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RATIONALE

In drafting new regulations, advisory circulars, and policy, Federal Aviation Administration (FAA) engineers
need to know the previous Federal actions, policies, and organizational structures. Information is also
requested on past safety issues and the evolution of aircraft manufacturing, commercial air transportation, and

private flying. This |brings together as a basic reference a broad range of data for airplane|wheels, tires, and
brakes. As a factugl chronology, it includes only minimal analysis.
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1. SCOPE

This SAE Aerospace Information Report (AIR) contains regulatory and guidance information related to
airplane wheels, tires, and brakes. It contains certain Civil Air Regulations (CAR) and Federal Aviation
Regulations (formerly referred to as FARs) from Title 14 Code of Federal Regulations (CFR) in their current
version as well as the historical versions. This gives the reader an ability to assemble certain CAR/CFR parts
as they existed at any date in the past (referred to as a Regulatory Basis). A certain amount of preamble
explanatory material is included, which led to the regulatory rule changes (Amendments to the CFR).

1.1 Purpose
The purpose of this document is to provide a basic reference for the FAA engineers and the public by bringing

together a chronological regulatory data for airplane wheels, tires, and brakes. This includes Regulations,
Policies, Advisory Circulars, and Technical Standard Orders (TSOs).

2. REFERENCES
2.1 Applicableg Documents

The following puplications form a part of this document to the extent specified herein. The latest issue of SAE
publications sha|l apply. The applicable issue of other publications §hall be the issue in| effect on the date of
the purchase ordler. In the event of conflict between the text of thisi<document and referepces cited herein, the
text of this docupnent takes precedence. Nothing in this document, however, supersede$ applicable laws and
regulations unlegs a specific exemption has been obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0041, Tel: 877-606-7323
(inside USA and|Canada) or 724-776-4970 (outside USA), www.sae.org.

AIR1064 Brake Dynamics

AIR1739 nformation on Antiskid-Systems

AIR1904 lire Spray Suppression — Airplane Design Considerations and Testing
AIR1934 se of Carbon Heat Sink Brakes on Aircraft

AIR4762 Complication of Freezing Brake Experience and Suggested Designs
AIR4830 Afrcraft-Tire-ConditiomivionitoringSystem

AIR5372 Information on Brake-By-Wire (BBW) Brake Control Systems

ARP597 Wheels and Brakes, Supplementary Criteria for Design Endurance
ARP813 Maintainability Recommendations for Aircraft Wheels and Brakes
ARP1070 Design and Testing of Antiskid Brake Control Systems for Total Aircraft Compatibility
ARP1322 Overpressurization Release Devices

ARP1619 Replacement and Modified Brakes and Wheels
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ARP1786 Wheel Roll On Rim Criteria for Aircraft application

ARP1907 Automatic Braking Systems Requirements

ARP4102/2 Automatic Braking System (ABS)

ARP4102/3 Flight Deck Tire Pressure Monitoring System (TPMS)

ARP4834 Recommended Practice for Retreaded Aircraft Tires

ARP5257 Tire Overspeed Landing Test

AS227 Wheel and Brakes, Minimum Requirements for Civil Aircraft Applications (Cancelled May 91)

AS707 Thermal Sensitive Inflation Pressure Release Devices for Tubeless Aircraft Wheels

AS1145 Aircraft Brake Temperature Monitor System

AS4833 Aircraft New Tire Standard — Bias and Radial

AS8584 Brake Systems, Wheels, Aircraft Design Of

ARP5381 Minimum Performance Recommendations for Part 23, 27, and 29 Air¢raft Wheels, Brakes,
ind Wheel and Brake Assemblies

2.1.2 U.S. Goyernment Publications

Available from the Superintendent of Documents, Gavernment Printing Office, Washington, DC 20402-0101,

http://bookstore.gpo.gov/.

Title 14, Code off Federal Regulations (14 CER)’part 21 — Certification Procedures For Pr:

Title 14, Code o

and Commuter Gategory Airplanes

Title 14, Code

Airplanes

Title 14, Code

Rotorcraft

of Federal Regulations (14 CFR) part 25—Airworthiness Standards

bducts and Parts

f Federal Regulations (14: CFR) part 23—Airworthiness Standards: Norfnal, Utility, Acrobatic,

Transport Category

of Federal Regulations (14 CFR) part 27—Airworthiness Standards: Normal Category

Title 14, Code of Federal Regulations (14 CFR) part 29—Airworthiness standards. Transport Category

Rotorcraft

2.2 Other Applicable References

2.21

222

223

224

Aeronautical Bulletin 7-F, Effective March 1, 1933
Aeronautical Bulletin 7-A, Effective October 1, 1934

Civil Air Regulations Part 04 Issued in 1937, 1938, 1941, 1942, 1943

Civil Air Regulations Part 15 issued in 1937, 1938, 1940, 1944, 1946, 1949, 1952 (Rescinded)
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2.2.5 Civil Air Regulations Part 04 Airplane Airworthiness Transport Categories: Effective November 9,
1945

2.2.6  Civil Aeronautics Manual (CAM) 04 and CAM 04(T) July 1 and November 1, 1944

2.2.7 Civil Air Regulations Part 04b Airplane Airworthiness Transport Categories: Effective November 22,
1946

2.2.8 Civil Air Regulations Part 4b Airplane Airworthiness Transport Categories: Effective May 1, 1949
2.2.9 Civil Air Regulations Part 514 Technical Standard Orders, Effective October 12, 1951

2.2.10 Civil Aeronautics Manual (CAM) 4b Airworthiness Transport Categories: Effective January 1, 1958

2.2.11 CAR Paft 514, Technical Standard Orders: TSO-C26, C26a, TSO-C62, C62a,/and C62b
2.2.12 CAR Paft 37, Technical Standard Orders: TSO-C26a, C26b, and C26¢c
2.2.13 Title 14,[Code of Federal Regulations (14 CFR) Part 37 - TSO-C

2.2.14 Title 14,|Code of Federal Regulations (14 CFR) Part 25 Airworthiness Standards: Transport Category
Airplaneg, Effective February 1, 1965

2.2.15 Amendment 25-23 - 14 CFR Part 25, Effective May 8;:4970

2.2.16 Amendment 25-38 - 14 CFR Part 25, Effective Becember

2.2.17 Amendment 25-48 - 14 CFR Part 25, Effective November 29, 1979
2.2.18 Amendment 25-49 -14 CFR Part 25, Effective December 31, 1979
2.2.19 Amendment 25-52 - 14 CFR Part 25, Effective June 9, 1980
2.2.20 Amendnpent 25-72 - 14 CFRPart 25, Effective August 20, 1990
2.2.21 Amendment 25-78 <24CFR Part 25, Effective March 29, 1993

2.2.22 Amendnpent 25592 - 14 CFR Part 25, Effective February 18, 1998

2.2.23 Amendnpent 25-107 - 14 CFR Part 25, Effective April 24, 2002

2.2.24 FAA Advisory Circular AC 25.735-1, Effective April 10, 2002
2.2.25 TSO-C135 Transport Airplane Wheels and Brakes, Effective May 2, 2002
The following apply to N/U/A/R Small Airplanes Only

2.2.26 Civil Air Regulations (CAR) Part 03 Airplane Airworthiness Normal, Utility, Acrobatic, and Restricted
(N/U/A/R) Purpose Categories, Effective November 13, 1945

2.2.27 CAR Part 03, Effective December 15, 1946
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2.2.28

2.2.29

2.2.30

2.2.31

2232

2.2.33

2234

2.2.35

2.2.36

2.2.37

CAR Part 3, Effective November 1, 1949
Civil Aeronautics Manual (CAM) 3, Effective September 1, 1954

CAR Part 3, Effective May 15, 1956

Title 14, Code of Federal Regulations (14 CFR) Part 23 Airworthiness Standards: Normal, Utility,

Acrobatic, and Restricted (N/U/A/R) Category Airplanes, Effective February 1, 1965 {Recodification of
CAR Part 3 into 14 CFR, Part 23}

Amendment 23-7, Effective September 14, 1969

Amendment 23-17, Effective February 1, 1977

2.2.38 Advisory

3.

3.1

a.

and Airs

CHRONOL(

Air Comm

The roots off
aviation and

foster air commerce, license pilots,icertificate aircraft for airworthiness, designation, &

operate and
Mail Act of
safety and th

(1) On Dgcember 81)°1926, the first Air Commerce Regulations of the Aerona

effecti

Amendnl\ent 23-24, Effective December 31, 1979
Amendment 23-42, Effective February 4, 1991
Amendnent 23-45, Effective September 7, 1993

Amendnpent 23-49, Effective March 11, 1996

Circular (AC) 23-17B, Systems and Equipment-Guide for Certification
hips, Dated April 12, 2005, Sections 23.731,28.733 and 23.735

GY
brce Act of 1926

the FAA go back to 1926 when the U.S., as the only industrial nation
air commerce enacted the.Air Commerce Act of 1926. In addition, the A

maintain aids to ajr-navigation. Driven in part by the need to assure t

of Part 23 Airplanes

that did not regulate
ct was established to
stablish airways, and
ne success of the Air

1925, the Air Commerce Act established the Bureau of Air Commercg to promote aviation

e development:of aeronautics using its regulatory authority.

be. Thecregulations prescribed licensing, operational, and air traffic safet

(2) On Mpreh' 29, 1927, Type Certificate No. 1 was issued by the newly fq
Comn@'me—m—&m—nmmmwwwwm i i

itics Branch became
y rules.

rmed Bureau of Air

ce open cockpit land

biplane. It had an empty weight of 1,415 pounds and a gross weight c;f 2,300 pounds.

(3) On March 1, 1933, the Aeronautics Bulletin No. 7F, became effective. Th
Airworthiness Requirements for Aircraft Components and Accessories.

is bulletin prescribed

In 1934, after a reorganization, the Aeronautical Branch was renamed the Bureau of Air Commerce.

(1) Aeronautics Bulletin No. 7A, effective as amended October 1, 1934, prescribed Airworthiness
Requirements for Aircraft.

(2)  Aeronautics Bulletin No. 7-J, dated July 11, 1935, prescribed Special Requirements for Transport
(or Airline) Aircraft.
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(3) Aeronautics Bulletins 7-G and 7-H, respectively, prescribed requirements for engines and
propellers, and alterations and repairs.

The main part of the Civil Air Regulations (CARs), representing a thorough revision and codification of the
Air Commerce Regulations, went into effect on November 1, 1937. The CARs Part 04 - Airplane
Airworthiness, and Part 15 - Aircraft Equipment Airworthiness, contained relevant requirements for
mechanical systems. Aeronautics Bulletins 7A, etc., were canceled.

3.2 Civil Aeronautics Act of 1938

a.

3.3 The Federal Aviation Act of 1958

a.

The Civil Aeronautics Act of 1938 abolished the Air Commerce Act of 1926. The Bureau of Air
Commerce had come under criticism for not being effective, therefore, Congress created the Civil
Aeronautics Authority (still under control of the Department of Commerce). It encompassed three unique
features:

(1)  An Administrator responsible for fostering air commerce, controlling(air traffic, and establishing
airwayfs;

(2) An Auythority (the only one in the Government), with a,five-person bdard, responsible for
promulgating safety (including design rules) and economic rules; and

(3) An independent three-person Air Safety Board responsible for determining the probable cause of
accidgnts and recommending safety improvements.

The Reorganization Act of 1939-40 abolished the Air Safety Board, making it part of the five-person board
renamed as|Civil Aeronautics Board (CAB). The Administrator’s collective function$ were designated as
Civil Aeronafitics Administration (CAA). The CAB_and CAA reported to the Secretary pf Commerce.

(1) For the next 18 years, the CAB made the rules while the CAA carried out operational functions. The
CAR IParts 04 and 15 were reprinted and amended several times between [1940 and March 15,
1952, [when Part 15 was rescinded in favor of a new Technical Standard Order (TSO) system of
equiprhent qualification.

(2) Effective June 30, 1945, the CAA drafted comprehensive proposals for revidion of the CARs and
submijted them to theCAB. The Board was engaged in revising safety [regulations to reflect
wartime advances-in-aviation.

This Act wag the‘culmination of long term effort to increase the effectiveness of the Government’s effort to
promote safety—and-develop—aeronrauties—in—34958—Cengress—ereated—the—ederal Aviation Agency by

enacting the Federal Aviation Act.

The Federal Aviation Act of 1958 repealed the Air Commerce Act of 1926, as amended; the Civil
Aeronautics Act of 1938, as amended; and the 1939-40 reorganization plans. This Act created two
independent agencies:

(1) the CAB (for economic regulation of air carriers and for accident investigations) and

(2) the Federal Aviation Agency, responsible for safety regulations.
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3.4 Title 14, Code of Federal Regulations (14 CFR)

a.

3.5

Part 25, effective February 1, 1965, was added to replace part 4b of the Civil Air Regulations (CAR). The
object of this recodification was to restate existing regulations. Part 23, effective February 1, 1965, was
added to replace part 3 of the Civil Air Regulations (CAR). The object of this recodification was to restate
existing regulations.

The pertinent provisions were freely reworded and re-arranged, subject to every precaution against
disturbing existing rights, privileges, duties, or functions. In cases where well established administrative
practice or construction had established authoritative interpretations, the revised rule language reflected
the interpretations.

The sections titled “CAA Policies which apply to Sec. 4b.xxx” were determined as “not rule” and deleted

from the Co
certification

Departme

In 1966, the
activities cor
to change th
Secretary of

The CAB’s
Transportati
administratiy

APPLICABIY

The informdg

regulatory alithorities, and Federal Aviation Administration (FAA) airplane type certifi

their designe

This materig
regulatory re

e of Federal Regulations. As CAR Part 4a “Airplane Airworthiness’ h
bf new airplanes since 1947, it was deleted.

nt of Transportation Act of 1966

Department of Transportation (DOT) was created to consolidate the
cerning transportation into one organization. The Federal Aviation Act g
e FAA, The Agency, to the FAA, the Administration. ¥The FAA Admin
Transportation as a result of this Act.

responsibilities for accident investigation were transferred to a new
bn Safety Board (NTSB). Although independent, the NTSB remaine
e purposes only until 1975, and then was:separated entirely.

ITY

tion provided in this documient is directed to airplane manufacture

es.

| does not change;-Create any additional, authorize changes in, or p4
quirements.

ad not been used for

arious governmental
f 1958 was amended
strator reports to the

ndependent National

i within the DOT for

s, modifiers, foreign

cation engineers, and

rmit deviations from,
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5. HISTORY OF REGULATIONS

5.1 Table 5-1 History of Regulations Index: All Airplanes [1933-1952]
Date Action Wheels Tires Brakes
03-01-33  Aeronautical Bulletin 7-F: 7(A) 7(A) 7(B)
10-01-34  Aeronautical Bulletin 7-A: 40(A) 40(B)
11-01-37  Old Part 04: Airplane A/W 04.442 04.443
11-01-37  Part 15: Equipment A/W 15.10 15.104
05-31-38  Parf 04 Reprinted 04.442 04.443
05-31-38  Part 15 Reprinted 15.10 15.104
11-15-40  Parf 15 Reprinted 15.10 15.10¢4
04-01-41  Parf 04 Reprinted 04.442 04.443
07-01-42  Parf 15/Amd’t 15-1/-2 15.1040/1041T
08-15-42  Part 04 Reprinted 04.442 04.443 04.445-T
11-01-43  Parf 04 Reprinted 04.442 04.443 04.445-T
04-15-44  Part 15 Reprinted Consolidated 1937/38/40/& 42 versions
07-01-44  CAM 04 04.442 04.443 04.445-T
11-01-44  CAM 04-T 04.445-T
11-09-45  Addgpted an entirely New Part 04 for Transport Category only
11-13-45 Adopted an entirely New Part 03 for Normal/Utility/Acrobatic/Restricted
05-31-46 Part 15.Reprinted 15.10 15.1040/41T
11-22-46 Am{’t-04-5 Old Part 04 became Part 04a: N,U,A,R categories
11-22-46  Amd’t 04-5 New Part 04 became Part 04b Transports only
11-01-47  Part 04a Reprinted 04a.442 04a.443 04a.445-T
01-01-48  Amd’t 04a-1Approval by Administrator: Materials/Parts
05-01-49  Parts 04a and 04b respectively designated as Parts 4a and 4b
11-01-49  Part 15 reprinted 15.11 15.12
12-07-49  Amd'’t 15-1 Identification Data/ 15.11 15.12
04-07-50  Part 4a Reprinted 4a.477-479 42a.480-481 4a.483-T


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE

AIR5697

-12 -

03-05-52

03-15-52

12-15-52

Amd’t 15-4 Part 15 Rescinded/Use TSO System
TSO-C26 is issued: Wheels and Brakes/AS-227A

Amd’t 4a-1 Correction of References
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5.2 Wheels, Tires, and Brakes: History of Regulations
5.2.1  Airworthiness Requirements for Aircraft

Aeronautics Bulletin No. 7-A, effective as amended October 1, 1934

Sec. 40. Wheels.
Landing gear wheels shall be of a type and design approved by the Secretary [of Commerce] in
accordance with the [design] requirements outlined in Aeronautics Bulletin No. 7-F and shall not
be subjected to loading conditions in excess of those for which they are approved. The static

(A)

5.2.2 Aeronauti
Chapter | - Ge

Sec. 4. Data Reguired for an Approved Type Certificate or a Letter 6f/Approval.

working load of a landing gear wheel shall be taken as half the gross weight

of the airplane upon

which it is installed. The static working load for a tail wheel shall be taken as the maximum
actual load which may be imposed on the tail wheel when the airplane is at rest on the ground.

When the wheels installed on a specific airplane are of such a size as to req

uire that a tire of

special construction be used to support the airplane weight, the wheels shall be plainly and

cor]
tire

spicuously marked to that effect. Such marking shall state the make anc
and the number of plies required in its construction.

cal Bulletin No. 7-F, effective March 1, 1933.

heral

Data submit

(A)

ed in connection with a request for the approval of an accessory or comy

An gpplication for approval in duplicate, on fornis*which will be furnished for {
Secfetary. The data requested on these formis include the actual weight of th
under consideration.
A cdmplete set of drawings which contain all the dimensions and material sp{
particular item. These drawings shall be in duplicate.

, in duplicate, of drawings submitted, giving the number and title of each
arranged numerically, or a complete parts list in duplicate if that system is st3
the manufacturer in question:

The|special data outlinedsinisucceeding sections of these regulations for spe
In cgses where such precedure is deemed advisable, or is specified in these
mor¢ of the actual articles shall be submitted for examination and test.

If th¢ modifications:to a previously approved component or accessory are no
to warrant a newimodel or type designation it is only necessary to submit rev
drawing lists'er-parts lists for inclusion in the original approved file, and techn
subgtantiating the changes.

size of the proper

onent shall include:
hat purpose by the
e complete unit

beifications of the

drawing, preferably
ndard practice with

Cific cases.
regulations, one or

of sufficient extent
sed drawings and
cal data

Chapter Il — Landing Gear Wheels [and Tires, and Brakes]

Sec. 7. Design Conditions.

(A) Aircraft Landing-gear wheels will be approved for a maximum static load which will be
determined from the strength of the wheel in accordance with Figure 1. The minimum load for
which a wheel will be approved is the working load of the corresponding standard tire at the

maximum recommended pressure. These values are given in Table 1 for hi
low-pressure tires. Extra-ply and oversized tires may be used on approved
maximum working load of the tire provided the rated static load of the wheel
greater than, the maximum working load of the tire. Standards for extra-low

given in table 2. The values given in tables 1 and 2 are for front-wheel tires.

gh-pressure tires and

wheels at the

is equal to, or
pressure tires are
Tail wheel tires may

be inflated to higher pressures and carry correspondingly higher loads within reasonable and

safe limits.
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Figure 1 is derived from figure 2 of Aeronautics Bulletin 7-A. The required radial test load per wheel is
equal to the product of the rated load of the wheel, which is assumed to be half the gross weight of the
airplane, the load factor required for the corresponding airplane and a material factor of 1.25. The value given
by the side load curve is 35 percent of the radial load values.

(B) In cases where brakes are incorporated in wheels the brake mechanism and its operation
shall be satisfactory to the Secretary [of Commerce]. Brakes shall be free from any undue
tendency to lock or jam.

Sec. 8. Technical Data Required.
The data submitted in substantiation of a request for approval of a wheel shall include the following in
addition to the data specified in section 4:

(A) Ar rl_\nrf of static tests dnmnncfrnﬁng r\r\mplignr\n with-the minimum wheel-g rength requirements

for pach type or model wheel. Such tests shall demonstrate the strength/of fhe wheel under
radjal loads and side loads. The radial and side loads shall be applied;separately and the wheel
shdll be equipped with the correct size tire inflated to the proper pressure fof the load for which
appgroval is requested. The radial load shall be applied to the wheelin the pJane of the tire and
may be distributed over an arc of not more than 60°. When the'side load is applied the wheel is
to Qe restrained by the axle only. The report shall include complete details gf the test, including a
recprd of deflections and photographs of the test set-up, and-shall be signed by the person
macing the test.

