinetic
energy capacity rating, KXErr, for Part
23 airplanes. The FAA disagrees. The rat-
ing is needed for Part 25 airplanes to per-
mit compliance with § 121.177(a) (1),
There is no similar requirement in the
General Operating and Flight Rules of
Part 91. Therefore, there is no need to
require KErr to be specified for Part 23
airplanes,

In response to comments, a provision
has been added to the Qualification Tests
provisions of the Standard permitting
the maximum radial load tests to be
omitted if the radial limit in the com-
bined radial and side load test is equal to
or greater than the maximum radial
limit load.

The test method provisions for the
maximum radial load test and the com-
bined radial and side load test have been
corrected to require that the tire must
be inflated to the pressure recommended
for the “S” load rather than the “L”
load. The proposals have also been re-
vised, in response to a comment, to re-
quire that for the radial component, the
axle must be loaded perpendicular to the
nondeflecting surface with the tire re-
strained and for the side load component,
the axle must be loaded parallel to the
nondeflecting surface.

There was also a comment to the effect
that the method of loading described in
proposed paragraphs 4.1(a) (2) and 4.1
(b) (2) is confusing. The FAA agrees and
the statements in those paragraphs that:
“The loadings must not cause permanent
set increments of increasing magnitude.”
and “The permanent set increment
caused by the last loading may not ex-
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ceed 5% of the deflection caused by that
loading.” have been changed to read
“The successive loadings at the 0° posi-~
tion may not cause permanent set incre-
ments of increasing magnitude. The
permanent set increment caused by the
last loading at the 0° position may not
exceed 5 percent of the deflection caused
by that loading.”

In response to a comment received, the
ultimate load provisions of the wheel
tests in proposed paragraphs 4.1(a) (3)
and 4.1(b) (3) have been clarified to re-
quire application of a radial load *2
times the maximum radial limit load for
castings and 1.5 times the maximum
radial limit load for forgings.” The pro-
posed requirement of a radial load 2
times larger than the L load for castings
and 1.5 times larger than the L load for
forgmgs, if taken literally could result
in .factors of 3 and 2.5, respectively, and
this was not the intent of the proposal.

One commentator questioned the pro-
cedure in paragraph 4.1 which. would
permit the use of a tube in a tubeless
tire for the qualification tests. The com-
mentator indicated that unless a tube-
less tire can be shown to be superior in
all considerations of load and use, a tube
should be required at all times in service.
The FAA, however, considers that it is
reasonable and appropriate to permit
the use of either a tube or tubeless tire
in the qualification tests. These tests are
concerned with the yield-and ultimate
loading of wheels, not tires.

As proposeqd, the test methods proposed
in paragraphs 4.1(a) (1) and 4.1(b) (1)
contain the statement that “Use of strain
gauges or special coatings to show regions
of high stress is desirable. “One comment
recommended that this statement be
changed to require a determination of
the regions of high stress. The FAA does
not agree. The purpose of the tests is to
determine the yield and ultimate
strength of the wheel. While logn:ing
regions of hivh stress is desirabie, it is
not essential for the gualification tests.
To avoid any confusion, the proposed
statement has been deleted fron: the final
standard.

Another comment questicned the use
of a 1.15 load factor in the combined yield
load tests proposed in paragraph 4.1(b)
2) ..It was maintained that this load fac-
tor is normally used only with the wheel
limit load and that the ground loads are
d_etermined from the critical load en-
vironment of a particular aircraft and
are not necessarily limit loads. The FAA
does not agree that the use of a 1.15 load
fact:or with ground loads is incorrect.
While it is true that the magnitude of
these limit loads vary depending on the
critical loading condition specified, the
load factor is still applicable in demon-
ctrating wheel yield load. In the current
Standard this load factor is used with
respect to both radial limit load and side
load tests and is retained in the com-
bined load test to ensure continued in-
tegrity of the wheel.

In response to a comment that it is
unreasonable and unrealistic to apply the
same combined yield load in both the in-
board and outboard direction, the FAA

has clarified that provision of proposed
paragraph 4.1(b) (2) to now require that
the wheel be tested for the most critical
inboard and outboard loads.

One commentator questioned the basis
and use in proposed paragraph 4.1(b) of
“limit radial” and “limit side” loads in
conjunction with the combined load
limits. The commentator contends that
Lr and Ls.as used in past radial and side
load tests where Ls—=40% Ir, were based
on strut limit loads. This is not the case,
however, the “limit radial” and “limit
side” loads are based on the design
ground loads specified in the regulations.

Several comments were received in-
dicating the need for a roll test. It was
pointed out that paragraph 4.1 does not
contain the roll test needed to estab-
Hsh the static load rating “S” as re-
quired by the Standard. The FAA agrees
that a roll test is necessary in order to
establish the required “S” rating and a
new paragraph 4.1(¢c) has been added
which contains the same roll test that
is required by the current TSO.

One comment stated that the wheel-
brake system test should include the
emergency brake fluid if it is different
from the normal brake fluid. The FAA
agrees. If a backup or emergency brake
system utilizes an operating medium
that is different from that used in the
normal brake system, then the backup
or emergency system should be tested
with that medium. The Standard has
been revised accordingly.

A comment was received recommend-
ing that proposed paragraph 4.2(a)(1)
(1) be changed to require, for rotorcraft,
that the most critical combination of
takeoff weight and speed or landing
weight and speed, whichever is the most
critical, be used in calculating the kinetic
energy level. The FAA considers that
the takeoff weight will in all cases be
the most critical weight. However, since
rotoreraft do not have a V. speed, the
requirement has been clarified by chang-
ing the word “speed” to ‘brake’”” applica-
tion speed”. This speed is the maximum
speed at which the brakes can be applied
and more appropriately defines the
requirement.

One commentator guestioned the use
of KEgpr in proposed paragraph 4.2(a)

(2). The commentator indicates that
problems have been continually experi-
enced in rejected takeoff approximating
KExr in failing to stop the aircraft in
the published distances. However, the
FAA service records do not indicate a
need for a higher KErr value and the
commentator did not submit any data to
support the statement.

One commentator contends that the
brake requirements in the proposed
Standard for Parts 23 and 25 airplanes
are out-dated and do not represent the
current state-of-the-art practice, More-
over, the commentator states that air-
craft brakes certificated under Part 23
should meet the same requirements as
those under Part 25. The FAA disagrees.
The brake requirements proposed in No-
tice 68—24 are based on current industry
standards for wheels and brakes. In ad-
dition, the performance characteristics

and mode of operation of Parts 23 and
25 airplanes differ considerably, conse-
quently their brake needs are different.

It was recommended that a provision
be added to the proposed Standard stat-
ing that “The brakes need not be re-
usable affer the accelerate-stop test to
KEzr. The FAA does not agree. Brakes
must be usable upon completion of the
accelerate-stop test to provide the capa-
bility of taxiing off the runway and this
is required in the current TSO. Accord-
ingly, the proposal is revised to make it
consistent with the current Standard
and to make it clear that brakes must be
usable to taxi the aircraft off the run-

'way after the accelerate-stop test to

KEnxr.

Another comment contained a recom-
mendation thet the accelerate-stop
(KEzr) brake fest be conducted on the
same brakes that were used for the de-
sign landing stop (KEpr) tests. The FAA
does not agree with this recommenda-
tion. Service experience has not dis-
closed any problems concerning the in-
ability of aircraft to.meet published
stopping distances because of noneffec-~
tive braking on dry runways.

Two comments recommended that the
leakage allowed during the endurance
tests for the hydraulic brake-wheel as-
sembly be changed to one drop of fiuid
per each 3 inches of peripheral seal
length for each 25 cycles rather than
5 cc. The FAA does not agree. Although
several methods of leakage measure-
ments are avallable, the volumetric ap-
proach is the most consistent.

One commentator suggested that the

.proposed life cycle tests for hydraulic

brakes are unnecessarily complicated and
that 100,000 cycles of maximum brake
operating pressure would adequately test
the brake structure. The FAA does not
agree. The proposed requirements have
been accepted by the industry and effec-
tively demonstrate the capacity of the
brake/wheel assembly.