Sec. 9. dentifigation Data.
The identification data affixed to each wheel of an appreved type shall contain the information
specified in section 5(B) and shall also state the approved type certificate numbef under which the
wheel has been manufactured and the maximupi static load for which approval has been granted.

Figure 1-Wheel Strength

Determination
L8 20000
& £ 3 15000 Side Lead —
2T S 10000 - T —+— Serie$1
% _:: 5< 5000 ’%‘J adialloa
¢ 8 0 —=— Serie$2
- 0 50000 100000

Required Test Load Per Wheel -
Pounds
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5.2.3

[old] Part 04: Airplane Airworthiness Effective November 1, 1937

04.442—Wheels. -- Main landing gear wheels shall be of a type or model certificated by the Secretary [of
Commerce] in accordance with the [design] provisions of CAR 15 and shall not be subjected to static loads in
excess of those for which they are certificated. Tail wheels may be of any type or model and are not
certificated. Nose wheels are subject to special rulings to be made by the Secretary.

04.4420—For the purpose of these regulations main landing gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft location.

04.4421-- For the purpose of these regulations a tail wheel is considered as one which supports the tail of a
conventional airplane in the three-point landing attitude. A nose wheel is considered to be a wheel supporting

the nose of the 3

04.443—Tires.—
a proper fit on th
exceeded.

04.4430—When

conspicuously m
identification ma

524

CAR 15 Aircraft Equipment Airworthiness effective November 1, 1937

15.1 LANDING

15.10 LANDING
15.100 Main lan
the strength of th
15.1000 For the
airplane center g
15.1001 For the
conventional airf
15.101 For whe
special rulings p

irplane when the two main wheels are located behind the center of gravif

LA landing gear wheel may be equipped with any make or type of tire; prg
e rim of the wheel and provided that the tire manufacturer’s recommende

specially constructed tires are used to support an airplane, the wheels s
arked to that effect. Such markings shall include the make, size, numbe
rking of the proper tire.

GEAR EQUIPMENT

GEAR WHEELS.
ding gear wheels will be cerfificated for a maximum static load which will
e wheel. Tail wheels will not be certificated.

purpose of these regulations main landing gear wheels are considered §
f gravity with respect'to fore-and-aft location.

purpose of these regulations a tail wheel is considered as one which su
lane in the three-point landing attitude.
b|s other than main landing or tail wheels, application shall be made to th
brticularly*applicable to the cases in question.

15.102 The stre|
(a) Radial load

fest, (See CAR 15.1020)

hgth.of.a main landing gear wheel shall be substantiated by the following

.
vided that the tire is
d load rating is not

hall be plainly and
- of plies and

be determined from
s those nearest the
pports the tail of a

e Secretary for

two static tests:

(b) Side load tedt—See-EAR+5-4024)

15.1020 The required radial test load is equal to -

(P)x(n)x(1.5)x(1.25)
Where P is the maximum static load for which approval is requested, n is

2.80 + 9000/(2P+4000)
and is the applied landing load factor for the corresponding airplane, 1.5 is the factor of safety, and 1.25 is a
strength test material factor.

15.1021 The required side test load is equal to -

(0.35)x(the radia

| test load).
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15.1022 The radial and side loads shall be applied separately and the wheel shall be equipped with the

correct size tire inflated to the proper pressure for the load for which certification is requested.

15.1023 The radial load shall be applied to the wheel in the place of the tire and may be distributed over a

portion of the tire by allowing the tire to bear in a box of firm earth or sand.
15.1024 The side load shall be applied to the rim of the wheel at its maximum radius and may be

15.1025

15.103 A main |

15.104 When
shall b
jam.

15.105 The rim
standards or rec

15.106 A landin

fit on the rim of t
recommends as

15.107 Each un
identification dat

15.108 Areque

supported by the

15.0502:

15.1080 A repo
tests, including r|
accordance with
was impossible.
unless the tests
as a witness.

5.2.5

distributed over an arc of not more than 60°. The wheel shall be restra

ined only by the axle.

When it is impossible to apply sufficient side load to the tire due to its inability to stay on the

rim of the wheel, the side load shall be applied directly to the rim of the
the required test load shall be increased over that specified in CAR 15.
the distance from the center of the wheel to the point of maximum cros
the tire, to the distance from the center of the wheel to the point where
applied, thus obtaining a bending moment at the center of the wheel of

wheel. In this case ,
1021 in the ratio of
s sectional width of
the load actually is
the same value as

would have been obtained had the load been applied at the maximum cross sectional width

!

of the tire.
anding gear wheel shall support the required loads before failure.

brake is incorporated in a main landing gear wheel, the brake{mechanig

contour of a main landing gear wheel shall conform.to the Tire and Rim A
bmmendations unless the wheel is to be used in.conjunction with a spec

g gear wheel may be equipped with any make or type of tire, provided th
a basis for his guarantee, is not exceeded.

t of a certificated model of main landing gear wheel shall bear the follow
h as prescribed in CAR 15.042(g): The maximum static load for which ¢

6t for certification of a type of model or series of models of main landing g
following additional data as prescribed in CAR

t of the statictests prescribed in CAR 15.102. The report shall contain ¢
bcords of wheel deflections and photographs of the test set-ups. If the si
CAR 151025, the report shall show clearly that the procedure prescribe
The report shall be signed by the person making the tests, and shall be
wefe~witnessed by a Bureau inspector, in which case such inspector als

m and its operation

satisfactory to the Secretary and the brake shall be free from any undug¢ tendency to lock or

ssociation’s
ally constructed tire.

at the tire is a proper

ne wheel and provided that the tire manufacturer’s load rating, which he @ises and

ng additional
ertificated.

ear wheels shall be

bmplete details of the
de load is applied in
d in CAR 15.1024
supported by affidavit
b will sign the report

Part 04 — Airplane Airworthiness As Amended to May 31, 1938/Reprinted

Same as item 3.

5.2.6

above.

CAR 15 — As Amended to May 15, 1938/Reprinted

Same as item 4

. above except as follows:

15.1020 Replace the strength test material factor of 1.25 with 1.15

15.1024 Replace “arc of not more than 60” with “arc of not more that 30”

15.105 Replace “tire manufacturer’s load rating, which he uses and recommends as a basis for his
guarantee, is not exceeded” with “tire rating of the Airplane Tire Committee of the Tire and Rim
association is not exceeded”.
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5.2.7
CAR 15 — As Amended to November 15, 1940 {Reprinted}
Same as item 3. above except as follows:
15.1080 Replace “a Bureau inspector” with “an inspector of the Administrator”.

5.2.8
Part 04 — As Amended to April 1, 1941/Reprinted
Same as item 6. above except as follows:
04.442 Replace “the Secretary” with “the Administrator”.

5.2.9

Part 15.—As Amended to July 1, 1942—Amendment 15-1,-2
Strike section 15.104 and insert in lieu thereof the following: [Sections 15.105, 15.106, 15.107, and
15.108/1080 remain unchanged]

15.1040 [esting of brakes for certification
b. A wheel-brake combination shall demonstrate satisfactory performance during 100 tests
simulating the stopping of an airplane at an average decel€eration of at least 10 feet per
second per second, from a speed chosen by the applicant. The kinelic energy absorbed
per stop shall be computed and the wheel-brake combination shall bg certificated for a
kinetic energy absorption not in excess of the amount so determined
D. To be eligible for use on airplanes certificated-in_accordance with the|transport category
requirements of Part 04, a wheel-brake combination shall further demonstrate satisfactory
performance during three tests identical with those specified in paragraph (a) except that
the speed shall be increased to obtain a kinetic energy absorption of|125% of that
determined under that paragraph.

15.1041T Adaptation of brakes to airplanes — Transport category

a. An airplane certificated in aceordance with the transport category rgquirements of Part
04 shall make use of wheel-brake combinations for which the summation of the kinetic
energy ratings of therakes used in the main landing gear is at least equal to:

K. E«=10334 W V¢

Where K. E. = kinetic energy in foot-pounds
W = the maximum landing weight of the airplane
Vs = the power off stalling speed of the airplang

in miles|per hour at sea level
in standard air at maximum landing weight.
b. The wheelibrake combinations used in such airplane shall have been tested, in det¢rmining the kinetic
energy absorption under 15.1040, from a speed lying between 80% anfd 100% of Vs.

15.1042 Design. Brakes shall be free from any undue tendency to lock or jam, and shall be suitably
shielded from water, mud, and oil.

15.1043 Static torque. The maximum available static torque in reverse shall be at least 40% of the
forward static torque when both are measured at the same applied pedal force.

15.1044 Adjustment. When necessary to insure satisfactory performance, the brake mechanism shall
be equipped with suitable adjustment devices to compensate for disc or lining wear, heat, and
other normal service effects.

15.1045  Strength. The brake and all of its attachments to the wheel shall be designed with an ultimate
strength sufficient to withstand a torque which is 1.6WR/B, where R is the rolling radius of the tire
and B is the number of brakes. A static test of the brake and wheel shall demonstrate that the
assembly is capable of withstanding a torque which is 80% of the above without yielding to the
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point of impairing service operation.

15.1046 Testlog. A log of the test runs shall be submitted together with other calculations which are

necessary to indicate compliance with the above brake regulations.

15.1047

Identification data. Each certificated brake shall bear the following identification as prescribed

in section 15.042(e): “The foot-pounds of kinetic energy for which it is approved.” _

5.2.10

Part 04 — As Amended to August 15, 1942/Reprinted

Same as i

tem 3. above except added 04.445-T as follows:

04.445-T Brakes. Transport category airplanes shall be equipped with brakes certificated in accordance
with the provisions of Part 15 for the maximum certificated landing weight at sea level and the power-off
stalling speed, Vso, as defined in

§ 04.7511-T. Th
single failure in &
hydraulic or othg

to bring the airpl
during the landin
section.

5.2.11
Part 04: Noven

e brake system for such airplanes shall be so designed and constructed
ny connection or transmitting element in the brake system, or the 1058)0f
r brake operating energy supply, it shall be possible, as shown by suitab

hne to rest under the conditions specified in § 04.7533-T with amean ne
g roll of at least 50 percent of that obtained in determining the landing dis

ber 1, 1943 [Normal, Transport, and Acrobatic}/Reprinted

04.442 Wheelg. Main landing gear wheels shall be of a type.or model certificated by th

accordance with
loads in excess
certificated. Nos

the provisions of Part15 [created November 1, 1937] and shall not be s
bf those for which they are certificated, ¢Tail wheels may be of any type o
e wheels are subject to special rulings to be made by the Administrator.

04.4420 For th¢ purpose of these regulations main landing gear wheels are considered

airplar
04.4421 Forth
conve
suppo

gravity.

04.443 Tires.
proper fit on the
and Rim Associs

e center of gravity with respect'to fore-and-aft location.

e purpose of these regulations a tail wheel is considered as one which s
htional airplane in the three-point landing attitude. A nose wheel is consi
ting the nose of theairplane when the two main wheels are located behi

\ landing @ear wheel may be equipped with any make or type of tire, pro
rim of the"wheel and provided that the tire rating of the Airplane Tire Coni
tion-is\not exceeded.

that in the event of a
any single source of
e test or other data,

hative acceleration
stance under that

Administrator in
bjected to static
Ir model and are not

as those nearest the

ipports the tail of a
Hered to be a wheel
nd the center of

ided that the tire is a
mittee of the Tire

04.4430 When s

eciatty constructed tires are used to supportam airptane, the wheetssh

Il be plainly and

conspicuously marked to that effect. Such markings shall include the make, size, number of plies, and
identification marking of the proper tire.

04.445-T Brakes. Transport category airplanes shall be equipped with brakes certificated in accordance
with the provisions of Part 15 for the maximum certificated landing weight at sea level and the power-off
stalling speed, V5o, as defined in

§ 04.7511-T. The brake system for such airplanes shall be so designed and constructed that in the event of a
single failure in any connection or transmitting element in the brake system, or the loss of any single source of
hydraulic or other brake operating energy supply, it shall be possible, as shown by suitable test or other data,

to bring the airplane to rest under the conditions specified in § 04.7533-T with a mean negative acceleration

during the landing roll of at least 50 percent of that obtained in determining the landing distance under that
section.
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5.2.12

Part 15 Reprinted—As Amended to April 15, 1944
Consolidated Part 15 versions of items 4.(1937), 6.(1938), 7.(1940), and 9.(1942).

Part 15: Aircraft Equipment Airworthiness As Amended to April 15, 1944

15.0 General
15.0

Provision for Rating. Pursuant to the provisions of the Civil Aeronautics Act of 1938, as amended,

empowering and requiring the Civil Aeronautics Board to prescribe such minimum standards governing
appliances, including instruments, equipment, apparatus, parts, appurtenances or accessories of
whatever description, which are used, or are capable of being or intended to be used, in the
navigation, operation, or control of aircraft in flight (including parachutes and communication
equipment and any other mechanism installed in or attached to aircraft during flight), as may be
required in the interest of safety, and to provide for the rating of aircraft and such appliances as to their

airworthimess, the requirements hereinafter set forth shall be used as the minimun

establish
15.10 (Wheels),

5.2.13
Civil Aeronautic

Introductory Nd
Aeronautics Marj

The CAM 04 ifpcluded for ease of reference the Civil Air Regulations (CAR) Part

preceding the ¢
and was intend
requirement. A
The function of
to conduct or W
with the Regul:

04.442, 04.4420
04.443 and 04.4

04.443-Tires—A|
“‘landing gear wh

04.445-T-Brakes

ng such rating of aircraft appliances for use in certificated aircraft.

and 15.104 (Brakes) thru 15.1080 remained unchanged.

ts Manual 04, Revised July 1, 1944

ual (CAM) 04.

orresponding section of the manual ~Fhe manual material therein y
ed only to explain and to show aceeptable methods of complying W
Ilternate methods of showing cempliance may be used at the optior
the Civil Aeronautics Administration (CAA) was to examine such
itness such inspection and testing as may be necessary to demonsti
itions.

04.4421, 04.443, and 04.445-T: Same as under 5.2.11. except the follo
15-T:

wheel appended to a previously approved tail skid installation will not be
eel.” See “Minor Changes,” for an acceptable procedure of use in makin

n standards for

te. Through out this document, this note applies to.any and all referencgs made to the Civil

04 immediately
vas not mandatory
ith the pertinent

| of the applicant.
technical data and
rate compliance

wing was added to

classes as a
g such a change.__

This requirement is based upon the fact that compliance with the ope

fating rules of CAR

61.712 will require great dependence upon the presence and proper funcltioning of brakes unless the runways
involved are unusually long. [Its purpose is believed clearly indicated by the text of the regulation
itself.[italicized text added by November 1, 1944 CAM 04]

The nature and extent of the “test or other data” required to show compliance with this requirement will
necessarily depend upon a great many things such as, for example, the general arrangement of the landing
gear, the design of the brake system, the extent to which the capacity of the brakes is used in establishing the
landing distance required by 04.7533-T, the amount of available performance data for the brakes, etc. The
simplest possible procedure would appear to be to determine the average deceleration during a landing
ground roll using no brakes and then to establish the landing distance required by 04.7533-T using the brakes
to the extent necessary to double the mean deceleration so established. It appears likely, however, that this
procedure would result in excessive landing distance and might seriously limit the use of the airplane in
scheduled operation.
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If it is desired by the applicant to make the maximum possible use of the brakes in establishing the landing
distance, and if also the contribution of the brakes to the total deceleration is relatively large, it will be
necessary so to design the brake system as to permit the application of slightly less than half the braking
deceleration so developed under the conditions specified in this section. The following dual system is
recommended: dual wheel elements (drums or disc units), transmitting elements, power sources, master
cylinders, etc., connected to a single pedal on each rudder pedal, such that the failure of any single one of
these would leave half the total braking capacity symmetrically disposed about the plane of symmetry of the
airplane. With such a system it should be possible to show compliance with this section by means of
calculation based upon the test data necessary to establish the landing distance plus those obtained as a part
of the certification process for the brake (See CAR 15.104). Such a braking system is recommended[11-1-44].

If the system be so designed that under the conditions here specified appreciably less than half the total
braking capacity remains or if the remaining capacity be asymmetrically disposed, it will almost certainly
require tests to determine that half the mean deceleration may in fact be developed and/or that the airplane

may be safely cd
unlikely that any

The decision, therefore, rests with the applicant. It is recommended however, thatthe qu

well in advance
Civil Aeronauticq
or power source
means of which

5.2.14
Civil Aeronautic
See italicized tex

5.2.15

Adoption of New Part 04 and New Part 03 — November 1945

(i) A new
(ii)) A ne
Categor
(iii) Theq
Part 04: Noven

04.300 Approve

ntrolled directionally while doing so. In the case of a conventional Tandin]
appreciable braking effort might be safely applied on one side only afithd

bf presenting the airplane and that, once the decision be taken'dt be com
Administration, together with drawings of the installation, a_proposal cor
to be considered inoperative, and an outline of the methiad 9tests, calcul
tis proposed to show compliance. [11-1-44].

ts Manual 04-T, November 1, 1944
t under 13. above {ltalicized text was added\to 04.445-T in this version o

Part 04 adopted on 11-09-45, applicable to Transport airplanes only.

es [N, U, A, R]
old Part 04 remained in-effect for N, T, and A categories as well

ber 9, 1945

d Specifications'and Parts. Where the word “Approved” or “acceptable”

describe specifig
the Administrato
Note: 04.363 V)

ations, matefials, parts, methods and processes, such items shall be spg
[ upon a‘basis and in a manner found by him to be necessary to safety.
heels , and 04.365 Brakes , require that wheels and brakes be certifica

with the provisio

hs.of Part 15.

g gear it appears
e airplane. [11-1-44].

estion be considered
municated to the
cerning the element
ations, etc.), by

f CAM 4-T}.

v Part 03 was adopted on 11-13-45, applicable to Normal, Utility, Acrobalic, and Restricted

is used in this Part to
cifically approved by

ed in accordance

5.2.16

aPart 15 Reprinted—May 31, 1946.
Same as ltem 12. above.

5.2.17
Re-designation
(i)
(ii)

5.2.18
Part 04a Reprin

of New and Old Parts 04—November 22, 1946

Old Part 04 designated as Part 04a:
New Part 04 designated as Part 04b Transports only

ted: November 1, 1947

04.442 to 04.445-T became 04a.442 to 04a.445-T

No chan

ge in content {Same as item 11. above.}

04a.442 Wheels. Main landing gear wheels shall be of a type or model certificated by the Administrator in
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accordance with the provisions of Part15 and shall not be subjected to static loads in excess of those for
which they are certificated. Tail wheels may be of any type or model and are not certificated. Nose wheels
are subject to special rulings to be made by the Administrator.

04a.4420 For the purpose of these regulations main landing gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft location.

04a.4421 For the purpose of these regulations a tail wheel is considered as one which supports the tail of a
conventional airplane in the three-point landing attitude. A nose wheel is considered to be a wheel supporting
the nose of the airplane when the two main wheels are located behind the center of gravity.

04a.443 Tires. A landing gear wheel may be equipped with any make or type of tire, provided that the tire is

a proper fit on the rim of the wheel and provided that the tire rating of the Airplane Tire Committee of the Tire

and Rim Association is not exceeded.

04a.4430 When jspecially constructed tires are used to support an airplane, the wheels, st
conspicuously marked to that effect. Such markings shall include the make, size,numbe
identification mafking of the proper tire.

04a.445-T Brakes. Transport category airplanes shall be equipped with bfakes certifice
with the provisiops of Part 15 for the maximum certificated landing weightét sea level ang
stalling speed, Vo, as defined in

§ 04.7511-T. Thie brake system for such airplanes shall be so designed and constructed
single failure in gny connection or transmitting element in the brake system, or the loss of]
hydraulic or othgr brake operating energy supply, it shall be possible, as shown by suitab

to bring the airplaine to rest under the conditions specified in'§ 04.7533-T with a mean ne
during the landing roll of at least 50 percent of that obtained in determining the landing di
section.

5.2.19 Part 043: Amendment 04a-1, Effective-January 1, 1948

Prior to this amehdment approval of certain.specified appliances was required by type ce
entailed submisgion of detailed data for.each appliance or variation thereof, which had to
approved by the[Administrator of CivikAeronautics. The purpose of this amendment was
expedite approval by permitting, inlieu of type certification, the establishment and publicg
in the form of “Tgchnical Standard Orders (TSOs)” by the Administrator for such applian
established after collaboratien.with the industry and upon consideration of pertinent aviati
and military spegifications( An appliance for which a TSO had been so established was d
the Administratof when the manufacturer certified that the appliance meets the specificati

deesrin fact meet the specification. Section 04.300 was repealed and

all be plainly and
- of plies, and

ted in accordance
the power-off

that in the event of a
any single source of
e test or other data,

hative acceleration
stance under that

tification. This

be examined and

to simplify and

tion of specifications,
ces. The TSOs were
on industry, federal,
eemed approved by
ons included therein,

h new § 04a.07 was

added to read ag follows:

§ 04a.07 Approval of materials, parts, processes, and appliances. Materials, parts, processes, and

appliances shall be approved upon a basis and in a manner found necessary by the Adm

inistrator to

implement the pertinent provisions of the Civil Air Regulations. The Administrator may adopt and publish such
specifications as he finds necessary to administer this regulation, and shall incorporate therein such portions
of the aviation industry, Federal, and military specifications respecting such materials, parts, processes, and

appliances as he finds appropriate.