A suggestion was also made that a re-
quirement should be added for parking
with rated parking pressure for some
definite period of time such as 30
minutes. While the FAA sees merit in
this suggestion, it is beyond the scope of
the notice. However, the FAA plans to
consider this in future rulemaking.

A comment was also received stating
that consideration must be given to un-
even braking in an abort or loading
(KEp: or KEpr) caused by maximum
crosswind, Uneven braking use to keep
the aircraft aligned on the runway will
add considerably to the energy absorbed
by the downwind gear, which also has
added weight on it due to the heeling of
the aircraft. In addition, the comment
states that consideration must be taken
during KE,. or KExr testing for uneven
braking on individua} wheels due to mal-
function or uneven antiskid operation on
other wheels on dry pavement, to better
simulate operation of the brake/wheel
assembly in line operations. While the
FAA agrees with the intent of the fore-
going comment, it is of the opinion that
the recommendation is more appropriate
for an amendment to the airworthiness




requirements for aircraft, The problem
presented in this comment is one reason
why the current airworthiness standards
for aircraft require actual maximum KE
acceleration and stop flight tests rather
than relying on dynamometer test re-
sults for new or replacement brakes.
With regard to uneven antiskid opera-
tion, the FAA considers that since certain
operating rules provide a 1.66 factor on
landing distance it adequately accounts
for such operations.

In view of the vibration problems en-
countered on some of the newer air-
planes, one comment suggested that the
TSO Standard should incorporate a re-
quirement for dynamic testing of the
complete wheel/brake, strut/landing
gear system. Also note should be taken
of the amount of return pressure or back
pressure in the hydraulic system that the
brake will tolerate for a complete release
of the brake when brakes are not applied.
The FAA does not agree. Dynamic test-
ing of a complete wheel/brake, strut/
landing gear system, and the determina-
tion of the hydraulic system back pres-
sure that the brake will tolerate for a
complete release of the brake involve
aircraft systems and parts other than
the wheels and brakes. Thus, the tests
are necessarily part of the installation of
the wheel and brake assembly on an air-
craft to be covered under the aircraft
type certificate or supplemental type
certificate.

Several comments pointed out that the
proposed TSO Standard deletes certain
requirements found in the current TSO
concerning material, workmanship and
construction, and requirements for cast-
ings. The FAA agrees that there is a need
to retain the requirements concerning
construction which includes require-
ments concerning castings and also pro-
tective treatment. This change merely
makes TSO C-26b consistent with exist-
ing TSO C-26a. However, the FAA does
not consider that special requirements
concerning materials and workmanship
as contained in current TSO C-26a are
any longer necessary. Compliance with
the proposed requirements will show
suitability of materials and quality of
workmanship.

Finally, the nomenclature for “S” and
“L” loads in the rating requirements has
been changed to agree with the nomen-
clature used for those loads in the Fed-
eral Aviation Regulations.

Other minor changes of an editorial
or clarifying nature have been ‘made.
They are not substantive and do not im-
pose an additional burden on any person.

In consideration of the foregoing,
§ 37.172 of the Federal Aviation Regula-
tions is amended to read as hereinafter
set forth, effective January 21, 1971.

§ 37.172 Aircraft wheels and brakes—
TSO-C26b.

(a) Applicability. The TSO prescribes
the minimum performance standards
that aircraft landing wheels and brakes
must meet in order to be identified with
the applicable TSO marking. New models
of such eguipment which are to be so
identified and which arc manufactured

on or after the effective date of this

~

standard must meet the requirement of
the Federal Aviation Administration
Standard for Aircraft Wheels and Brakes
set forth at the end of this section,

(b) Marking. In lieu of the marking
requirements of §37.7, the aircraft
wheels and brakes must be legibly and
permanently marked with the following
information:

(1) Name of the manufacturer re-
sponsible for compliance.

(2) Serial number and par{ number.

(3) Applicable technical standard
order (TSO) number.

(4) Bize t(this marking applies to
wheels only).

All stamped, eiched, or embossed mark-
ings must be located in noncritical areas.

(¢) Data requirements. In addition to
the data specified in § 37.5, the manu-~
facturer must furnish to the Chief, Engi-
neering and Manufacturing Division,
Federal Aviation Administration, in the
region in which the manufacturer is lo-
cated (or, in the case of the Western
Region, the Chief, Aircraft Engineering
Division?, the following technical data:

(1) One copy of the applicable limita-
tions pertaining to installation of wheels
and brakes on aircraft, including the
weight of the brake assembly, maximum
static load rating, maximum limit load
rating, maximum rejected takeoff kinetic
energy in foot-pounds (KErr), design
landing Kkinetic energy in foot-pounds
(KEpr), applicable speed as specified in
paragraph 4.1(a) (1) of the FAA Stand-
ard for Aircraft Wheels and Brakes, type
of hydrautic fluid used, and the weight of
the wheel.

(2) One copy of the manufacturer’s
test report.

(3) One copy of the manufacturer’s
maintenance instructions.

(d) Previously approved equipment.
Wheels and brakes approved prior to the
effective date of this section may con-
tinue to be manufactured under the pro-
visions of their original approval.

FFDERAL AVIATION ADMINISTRATION STANDARD
FoOR AIRCRAFT WHEELS AND BRAKES

1. Purpose. This document contains mini-
mum performance standards for aircraft
landing wheels and brakes.

2. Design and Construction—(a) Design—
(1) Lubricant retainers. Lubricant retainers
must retain lubricant under all maximum
operating conditions, prevent lubricant from
reaching hraking surfaces, and prevent for-
eign matter from entering the bearings.

(2) Remowvable flanges. All removable
flanges must 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.

(3) Adjustment. When necessary to insure
safe performance, the brake mechanism must
be equipped with suitable adjustment
devices.

(4) Water seal. Wheels intended for use
on amphibious aircraft must be sealed to
prevent entrance of water 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 impalired
by the presence of sea water or fresh water.

(6) Ezxplosion prevention. Unless deter-
mined to be unnecessary, means must be
provided to minimize the probability of
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wheel and tire explosions which result from

elevated brake temperatures.

(b) Construction—(1) Castings. Castings
must be of high quality, clean, sound, and
free from blowholes, porosity, or surface de-
fects caused by inclusions, except that loose
sand or entrapped gasses may be aliowed
when the serviceability of the casting has
not been impatred.

(2) Forgings. Forgings must be of uniform
condition, free from blisters, fins, folds,
seams, laps, cracks, segregation, and other
defects. If strength and serviceability are not
impaired, imperfections may be removed.

(3) Rim surfaces. The surface of the rim
between bead seats must be free from defects
which will be injurious to the inner tube.
Holes which extend through a rim must be
drilled out and filled with a flush plug. Other
depressions in rim or bead seats which might
injure the tube or casing must be filled with
a hard surface permanent filler before apply-
ing the primer coat.

(4) Rim joints. Joints in the rim surface
and Joints between rim surfaces and de-
mountable flanges must be smooth, close-
fitting, and noninjurious to the inner tube
while mounting the tire, or while in service.

(5) Rivets and bolts. When rivets are
used, they must be well headed over, and
rivets or bolts coming in contact with the
casing or tube must be smooth enough not
to damage the tube or casing during normal
operation.

(6) Bolts and studs. When bolts and studs
are used for fastening together sections of a
wheel, the length of the threads for the nut
extending into and bearing against the sec-
tions must be held to 2 minimum; and there
must be sufficlent unthreaded bearing area
to carry the required load.

(7) Steel parts. Wherever possible all steel
parts, except braking surfaces and those
parts fabricated from corrosion resistant
steel, must be cadmium plated or zine plated.
Where cadmium or zinc plating cannot be
applied, the surface must be thoroughly
cleaned and suitably protected from cor-
rosion.

(8) Aluminum parts. All aluminum alloy
parts must be anodized or have equivalent
protection from corrosion.