Any material, part, process, or appliance shall be deemed to have met the requirements for approval when it

meets the pertinent specifications adopted by the Administrator, and the manufacturer so
prescribed by the Administrator.

certifies in a manner

5.2.20 Re-designation of Parts 04a and 04b as Parts 4a and 4b: effective. May 1, 1949

5.2.21 Part 15 Reprinted—As Amended to November 1, 1949
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LANDING GEAR EQUIPMENT

15.11 Landing gear wheels {Was 15.10 thru 15.103 and 15.105 thru 15.1080}
(a) Main landing gear wheels will be certificated for a maximum static load which will be determined from the
strength of the wheel. Tail wheels will not be certificated.

(1) For the purpose of these regulations main landing gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft location.

(2) For the purpose of these regulations a tail wheel is considered as one which supports the tail of a
conventional airplane in the three-point landing attitude.

(b) For wheels other than main landing or tail wheels, application shall be made to the Secretary for special
rulings particularly applicable to the cases in question.

(c) The strength of a main landing gear wheel shall be substantiated by the following two static tests:

(1) Radial load test. (See subparagraph (3) of this paragraph)
(2) Side load test. (See subparagraph (4) of this paragraph)
(3) The required radial testToad is equal 1o -

(P)x(n)x(1.5)x(1.25)
Where P is the maximum static load for which approval is requested, n is

2.80 + 9000/(2H+4000)
and is the applied landing load factor for the corresponding airplane, 1.5.s the factor of safety, and 1.25 is a
strength test maferial factor.

4) The required side test load is equal to -
(0.35)x(the radid test load).

(5) The radial and side loads shall be applied separately’and the wheel shall be equippedl with the correct size
tire inflated to thé proper pressure for the load for which certification is requested.
(6) The radial lopd shall be applied to the wheel in.the place of the tire and may be distriputed over a portion
of the tire by allowing the tire to bear in a box of firm earth or sand.
7) The side load shall be-applied to the rim of the wheel at its maximun radius and may be
distributed over an arc of not more than 30°. In order to insure sufficient strength in the
retaining flanges ofithe rim, all the side load shall be applied to the inper flange in a
direction such as 1o bend it away from the tire. In such case , the load must be increased
so that its side_¢éomponent is equal to the load specified in subparagraph (4) of this
paragraph:.\The wheel shall be restrained only by the axle.

(d) A main landing gear wheel shall support the required loads before failure.

(e) The[rim‘contour of a main landing gear wheel shall conform to the Tire and Rim Association’s
standards or recpmmendations unless the wheel is to be used in conjunction with a specially constructed tire.

(f) Alanding gear wheel may be equipped with any make or type of tire, provided that the tire is a
proper fit on the rim of the wheel and provided that the tire manufacturer’s load rating, which he uses and
recommends as a basis for his guarantee, is not exceeded.

(g) Each unit of a certificated model of main landing gear wheel shall bear the following additional
identification data as prescribed in 15.5(c)(5): The maximum static load for which certificated.

(h) A request for certification of a type or model or series of models of main landing gear wheels shall
be supported by the following additional data as prescribed in 15.6(a)(3):

(1) A report of the static tests prescribed in 15.11(c). The report shall contain complete details of the
tests, including records of wheel deflections and photographs of the test set-ups. The report shall be signed
by the person making the tests, and shall be certified to unless the tests were witnessed by an inspector of the
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Administrator, in

which case such inspector also will sign the report as a witness.

§ 15.12 Brakes {was 15.1040 thru 15.1047}
(a) Testing of brakes for certification (1) A wheel-brake combination shall demonstrate satisfactory

performance during 100 tests simulating the stopping of an airplane at an average deceleration of at least
10 feet per second per second, from a speed chosen by the applicant. The kinetic energy absorbed per
stop shall be computed and the wheel-brake combination shall be certificated for a kinetic energy
absorption not in excess of the amount so determined.
(2) To be eligible for use on airplanes certificated in accordance with the transport category
requirements of Part 4a of this subchapter, a wheel-brake combination shall further demonstrate
satisfactory performance during three tests identical with those specified in subparagraph (1) of
this paragraph except that the speed shall be increased to obtain a kinetic energy absorption of
125% of that determined under that subparagraph.

(b) Adaptafion of brakes to airplanes — Transport category

(2) The wheel

(c) Design
shielded from w4

(d) Static tonque. The maximum available static torque in reverse shall be at least 40

static torque whd

(e) Adjustn

equipped with suitable adjustment devices to compensate for disc or lining wear, hea

service effed

(f)
strength suff

Strength. The brake and all of its attachments to the wheel shall be designed w|

1) An airplane certificated in accordance with the transport categoryreq
of this subchapter shall make use of wheel-brake combinationsfor w
of the kinetic energy ratings of the brakes used in the main landing g
to:

K. E.=.0334 W V¢
Where K. E. = kinetic energy in foot-pounds
W = the maximum landing weight of the airplarn
Vs = the power off stalling speed of the airplan
in miles
in standard.air at maximum landing weig
brake combinations used in such airplane:shall have been tested, in det

. Brakes shall be free from any,undue tendency to lock or jam, and sh

ter, mud, and oil.

n both are measured.at.the same applied pedal force.
lent. When necessary to insure satisfactory performance, the brake me

ts.

cientto withstand a torque which is 1.6WR/B, where R is the rolling radi

uirements of Part 4a
hich the summation
bar is at least equal

e

D

per hour at sea level

ht.
ermining the kinetic

energy absorption under § 15.12(a),«ffom a speed lying between 80% and 100% of Vs.

all be suitably

% of the forward

thanism shall be
t, and other normal

th an ultimate
us of the tire and B is

the number

pf brakes. A static test of the brake and wheel shall demonstrate that the

assembly is capable

of withstanding a torque which is 80% of the above without yielding to the point of impairing service

operation.

(9)

Testlog. A log of the test runs shall be submitted together with other calculations which are

necessary to indicate compliance with the above brake regulations in paragraphs (a) to (f) of this section.

(h)

15.5(c)(5):

5.2.22
Part 15, Am

The foot-pounds of kinetic energy for which it is approved.” _

endment 15-1: Effective 12-07-49

1. By amending 15.5 to read as follows:

15.5

Identification data. Each unit certificated or approved shall be marked with the

Identification data. Each certificated brake shall bear the following identification as prescribed in §

identification data
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required by § 2.36, unless otherwise specifically provided for in this part of the regulations. The
identification data shall be displayed in a conspicuous place on the unit in a manner such that it
cannot be easily erased, disfigured, or obscured.

2. By amending 15.11(g) to read as follows:

15.11(g) Each unit of a certificated model of main landing gear wheel shall bear the identification data as
prescribed in 15.5.

3. By amending 15.12(h) to read as follows:

15.12(h)

Identification data. See 15.5

5.2.23

Part 4a Reprinted---April 7, 1950
04a.442-04a.4421 became 4a.477-479; 04a.443-.4430 became 4a.480-481; and 04a.445-T became

4a.483-T

No change in content {Same as item 18. above.}

§ 4a.477 Whe
accordance with
excess of those

certificated. Nog

§ 4a.478 Main |
considered as th

§ 4a.479 Tail an
supports the tail
be a wheel supp
gravity.

§ 42.480 Tires.
a proper fit on th
and Rim Associg

§ 4a.481 Tire m4
plainly and cons
and identification

§ 4a.483-T Bral
with the provisio
the power-off stg
designed and co

:

the provisions of Part15 of this subchapter and shall not be subjécted to
for which they are certificated. Tail wheels may be of any type ©r model
e wheels are subject to special rulings to be made by the Administrator.

bnding gear wheels. For the purpose of these regulations main landing
ose nearest the airplane center of gravity with respect to fore-and-aft loc

d nose wheels. For the purpose of these regulations a tail wheel is cong

brting the nose of the airplane when the two main wheels are located be

e rim of the wheel and provided;that the tire rating of the Airplane Tire Cq
tion is not exceeded.

rkings. When specially*constructed tires are used to support an airplang
bicuously marked to that effect. Such markings shall include the make, §
marking of the proper tire.

kes. TranspOrt category airplanes shall be equipped with brakes certific
ns of Part 45 of this subchapter, for the maximum certificated landing we
lling speed, Vso, as defined in § 4a.739. The brake system for such air|
hstructed that in the event of a single failure in any connection or transm

Is. Main landing gear wheels shall be of a type or model certificatedby the Administrator in

static loads in
and are not

jear wheels are
htion.

idered as one which

of a conventional airplane in the three-pointlanding attitude. A nose wheel is considered to

nind the center of

A landing gear wheel may be equipped with any make or type of tire, provided that the tire is

mmittee of the Tire

, the wheels shall be
ize, number of plies,

Aated in accordance
ght at sea level and
blanes shall be so

tting element in the

brake system, of

the'loss of any single source of hydraulic or other brake operating energ

y supply, it shall be

possible, as shown by suitable test or other data, to bring the airplane to rest under the conditions specified in
§ 4a.750-T with a mean negative acceleration during the landing roll of at least 50 percent of that obtained in

determining the |

anding distance under that section.

Note: CAM 4a dated August 1959 has text identical to that shown above for §§ 4a.477, 4a.478, 4a.479,

4a.480, 4a.4

5.2.24

81, and 4a.483-T.

Part 15 Rescinded, Amendment 15-4, effective March 5, 1952
Present Part 15 of the Civil Air Regulations contains provisions for type certification of equipment used on
aircraft. However, the adoption of the policy on Technical Standard Orders which sets up a procedure for
approval of materials, parts, processes, and appliances without the necessity of type certification of such items
has made unnecessary the retention of any of the provisions of Part 15. The Board therefore is rescinding
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Part 15.

5.2.25

TSO-C26 Wheels and Brakes/AS-227-A is issued, March 15, 1952

UNITED STATES OF AMERICA
DEPARTMENT OF COMMERCE
OFFICE OF THE ADMINISTRATOR OF CIVIL AERONAUTICS
WASHINGTON 25, D.C.

TSO-C26 effective

March 15, 1952

SUBJECT: AIR

INTRODUCTION

TECHNICAL STANDARD ORDER

CRAFT WHEELS AND BRAKES

\:

Under Section 6
Regulations issu
for wheels inteng
to existing Gove
wheels intended
which the produ

D1 of the Civil Aeronautics Act of 1938, as amended, and{Parts 3, 4a, 4b
ed pursuant thereto, the Administrator of Civil Aeronautics is authorized

ed for installation on civil aircraft. In adopting these standards, consider
nment and industry standards for the minimumestrength and performanc
for use on civil aircraft. This Technical Standard Order is intended to se
t manufacturer may produce wheels which«will meet standards acceptah

Aeronautics Administration. In lieu of the above procedure; wheels may be approved as

design, in which
on the aircraft dn
wheels as stated
Administration re

The above is als
rated on a basis

DIRECTIVE:

Provision: The

5 of the Society

AS-227A dated §
safety standards
aircraft.

case, the aircraft manufacturer should.submit the pertinent wheel drawin
pwing list. Such wheels shall comply with the strength and performance

and 6 of the Civil Air
0 adopt standards
ation has been given
e requirements for
r've as a criterion by
le to the Civil

part of the aircraft

gs and include them
requirements for

in this Order, and the approval thereof will be recognized by all Civil Aefonautics

presentatives.

p applicable to wheel-brake'combinations when the regulations require that a brake shall be

of kinetic energy capacity in order to make it eligible for use on transport

s5trength anddperformance requirements for wheels and brakes as set for]
bf Automotive Engineers, Inc., Aeronautical Standard Specification

February.1, 1952, with the exceptions hereinafter noted, are hereby estg
for'wheels or wheel-brake combinations intended for use as main or nos

category aircraft.

h in Sections 4 and

blished as minimum
e wheels on civil

EXCEPTION:

Wheels or wheel-brake combinations for non-transport category aircraft and rotorcraft need not comply with
Sections 5.2(d), (e), (f) and (g), 5.4.3, 5.4.5, 5.4.6 and 5.4.7 of the above-mentioned specification. These
sections pertain to brake tests and a wheel roll test.

* Copies may be obtained from the Society of Automotive Engineers, 29 West 69th Street, New York, New

York.

Application:

are hereby acceptable for use on civil aircraft.

Wheels or wheel-brake combinations complying with the specifications appearing in this Order

Wheels or wheel-brake combinations already approved by the Administrator may continue to be installed by
the aircraft manufacturer on production aircraft:---
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1. for which an application for original type certificate is made prior to the effective date of this Order;

2. the prototype of which is flown within one year after the effective date of this Order; and

3. the prototype of which is not flown within one year after the effective date of this Order, if due to causes

beyond the appli

cant’s control.

If an alteration or replacement involving a change in type or model of wheels or wheel-brake combinations is
made, or if an original installation on an individual airplane is made, previously type certificated wheels or
wheel-brake combinations may be installed.

SPECIFIC INSTRUCTIONS

Marking. In add
that “AS-227" is
Technical Stand
this Order in acg
identification will
minimum safety
as part of the air
number is requir|

The above is als
rated on a basis

Data requiremer]

ition o the identification information required in Section 3.2 of Specificafi
hot required), each wheel and wheel-brake combination shall be perman
brd Order designation, CAA-TSO-C26, to identify the wheel as meeting t
brdance with the manufacturer’s statement of conformance descfibed be
be accepted by the Civil Aeronautics Administration as evidence that thg
requirements for the wheel have been met. For wheel or wheel-brake cq
craft design, no identification marking other than the aircraft manufacture
bd.

of kinetic energy capacity in order to make it eligible for use on transport

ts: None.

Effective Date:

After March 15, 1952, specifications contained in this Order will constitu

on AS-227A (except
ently marked with the
he requirements of
low. This
established
mbinations approved
r's part or drawing

D applicable to wheel-brake combinations whenithe regulations require that a brake shall be

category aircraft.

e the basis for Civil

Aeronautics Adninistration approval of wheels or Wheel-brake combinations for use on cgrtificated aircraft.

Deviations:
airworthiness of
Division, Office g
the nearest Regi
Branch.

Conformance:
Washington 2

wheel or wheel-|i

Requests for deviation from, or waiver of, the requirements of this Order, wh

the component, should be submitted for the approval of the Chief, Aircra
f Aviation Safety, Civil Aeronautics Administration. These requests shoy
pnal Office of the Civil'Aeronautics Administration, Attention: Chief, Aircr.

The manufacturer shall furnish to the CAA, Aircraft Engineering Divisio
b, D. C., @written statement of conformance signed by a responsible offig
setting forth that the designated

rakeraSsembly to be produced by him meets the minimum safety standg

this Order. Imm

ich affect the basic
t Engineering

Id be addressed to
aft Engineering

n, Attention: W-298,
ial of his company,

rds established in

pdiately thereafter, distribution of the wheels or wheel-brake assemblies

conforming with the

terms of this Order may be started and continued. A statement of conformance is not required for wheel or
wheel-brake assemblies approved as part of the aircraft design.

The prescribed identification on the wheels or wheel-brake assemblies does not relieve the aircraft
manufacturer or owner of responsibility for the proper installation of the wheels or wheel-brake assemblies on
his aircraft, nor waive any of the requirements concerning type certification of the aircraft in accordance with

existing Civil Air

Regulations.

If complaints of nonconformance with the requirements of this Order are brought to the attention of the Civil
Aeronautics Administration, and investigation indicates that such complaints are justified, the Administrator will

take appropriate

action to restrict the use of the product involved.

Copies of this Technical Standard Order and other Technical Standard Orders may be obtained from the Civil
Aeronautics Administration, Aviation Information Office, Washington 25, D. C.
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Acting Administrator of Civil Aeronautics

5.2.26
Part 4a, Amendment 4a-1, effective December 15, 1952.

Correction of References By adding a note at the beginning of Part 4a immediately preceding the
heading “GENERAL” to read as follows:

NOTE: Current applications for airworthiness and type certificate are not processed under this part, but
are processed under other airworthiness parts. At present, this part primarily governs modification of

aircraft which were originally certificated under Part 4a. Unless otherwise provided, all references to other

parts of this subchapter are those provisions in effect on September 29, 1947.
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5.3 Table 5-2 History of Regulations Index: 1945-2002: Transport Category Airplanes

Wheels and Brakes

Date Action Wheels Tires Brakes
11-09-45 Adopted New Part 04 [T] 04.363 04.364 04.365
05-31-46 Part 15 Reprinted 15.10 15.1040/41T

11-22-46 Amd’t 04-5Differentiation of ##: New Part 04 became Part 04b

01-01-48 Amd’t 04b-8Approval by the Administrator: Materials/Parts

05-01-49 Part 04b designated as Part 4b

10-01-49 Part 4b Reprinted 4b.391 4b.392 4b.396-398
11-01-49 Part 15 Reprinted 15.11 15.12
12-07-49 Amd’{4b-1 Identification Data/Amended 4b.931+15.11 and 15.12

07-20-50 Part 4b Reprinted 4b.335 4b.336 4b.337

10-12-51 Part §14: The TSO System made available
03-05-52 Amd{4b-6 Changed: 4b.18 4b.335 4b.336 4b.337
03-05-52 Amd’{15-4 Part 15 Rescinded/ TSO 'System to be used
03-15-52 First TSO for Wheels & Brakes Jssted: TSO-C26/Ref. AS-227A
12-31-53 Part 4b Reprinted 4b.335 4b.336 4b.337
09-01-54 CAMHb: added Policy 46.337-1, -2, and —3 on Brakes

03-13-56 Amd’{4b-3Misc. Amd'’ts: including 4b.336-Tires & 4b.337-Brakes

05-01-56 CAM Hb: added policy 4b.337-4 on Brakes

08-12-57 Amd’{4b=6 Miscellaneous Amendments

01-01-58 CAM 04b 4b.335 4b.336 4b.337;-1-4
06-01-61 TSO-C26a Issued: Aircraft Wheels & Brakes/§514.72/AS-227C

11-17-64 TSO-C26a issued as FAR §37.172 [ref. Doc #5065, 29 F.R.15317]

02-01-65 Recodified 4b into FAR §§ 25.731 25.733 25.735
04-11-67 TSO-C26a/§37.172 amended/Doc. # 8084, 32 F.R.5769/AS-227C

04-08-70 Amd’t 25-23 Revised §§ 25.733 25.735(e),(f)

01-21-71 Amd’t 37-28 Issued TSO-C26b/Complete text/no ref. to AS-227C
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11-29-79

12-31-79

06-09-80

05-18-84

07-20-90

02-18-98

04-24-02

05-02-02

11-26-02

Amd’t 25-48 Revised § 25.735(b), (f)(2), (g) and TSO-C26b

TSO-C26¢/§37.172 issued- Wheels & Brakes

Amd’ts 21-50/25-52/37-47: Part 37 revoked. TSOs became voluntary standards.

TSO-C26¢ with Addendum | issued: Wheels & Brakes

Amd’t 25-72 Revised § 25.731 25.733 25.735(b)
Amd’t 25-92 Added § 25.735(h)/requires worn brake accountability

Amd’t 25-107 Revised §§ 25.731 25.735+AC

[SO-C135 issued: Brakes/Part 25 Only

Amd’{ 25-1081-g Stall speed method as acceptable MOC
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Transport Category Airplane Wheels and Brakes: History of Regulations
5.4.1 Part 04: November 9, 1945: adopted New Part 04[T]

04.363 Wheels. Main landing gear wheels (i.e., those nearest the airplane center of gravity) shall be of an
approved type in accordance with Part 15. The rated static load of each main wheel shall not be less than the
design take-off weight, divided by the number of main wheels. Nose wheels shall be tested in accordance
with Part 15 for an ultimate radial load not less than the maximum nose wheel ultimate loads obtained in the
ground loads requirements, and for the corresponding side and burst loads specified in Part 15.

04.365 Brakes. All airplanes shall be equipped with brakes certificated in accordance with the provisions of
Part 15 for the maximum certificated landing weight at sea level and the power-off stalling speed, V5o, as

defined in § 04.121. The brake system shall be so designed and constructed that in the event of a single
failure in any corfnection or fransmitting element’in the brake system (excluding the opergting pedal or
handle), or the Igss of any single source of hydraulic or other brake operating energycsupply, it shall be

possible, as shown by suitable test or other data, to bring the airplane to rest undercondifions specified in §
04.124 with a m¢an negative acceleration during the landing roll of at least 50%.of that olytained in
determining the landing distance under that section. In applying this requirement to hydraulic brakes, the
brake drum, shogs, and actuators (or their equivalents) shall be considered ‘as connectinz or transmitting
elements unless|it is shown that the leakage of hydraulic fluid resultingArom failure of the[sealing elements in
these units woulfl not reduce the braking effectiveness below that spécified above.

04.3650 Parking brake. A parking brake control shall also be provided which may be sef by the pilot, and
without further aftention, maintain braking sufficient to prevent the airplane from rolling on a paved runway
while applying take-off power on the most critical engine.

04.3651 Brake ¢ontrols. Brake controls shall not require excessive control forces in theif operation.

5.4.2 Part 1% Reprinted—As Amended to April 15, 1944
Consoljdated Part 15 versions'0f 1937, 1938), 19401942

Part 15: Airdraft Equipment Airworthiness

15.0 General
Provision for Raling. Pursuant-to the provisions of the Civil Aeronautics Act of 1938, as amended,
empowering and requiring’the Civil Aeronautics Board to prescribe such minimum standgqrds governing
appliances, including instruments, equipment, apparatus, parts, appurtenances or accesgories of whatever
description, whigh are‘Used, or are capable of being or intended to be used, in the navigation, operation, or
control of aircraff in-flight (including parachutes and communication equipment and any other mechanism
installed in or att i f i ; i i i , and to provide for
the rating of aircraft and such appliances as to their airworthiness, the requirements hereinafter set forth shall
be used as the minimum standards for establishing such rating of aircraft appliances for use in certificated
aircraft.

15.1 LANDING GEAR EQUIPMENT

15.10 LANDING GEAR WHEELS.

15.100 Main landing gear wheels will be certificated for a maximum static load which will be determined from
the strength of the wheel. Tail wheels will not be certificated.

15.1000 For the purpose of these regulations main landing gear wheels are considered as those nearest the
airplane center of gravity with respect to fore-and-aft location.

15.1001 For the purpose of these regulations a tail wheel is considered as one which supports the tail of a
conventional airplane in the three-point landing attitude.

15.101 For wheels other than main landing or tail wheels, application shall be made to the Secretary for
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special rulings particularly applicable to the cases in question.
15.102 The strength of a main landing gear wheel shall be substantiated by the following two static tests:
(a) Radial load test. (See CAR 15.1020)
(b) Side load test. (See CAR 15.1021)

15.1020

The required radial test load is equal to -

(P)x(n)x(1.5)x(1.25)
Where P is the maximum static load for which approval is requested, n is

2.80 + 9000/(2P+4000)
and is the applied landing load factor for the corresponding airplane, 1.5 is the factor of safety, and 1.25is a
strength test material factor.

15.1021
(0.35)x(the radig

15.1022

the correct size fire inflated to the proper pressure for the load for which certification is re

15.1023
over a portion of|
15.1026

15.1027

15.103 A main |

15.1041

The required side testload is equal o -
| test load).
The radial and side loads shall be applied separately and the'wheel shg

The radial load shall be applied to the wheel in the place of the tire and

the tire by allowing the tire to bear in a box of firm earth.or sand.
The side load shall be applied to the rim of the wheel at its maximum ra
distributed over an arc of not more than 60°. The'wheel shall be restra
When it is impossible to apply sufficient sidefload to the tire due to its ir
rim of the wheel, the side load shall be applied directly to the rim of the
the required test load shall be increasediover that specified in CAR 15.
the distance from the center of the wheel to the point of maximum cros
the tire, to the distance from the center of the wheel to the point where
applied, thus obtaining a bendirig-moment at the center of the wheel of]
would have been obtained.hadthe load been applied at the maximum
of the tire.

anding gear wheel shall\support the required loads before failure.

[esting of brakes\for certification

5
L.

A wheel-braké combination shall demonstrate satisfactory performan

second.per second, from a speed chosen by the applicant. The kine
per stop shall be computed and the wheel-brake combination shall b
kinétic energy absorption not in excess of the amount so determined

Il be equipped with
huested.
may be distributed

dius and may be
ned only by the axle.
ability to stay on the
wheel. In this case ,
1021 in the ratio of

5 sectional width of
the load actually is
the same value as
cross sectional width

ce during 100 tests

simulating-the stopping of an airplane at an average deceleration of at least 10 feet per

tic energy absorbed
b certificated for a

To be eligible for use on airplanes certificated in accordance with the

transport category

requirements of Part 04, a wheel-brake combination shall further demonstrate satisfactory
performance during three tests identical with those specified in paragraph (a) except that

the speed shall be increased to obtain a kinetic energy absorption of
determined under that paragraph.

15.1041T Adaptation of brakes to airplanes — Transport category

125% of that

b. An airplane certificated in accordance with the transport category requirements of Part
04 shall make use of wheel-brake combinations for which the summation of the kinetic
energy ratings of the brakes used in the main landing gear is at least equal to:

K. E.=.0334 W Vg

Where K. E. = kinetic energy in foot-pounds
w
Vs

= the maximum landing weight of the airplane
= the power off stalling speed of the airplane
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in miles
in standard air at maximum landing weig

per hour at sea level
ht.

b. The wheel-brake combinations used in such airplane shall have been tested, in determining the kinetic
energy absorption under 15.1040, from a speed lying between 80% and 100% of Vs.

15.1048

Design. Brakes shall be free from any undue tendency to lock or jam, and

shielded from water, mud, and oil.

shall be suitably

15.1049 Static torque. The maximum available static torque in reverse shall be at least 40% of the

forward static torque when both are measured at the same applied pedal force.

15.1050

Adjustment. When necessary to insure satisfactory performance, the brake mechanism shall

be equipped with suitable adjustment devices to compensate for disc or lining wear, heat, and
other normal service effects.

15.1051

btrength. The brake and all of its attachments to the wheel shall be desig

stre
and
ass

ngth sufficient to withstand a torque which is 1.6WR/B, where R is the ro

ned with an ultimate
ling radius of the tire

B is the number of brakes. A static test of the brake and wheel.§hall defnonstrate that the

embly is capable of withstanding a torque which is 80% of the above with

poi
15.1052 7Te

t of impairing service operation.

stlog. A log of the test runs shall be submitted together with other calc

neT
15.1053 Identification data. Each certificated brake shatbbear the following identifi

ssary to indicate compliance with the above brake regulations.

ins

15.105 The rim
standards or rec

15.106 A landin
fit on the rim of t
recommends as
15.107 Each un
identification dat

15.108 Areque
supported by the
15.0502:

15.1080 A repo

bction 15.042(e): “The foot-pounds of kinetic.energy for which it is approg

contour of a main landing gear wheel:shall conform to the Tire and Rim A
bmmendations unless the wheel is tobe used in conjunction with a spec

j gear wheel may be equipped with any make or type of tire, provided th
a basis for his guarantee, is not exceeded.

t of a certificated modelof main landing gear wheel shall bear the follow
h as prescribed in CAR 15.042(e): The maximum static load for which ¢
st for certification of a type or model or series of models of main landing g

following additional data as prescribed in CAR

t of thestatic tests prescribed in CAR 15.102. The report shall contain ¢

out yielding to the
ulations which are
cation as prescribed

ved.” _

ssociation’s
ally constructed tire.

at the tire is a proper

ne wheel and provided thatthe tire manufacturer’s load rating, which he @ises and

ng additional
ertificated.

ear wheels shall be

bmplete details of the

tests, including r|

bcords of wheel deflections and photographs of the test set-ups. If the si

de load is applied in

accordance with CAR 15.1025, the report shall show clearly that the procedure prescribed in CAR 15.1024
was impossible. The report shall be signed by the person making the tests, and shall be supported by affidavit
unless the tests were witnessed by a Bureau inspector, in which case such inspector also will sign the report

as a witness.

5.4.3. Amendm

ent 04-5 effective 11-22-46 changed new part 04 to 04b {transports}

5.4.4. Amendment 04b-8 effective 01-01-48: Added § 04b.05 and Established approval of parts and
appliances by the Administrator via the TSO system. Specific text using the TSO system was not added to
the regulation until 1952. The first TSO for Wheels and Brakes, TSO-C26 appeared in 1952.

Prior to this amendment approval of certain specified appliances was required by type certification. This
entailed submission of detailed data for each appliance or variation thereof, which had to be examined and
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approved by the Administrator of Civil Aeronautics. The purpose of this amendment was to simplify and
expedite approval by permitting, in lieu of type certification, the establishment and publication of specifications,
in the form of “Technical Standard Orders (TSOs)” by the Administrator for such appliances. The TSOs were
established after collaboration with the industry and upon consideration of pertinent aviation industry, federal,
and military specifications. An appliance for which a TSO had been so established was deemed approved by
the Administrator when the manufacturer certified that the appliance meets the specifications included therein,

and the appliance does in fact meet the specification. Section 04.300 was repealed and a new § 04b.05 was
added to read as follows:

§ 04b.05 Approval of materials, parts, processes, and appliances. Materials, parts, processes, and
appliances shall be approved upon a basis and in a manner found necessary by the Administrator to
implement the pertinent provisions of the Civil Air Regulations. The Administrator may adopt and publish such
specifications as he finds necessary to adm|n|ster thls regulat|on and shall mcorporate therein such portions
of the aviation indd d at-Ya G pafts, processes, and
appliances as hg finds approprlate
Any material, paft, process, or appliance shall be deemed to have met the requiremenis f
meets the pertin nt specifications adopted by the Administrator, and the manufactdrer so
prescribed by the Administrator.

or approval when it
certifies in a manner
5.4.5 Re-designhation of Parts 04a and 04b as Parts 4a and 4b: effective May 1, 194

5.4.6. Part 4b Reprinted---As Amended to October 1, 1949

APPROVAL OF MATERIALS, PARTS, PROCESSES, AND APPLIANCES {was § 04b.05

§ 4b.41 Specifidations. (a) Materials, parts, processes, and.appliances shall be approve
in a manner founjd necessary by the Administrator to implement the pertinent provisions d
Regulations. The Administrator may adopt and publish(Such specifications as he finds ne
administer this s
military specifications respecting such materials, parts, processes, and appliances as he
(b) Any material, part, process, or appliance shait be deemed to have met the requireme
it meets the pertinent specifications adopted by the Administrator, and the manufacturer s
manner prescribed by the Administrator.

[Amdt. 04b-8, 12 F. R. 7898, effective _1:1-48]

§ 4b.391 Wheels. Main landing gear wheels (i.e., those nearest the airplane center of gra
approved type in accordance.with Part 15 of this subchapter. The rated static load of eag
not be less than the design-take-off weight, divided by the number of main wheels. Nose
tested in accordance with.Part 15 of this subchapter for an ultimate radial load not less th
nose wheel ultimate leads obtained in the ground loads requirements, and for the corresg
burst loads specified\inPart 15 of this subchapter.

ction, and shall incorporate therein such portions of the aviation industry,

}
d upon a basis and

f the Civil Air
cessary to

Federal, and

finds appropriate.

nts for approval when
o certifies in a

vity) shall be of an
h main wheel shall
wheels shall be
an the maximum
onding side and

§ 4b.396 Brakes-General. All airplanes shall be equipped with brakes certificated in accordance with the
provisions of Part 15 for the maximum certificated landing weight at sea level and the power-off stalling speed,

Vso, as defined in § 4b.93. The brake system shall be so designed and constructed that

in the event of a

single failure in any connection or transmitting element in the brake system (excluding the operating pedal or

handle), or the loss of any single source of hydraulic or other brake operating energy sup
possible, as shown by suitable test or other data, to bring the airplane to rest under condi

ply, it shall be
tions specified in §§

4b.111-4b.114 with a mean negative acceleration during the landing roll of at least 50% of that obtained in

determining the landing distance under that section. In applying the requirements of §§ 4

b.396-4b.398 to

hydraulic brakes, the brake drum, shoes, and actuators (or their equivalents) shall be considered as
connecting or transmitting elements unless it is shown that the leakage of hydraulic fluid resulting from failure
of the sealing elements in these units would not reduce the braking effectiveness below that specified in this

section.


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE AIR5697 - 36 -

§ 4b.397 Parking brake. A parking brake control shall also be provided which may be set by the pilot, and
without further attention, maintain braking sufficient to prevent the airplane from rolling on a paved runway
while applying take-off power on the most critical engine.

§ 4b.398 Brake controls. Brake controls shall not require excessive control forces in their operation.

5.4.7. Part 15 Reprinted—As Amended to November 1, 1949
LANDING GEAR EQUIPMENT

15.11 Landing gear wheels {Was 15.10 thru 15.103 and 15.105 thru 15.1080}
(a) Main landing gear wheels will be certificated for a maximum static load which will be determined from the
strength of the wheel. Tail wheels will not be certificated.

(1) For the purpose of these regulations main landing gear wheels are considered as those nearest the
airplane center
(2) For the purppse of these regulations a tail wheel is conS|dered as one which supports the tail of a
conventional airglane in the three-point landing attitude.
(b) For wheels qther than main landing or tail wheels, application shall be made to’the S¢cretary for special
rulings particulanly applicable to the cases in question.
(c) The strengthl of a main landing gear wheel shall be substantiated by the following twq| static tests:
(1) Radial load fest. (See subparagraph (3) of this paragraph)
(2) Side load tegt. (See subparagraph (4) of this paragraph)
(3) The required radial test load is equal to -

(P)x(n)x(1.5)x(1.25)
Where P is the maximum static load for which approval is requested, n is

2.80 + 9000/(2H+4000)
and is the applied landing load factor for the corresponding airplane, 1.5 is the factor of safety, and 1.25 is a
strength test maferial factor.

4) The required side test load-is equal to -
(0.35)x(the radiq test load).

(5) The radial and side loads shall'be applied separately and the wheel shall be equipped with the correct size
tire inflated to thé proper pressure.for the load for which certification is requested.
(6) The radial lopd shall be applied to the wheel in the place of the tire and may be distriputed over a portion
of the tire by allowing the tirg to bear in a box of firm earth or sand.
8) The-side load shall be applied to the rim of the wheel at its maximun radius and may be
distributed over an arc of not more than 30°. In order to insure sufficient strength in the
reta|n|ng flanges of the r|m aII the S|de Ioad shaII be applled to the inher flange in a
Dene re—stchcase retoad must be increased
SO that its S|de component is equal to the Ioad specmed in subparagraph (4) of this
paragraph. The wheel shall be restrained only by the axle.

(d) A main landing gear wheel shall support the required loads before failure.

(e) The rim contour of a main landing gear wheel shall conform to the Tire and Rim Association’s
standards or recommendations unless the wheel is to be used in conjunction with a specially constructed tire.

(f) Alanding gear wheel may be equipped with any make or type of tire, provided that the tire is a
proper fit on the rim of the wheel and provided that the tire manufacturer’s load rating, which he uses and
recommends as a basis for his guarantee, is not exceeded.

(g) Each unit of a certificated model of main landing gear wheel shall bear the following additional


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE

AIR5697

-37 -

identification data as prescribed in 15.5(c)(5): The maximum static load for which certificated.

(h) A request for certification of a type or model or series of models of main landing gear wheels shall

be supported by

the following additional data as prescribed in 15.6(a)(3):

(1) A report of the static tests prescribed in 15.11(c). The report shall contain complete details of the
tests, including records of wheel deflections and photographs of the test set-ups. The report shall be signed
by the person making the tests, and shall be certified to unless the tests were witnessed by an inspector of the

Administrator, in

which case such inspector also will sign the report as a witness.

§ 15.12 Brakes {was 15.1040 thru 15.1047}
(a) Testing of brakes for certification (1) A wheel-brake combination shall demonstrate satisfactory

performance during 100 tests simulating the stopping of an airplane at an average deceleration of at least
10 feet per second per second, from a speed chosen by the applicant. The kinetic energy absorbed per

stop shall be
absorption n
(3) To
requ
satig

this

125

computed and the wheel-brake combination shall be certificated for aki
pt in excess of the amount so determined.
be eligible for use on airplanes certificated in accordance with the/ranspg

netic energy

brt category

irements of Part 4a of this subchapter, a wheel-brake combination-shall further demonstrate

factory performance during three tests identical with those specified in s
baragraph except that the speed shall be increased to obtaina kinetic en
o of that determined under that subparagraph.

(b) Adaptafion of brakes to airplanes — Transport category

(2) The wheel

(c) Design
shielded from w4

1) An airplane certificated in accordance with thetransport category reg
of this subchapter shall make use of wheel*brake combinations for w
of the kinetic energy ratings of the brakes used in the main landing g
to:

K. E.=.0334 W Vg’
Where K. E. = kinetic energy in foot-pounds
W .=the maximum landing weight of the airplarn
Vs~ = the power off stalling speed of the airplan
in miles
in standard air at maximum landing weig
brake combinations used in such airplane shall have been tested, in det

ibparagraph (1) of
ergy absorption of

uirements of Part 4a
hich the summation
bar is at least equal

e

D

per hour at sea level
ht.
ermining the kinetic

energy absorption under § 15.12(a), from a speed lying between 80% and 100% of Vs.

. Brakes shall be free from any undue tendency to lock or jam, and sh

ter, mud,and oil.

(d) Static to

ue.The maximum available static torque in reverse shall be at least 40

all be suitably

% of the forward

static torque when'both are measured at the same applied pedal force.

(e) Adjustment. When necessary to insure satisfactory performance, the brake mechanism shall be
equipped with suitable adjustment devices to compensate for disc or lining wear, heat, and other normal
service effects.

(f)

Strength. The brake and all of its attachments to the wheel shall be designed with an ultimate

strength sufficient to withstand a torque which is 1.6WR/B, where R is the rolling radius of the tire and B is
the number of brakes. A static test of the brake and wheel shall demonstrate that the assembly is capable
of withstanding a torque which is 80% of the above without yielding to the point of impairing service

operation.

(@)

Testlog. A log of the test runs shall be submitted together with other calculations which are

necessary to indicate compliance with the above brake regulations in paragraphs (a) to (f) of this section.
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(h) Identification data. Each certificated brake shall bear the following identification as prescribed in §
15.5(c)(5): “The foot-pounds of kinetic energy for which it is approved.”

5.4.8 Part 15, Amendment 15-1: Effective 12-07-49

1. By amending 15.5 to read as follows:

15.6 Identification data. Each unit certificated or approved shall be marked with the identification data
required by § 2.36, unless otherwise specifically provided for in this part of the regulations. The
identification data shall be displayed in a conspicuous place on the unit in a manner such that it
cannot be easily erased, disfigured, or obscured.

2. By amending 15.11(g) to read as follows:
15.11(g) Each unit of a certificated model of main landing gear wheel shall bear the identification data as
prescribed i 15.5.

4. By amending 15.12(h) to read as follows:
15.12(h) Idgntification data. See 15.5

5.4.9. Part 4b Reprinted: July 20, 1950

§ 4b.335 Wheels. (a) Main landing gear wheels (i.e., those nearestthe airplane center o¢f gravity) shall be of
an approved typg in accordance with Part 15 of this chapter.
(b) The rated static load of each main wheel shall not be less than‘the design take-off wegight, divided by the
number of main wheels.
(c) Nose wheelq shall be tested in accordance with Part 15of this chapter for an ultimatg radial load not less
than the maximym nose wheel ultimate loads obtained jn-the ground loads requirements,|and for the

corresponding side loads.

§ 4b.337 Brakest- (a) General. (1) All airplanes.shall be equipped with approved brakes.
(2) The brake system shall be so designed.and’constructed that in the event of a single failure in any
connection or trgnsmitting element in the brake system (excluding the operating pedal or handle), or the loss
of any single sodrce of hydraulic or other brake operating energy supply, it shall be possible, as shown by

suitable test or other data, to bring théyairplane to rest under conditions specified in § 4b.122 with a mean
negative accelerption during the landing roll of at least 50% of that obtained in determining the landing
distance as presfribed in that seetion.
(3) In applying the requirement of subparagraph (2) of this paragraph to hydraulic brakeg, the brake drum,
shoes, and actuators (or their equivalents) shall be considered as connecting or transmittjng elements unless
it is shown that the leakage of hydraulic fluid resulting from failure of the sealing elementg in these units would
not reduce the bfaking-€ffectiveness below that specified in subparagraph (2) of this paragraph.

(b) Brake controls. Brake controls shall not require excessive control forces in their operation.

(c) Parking brake controls. A parking brake control shall be provided and installed so that it can be set by the
pilot and, without further attention, will maintain sufficient braking to prevent the airplane from rolling on a
paved runway while take-off power on the critical engine is being applied.

5.4.10. Part 514, Technical Standard Order, effective 10-12-51: Regulations of the Administrator, Part
514, was made available only through the Federal Register where it appeared on October 12, 1951, 16 FR
10403. Copies of Individual TSO’s contained therein were available upon application to the Aviation
Information Staff, Civil Aeronautics Administration, Department of Commerce, Washington 25, D. C.

5.4.11. Amendment 4b-6, effective 3-5-52: Added § 4b.18-Note in the regulatory text, allowing approval of
equipment under the TSO system. The first TSO for wheels and brakes TSO-C26 was effective 3-15-52. Part
15 of the CAR was rescinded effective March 5, 1952.