(9) Magnesium parts. All magnesium alloy
parts must receive a suitable dichromate
treatment or have equivalent protection from
corrosion.

(10) Bearing and braking surfaces. The
bearings and braking surfaces must be pro-
tected during the application of finish to the
wheels and brakes.

8. Rating. (a) Each wheel design and
wheel-brake system design must be rated
for the following:

(1) S=Maximum static load in pounds
(ref. §§23.731(b), 25.731(b), 27.731(b), and
29.731(b) of this chapter).

(2) L=Maximum limit load in pounds
(ref. §§23.731(c), 25.731(c), 27.781(¢), and
29.731(c) of this chapter).

(b) Each wheel-brake system design mu:zt
also be rated for the following:

(1) KEpr=Kinetic energy capacity in foot-
pounds per wheel-brake system at the design
landing rate of absorption.

(2) KErr-Kinetic energy capacity in foot-
pound per wheel-brake system at the re-
Jected takeoff rate of absorption for wheel-
brake systems of alrplanes certificated under
Part 25 of this chapter only.

4. Qualification tests—4.1. Wheel tests. To
establish the 8 and L rasings for a wheel,
test a standard sample in accordance with
the following radial, combined and static
load test:

(8) Mazimum radial load iest. Test the
wheel for the yield and ultimate loads as
follows:

(1) Test method. Mount the wheel with
tire installed on its axle, and position it

.



against a flat nondeflecting surface. The
wheel axle must have the same angular
orientation to the nondeflecting surface that
1t will have to the runway when it is mounted
on the aircraft and is under the maximum
limit load. Inflate the tire to the pressure
recommended for the § load with air or
water. If water inflation is used, the water
must be bled off during loading to approxi-
mate the same tire deflection that would
result if air inflation were used. Water pres-
sure may not exceed the pressure which
would develop if air inflation were used and
the tire was deflected to its maximum ex-
tent. Load the wheel through its axle per-
pendicular to the flat nondeflecting surface.
Deflection readings must be taken at suitable
points to indicate deflection and permanent
set of the wheel rim at the bead seat.

(2) Yield load. Apply to the wheel a load,
not less than 1.15 times the maximum radial
Ymit load, determined under §§23.471
through 23.511, or §§ 25.471 through 26.511,
or §§27.471 through 27.605, or §§ 20.471
through 29.511 of this chapter, 4s appropri-
ate. Apply the load with the wheel posi-
tloned against the nondeflecting surface,
and the valve hole positioned at 0° with
respect to the line between the center of
the wheel and the point of contact, then
with the valve hole positioned 90°, 180°, and
270° from the nondeflecting surface, and
finally twice again with the valve hole po-
sitioned at 0°. The 90° increments must be
altered to other positions if the other posi-
tions are more critical. The successive load-~
ings at the 0° position must not cause per-
manent set increments of increasing mag-
nitude. The permanent set increment caused
by the last loading at the 0° position may
not exceed 5 percent of the deflection caused
by that loading. The bearing cups, cones,
and rollers used in operation must be used
for these loadings. There must be no yield-
ing 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 critical areas.

(8) Ultimate load. Apply to the wheel a
load, not less than 2 times the maximum ra-
dial limit load, for castings and 1.6 times
the maximum radial limit load for forgings,
determined under §§ 23.471 through 23.5611,
or §§25.471 through 26511, or §§27.471
through 27.505, or §§ 39.471 through 39.511
of this chapter, as appropriate. Apply the
load with the same wheel positioned against
the nondeflecting surface and the valve
hole positioned at 0° with respect to the line
between the center of the wheel and the
point of contact. The load must be sustained
for 10 seconds. The bearing cones may be
replaced with conical bushings, but the cups
used in operation must be used for this
loading. A tubeless tire may be replaced
with a tire and tube.

(4) If the radial limit load in subpara-
graph (b) is equal to or greater than the
maximum radial limit in subparagraphs (a)
(2) and (3), the tests specified in subpara-
graphs () (2) and (3) may be omitted.