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE AIR5697

-39 -

5.4.12. Part 15 Rescinded, Amendment 15-4, effective March 5, 1952

Present Part 15 of the Civil Air Regulations contains provisions for type certification of equipment used on
aircraft. However, the adoption of the policy on Technical Standard Orders which sets up a procedure for
approval of materials, parts, processes, and appliances without the necessity of type certification of such items
has made unnecessary the retention of any of the provisions of Part 15. The Board therefore is rescinding

Part 15.
5.4.13. TSO-C26 Wheels and Brakes/AS-227-A is issued, March 15, 1952
Identical to item 5.2.25: TSO-C26

5.4.14 Part 4b Reprinted: December 31, 1953

§ 4b.335 Wheels. Main wheels and nose wheels shall be of an approved type. The fallo

static load rating of each main wheel and nose wheel shall notbe-less
corresponding sfatic ground reaction under the design take-off weight of the airplane and
gravity position.
(b) The maximupm limit load rating of each main wheel and nose wheel shall-be not less t

radial limit load determined in accordance with the applicable ground léad requirements d
4b.230 through 4b.236).

(c) The maximum kinetic energy capacity rating of each main wheelbrake assembly sha
kinetic energy al sorpt|on requirement determined as follows:

KE = 0.0334 W\fso %/N

where:
KE=kinetic energy per wheel (ft.-Ib.);

W=design landing weight (Ib.);

Vso= power-off gtalling speed of the airplane (mph).at sea level at the design landing wei
configuration;
N=Number of main wheels.

NOTE: The ekxpression for kinetic energy assumes an equal distribution of braking bet
In cases of unequal distribution the expression requires appropriate modification.

(d) The minimunp stalling speedirating of each main wheel-brake assembly i.e., the initial
dynamometer tepts, shall notbe greater than the Vg used in the determination of kinetic
accordance with|paragraph (c) of this section.

NOTE: The prpvisionof this paragraph is based upon the assumption that the testing

wing provisions shall

than the
the critical center of

han the maximum
f this part (see §§

| not be less than the

ght and in the landing

veen main wheels.

speed used in the
energy in

rocedures for wheel-

brake assemblief inyolve a speC|f|ed rate of deceleratlon and therefore for the same a
energy the rate ofemergyabsorptio
speed.

V

ount of kinetic
rsely with the initial

§ 4b.337 Brakes-- (a) General. (1) The airplane shall be equipped with brakes of an approved type. The

brake ratings shall be in accordance with § 4b.335 (c) and (d).

(2) The brake system shall be so designed and constructed that in the event of a single failure in any

connection or transmitting element in the brake system (excluding the operating pedal or

handle), or the loss

of any single source of hydraulic or other brake operating energy supply, it shall be possible, as shown by

suitable test or other data, to bring the airplane to rest under conditions specified in § 4b.122 with a mean
deceleration during the landing roll of at least 50% of that obtained in determining the landing distance as

prescribed in that section.

(3) In applying the requirement of subparagraph (2) of this paragraph to hydraulic brakes, the brake drum,

shoes, and actuators (or their equivalents) shall be considered as connecting or transmitt

ing elements unless
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it is shown that the leakage of hydraulic fluid resulting from failure of the sealing elements in these units would
not reduce the braking effectiveness below that specified in subparagraph (2) of this paragraph.

(b) Brake controls. Brake controls shall not require excessive control forces in their operation.

(c) Parking brake controls. A parking brake control shall be provided and installed so that it can be set by the
pilot and, without further attention, will maintain sufficient braking to prevent the airplane from rolling on a
paved runway while take-off power on the critical engine is being applied.

5.4.15 Civil Aeronautics Manual 4b: September 1, 1954

Discussion of Policies Relating to Brake Tests in Section 4b.337-1

The requirements of section 4b.337 are based upon the fact that compliance with the operating rules of
section 40.70 of this subchapter will require great dependence upon the presence and proper functioning of

brakes unless the runways involved are unusually long.

The nature and extent of the tests to show compliance with section 4b.337 (a) will necq
a great many thipgs such as the general arrangement of the landing gear, the desigfof t
extent to which the capacity of the brakes is used in establishing the landing distance req
4b.122, the amolnt of available performance data for the brakes, etc. The simpléest possi
appears to be to|determine the average deceleration during a landing groundroll without
and then establigh the landing distance required by section 4b.122 by using the brakes to

necessary to do
would resultin e

4b.337-1 Bra
the maximum pd
brakes to the to
cation of slightly
section. The fol
elements, powel
the failure of any
the plane of syn
section 4b.337
distance plus thg

If the system
braking capacity
determine that h
controlled directi

(a) [Rescinded.]

(b) Brake co
throughout the fl

ble the mean deceleration so established. It appears)likely, however, thg
xcessive landing distance and might seriously limitithe use of the airplang

ke tests (CAA policies which apply to Sec. 402337). If it is desired by
ssible use of the brakes in establishing the<landing distance, and if also
al deceleration is relatively large, the brake system should be designe

less than half the braking deceleration developed under the condit
owing dual system is recommended:"Dual wheel elements (drums or di
sources, master cylinders, etc., connected to a single pedal on each ru
single one of these would leave half the total braking capacity symmet
hmetry of the airplane. With*such a system it should be possible to g
a) by means of calculation based upon the test data necessary to
brake data calculated'by the aircraft manufacturer.

is designed so that under the conditions here specified appreciably le
remains or if the\remaining capacity is asymmetrically disposed, tests sh
alf the meansdeceleration may in fact be developed and/or that the ai
pnally while doing so.

htrols], section 4b.337 (b). General brake control force and operat
ght'test program to determine that they are satisfactory.

ssarily depend upon
e brake system, the
uired by section

ble procedure

the use of brakes
the extent

t this procedure

b in operation.

he applicant to make
he contribution of the
d to permit the appli-
ons specified in this
sc units), transmitting
dder pedal, such that
ically disposed about
how compliance with
establish the landing

ss than half the total

ould be conducted to
rplane may be safely

on should be noted

(c) Parking H

rake controls, section 4b.337 (c). During engine run-up prior to takeo

ff for other tests, the

parking brake control should be set, and without further attention, a demonstration should be made to
determine that sufficient braking is maintained to prevent the airplane from rolling on a paved runway while

takeoff power is applied on the most critical engine.
(19 F. R. 4461, July 20,1954, effective Sept. 1, 1954; amended 22 F. R. 6963, Aug.

29,1957, effective Sept.15, 1957.)

4b.337-2 Brake systems. (CAA policies which apply to sec. 4b.337.) In order to obtain a minimum landing
distance under section 4b.122 and at the same time meet the deceleration requirement of section 4b.337 (a)
(2) in event of failure of the normal brake system, it is a common practice to provide an alternate brake
system. When hydraulic (or pneumatic) brakes are used in the normal brake system, this alternate means
usually consists of a duplicate hydraulic or pneumatic brake system and is commonly referred to as the
"emergency brake system." The following items should be considered in the design of such systems:

(a) Relationship between normal and emergency brake systems. The systems for actuating the normal
brake and the emergency brake should be so separated that a failure in, or the leakage of fluid from, one
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system will not render the other system inoperative. A hydraulic brake assembly may be common to both the
normal and emergency brake systems if it is shown that the leakage of hydraulic fluid resulting from failure of
the sealing elements in the brake assembly would not reduce the braking effectiveness below that specified in
section 4b.337 (a) (2).

(b) Brake control valves. In the normal brake system of all aircraft, the brake control valves should be of a
type such that the pilots may exercise variable control of the pressure to the brakes. The foregoing provision
need not necessarily apply to the emergency brake systems although obviously such a provision would be
desirable. Flight tests should be conducted to determine that the normal and emergency brake systems fulffill
the requirements of section 4b.170 (a) and (b).

In the normal brake systems of tail wheel type aircraft or of nose wheel type aircraft equipped with non-
steerable nose wheels, provisions should be made for independently controlling the brakes on either side of
the main landing gear in order that directional control of the aircraft can be maintained. (See sec. 4b.171 (c).)
In the emergency brake systems of tail wheel type aircraft and in the normal and emergency brake systems of
nose wheel type aircraft, it is desirable that independent control of the brakes on either side of the landing gear

be provided alth
(19 F. R. 4461

4b.337-3 Re
(a)General.
tests together w
the decelerate p
airplane flight te
distance tests n
conditions, and
during the dece
decelerate perfg
inapplicable and
(1) The pr|
installations and
have to be many
(2)Brakes,
pertinent) may b
reports and othe

(i) Tha
equal to or bett
section, and

(iNTha
handling require

(b) Brake modifi
component partg
to the dynamom

bugh such conirol is opfional.
July 20,1954, effective Sept. 1,1954.)

blacement or modified brakes (CAA policies which apply to sec.4b.337)
Replacement or modified brake installations may be approyed)on the b
th functional flight tests in lieu of measured accelerate-stop~and landing
erformance based on dynamometer data is shown to_be equal to or b
st decelerate performance. Dynamometer tests which simulate actug
nay incorporate variable kinetic energy absorptien<rates simulating fl
may include an energy allowance for the aerodynamic drag of the 3
eration portion of the accelerate-stop and landing runs. However, if
rmance over that shown in the original Aifplane Flight manual is desir
complete airplane flight tests will be required.

bcedures of (c) through (g) may be-used for substantiating replacemg
may be applied to approved brakes-of any manufacturer. The replacq
factured by the maker of the original brake.

which have been approvediunder TSO or preceding approval sta
e approved as a replacement\brake on an existing airplane type upon th
I pertinent computations shewing:

, insofar as deceleration performance is concerned, the replacement o
er than the original brake installation on the basis of dynamometer tg

, the replacement or modified brakes when installed on the airplane, cg
ments of seCtion 4b.170.

Cations,~ Modifications to a previously approved wheel-brake installation
whieh/will involve variations in kinetic energy absorption characteristics

asis of dynamometer
distance flight tests if
ptter than the original
| airplane decelerate
ght test deceleration
irplane which occurs
any improvement in
ed, then this policy is

nt or modified brake
ment brake does not

hdards (whichever is
e presentation of test

F modified brakes are
sts contained in this

mply with the ground

involving changes to
should be subjected

pten tests contained in (b) (1) in addition to the dynamometer tests speg

ified in (e) and (f) for

the accelerate-s

Op and landing conditions and should also Include a check ot operating

and ground handling

characteristics. Typical modifications which vary the kinetic energy absorption characteristics are as follows:
changes of brake lining material, changes in brake discs or brake drum material, reductions in friction surface

plan dimensions

(area), etc.

(1) The minimum reliability standards for brakes referenced in TSO-C26 and contained in Specification
AS227A should be used as a guide for modified brakes. However, section 5.4.3 of AS227A may be applied as
follows for evaluating such modifications:

(i) Thirty tests simulating the stopping of an airplane at 100 percent kinetic ener
(i) One test simulating the stopping of an airplane at 125 percent kinetic energy

(c) Determination Of kinetic energy requirements.
(1) In the case of replacement brakes (that is, those brakes incorporating major design differences from
those originally tested on the airplane) the kinetic energy (KE) to be absorbed on the dynamometer in
compliance with provision (a) (2) of this section should be determined in accordance with the following

g
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formula:

KEgyn = KEwy - 172 KEaq Where:

KE.=the maximum kinetic energy as determined from the most critical combination of weight and speed
(in terms of ground speed). In determining the maximum speed, the effects of tailwind, altitude and
flap setting should he taken into account.

KE.q=the kinetic energy absorbed by aerodynamic drag of the airplane during the deceleration portion of
the accelerate-stop and landing runs. This kinetic energy should be determined from available
test data of the airplane or by other reliable calculations based on the basic parameters for the type
of airplane involved.

(2)

dynamometer should be determined in accordance with the following formula:

(i)

accordance wit

KEdyn = KEWV' KEad

(1) _of this paraaranh
7 L gre

In the case of brakes modified as described in paragraph (b) the kinetic energy to be absorbed on the

This formula should not apply to modifications of a replacement brake which has been approved in
Such modifications of 2 rnplnr\nmnnf brake -should meet the same

dynamometer re
(d) Dynamon

(1) There s
normal to the tire

(2) For wh|
be conducted on

(3) Brake |
when installed o

(4) Due to
due to the differ
compared to the
eter run.

(5) The dy
a correct or cons

(6) During
is available from
duplicating as 1
corrected for aer

(e) Accelera
standpoint. The
certification test
friction.

(1) Continy
when absorbing
duplicate, as ne
should be conve
on the curve for

uirements as the replacement brake did when originally installed.

eter test method.

hould be no artificial cooling of the brakes during dynamometeftests.

tread is permissible.

pel-brake installations where dual or duplex brakes are used, the dyna
an entire wheel-brake unit.

ning should not be run-in to a degree which would be‘greater than thg
n an airplane prior to being put in regular airline service.

wing-lift acting on the airplane, the dynamometertests should account

constant tire radius at constant tire deflection”which occurs throughout

hamometer mass should be corrected so'that the selected inertia equiva
ervative kinetic energy test value.

dynamometer testing a variable prake pressure, which does not excee
the airplane brake system intended for use with the replacement brak
early as practicable the original airplane torque-speed and velocity
odynamic drag and tire rolling friction.

e-stop distance test. « This condition is normally the most critical f1
original flight test~accelerate-stop deceleration camera data obtai
of the airplane~should be obtained and corrected for aerodynamic

b

ous records of dynamometer torque-speed or velocity-time data for at I
the required kinetic energy for the critical combination of takeoff weight
brly as<practical, the original airplane brake deceleration data. These ¢
rted.tfa corrected and faired velocity versus distance values and be plott
he-original airplane velocity-distance data, and

Ventilating air flowing
mometer tests should
run-in for new lining

for tire rolling friction

ential in braking effect resulting from the varying rolling radius of the tire on the runway as

the entire dynamom-
ent (.E.) will result in

l that pressure which
e, should be used in
Ltime flight test data

om a kinetic energy
hed during the type
drag and tire rolling

bast three of the runs,
and V; speed, should
ynamometer records
bd and superimposed

® The modifier of the brake should substantiate the fact that the original brake approval tests and the tests
specified in (i) and (ii) were conducted under similar conditions and that the modified brake assembly is at
It_east the equal to éha previously approved as an equipment item insofar as energy absorption and stopping
ime are concerned.

(2) The average of the above three corrected dynamometer velocity-distance curves should be
superimposed on the curve for the original airplane velocity-distance data.

(3) The curves plotted in (1) and (2) of this paragraph should compare favorably with the original
corrected flight data over the entire speed range and should indicate that, from any given speed, the airplane
stopping distance would be equal to or less than the distance resulting from the original brake installation at
the required kinetic energy level corresponding to the actual accelerate-stop conditions which prevailed during
the airplane type certification tests.

(4) If, in compliance with (1) of this paragraph, velocity-time data are submitted in lieu of torque-speed
data, then sufficient spot-check calculations of the velocity-time data should be made to insure an accuracy
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comparable to the accuracy of torque-speed data. Inasmuch as torque-speed data are useful for airplane
modification and design purposes, it is desirable that comparable and complete torque-speed data be included
in the data submitted.

(5) Dynamometer time history recordings of brake pressure, torque, speed, and calculations for
aerodynamic drag, tire rolling friction, and dynamometer mass correction, and all pertinent airplane data,
should be submitted, together with an analysis showing the detailed calculations and charts necessary to
establish the speed-distance relationship and comparison with the original airplane deceleration test data.

(f) Landing distance test. In order to substantiate landing distances, at least three dynamometer runs, using
the critical combinations of landing weight and contact speed, should be conducted on the same brake unit.
Landing distance data, compiled in accordance with the method described in (e) for accelerate-stop
evaluation, should be submitted. The landing distance data, which are comparable to those of (e) for the
accelerate-stop data, should compare favorably with the corrected airplane flight test results obtained with the
original brakes in order to. substantiate the adequacy of the replacement brakes, insofar as landing distances
are concerned.

(g) Aircraft functional tests. The brakes should be tested on the airplane to(dete
characteristics indicated in (a) (2). Functioning characteristics should be observed d
run-up conditionp and at least three normal takeoffs and landings, at the maximum land
conducted. Duriphg these tests, the brakes should be checked for any, undesirable ch
"grabbing," "fadihg," etc., and should at least be visually inspected, without dismantling
the test in order|to determine any evidence of malfunction or failurey ¥ no malfunctioni
visual inspection is adequate, but if malfunctioning does occur, a thorough inspection sh
any characteristics arise which indicate that stopping distances.would exceed the origin
Approved Airplgne Flight Manual, then the Administrator may require actual came
deceleration tests or any other tests deemed necessary to establish the adequacy of the

mine their functional
uring taxi and engine
ng weight, should be
aracteristics such as
at the completion of
ng has occurred, this
ould be conducted. If
al values in the CAA
ra recorded airplane
brakes.

(19 F. R. 4463, July 20,1954, effective Sept. 1, 1954.)

5.416 Amendment 4b-3, effective March 13, 1956
Amended § 4b.337(a)(2) — Brakes- by deletingthe word “connection” and inserting in lieul thereof the word
“connecting”.

5.4.17 Civil Agronautics Manual 4b: May 1, 1956
4b.337-4 Aniiskid devices and.installations (CAA policies which apply to sec. 4b.337)
(a) Eligibility. Antiskid devices meeting the airworthiness portions of Military Spe
(ASG) and any mendments'®thereto, are acceptable for installation on civil aircraft. Re
from these specifications.should be submitted to the CAA Regional Office, Aircraft Engi
installation of the antiskid device should comply with the requirements specified in
section. The antiskid~device and its installation will be approved for use on civil ai
specified in paragraph (c) of this section have been satisfactorily demonstrated.

cification MIL-B-8075
quests for deviations
neering Division. The
paragraph (b) of this
craft when the tests

(b) Installation
(1)Data required. An engineering evaluation of the antiskid installation as installed on the airplane,
including all necessary components, should be conducted. This analysis and complete descriptive data should
be submitted to the CAA. The data should include hydraulic and electric schematic diagrams of the
installation, assembly drawings of antiskid system units, test results or stress analysis substantiating structural
strength of attachments and modification of the axle or other structural members, installation drawings, rec-
ommended instructions pertaining to installation, maintenance and operation and analysis of. flight test data
and results. Schematic drawings should refer to all units in the normal and emergency brake systems. The
engineering evaluation should also assure that the anti-skid system does not cause undesirable and adverse
yaw characteristics.
(i)Engineering evaluation should account for a bounce condition wherein the wheels may leave the
runway after the brakes have been applied, for a condition wherein the wheels stay on the runway but the
oleos are extended (if the system utilizes landing gear oleo compression in its operation), and for a condition


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE AIR5697 - 44 -

in which the wheels of one main gear may not be in contact with the runway for a considerable time while the
wheels of the other main gear are firmly on the runway. If the antiskid installation incorporates the "landing
with brake pedals depressed" feature, then this type of operation should also be considered.

(i) It should be shown that the brake cycling frequency imposed by the antiskid installation will not
result in excessive loads on the landing gear because of proximity to resonant landing gear frequencies.

(2) Systems. The entire brake system (including both the basic brake system and the antiskid
system) should conform to section 4b.337. The single failure criterion of section 4b.337 should be extended to
include the anti-skid system.

(DIn the event of a probable malfunction within the antiskid system which would result in loss of the
antiskid feature in one or more brake units, those brake units affected should automatically revert to normal
braking.

'%Proposed amendments may be obtained from the Civil Aeronautics Administration, Washington 25,
D.C.

(iAn jndicaling means should be provided to warn the pilot or copilol IR
malfunction. Fqr simple mechanical type antiskid installations wherein any single)prq
considered remgte and which will render only one braked wheel inoperative insofar as
concerned, the indicating means need not be located in the cockpit. Note: This policy|
effective May 5, |[1958.

(i) A
system. For simple mechanical type antiskid installations wherein.J@ny single pro
considered remate and which will render only one braked wheel in-operative insofar as
concerned, the deactivating means need not be located in the cockpit:

(iv) Antiskid installations should not cause surge pressures in the brake hy
would be detriméntal to either the normal or emergency brake system and components.

(v)Thelantiskid equipment should insure satisfactary*operation on slippery runw
hard surfaced rupnways without additional antiskid adjustments.

(c) Tests and analyses.
(1)When an antiskid system is included as”eriginal equipment on an airplane, it is

he event of antiskid
bbable malfunction is
antiskid operation is
item (ii) was deleted

eans should be provided so that the pilot or copilot can readily dgactivate the antiskid

bable malfunction is
antiskid operation is

draulic system which

ays as well as on dry

not required that field

previously approved
ducted in accordance
they may be used in

ed on the basis of an

on, then complete flight tests should be conducted in accordance With sections 4b.115,
1b.170 and 4b.171.

an antiskid/system is installed, the braking performance and airplane stopping distances
5t equivalent to those obtained during the accelerate-stop and landing type certification tests.
onducted are based on the high speed condition as being critical, both for airplane braking as
controlled by the antiskid system, and for the functional integrity of an acceptable antigkid device. However,
should it become necessary for a particular type of installation, these tests may be modified as warranted.

(i)Conduct at least one accelerate-stop test at each of the following speeds: 80, 90, and 100

percent of the highest V; speed for which the airplane is certificated.” The maximum landing weight, or the
lowest weight above maximum landing weight necessary to keep the airplane from leaving the runway at the
highest V, speed, should be used in the above three tests. When appropriate, the decelerate portions of the
accelerate-stop tests may be demonstrated by landings with wing flaps in takeoff position in lieu of
accelerating the airplane to V, speed on the runway. (See also sec. 4b. 115-1.)

(ilConduct at least one landing deceleration test at each of the following weights: maximum landing
weight, an intermediate landing weight and normal minimum landing weight.13 All landings should be made
from the highest corresponding contact speeds used in determining CAA Approved Airplane Flight Manual
field lengths.

(4)Conduct controllability tests in accordance with sections 4b.170 and 4b.171 (except for the
emergency braking condition) after the occurrence of any single malfunction within the antiskid system
(excluding the device and those components which were determined to be satisfactory based on laboratory
tests). Single probable malfunctions, which analysis indicates may be likely to occur, should be simulated

4b.122, 4b.123,
(3)Wher

should be at lea

The tests to be ¢
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during landing or simulated landing deceleration tests. If analysis shows clearly that a particular malfunction
would not adversely affect controllability, that malfunction need not be simulated in flight tests.

(5) Conduct taxi tests to demonstrate that repeated rapid full brake pedal application and release does
not result in excessive delay in brake reapplications and that ground handling maneuvering characteristics and
sensitivity of braking effect are satisfactory.

(6)Conduct tests and analyses to determine the effect of automatic cyclic brake action on the
emergency brake system fluid supply. The fluid volume (reserved for emergency use in the reservoir or
emergency accumulators of the basic brake system) may be adequate for manual braking but may be
adversely affected by an antiskid installation. Hence, an engineering evaluation should be conducted to show
that the antiskid system will not have an adverse effect on braking when the airplane is stopped by means of
the emergency brake system, or to show that the antiskid system is automatically made inoperative when

emergency braki

ng is used.

(7)If, during the tests specified in this paragraph, adjustments or modifications to the antiskid device or
its installation proved necessary and indicated the possibility of encountering unreliable operation due to

maintenance di
bility tests shou
(21 F. R. 255

gcultles or the need for frequent adjustments, then accelerated service
I

be conducted as deemed necessary.
, Apr.18, 1956, effective May 15, 1956.)

" It is desirab
may be conduct

2 In order to

recording, or eq
distances are eg
antiskid data wit
the antiskid test,

"3 If it can be she
this subparagrap
the landing dis
subdivision (ii) o

5.4.18 Amend

(1) A change was made to § 4b.335(c) topermit greater flexibility in determining the req
for wheel brakes.

and inserting in

assembly shall
paragraph. The
sequence of eve

ment 4b-6, effective August 12,1957

to determine field length data with the antiskid inoperative in~order tf
d with antiskid inoperative if so desired by the operator.

assure stopping distances equivalent to those shown-in. the Airplane R
uivalent recordation methods should he used. Teyascertain that the
uivalent to those in the Airplane Flight Manual it wilkbe necessary to cg
h the data obtained during the manufacturer's original certification test,
at the highest speed for that weight shown in the*Airplane Flight Manual
wn b

h tha¥the landing distances when using normal landing braking techniqy
ances approved without antiskid devices, then the landing distand
this subparagraph need not he condugted.

the accelerate-stop distance tests cohducted and the data obtain

By amending § 4b.385(c) by deleting so much of the first sentence as
ieu thereof the following: “The brake kinetic energy capacity rating of eg
ot be less than the,Kinetic energy absorption requirement determined in

brake kinetic 'energy absorption requirements shall be based on a rg
nts which are-expected to occur during operational landings at maximur

analysis shall i

clude conservative values of airplane speed at which the brakes

coefficient of frigtion bé&tween tires and runway, aerodynamic drag, propeller drag or
thrust, and if mpre «critical, the most adverse single engine or propeller malfunction.

functioning and relia-

at airplane operation

light Manual, camera
measured stoppin

mpare the measure

or the weight used in

bd in subdivision (i) of
es, would not exceed
e tests specified in

Lired energy capacity

precedes the formula
ch main wheel-brake
accordance with this
tional analysis of the
landing weight. This
are applied, braking
power plant forward
In lieu of a rational
for each main wheel

analysis it shall pe-acceptable to establish the kinetic energy absorption requirements

brake assembly by the fottowing formufa:

(2) By amending § 4b.337 by adding a new paragraph (d) to read as follows:
4b.337 Brakes. * * *

(d) _Anti-skid devices. If anti-skid devices are installed, the devices and associated systems shall be such

that no single probable malfunction will result in a hazardous loss of braking ability or dire
airplane.

5.4.19 Civil Aeronautics Manual 4b: January 1958

ctional control of the

§ 4b.335 Wheels. Main wheels and nose wheels shall be of an approved type. The following provisions shall

apply.
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(a) The maximum static load rating of each main wheel and nose wheel shall not be less than the
corresponding static ground reaction under the design take-off weight of the airplane and the critical center of
gravity position.

(b) The maximum limit load rating of each main wheel and nose wheel shall be not less than the maximum

radial limit load determined in accordance with the applicable ground load requirements of this part (see §§
4b.230 through 4b.236).

(c) The brake kinetic energy capacity rating of each main wheel-brake assembly shall not be less than the
kinetic energy absorption requirement determined in accordance with this paragraph. The brake kinetic
energy absorption requirements shall be based on

a rational analysis of the sequence of events which are expected to occur during operational landings at
maximum landing weight. This analysis shall include conservative values of airplane speed at which the
brakes are applied, braking coefficient of friction between tires and runway, aerodynamic drag, propeller drag
or power plant forward thrust, and if more critical, the most adverse single engine or propeller malfunction. In
lieu of a rational analysis it shall be acceptable to establish the kinetic energy absorption requirements for
each main whee| brake assembly by the following formula:

KE = 0.0334 W\so %/N
where:
KE=kinetic energ
W=design landin
Vso= power-off s
configuration;
N=Number of m

y per wheel (ft.-Ib.);
g weight (Ib.);

talling speed of the airplane (mph) at sea level at the design landing weight and in the landing

in wheels.
NOTE: The ejpression for kinetic energy assumes an equaldistribution of braking between main wheels.
In cases of unequal distribution the expression requires appropriate modification.

(d) The minimuny stalling speed rating of each main wheel-brake assembly i.e., the initial speed used in the

dynamometer te
accordance with

NOTE: The pq
brake assemblie
energy the rate ¢

5ts, shall not be greater than the Vo used in the determination of kinetic
paragraph (c) of this section.

energy in

pvision of this paragraph is based upon the assumption that the testing grocedures for wheel-
5 involve a specified rate of deceleration, and, therefore, for the same anmount of kinetic
f energy absorption (the'power absorbing ability of the brake) varies inversely with the initial

speed.

§ 4b.337 Brakes
(a) General.

(1) The airplame shall be equipped with brakes of an approved type. The brake ratings
accordance with|section:4b.335 (c) and (d).
(2) The brake systemi§hall be so designed and constructed that in the event of a single failure in any
connection or trgnsnijitting element in the brake system (excluding the operating pedal or handle), or the loss
of any single souree-ofhy ic-or-otherbrake-operating-energy-supplyitshs ible, as shown by
suitable test or other data, to bring the airplane to rest under conditions specified in § 4b.122 with a mean
deceleration during the landing roll of at least 50% of that obtained in determining the landing distance as
prescribed in that section.
(3) In applying the requirement of subparagraph (2) of this paragraph to hydraulic brakes, the brake drum,
shoes, and actuators (or their equivalents) shall be considered as connecting or transmitting elements unless
it is shown that the leakage of hydraulic fluid resulting from failure of the sealing elements in these units would
not reduce the braking effectiveness below that specified in subparagraph (2) of this paragraph.

shall be in

(b) Brake controls. Brake controls shall not require excessive control forces in their operation.

(c) Parking brake controls. A parking brake control shall be provided and installed so that it can be set by the
pilot and, without further attention, will maintain sufficient braking to prevent the airplane from rolling on a
paved runway while take-off power on the critical engine is being applied.
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(d) Anti-skid devices. If anti-skid devices are installed, the devices and associated systems shall be such that
no single probable malfunction will result in a hazardous loss of braking ability or directional control of the
airplane.

Policies regarding 4b.337-1 through 4b.337-4 remained unchanged: See items 15. and 17.
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5.4.20 TSO-C26a is issued, effective June 1, 1961: § 514.72/AS-227C

FEDERAL AVIATION AGENCY
Washington 25, D. C.

TECHNICAL STANDARD ORDER
Regulations of the Administrator
Part 514

SUBJECT:AIRCRAFT WHEELS AND BRAKESTSO-C26a

Technical Standard Orders for Aircraft Materials,
Parts, Processes, and Appliances

Part 514 confains minimum performance standards and specifications of materials,
appliances used|in aircraft and implements the provisions of sections 3.18, 4a.31, 46)18
Civil Air Regulatjons. The regulation uses the Technical Standard Order system Which
FAA-industry copperation in the development of performance standards and specificatio

by the Administrptor as Technical Standard Orders, and a form of self-regulation by indu

compliance with|these orders.
Part 514 consists of two subparts. Subpart A contains the general requirements appl
Standard Orders.

each Technical

A REQUEST TQ FAA, WASHINGTON 25, D. C.
SUBPART A- -GENERAL

This subpart proyides, in part, that a manufacturer of an aircraft material, part, process, ¢

standards are established in Subpart B, prior to its“distribution for use on a civil aircraft
shall furnish a written statement of conformance-certifying that the material, part, proces

the applicable performance standards established in this part. The statement of conforn
authorized by the manufacturer, and furnished to the Chief, Engineering and Manufacturing

Division, Bureau|of Flight Standards, £ederal Aviation Agency, Washington 25, D. C.

Subpart A aldo requires appropriate marking of materials, parts, processes, and applia

(a) Name and address of the\manufacturer responsible for compliance,

(b) Equipmert name, or-type or model designation,

(c) Weight tothe nearest/pound and fraction thereof,

(d) Serial number and/or date of manufacturer, and

(e) Applicablg Technical Stand Order (TSO) number.

In addition, Subpart A provides that no deviation will be granted from the pe

These provisions are summarized below for (he/convenient refe
Subpart B conta|ns the technical standards and specifications to which a particular prodd
tandard Order is set forth in the appropriate ‘section of Subpart B. T
Standard Order |s printed below. ANY TECHNICAL STANDARD ORDER MAY BE OBT|

barts, processes, and
6.18 and 7.18 of the
in brief, provides for
hs which are adopted
stry in demonstrating

cable to all Technical
rence of the public.
ct must conform, and
he subject Technical
AINED BY SENDING

r appliance for which
of the United States,
5, or appliance meets
ance must be signed

nces as follows:

rformance standards

established in Subpart B, and that the Administrator may take appropriate acti
noncompliance with Part 514.
SUBPART B

on in the event of

§ 514.72Aircraft wheels and brakes - TSO-C26a--(a) Applicability - (1) _Minimum performance standards.

Minimum performance standards are hereby established for aircraft wheels and brakes which are to be used

on United States civil aircraft of the following categories:

Wheels - Transport and non-transport category airplanes.
Wheels - Transport and non-transport category rotorcraft.
Brakes - Transport category airplanes.

New models of wheels and brakes manufactured for installation on the above aircraft on or after June 1,

1961, shall meet the standards of Aeronautical Standard AS 227-C revised February 1, 1

959,Y with the
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exceptions in subparagraph (2) of this paragraph.

(2)Exceptions.

(I) Unless determined to be unnecessary, means shall be provided to minimize the probability of wheel

and tire explosio

ns which result from elevated brake temperatures.

(i) Reference paragraph 5.4.7.1 of AS 227-C, Braking Capacity Calculations. The decelerating effects of
propeller reverse pitch, drag parachutes and engine thrust reversers shall not be considered in determining
brake kinetic energy ratings.

(iii) Taxi and Parking Test. At least one maximum weight landing test followed by a taxi roll, one taxi
stop and parking test, which realistically simulate normal airplane operation, shall be conducted on the
dynamometer. The taxi speed and distance shall be obtained from the airplane manufacturer.

(iv) Referg
and II.

(v) Referenc
attached disq
assembly par

(vi) Referg
shall include con

e Table Il of AS 227-C. Change Note 2 to read as follows:, @he chang
s is permissible in making the 100 normal energy stops. The ren
ks shall withstand the 100 normal energy stops without.failure or impairm

nce Notes 3, 6, and 8 of Table Il of AS 227-C. The most critical speeds
sideration for high ambient temperatures and airport elevations.

485 Le
2.
(vii) ARP

(a)Add the fo
predicated on th

(b)Add the w

(c)Paragraph
been produced"

(d)Revise thg

1/Copies may be obtained from the Segciety of Automotive Engineers,
xington Avenue, New York 17, New Y.ork.

b86 “Wheel Castings" dated March 1, 1960. 1
b use of a casting factor of not less than 1.33 on ultimate radial and side

brds "in accordance with paragraph 4.1 or 4.2" to the end of paragraph 4

5.2.2. Replace-the words "When at least five consecutive acceptable
by the following: “When quality control history is established, * * * ."

"ok k %k

end.of ‘paragraph 9.1 to read as follows in lieu of the procedures

authorized by th

EAA:"

nce Table Il of AS 227-C. Change 65 to 100 normal energy dynamome]er stops in Method |

e of brake lining and
hainder of the brake
ent of operation.

used in the analysis

Inc.,

lowing sentence at the end of paragraph 2. “Acceptance of the provisiofns contained herein is

oads."
3.

quality castings have

outlined above when

(b)Marking.
legibly and perm

In lieu of the marking requirements of Subpart A, the aircraft wheels
anently marked with the following information:

(1)Name of the manufacturer responsible for compliance.

(2)Serial number and drawing number.

(3)Applicable

technical standard order (TSO) number.

and brakes shall be

(4)Size, (this marking applies to wheels only). All stamped, etched or embossed markings shall be located
in non-critical areas.

(c)Data Requirements. (1) the manufacturer shall maintain a current file of complete data regarding all his

inspection work and tests required to determine compliance with the standards specified herein.

(See
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paragraph (e) of

this section.)

(2)Two copies of the following data shall be furnished to the Chief, Engineering and Manufacturing
Division, Bureau of Flight Standards, Federal Aviation Agency, Washington 25, D. C., with the statement of

conformance:

(i) Weight of brake assembly.

(i) Maximum rejected takeoff kinetic energy in foot-pounds.

(i)  No

(iv)

rmal kinetic energy in foot-pounds.

Maximum operating brake pressure.

(v)Applicablg
(vi) Ty
(

(

—

(d) Pre

-3-
speed specified in Note 1 or Note 5 of Table Il of AS 227-C.

pe of hydraulic fluid used.

i) Weight of wheel assembly.

iii) Maximum static load rating in pounds.
X) Maximum limit load rating in pounds.

iously Approved Equipment. Wheels and:brakes approved prior to June

continue to be m

(e) Qua
established by th
requirements of
required under p
make such inspe
with the requiren

(f) Effe

5.4.21 TSO-C:

anufactured under the provisions of théir original approval.

lity control. Each wheel and brake'shall be produced under a quality cor
e manufacturer, which will assure that each wheel and brake is in confor
his standard and is in an airworthy condition. This system shall be desc
aragraph (c)(1) of this section. A representative of the Administrator shal
ctions and tests at the manufacturer's facility as may be necessary to de
nents of this standard)

ctive date. June 1, 1961.

P6a issued as § 37.172 {Doc # 5065, 29 FR 15317, effective 11-17-64}

as § 37.172 {Do

r: # 8084, 32 FR 5769, effective 04-11-67}

1, 1961, may

trol system,
mity with the
ibed in the data
be permitted to

termine compliance

and issued again

PART 37 -- TECHNICAL STANDARD ORDER AUTHORIZATIONS

Subpart B--- Technical Standard Orders

§ 37.172 Aircraft wheels and brakes---TSO-C26a.
_(a) Applicability - (1) _Minimum performance standards. Minimum performance standards are hereby

established for aircraft wheels and brakes which are to be used on United States civil aircraft of the following

categories:

Wheels - Transport and non-transport category airplanes.
Wheels - Transport and non-transport category rotorcraft.
Brakes - Transport category airplanes.

New models of wheels and brakes manufactured for installation on the above aircraft on or after June 1,
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1961, shall meet the standards of Aeronautical Standard AS 227-C revised February 1, 1959, with the
exceptions in subparagraph (2) of this paragraph.

(2)Exceptions.

(i) Unless determined to be unnecessary, means shall be provided to minimize the probability of wheel and
tire explosions which result from elevated brake temperatures.

(i) Reference paragraph 5.4.7.1 of AS 227-C, Braking Capacity Calculations. The decelerating effects of
propeller reverse pitch, drag parachutes and engine thrust reversers shall not be considered in determining
brake kinetic energy ratings.

(iii) Taxi and Parking Test. At least one maximum weight landing test followed by a taxi roll, one taxi
stop and parking test, which realistically simulate normal airplane operation, shall be conducted on the

dynamometer.
(iv) Referg
and II.
(v) Refen
and attac
assembly

(vi) Referg
shall include con

(vii) ARP

he Taxi speed and distance shall be obtained from the airplane manufa
nce Table Il of AS 227-C. Change 65 to 100 normal energy dynamome

ence Table Il of AS 227-C. Change Note 2 to read as followsy ‘One ¢
ned discs is permissible in making the 100 normal energy stops. The r¢
parts shall withstand the 100 normal energy stops without failure or impa

nce Notes 3, 6, and 8 of Table Il of AS 227-C. The.most critical speeds
sideration for high ambient temperatures and airport elevations.

b86 “Wheel Castings" dated March 1, 1960. 1

1/Copies may b¢ obtained from the Society of Automotive Engineers, Inc., 485 Lexingtq

17, New York.
2.

(a)Add the fo
predicated on th

(b)Add the w

(c)Paragraph
been produced"

(d)Revise thg
authorized by the

b use of a casting factor ofnotless than 1.33 on ultimate radial and side

brds "in accordance with. paragraph 4.1 or 4.2" to the end of paragraph 4

5.2.2. Replace the words "When at least five consecutive acceptable
by the followifig:* “When quality control history is established, * * * ."

"%k % %

end of paragraph 9.1 to read as follows in lieu of the procedures

e FAA

(b)Marking.

clurer.
er stops in Method |

hange of brake lining
mainder of the brake
irment of operation.

used in the analysis

n Avenue, New York

lowing sentence at the end of-paragraph 2. “Acceptance of the provisiofns contained herein is

oads."

3.

quality castings have

outlined above when

n lieu of the marking requirements of § 37.7 {reads Subpart A in the 196

version}, the aircraft

wheels and brakes shall be legibly and permanently marked with the following information:

(1)Name of the manufacturer responsible for compliance.

(2)Serial number and drawing number.

(3)Applicable

technical standard order (TSO) number.

(4)Size, (this marking applies to wheels only). All stamped, etched or embossed markings shall be located
in non-critical areas.

(c)Data Requirements. (1) the manufacturer shall maintain a current file of complete data regarding all his

inspection work and tests required to determine compliance with the standards specified herein.

paragraph (e) of

this section.)

(See
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(2)Two copies of the following data shall be furnished to the Chief, Engineering and Manufacturing Branch,
Flight Standards Division, Federal Aviation Agency {reads Administration in the 1967 version}, in the region in
which the manufacturer is located.

(iy Weight of brake assembly.

(i) Maximum rejected takeoff kinetic energy in foot-pounds.

(iii) Normal kinetic energy in foot-pounds.

(iv) Maximum operating brake pressure.

(v)Applicable speed specified in Note 1 or Note 5 of Table Il of AS 227-C.

(vi) Type pf hydraulic fluid used.

(vii) Weight|of wheel assembily.
(viii) Maximum static load rating in pounds.

(ix) Maximum limit load rating in pounds.

(d)  Previously Approved Equipment. Wheels and brakes.approved prior to Jung 1, 1961, may
continue to be manufactured under the provisions of their originakapproval.

(e) Quadlity control. Each wheel and brake shall be<produced under a quality corjtrol system,
established by the manufacturer, which will assure that each wheel and brake is in confofmity with the
requirements of this standard and is in an airworthy condition. This system shall be descfibed in the data
required under paragraph (c)(I) of this section. A representative of the Administrator shal| be permitted to
make such inspdctions and tests at the manufacturet's facility as may be necessary to determine compliance
with the requirements of this standard.

[Doc. No. 5065, P9 F.R. 15317, Nov. 17, 1964, as amended by Doc. No. 8084, 32 F.R. 57169, Apr. 11, 1967]
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5.4.22 Re-codified CAR 4b into Federal Aviation Regulations Part 25, effective Feb

§ 25.731 Wheels.

(a) Each main and nose wheel must be approved.

(b) The maximum static load rating of each wheel may not be less than the correspondin
reaction with---

(1) Design takeoff weight; and

(2) Critical center of gravity.

ruary 1, 1965

g static ground

(c) The maximum limit load rating of each wheel must equal or exceed the maximum radial limit load

determined under the applicable ground load requirements of this part.