(b) Combined radial and side load test.
Test the wheel for the yield and ultimate
loads as follows:

(1) Test method. Mount the wheel with
tire installed on its axle, and position it
against a flat nondeflecting surface. The
wheel axle must have the same angular
orientation to the nondeflecting surface that
4t will have to the runway when it is
mounted on the atrcraft and is under the
limit radial load. Inflate the tire to the
pressure recommended for the maximum
static load with air or water. If water
inflation is used, the water must be kLled
off during loading to approximate the same
tire deflection that would result if air infla-
tion were used. Water pressure may not ex-
ceed the pressure which would develop if

air inflation were used and the tire were de-
flected to its maximum extent. For the ra-
dial load component, load the wheel through
its axle perpendicular to the flat nonde-
flecting surface. For the side load compo-~
nent, load the wheel through its axle parallel
to the flat nondeflecting surface. The side
load reaction must arise from the friction
of the tire on the nondeflecting surface. Ap~
ply the two loads simultaneously, increasing
them either continuocusly or in increments
no larger than 10 percent of the loads to be
applied. Alternatively a resultant load equiv-
alent to the radial and side loads may be
applled to the axle. Deflection readings
must be taken at suitable points to indicate
deflection and permanent set of the wheel
rim at the bead seat.

(2) Yield load. Apply to the wheel radidl
and side loads not less than 1.15 times the
respective ground loads determined under
§ 23.485, or §25.485, or §27.485, or §29.485
of this chapter, as appropriate. Apply these
loads with wheel positioned against the non-
deflecting surface and the valve hole posi-
tioned at 0° with respect to the center of
the wheel and the point of contact, then
with the valve hole positioned 90°, 180°, and
270° from the nondeflecting surface, and
finally twice again with the valve hole posi-
tioned at 0°. The 90° increments must be
altered to other positions if the other posi-
tlons are more critical. The successive load-
ings at the 0° position must not cause per-
manent set increments of increasing magni-
tude. The permanent set increment caused
by the last loading at the 0° position may
not exceed b percent of the deflection caused
by that loading. The bearing cups, cones, and
rollers used in operation must be used in
this test. There must 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 critical
areas. A tire and tube may be used when
testing a tubeless wheel only when it has
been demenstrated that pressure will be lost
due to the inability of a tire bead to remain
properly positioned under the load. The
wheel must be tested for the most critical
inboard and outboard side loads.

(3) Ultimate load. Apply to the wheel
radial and side loads not less than 2 times
for castings and 1.5 times for forgings the
respective ground loads determined under
§ 23.485, or § 25485, or §27.485, or §29.485
of this chapter, as appropriate. Apply these
loads with the same wheel positioned
against the nondeflecting surface and the
valve hole positioned at 0° with respect to
the center of the wheel and the point of
contact. The load must be sustained for 10
seconds. The bearing cones may be replaced
with conical bushings, but the cups used in
operation must be used for this loading. A
tubeless tire may be replaced with a tire and
tube. The wheel must be tested for the most
critical inboard and outboard side loads.

(c) Mazrimum static load test. Test the
wheel for the maximum static load test as
follows:

(1) Test method. Mount the wheel with
the tire installed on its axle, and position
it against a flat nondeflecting surface. The
wheel axle must have the same angular ori-
entation to the nondeflecting surface that it
will have to the runway when it {s mounted
on the aircraft and is under the maximum
limit load. Inflate the tire to the pressure
recommended for the maximum Hmit load
“$” with air, Load the wheel through its axle
perpendicular to the flat nondeflecting
surface.

(2) Roll test. Apply to the wheel a load
not less than the maximum static load de-
termined under §§ 23.471 through 23.511, or
§§ 26.471 through 25.611, or §§ 27.471 through
27505, or §§ 29.471 through 29.511 of this
chapter, as appropriate. While loaded, roll
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‘the wheel 1,000 miles for airplanes and 250
miles for rotorcraft. At the end of the test
the wheel shall be free of cracks and other
types of failures.

(d) Pressure test. Pressure test the wheel
in accordance with the following:

(1) Burst test. The wheel shall be hydro-
statically tested, without fallure, to a burst
pressure that 1s not less than the inflation
pressure at rated load “S” times a factor of
3.5 for airplanes and 3 for rotorcraft.

(2) Static test. The wheel and tubeless tire
assembly shall be inflated to a pressure of
1.5 times the inflation pressure at rated load
“S” and, when immersed In water, must show
no signs of leakage as evidenced by bubbles,

(3) Diffusion test. The tubeless tire and
wheel assembly must hold the normal de-
flection pressure for 24 hours with no greater
pressure drop than 5 percent. This test must
be performed after the tire growth has
stabilized.

423 Wheel brake system test. A sample of

a wheel-brake system design must meet the ’

following tests to qualify the design for its
kinetic energy ratings. The wheel of a wheel-
brake assembly must be separately tested
under paragraph 4.1. The wheel-brake sys-
tem must be tested with the recommended
operating medium (e.g., air, or an oll meet-
ing recommended specifications).

(a) Dynamic torque tests. Test the wheel~
brake system on a suitable inertia brake
testing machine in accordance with the
following:

(1) Speed and weight values. For airplanes,
select either Method I or Method II below
to calculate the kinetic energy level which
& single wheel and brake system will be re-
quired to absorb. For rotorcraft, use Method
1. Do not consider the decelerating effects of
propeller rever:ze pitch, drag parachutes, and
engine thrust reversers.

(1) Method 1. Calculate the kinetic energy
level to be used in the brake testing machine
by using the equation:

KE=0.0444WV*
‘Where:

KE =Kinetic energy per wheel-brake sys-. .

tem In ft.-1bs. For the design land-
ing test, KE will be subdesignated
KEp., and for the rejected takeoff
test, KEer,

W =Alrplane: weight per wheel-brake sys-
tem in pounds. For the design land-
ing test the design landing weight
will be used.

V=Airplane speed in knots. For the de~
design landing test the speed will
be Vso, the power-off stalling speed
of the airplane at sea level at the
design landing weight and in the
landing configuration.

For t":e rejected takeoff test, applica-
ble only to airplanes certificated
under Part 25 of this Chapter, the
manufacturer must determine the
most critical combination of take=
oft weight and V, speed.

For rotorcraft, the manufacturer
must calculate the most critical
combination of takeoff weight and
brake application speed to be used
in the above equation.

(1) Method II. The speed and weight
values may be determined by other equations
t.sed on a rational analysls of the sequence
of events expected to occur during opera-
tional laading at maximum landing weight.
The analysis must include rational or con-
servative values for braking coefficlents of

, friction between tire and runway, aerody-
namic drag, propeller drag, powerplant fore.

ward thrust, and, if critical, loss of drag
credit for the most adverse single engine or
propeller due to malfunction,

w



(2) The wheel-brake assembly must bring
the inertia testing machine w0 a stop at the
average deceleration rate, and for the num-
ber of repetitions, specified in the following
table without failure, impairment of opera~
tion or replacement of parts except as per-
mitted in subparagraph (3) below:

Category of the aircraft on which wheel-
brake assembly will be used—

Tests
Federal Aviation Reg- KEpi.: 100 design
ulations Part 25. landing stops at
10 ft./sec.?
KErr:.. 1 rejected
takeoff stop at 6
ft./sec?
Federal Aviation Reg- KEo.: 35 deslgn
ulations Part 23. landing stops at
10 ft./sec.?
Federal Aviation Reg- KEpr: 20 design
ulations Parts 27 landing stops at 6
and 29. It./sec3 ’

(3) General conditions. (1) During land-
ing stop tests (KEbpr), one change of brake
lining and attached discs i8 permissible. The
remainder of the brake assembly parts must
withstand the 100 KE»o. stops without failure
or impalrment of operation.

(i) During the accelerate-stop tests
(KErr) brake lining and bare discs may be
new or used. No less than two landing stop
tests must have been completed on the brake
prior to this test. The brakes must be usable
to taxi the aircraft off the runway after the
accelerate-stop test to KErr.

(ii1) As used in this subparagraph, “brake
lining” is either individual blocks of wear-
ing material or discs which have wearing
material integrally bonded to them. “Bare
discs” are plates or drums which do not have
wearing material integrally bonded to them.