§ 25.735 Brakes.
(a) Each brake must be approved.
(b) The brake sygs i

energy supply is|lost, it is possible to bring the airplane to rest under conditions specified
mean deceleratipn during the landing roll of at least 50 percent of that obtained in.determ

smitting element
I brake operating
n § 25.75, with a
ning the landing

distance as presgribed in that section. Unless the leakage of hydraulic fluid resulting from failure of the sealing

elements in hydraulic brakes, the brake drum, shoes, and actuators, (or theirequivalents
braking effectivepess below that required by this paragraph, these units are considered td
transmitting elenpents.

(c) Brake contrg
(d) The airplang
the airplane from
(e) If antiskid deg
probable malfun
Antiskid devices
amendments thg
(f) The brake ki
kinetic energy al
(1) The brake ki
events expecte
conservative val
tires and runwa
most adverse sif
(2) Instead of 4
assembly may b
main wheels:
KE =0.0444 W
where:
KE = kinetic ene

Is may not require excessive control force in their gpération.
must have a parking control that, when set by the\pilot, will without furth

rolling on a paved, level runway with takeoff power on the critical enging.

vices are installed, the devices and associated systems must be designg
Ction will result in a hazardous loss of braking ability or directional control
meeting the airworthiness portions of Military Specification MIL-B-8075 (
reto, are acceptable.
netic energy capacity rating of eaeh main wheel-brake assembly may
sorption requirements determined under either of the following methods
etic energy absorption requitements must be based on a rational analys

during operational landings at maximum landing weight. This a
Lles of airplane speed ‘at which the brakes are applied, braking coefficig
, aerodynamic drag;)'propeller drag or power plant forward thrust, ang
gle engine or propeller malfunction.

rational analysis, the kinetic energy absorption requirements for eac
b derived from-the following formula, which assumes an equal distributig

so 2N

does not reduce the
be connecting or

er attention, prevent

d so that no single
of the airplane.
ASG) and any

not be less than the

is of the sequence of
nalysis must include
nt of friction between
(if more critical) the

h main wheel brake
n of braking between

gy per wheel (ft.-Ib.);

W = design land

ing Weight (Ib.);

Vso = power-off stalling speed of the airplane at sea level, at the design landing weight, and in the landing
configuration; and
N = number of main wheels.

The formula must be modified in cases of unequal braking distribution.
(g) The minimum stalling speed rating of each main wheel-brake assembly (that is, the initial speed used in
the dynamometer tests) may not be more than the Vs used in the determination of kinetic energy in
accordance with paragraph (f) of this section, assuming that the test procedures for wheel-brake assemblies
involve a specified rate of deceleration, and, therefore, for the same amount of kinetic energy the rate of
energy absorption (the power absorbing ability of the brake) varies inversely with the initial speed.

5.4.23 Amendment 25-23, effective May 8, 1970

a. Change to Regulation.
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§ 25.735 Brakes.

1. Section 25.735(e) was amended by deleting the last sentence of the paragraph referring to MIL-B-8075 etc.
[ (e) If antiskid devices are installed, the devices and associated systems must be designed so that no single
probable malfunction will result in a hazardous loss of braking ability or directional control of the airplane.]

2. Section 25.735(f)(2) was amended by inserting the words “(knots)” after the words “stalling speed”.
(F(2) * * * Vso = power-off stalling speed [ (knots) ] of the airplane at sea level, at the design landing weight,
and in the landing configuration; and

b. Explanation. Currently, section 25.735(e) provides in part that compliance with the antiskid devices and
associated systems design requirements may be shown by meeting the airworthiness portions of Military
Specification MIL-B-8075 (ASG). Since this is not the only acceptable method of showing compliance, it was
deleted from the rule. Section 25.735(f)(2) does not specify the unit of speed of “Vsg” and the correct unit of
“knots” has been added to be compatible with the constant 0.0444. Note that the unit of $peed in former CAR
4b.337 was milep per hour with the constant being 0.0334.
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5.4.24 TSO-C26b is issued, effective January 21, 1971: § 37.172
PART 37 -- TECHNICAL STANDARD ORDER AUTHORIZATIONS

Subpart B--- Technical Standard Orders

§ 37.172 Aircraft wheels and brakes---TSO-C26b.

(a) Applicability The TSO prescribes the-minimum performance standards that aircraft landing
wheels and wheel-brake assemblies must meet in order to be identified with the applicable TSO marking.
New models of such equipment that are to be so identified and which are 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 responsible for compliance.
2) Serial number and part number.
3) Applicable technical standard order (TSO) number.

4) Size (this marking applies to wheels only):JAll stamped, etched ¢r embossed
markings must be located in non-critical areas.

(c) Data Requirements. In addition to the data specified in § 37.5, the manufacfturer must furnish to
the Chief, Engingering and Manufacturing Division, Federal Aviation administration, in the region in which
manufacturer is located (or, in the case of the Western*Region, the Chief, Aircraft Enginegring Division), the
following technidal data:

(1 Dne copy of the applicable limitations pertaining to installation of wheels pnd brakes on
aircraft, including the weight of the brake assembly, maximum static load rating, a maximpm limit load rating,
maximum rejected takeoff kinetic energy in foot-pounds (KERT), design landing kinetic energy in foot-pounds

(KEpL), applicaljle speed as specified\in paragraph 4.1(a)(1) of the FAA Standard for Airgraft Wheels and
Brakes, type of Rydraulic fluid us€d,jand the weight of the wheel.

(2) Ong copy of the manufacturer's test report.
(3) Ong copy of the manufacturer’s maintenance instructions.

(d) Previously Bpproved Equipment. Wheels and wheel-brake assemblies approved prjor to the effective
date of this section may confinue 1o be manufactured under the provisions of their original approval.

FEDERAL AVIATION ADMINISTRATION
STANDARD FOR AIRCRAFT WHEELS AND BRAKES

1. Purpose. This document contains minimum performance standards for aircraft landing wheels and
brakes.

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

(2) Removable flanges. All removable flanges must be assembled onto the wheel in a manner that
will prevent the removable flange and retaining device from leaving the wheel if a tire should deflate while the
wheel is rolling.
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(3) Adjustment. When necessary to assure safe performance, the brake mecha
equipped with suitable adjustment devices.

nism must be

(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 impaired by the presence of sea water or fresh water.
(5) Explosion prevention. Unless determined to be unnecessary, means must b

e provided to

minimize the probability of 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 defects caused by inclusions, except that loose sand or entrapped gases way

be allowed when the serviceability of the casting has not been impaired.

(2)

Forgings. Forgings must be of uniform condition and free from blisters, fins, folds, seams,

laps, cracks, segregation, and other defects. If strength and serviceability are not impaired, imperfections may

be removed.

(3) im surfaces.” The surface of the rim befween bead seats mustbe freg T
will be injurious fo the inner tube. Holes which extend through a rim must be drilled aut a
plug. Other depfessions in rim or bead seats which might injure the tube or casing must
surface permangnt filler before applying the primer coat.

(4) im joints. Joints in the rim surface and joints between rim surfaces ang
flanges must be smooth, closefitting, and non-injurious to the inner tube whilé mounting t
service.

()

ivets and bolts. When rivets are used, they must beywell headed over,

fom defects which
hd filled with a flush
be filled with a hard

demountable
ne tire, or while in

and rivets and bolts

coming in contagt with the casing or tube must be smooth enough-not'to damage the tubg¢ or casing during

normal operatior).

(6)Bolts and studls. When bolts and studs are used for fastenipg together sections of a w

the threads for the nut extending into and bearing against the.sections must be held to a

must be sufficienjt unthreaded bearing area to carry the required load.

(7)Steel parts. Wherever possible, all steel parts, except’braking surfaces and those part

corrosion-resistgnt steel, must be cadmium plated or zinc plated. Where cadmium or zin

applied, the surface must be thoroughly cleaned and suitably protected from corrosion.
(8) Aluminum parts. All aluminum-alloy parts must be anodized or have equ

from corrosion.
9)

have equivalent
(10)

the application o

\agnesium parts. All magnesium alloy parts must receive a suitable dic
protection from corrosion.

Bearing and braking Surfaces. The bearing and braking surfaces must b
f finish to the wheels and brakes.

heel, the length of
minimum and there

s fabricated from
C plating cannot be

valent protection
hromate treatment or
b protected during
bllowing:

nd 29.731(b) of this

d 29.731(c) of this

3.Rating. (a) Each wheel design and wheel-brake system design must be rated for the f
(1) S=Maximum-static load in pounds (ref. §§ 23.731(b), 25.731(b), 27.731(b), a
chapter).
(2) L=MaximunT limit load in pounds (ref. SS 23.731(c), 25.731(c), 27.731(c), an
chapter). T

(b) Each wheel-brake system design must also be rated for the following;

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

absorption.

(2)

KER1=Kinetic energy capacity in foot-pounds per wheel-brake system at the rejected takeoff

rate of absorption for wheel-brake systems of airplanes certificated under Part 25 of this chapter only.:

4. Qualification Tests---4.1
sample in accordance with the following radial, combined, and static load tests:

Wheel tests. To establish the S and L ratings for a wheel, test a standard

(@) Maximum radial load test. Test the wheel for yield and ultimate loads as follows:
(1) Test method. Mount the wheel with a suitable tire of proper fit 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 it 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 S load with air or water. If water inflation is used, water
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must be bled off to obtain the same tire deflection that would result if air inflation were used. Water pressure
may not exceed the pressure which would develop if air inflation were used and the tire deflected to its
maximum extent. Load the wheel through its axle perpendicular 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.

()

Yield load. Apply to the wheel a load, not less than 1.15 times the maximum radial limit load,

determined under §§ 23.471 through 23.511, or §§ 25.471 through 25.511, or §§ 27.471 through 27.505, or §§

29.471 through 29.511 of this chapter, as appropriate.

nondeflecting su

A(Pply the load with the wheel pos

rface, and the valve hole positioned at 0

itioned against the

with respect to the line between the center of the

wheel and the point of contact, then with the valve hole positioned at 90°, 180°, and 270° from the
nondeflecting surface, and finally twice again with the valve hole positioned at 0°. The 90° increments must be
altered to other positions if the other positions are more critical. The successive loadings at the 0° position
must not cause permanent set increments 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. The

bearing cups, cqg
yielding of the w
wheel seal, orin
(3)Ultimate load

and 1.5 times thé maximum radial limit load for forgings, determined under §§ 23:471 thrg

25.471 through 2
appropriate. Ap
hole positioned 3
The load must b
the cups used in

(4)
in paragraphs 4.

(b)
(1)

nondeflecting su
that it will have t
tire to the pressuy
water must be bl
were used. Wat
the tire deflected

hes, and rollers used in operation must be used for these Toadings. The
neel such as would result in loose bearing cups, air leakage throughdhe
erference in any critical areas.

Apply to the wheel a load not less than 2 times the maximum-radial lim

5.511, or §§ 27.471 through 27.505 or §§ 29.471 through 29.511 of this|
ly the load with the same wheel positioned against the-nondeflecting su
t 0 degrees with respect to the line between the center.of the wheel and
b sustained for 10 seconds. The bearing cones may‘be replaced with cqg
operation must be used for this loading. A tubeless tire may be replaceq

f the radial limit load in subparagraph (b) is<equal to or greater than the 1
1(a)(2) and (3), the tests specified in paragraphs 4.1(a)(2) and (3) may b

Combined radial and side load test.. Test the wheel for the yield and ultin
Test method. Mount the wheel'with tire installed on its axle, and position

b the runway when it is mounted on the aircraft and is under the limit radi
re recommended fori{he maximum static load with air or water. If water
ed off during loading 10 approximate the same tire deflection that would 1
br pressure may hot exceed the pressure which would develop if air infla
to its maximum extent. For the radial load component, load the wheel th

perpendicular to
parallel to the fl

nondeflecting sufface/ Apply the two loads simultaneously, increasing them either contin

increments no |

the radial and sigeloads may be applied to the axle. Deflection readings must be taken 4§

the flat nondeflecting surface. For the side load component, load the wh
nondeflecting surface. The side load reaction must arise from the frictic

gefithan 10 percent of the loads to be applied. Alternatively, a resultant

e must be no
wheel or past the

t load for castings
ugh 23.511, or §§
chapter, as

face and the valve
the point of contact.
nical bushings, but

| with a tire and tube.

naximum radial limit
e omitted.

hate loads as follows:

it against a flat

Iface. The wheel axle must have the same angular orientation to the nondeflecting surface

bl load. Inflate the
nflation is used, the
esult if air inflation
ion were used and
rough its axle

eel through its axle
n of the tire on the
Liously or in

load equivalent to

t suitable points to

indicate deflection and permanent set of the wheel rim at the bead seat.

(2)Yield load. Apply to the wheel radial 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 nondeflecting surface and the valve hole positioned at 0 degrees with
respect to the center of the wheel and the point of contact, then with the valve hole positioned 90 degrees, 180
degrees, and 270 degrees from the nondeflecting surface, and finally twice again with the valve hole
positioned at 0 degree. The 90 degree increments must be altered to other positions if the other positions are
more critical. The successive loadings at the 0 degree position must not cause permanent set increments of
increasing magnitude. The. permanent set increment caused by the last loading at the 0 degree 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 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 demonstrated that pressure will
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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 § 25.485, 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 degrees 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.

()
(1)

Test method. Mount the wheel with the tire installed on its axle, and posi

Maximum static load test. Test the wheel for the maximum static load test as follows:

tion it against a flat

nondeflecting surface. The wheel axle must have the same angular orientation to the nondeflecting surface

that it will have t
the tire to the prd
perpendicular to

(2)
§§ 23.471 throug

29.511 of this clpapter, as appropriate. While loaded, roll the wheel 1,000{miles for airpla

rotorcraft. At thg
(d)
(1)

that is not less th
rotorcraft.

2 S

inflation pressure at rated load “S”and , when immersed in water, must show no signs of

evidenced by bu

3)
pressure for 24 |
growth has stabi

4.2
tests to qualify th

separately tested under paragraph 4.1. The wheel-brake system must be tested with the

operating mediu

|Pressure test. Pressure test the wheel in accordance with the following:

b the runway when it is mounted on the aircraft and is under the maximun
ssure recommended for the maximum limit load "S" with air. Load the W
the flat nondeflecting surface.

Roll test. Apply to the wheel a load not less than the maximumdstatic loa
h 23.511, or §§ 25.471 through 25.511, or §§ 27.471 through'27.505 or

end of the test the wheel shall be free of cracks and-other types of failur

Burst test. The wheel shall be hydrostatically‘tested, without failure, to g
an the inflation pressure at rated load “S%times a factor of 3.5 for airplan
atic test. The wheel and tubeless.lire assembly shall be inflated to a pre
bbles.
ours with no greateér pressure drop than 5 percent. This test must be pel
ized.

Wheel brake system test. A sample of a wheel-brake system design mu
e design.for its kinetic energy ratings. The wheel of a wheel-brake asse

M (€.g:; air, or an oil meeting recommended specifications).

h limit load. Inflate
heel through its axle

i determined under
8§ 29.471 through
hes and 250 miles for
es.

burst pressure that
es and 3 for

ssure of 1.5 times the
leakage as

Diffusion test. The tubeless tire and wheel assembly must hold the nornpal deflection

rformed after the tire

5t meet the following
mbly must be
recommended

(@)

(1)

(i)

equation:

Dynamic torque tests. Test the wheel-brake system on a suitable inertial brake testing
machine in accordance with the following:

Speed and weight values. For airplanes, select either Method | or Method Il below to
calculate the kinetic energy level which a single wheel and brake system will be required to absorb. For
rotorcraft, use Method I. Do not consider the decelerating effects of propeller reverse pitch, drag parachutes,
and engine thrust reversers.

KE = 0.0444WV?

where:

Method I. Calculate the kinetic energy level to be used in the brake testing machine by using the

KE=Kinetic energy per wheel-brake system in ft.-lbs. For the design landing test, KE will be sub designated
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KEpL, and for the rejected takeoff, KEgr.

W=Airplane weight per wheel-brake system in pounds. For the design landing test the design landing weight
will be used.

V=Aircraft speed in knots. For the design landing test the speed will be V5o, the power off stalling speed of the
airplane at sea level at the design landing weight and in the landing configuration. For the rejected takeoff
test, applicable only to airplanes certificated under Part 25 of this chapter, the manufacturer must determine
the most critical combination of takeoff 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.

(i) Method Il. The speed and weight values may be determined by other equations based on a
rational analysis of the sequence of events expected to occur during operational landing at maximum landing
weight. The analysis must include rational or conservative values for braking coefficients of friction between
tire and runway, aerodynamic drag, propeller drag, power plant forward thrust, and, if critical, loss of drag
credit for the moftadverse single engine or propeller due to malfunction.

(2)The whegl-brake assembly must bring the inertial testing machine to a stop at'the pverage deceleration
rate, and for[the number of repetitions specified in the following table without failure, impairment of
operation or|replacement of parts except as permitted in subparagraph (3) below:

Category of the aircraft on which
wheel-brake assgmbly will be used--Tests

Federal Aviation|Regulations Part 25 KE_,: 100 design landing stops at 10 ft/sec.t
KEgt. 1 rejected takeoff stop at 6 ft/sec.2

Federal Aviation|Regulations Part 23 KE,,: 35 designrlanding stops at 10 ft/sec.2

Federal Aviation|Regulations KEp, : 20-design landing stops at 6 ft./sec.2

Parts 27 and 29

(3) General Conditions. (i) During landing stop tests (KEp; ), one change of brake lining and
attached discs i permissible. The remainder of the brake assembly parts must withstanq the 100 KEp,; stops

without failure orfimpairment of operation.
(if) During the accelerate-stop-tests (KERT), brake lining and bare disks may be|new or used. No

less than two landing stop tests must have been completed on the brake prior to this test] The brake must be
usable to taxi the aircraft off the.runway after the accelerate-stop test to KERT.

(iii) As psed in thisssubparagraph, 'brake lining" is either individual blocks of wegring material or discs
which have weafing material integrally bonded to them. "Bare discs" are plates or drums{which do not have
wearing materiallintegrally bonded to them.

(b) Brake : S 2 e
(a)(1) or (2) of this sectlon as appllcable for at Ieast 3 seconds Rotatlon of the wheel must be resisted by a
reaction force transmitted through the brake or brakes by an application of at least maximum brake line
pressure or brake cable tension in the case of a non-hydraulic brake. If such pressure of tension is insufficient
to prevent rotation,, the friction surface way be clamped, bolted, or otherwise restrained while applying above
pressure or tension.

(1) For landing gears with only one wheel per landing gear strut, the 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 1.44 SR where R is the
normal rolling radius of the tire under load S.
NOTE: The 1.44 factor contains an additional 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.

(c) Burst pressure-hydraulic brakes. 'The brake with actuator piston extended to simulate a
maximum worn condition must withstand hydraulic pressure equal to the greatest of the following:
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(1) For brake systems capable of developing a limited pressure as in power operated brake systems,

2 times the maximum brake line pressure available to the brakes.

(2) Two times the highest pressure used in the tests required by paragraph 4.2(a)(2).
(3) Forairplanes, 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 5cc. and no malfunction may occur during or
upon completion of the test. Minimum piston travel during the test way not be less than the maximum
allowable piston travel in operation. The tests must be conducted by subjecting the hydraulic brake assembly

to--

(1) 100,000 cycles for airplanes, and 50,000 cycles for rotorcraft, of application and release of the
average hydraulic pressure needed in the KEp; tests specified in section 4.2(a)(2) except that manufacturers

using Method Il in conducting the tests specified in paragraph 4.2.(a)(2) must subject the
assembly to the pverage of the maximum pressures needed in those tests. The pisténym
that 25,000 cycles for airplanes, and 12,500 cycles for rotorcraft, are performed at/each o
where the piston| would be at rest when adjusted for 25 percent, 50 percent, 75 percent, g
in the friction padls; and

(2) 5,000 cycles for airplanes, and 2,500 cycles for rotorcraft, of application-and release
following:

(i) The hydraulif pressure that is required to hold a static torque of @55 SR at 70° F, wh
rolling radius;

(i) The maximdm hydraulic pressure used in conducting the dynamic brake tests of pare
(iii) For brake systems capable of developing only a limited pféssure, the maximum brak
available to the hrakes.

(NOTE that paragraphs 4,2(c) and (d) of this section require fluid pressure observations {
dynamic torque {ests.)

4.3 Taxi and pa
followed by a rez

'king test. Simulate on the inertia brake testing machine a landing at the
listic roll, taxi stop and park, in accordance with the taxi speed and dista

manufacturer.
5.4.25 Amendiment 25-48, effective’ December 31, 1979
a. Change to Regulation.

§ 25.735 Brakes.
(b) The brake sygtem must be designed and constructed so that, if any connecting or trar
(excluding the operating/pedal or handle) fails, or if any single source of hydraulic or othe

energy supply is|lost,'it is possible to bring the airplane to rest under conditions specified

wheel-brake

ay be adjusted so

f the four positions
nd 100 percent wear

of the greater of the
ere R is the normal

graph 4.2(a)(2); or
e line pressure

b be made during the

maximum weight
hce specified by the

smitting element
I brake operating

n [§ 25.125] with a

mean deceleration during the Tanding roll of at Teast 50 percent of that obfained in deferm

ning the landing

distance as prescribed in that section. Unless the leakage of hydraulic fluid resulting from failure of the sealing
elements in hydraulic brakes, the brake drum, shoes, and actuators, (or their equivalents) does not reduce the
braking effectiveness below that required by this paragraph, these units are considered to be connecting or

transmitting elements.