(b) Brake structural torque test. Apply
the radial load S snd a torque load specified
in subparagraph (1) of (2) of this para-
graph, 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 an application of at least maxi-
mum brake line pressure or brake cable
tension in the case of a nonhydraulic bral.(e.

If such pressure or tension is insuffictent to
prevent rotation, the friction surfaces may
be clamped, bolted, or otherwise restrained,
while applying the above pressure or tension.

(1) For landing gears with only one wheel
per landing gear strut, thé torque load is
1.2 SR where R is the normal rolling radius
of the tire under load S.

(2) For landing gears with multiple wheels
per landing gear strut, the torque load is
144 SR where R is the normal rolling radius
ofLthe tire under load 8.

NoTE: The 1.44 factor contains an addi-
tionsl factor of 1.2 to account for occasions
when the load of a wheel truck is distributed
as much as 10 percent above its design
distribution.

(¢) Burst pressure-hydraulic brakes. The
brake with actuator pisten extended to simu-
late a maximum worn condition must with-
stand hydraulic pressure equal to the
greatest of the following:

(1) For brake systems capable of develop-
in only a limited pressure as in power
operated brake systems, 2 times the maxi-
mum brake line pressure available to the
brakes.

(2) Two times the highest : ressure used
in the tests required by paragraph 4.2(s) (2).

(3) For airplanes, 2 times the pressure
required to resist a static torque of 0.55 SR
with the brake at 70° where S is defined in
paragraph (b) above.

(4) For rotorcraft, 2 times the pressure
required to hold the rotorcraft on a 20°
slope at design takeoff weight,

(d) Endurance tests—hydraulic brakes.
The hydraulic brake-wheel assembly must
be subjected to an endurance test during
which the total leakage may not exceed
5 cc. and no malfunctior may occur during
or upon completion of the test. Minimum
piston travel during the test may not be less
than the maximum allowable piston travel
in operation. The tests must be conducted
by subjecting the hydraullc brake-wheel
assembly to—

(1) 100,000 cycles for airplanes, and
50,000 cycles for rotorcraft, of application
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and release of the average hydraulic | ressure
needed in the KEop. tests specified in section
4.2(a) (2) except that manufacturers using
Method II in conducting the tests specified
in paragraph 4.2(a) (2) must subject the
wheelbrake assembly to the average of the
maximum pressures needed in those tests,
The piston may be adjusted so that 25,000
cycles for airplanes, and 12,500 cycles for
rotorcraft, ere performed at each of the four
positions where the piston would be at rest
when adjusted for 25 percent, 60 percent, 78
percent, and 100 percent wear in the friction
pads; and

{2) 5,000 cycles for alrplanes, and 2,500
cycles for rotoreraft, of applieation and re-
le.se of the greater of the following:

(1) The hydraullc pressure that is required

to hold a static torque of 0.55 SR at 70° P.

where R is the normal folling radius;

(1) The maximum hydraulic pressure
used in conducting the dynamic brake tests
of paragraph 4.2(a) (2); or

(1i1) For brake svstems capable of dev:l-
oping only a limited pressure, the maximum
brake line pressure avallable to the brakes.

(Note that subparagraphs (¢) and (d) of
this paragraph require flutd pressure obser-
vations to be made during the dynamic
torquo tests.)

43 Taxi and parking test. Simulate on
the inertia brake testing machine a landing
at the maximum weight followed by a realis-
tic roll, taxi stop and park, in accordance
with the taxi speed and distance specified
by the manufacturer.

(Secs. 313(a), 601, 603, Federal Aviation Act
of 1058, 49 U.8.C. 1354(a), 1421, 1423; sec.

6(c), Department of Transportation: Act, 49
U.S.C. 1655(c) )

Issued in Washington, D.C,, on Decem-
ber 15, 1970.
R. 8. SLIFF,
Acting Director,
Flight Standards Service.

[F.R. Doc, 70-17156;- Filed, Dec. 21, 1870;
8:45 a.m.]
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