(f) [ (2) Instead of a rational analysis, the kinetic energy absorption requirements for each main wheel brake
assembly may be derived from the following formula, which assumes an equal distribution of braking between

main wheels:

KE = 0.0443 WV?N

where:

KE = Kinetic energy per wheel (ft.-Ib.);

W = Design landing weight (Ib.);

V = Airplane speed in knots. V must be not less than Vso , the power-off stalling speed

of the airplane at sea
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level, at the design landing weight, and in the landing configuration; and

N = number of main wheels with brakes.

The formula must be modified in cases of unequal braking distribution.]

(g9) The minimum stalling speed rating of each main wheel-brake assembly (that is, the initial speed used in
the dynamometer tests) may not be more than the [ V ] used in the determination of kinetic energy in
accordance with paragraph (f) of this section, assuming that the test procedures for wheel-brake assemblies

involve a specified rate of deceleration, and, therefore, for the same amount of kinetic energy the rate of
energy absorption (the power absorbing ability of the brake) varies inversely with the initial speed.

§ 37.172 Aircraft Wheels and Wheel-Brake Assemblies---[ TSO-C26c.
TSO-C26b was revised to TSO-C26¢ by incorporating updates and improved minimum performance
standards for the design and construction of aircraft wheels and brakes. To improve the overall strength of
wheels and to reduce their susceptibility to fatigue, the standards for wheels were revised. This amendment

would require m

re severe testing of wheels and wheel-brake assemblies to substantiate

wheels and the K

b. Explanation.

prescribes the Ig
amendment.
(2) The numerig

main wheel brak

The definition of
“number of main
gear wheel confi

(3) The term “V{

used in § 25.735
(4) TSO-C26c is
wheels and whe
minimum perforr]
explains the bac
assemblies and

inetic energy capacity rating of brakes. ]

(1) The reference to § 25.75 in § 25.735(b) is replaced by a referénce tg
nding requirements for all transport category airplanes; § 25,75’was revg

al constant 0.0444 in the formula for calculating the kinetic energy requir
e assembly in § 25.735(f)(2) is replaced by 0.0443 fanhbetter accuracy of

‘N” as it is used in the formula in § 25.735(f)(2) ischanged from “number
wheels with brakes” to be consistent with the TSO and also recognizing
gurations may not use brakes, e.g., center main gear.

o in § 25.735(g) is replaced by the term £V”'in order to be compatible wif
()(2).

provided as a separate section in this document. This amendment con
bl-brake assemblies was issued cancurrently with the amendment which

xground which led to the need-for revised standards for tires and for whe
heir interaction.

the load ratings of

§ 25.125 which
ked in an earlier

ements for each
units conversion.
of main wheels” to

that certain main

h the terminology

cerning aircraft
updated the

nance standards applicable to-aircraft tires. The preamble to the tires ampendment (25-49)

els and wheel-brake
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5.4.26 TSO-

Subpart B--- Tec

C26¢ is issued, effective 12-31-79 as § 37.172

PART 37 -- TECHNICAL STANDARD ORDER AUTHORIZATIONS

hnical Standard Orders

§ 37.172 Aircraft wheels and brakes---TSO-C26c.

(a) Applicability. This Technical Standard Order prescribes the minimum performance standards
that aircraft wheels and wheel-brake assemblies must meet in order to be identified with the applicable TSO
marking. New models of such equipment which are to be so identified and which are manufactured on or after
December 31, 1979, must meet the requirement of the Federal Aviation Administration Standard for Aircraft
Wheels and Wheel-Brake assemblies set forth at the end of this section.

(b)

assemblies mus

All stamped, e

(c) Data Requ
Chief, Engineer
manufacturer is
following technid

on aircraft, inclugling the weight of thetbrakes on aircraft, including the weight of the brakg

static load rating
(KERT). design |
design landing s

FAA Standard fa
the wheel.

Marking. In lieu of the marking requirements of § 37.7, aircraft wheels“ar

be legibly and permanently marked with the following information:

1) Name of the manufacturer responsible for compliance.
2) Serial number, or date of manufacture, or beth.

3) Part number.

4) Applicable technical standard order (TS@)number.

5) Size (this marking applies to-wheels only).

ched or embossed markings must be logated in non-critical areas.

rements. (1) In addition to the data specified in § 37.5, the manufactur
ng and Manufacturing Division, Federal Aviation administration, in the re
ocated (or, in the case of the Western Region, the Chief, Aircraft Engine
al data:
(i) One copy of the applicable limitations pertaining to installation of
a maximum limitdoad rating, maximum accelerate-stop kinetic energy in

anding kinetic energy in foot-pounds (KEp ), accelerate-stop deceleratig

op deceleration in feet/second?, applicable speed as specified in paragr|
r Aircraft Wheels and Wheel-Brake Assemblies, type of hydraulic fluid us

(ii) \V~One copy of the manufacturer's test report.

d wheel-brake

er must furnish to the
gion in which
bring Division), the

wheels and brakes
assembly, maximum
foot-pounds

nin feet/second2,

aph 4.2.(a)(1) of the
ed, and the weight of

(2) Up
must furnish the

prirequest of the regional office specified in paragraph (c)(1) of this secti

bn, the manufacturer

applicable maintenance instructions.

(d)Previously Approved Equipment. Wheels and wheel-brake assemblies approved prior to
December 31, 1979 may continue to be manufactured under the provisions of their original approval.

FEDERAL AVIATION ADMINISTRATION STANDARD FOR AIRCRAFT

1. Purpose.

WHEELS AND WHEEL-BRAKE ASSEMBLIES

This document contains minimum performance standards for aircraft landing wheels and wheel-brake

assemblies.

2. Design and Construction.

(a) Design.

(1) Lubricant retainers. Lubricant retainers must retain the lubricant under all operating conditions, prevent
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the lubricant from reaching braking surfaces, and prevent foreign matter from entering the bearings.

(2) Removable flanges. All removable flanges must be assembled onto the wheel in a

manner that will

prevent the removable flange and retaining device from leaving the wheel if a tire should deflate while the

wheel is rolling.

(3)

with suitable adjustment devices.

(4)

Adjustment. When necessary to assure safe performance, the brake mechanism must be equipped

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 impaired by the presence of sea water or fresh water.

(®)

Explosion prevention. Unless determined to be unnecessary, means must be provided to minimize

the probability of wheel and tire explosions which result from elevated brake temperatures.

(b) Construction.
(1)

defects caused by inclusions, except that loose sand or entrapped gases way be allowed

Castings. Castings must be of high quality, clean, sound and free from blowholes, porosity, or surface

when the

serviceability of {fhe casting has not been impaired.
(2)  Forgingg. Forgings must be of uniform condition and free from blisters, fins, folds
segregation, and other defects. If strength and serviceability are not impaired, impeffecti
(3) Rim surfaces. For wheels designed for use with a tire and inner tube cotbinatio
rim between begd seats must be free from defects which would be injurious to the inner t

in contact with tHe casing or tube must be smooth enough not to damage the tube or casi
operation.

(6)Bolts and studs. When bolts and studs are used for.fastening together sections of a
the threads for the nut extending into and bearing against the sections must be held to a
must be sufficient unthreaded bearing area to carry.the required load.

(7) Steel pafts. All steel parts, except braking-surfaces and those parts fabricated frg
resistant steel must be cadmium plated or zinc-plated or have equivalent protection from

(8) Aluminum parts. All aluminum alloy parts must be anodized or have equivalent p|
corrosion. This protection must include protection from fuse plug holes, valve stem holes
passages.

(9) Magnesjum parts. All magnesium alloy parts must receive a suitable dichromate
equivalent protegtion from corrosion. This protection must include protection for fuse plug
holes, and other|passages.

(10) Bearing fand brakingsurfaces. The bearing and braking surfaces must be protec
application of fin|sh to the wheels and brakes.

(11) Fatigue.|The gonstruction of the wheel must take into account techniques used ta
resistance of critjcal‘aréas of the wheels.

seams, laps, cracks,
bns may be removed.
N, the surface of the
ibe while mounting

ints in the rim
fitting, and non-

s and bolts coming
ng during normal

wheel, the length of
minimum and there

m corrosion-
Corrosion.
rotection from
, and other

treatment or have
J holes, valve stem

ed during the

improve fatigue

3.

(a) Each wheel 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.

chapter).

(2) L=Maximum limit load in pounds (ref. SS 23.731(c), 25.731(c), 27.731(c), and 29.
chapter).

(b) Each wheel-brake assembly design must be rated for the following:

731(b)  of this

731(c) of this

(1) KEp| =Kinetic energy capacity in foot-pounds per wheel-brake assembly at the design landing rate of

absorption.

(2) KERT=Kinetic energy capacity in foot-pounds per wheel-brake assembly at the maximum accelerate-

stop rate of absorption for wheel-brake assemblies of airplanes certificated under Part 25
4. Qualification Tests. The aircraft wheels and wheel-brake assemblies required by th
tested as follows and the test data included in the applicant's test report required by the

§ 37.172(c)(1)(ii) of this part.

of this chapter only.
e TSO must be
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4.1 Wheel tests. To establish the S and L ratings for a wheel,, test a standard sample in accordance with
the following radial, combined, and static load tests:

(@)  Maximum radial load test. Test the wheel for yield and ultimate loads as follows:

(1) Test method. Mount the wheel with a suitable tire of proper fit 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 it 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 S load with air or water. If water inflation is used, water
must be bled off to obtain the same tire deflection that would result if air inflation were used. Water pressure
may not exceed the pressure which would develop if air inflation were used and the tire deflected to its
maximum extent. Load the wheel through its axle perpendicular 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) Yieldload. Apply to the wheel a load not less than 1.15 times the maximum radial limit load,
determined under §§ 23.471 through 23.511 or §§ 25.471 through 25.511, or §§ 27.471 through 27.505, or §§
29.471 through 19.511 of Tifle T4 Chapter T, as appropriate. Apply the Toad with the whekl positioned against

the nondeflecting surface, and the valve hole positioned at 90 degrees with respect toythq line between the
center of the wheel and the point of contact, then with the valve hole positioned at-180 degrees, 270 degrees,
and 0 degrees frpm the nondeflecting surface. The 90 degree increments must-be-alterefl to other positions if
the other positions are more critical. Three successive loadings at the 0 degree’position may not cause
permanent set increments of increasing magnitude. The permanent-set inctement caused by the last loading
at the 0 degree position may not exceed 5 percent of the deflection caused by that loading or 0.005 inches,
whichever is grepter. The bearing cups, cones, and rollers used in opgration must be used for these loadings.
There must be o yielding of the wheel such as would result in loase bearing cups, air, of water leakage
through the wheel or past the wheel seal, or interference in any critical areas.

(3) Ultimatel|load. Apply to the wheel a load not less than,times the maximum radigl limit load for
castings and 1.5|times the maximum radial limit load for forgings, determined under §§ 23.471 through 23.511,
or §§ 25.471 through 25.511, or §§ 27.471 through 27.505'0r §§ 29.471 through 29.511 qf Title 14 Chapter 1,
as appropriate. Apply the load with the same wheel positioned against the nondeflecting [surface and the
valve hole positipned at 0 degrees with respect to the fine between the center of the wheg¢l and the point of
contact. The wheel must be able to support the Joad without failure for at least 3 secondq. The bearing cones
may be replaced with conical bushings, but the-ctups used in operation must be used for this loading. If, ata
point of loading qluring the test, it is shown that the tire will not successfully maintain pressure or if bottoming of
the tire on the ngndeflecting surface occurs;the tire pressure may-be increased to no more than 2 times the
rated inflation pressure. If bottoming ef\the tire continues to occur with this increased pregsure, a loading
block which-fits between the rim flanges and simulates the load transfer of the inflated tire may be used. The
arc of wheel supported by the loading block must be no greater than 60 degrees.

(4) If the raqgial limit load in.pdragraph 4.1 (b) is equal to or greater than the maximum radial limit in
paragraphs 4.1(a)(2) and (3)¢the tests specified in paragraphs 4.1(a)(2) and (3) may be gmitted.

(b) Combingd radial-and side load test. Test the wheel for the yield and ultimate loagis as follows:

(1)  Test method./Meunt the wheel, with a suitable tire of proper fit installed, on its aXle, and position it
against a flat nopdefleeting surface. The wheel axle must have the same angular orientation to the
nondeflecting sufface that it will have to the runway when it is mounted on the aircraft and is under the
combined radial and side 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 bled off to obtain the same tire deflection that would
result if air inflation were used. Water pressure may not exceed the pressure which would develop if air
inflation were used
and the tire deflected to its maximum extent. For the radial load component, load the wheel through its axle
perpendicular to the flat nondeflecting surface. For the side load component, load the wheel through its axle
parallel to the flat nondeflecting surface. The side load reaction must arise from the friction of the tire or the
loading block on the nondeflecting surface. Apply the two loads simultaneously, increasing them either
continuously or in increments no larger than 10 percent of the loads to be applied. Alternatively, a resultant
load equivalent to the radial and side loads may be applied 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 radial and side loads not less than 1.15 times the respective ground loads
determined under §§ 23.485, 23.497, and 23.499, or §§ 25.485, 25.495, 25.497, and 25.499, or §§ 27.485 and
27.497, or §§ 29.485 and 29.497 of Title 14 Chapter 1, as appropriate. Apply these loads with the wheels



https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE AIR5697

-65 -

positioned against the nondeflecting surface and the valve hole positioned at 90 degrees

with respect to the

line between the center of the wheel and the point of contact, then with valve hole positioned at 180 degrees,
270 degrees, and 0 degrees from the nondeflecting surface. The 90 degree increments must be altered to

other positions if the other positions are more critical. Three successive loadings at the 0

degree positions

may not cause permanent set increments of increasing magnitude. The permanent set increment caused by
the last loading at the 0 degree position may not exceed 5 percent of the deflection caused by that loading, or
0.005 inches, whichever is greater. 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 or water

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 demonstrated 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.

@)

Ultimate load. Apply to the wheel radial and side load not less than 2 times for castings and 1.5 times

for forgings the respective ground loads determined under §§ 23.485, 23.497, and 23.499, or §§ 25.485,

25.495, 25.497, Bnd Z25.499, or §§ 27.485 and Z7.497, or §§ 29.485 and Z29.497 of Title, 1
appropriate. Apply these loads with the same wheel positioned against the nondeflecting
valve hole positipned-at 0 degrees with respect to the center of the wheel and the paint o
must be able to support the load without failure for at least 3 seconds. The bearing’cone
with conical buskings, but the cups used in operation must be used for this loading. If, at
during the test, if is shown that the tire will not successfully maintain pressurgeor if bottom
nondeflecting sufface occurs, the tire pressure may be increased to no,madre than 2 timeg
pressure. If bottpming of the tire continues to occur with this increased pressure, a loadir
between the rim{flanges and simulates the load transfer of the inflated*tire may be used.

against a flat nopdeflecting surface or a flywheel. Theawheel axle must have the same ar
the load surface [that it will have to the runway when.itis mounted on the aircraft and is ur
static load. Inflafe the tire to the pressure recommended for the maximum static load "S"
must be applied ffo the wheel through the axle and perpendicular to the load surface. The
required, must bge applied through the whegel axle and parallel to the load surface. For the
axle must be rotated or yawed to the angle which will produce a side load component equ
the wheel is being roll tested.
(2) Roll test| The wheel must Be tested under the loads and for the distance shown

of the test there must be no cracks 6n the wheel and no leakage through the wheel or pa
the bearing cupg may not be leosened in the hub.

1 Chapter 1 as
surface and the

F contact. The wheel
5 may be replaced

a point of loading
ng of the tire on the
the rated inflated

g block which fits
The arc of wheel

DWS:
le, and position it
gular orientation to
der the maximum
The radial load
side load, when
side load, the wheel
al to 0.15 "S" while

n Table |. At the end
5t the wheel seal, and

TABLE |
Category Roll
of Load Conditions Distance
Aircraft (miles)
Part 25 Maximum static load, "S" 2000
Maximum static load, "S" plus 0.15 100
"S" side load applies in outboard
direction.
Maximum static load, "S" plus 0.15 100
"S" side load applied in inboard
direction.
Part 23 Maximum static load, "S" 1000
Parts 27 Maximum static load, "S" 250

and 29
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©)

Roll on Rim Test. The wheel without a tire must be tested at a speed not less than 10 mph under the

loads and distance shown in Table II. The test axle angular orientation with the load surface must
approximate that of the airplane axle to the runway under maximum static load. At the end of the test there
may be cracks but no fragmentation of the wheel. (Vr=takeoff speed in knots.)

TABLE I
Category Roll
of Load Condition Distance
Aircraft (feet)
Part 25 Maximum static load "S" VR2X 0.5

(d)
(1) Overpre
seconds applica
airplanes, and 3
(2)  Diffusior
hours with no gr¢
stabilized.
4.2  Wheel-b
proper fit installe]
of a wheel-brake
be tested with th
(a) Dynamic
accordance with
(1) Speed an
kinetic energy le
use Method I.
(i) Method I.
equation:

where:
KE=Kinetic ener

Pressurg test. Pressure test the wheel in accordance with the followihg:

ssure test. The wheel must be hydrostatically tested towithstand withoy
ion of an overpressure factor not less than 4.0 for Part 25 airplanes, 3.5
0 for rotorcraft, times the rated inflation pressure determined by the appl
test. The tubeless tire and wheel assembly musthold the rated inflatior
pater pressure drop than 5 percent. This test must be performed after th

rake assembly test. A sample of a wheel-brake assembly design, with a
d, must meet the following tests to qualify*the design for its kinetic energ
assembly must be separately tested.under paragraph 4.1. The wheel-br
b operating medium specified by.the manufacturer.
forque tests. Test the wheel-brake assembly on the suitable inertial braK
the following:
f weight values. For airplanés, select either Method | or Method Il below

Calculate the kinetie“energy level to be used in the brake testing machin

0.0443 WV2

KE

N

t failure for at least 3
for Part 23

cant.

pressure for 24

e tire growth has

suitable tire of
ratings. The wheel
ake assembly must

e testing machine in

to calculate the

el which a single wheel and wheel-brake assembly will be required to alpsorb. For rotorcraft,

e by using the

hy-per wheel-brake assembly (ft.-Ibs.);

W=Design landir

g weight (Ibs.J;

V=Aircraft speed in knots. V must be not less than Vg the power off stalling speed of the aircraft at sea

level, at the design landing weight, and the landing configuration. For the accelerate-stop tests applicable
only to wheel-brake assemblies for airplanes certificated under Part 25, the manufacturer must determine the
most critical combination of takeoff weight and speed;
N=Number of wheels with brakes. For rotorcraft, the manufacturer must calculate the most critical
combination of takeoff weight and brake application speed to be used in the above equation.

(ii)

Method .

The speed and weight values may be determined by other equations based on rational

analysis of the sequence of events expected to occur during an accelerate-stop condition or an operational
landing at maximum landing weight. The analysis must include rational or conservative values for braking
coefficients of friction between the tire and runway, aerodynamic drag, propeller drag, power plant forward
thrust, and if critical, loss of drag credit for the most adverse single engine or propeller due to malfunction. Do
not consider the decelerating effects of propeller reverse pitch, drag parachutes, and power plant thrust

reversers.
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()

Test requirements. The wheel-brake assembly must bring the inertial testing ma

chine to a stop at the

average deceleration, and for the number of repetitions specified in Table 1l without failure, impairment of

operation, or replacement of parts except as permitted in paragraph 4.2(a)(3).
TABLE IlI

Category of Aircraft Test

Parts 23 and 25
but not less than 10 ft/sec.2

ft/sec.2

KEp(: 100 design landing stops at a deceleration .selected by manufacturer

KERT: 1 accelerate stop at a deceleration selected by manufacturer but not less than 6

Parts 27 and 29

than 6 ft./sec.2

KEpL: 20 design landing stops at a deceleration selected by man

ufacturer but not less

General Jonditions.

(3)
(i)
brake assembly parts must withstand the 100 KEy_ stops without failureter impairment o
(i) During the accelerate-stop test (KERT), brake lining and barg)disks may be new
than two landing
usable for taxi after the accelerate-stop test to KERT.
(i)  Asused
have wearing m
material integrall

(b)
as applicable, fof at least 3 seconds.
through the brakg or brakes by an applicationof at least maximum brake line pressure or
in the case of a mon-hydraulic brake. If such/pressure of tension is insufficient to prevent

terial integrally bonded to them. "Bare disks" are plates or drums which
bonded to them.

surface way be glamped, bolted, or otherwise restrained while applying the pressure or tg

(1)  For land|ng gears with only one*wheel per landing gear strut, the torque load is 1
normal loaded rgdius of the tire atrated inflation pressure under load S.

(2) For landing gears with muiltiple wheels per landing gear strut, the torque load is 1.4
normal loaded rgdius of the tire at rated inflation pressure under load S.

(c)  Overpregsure-hydraulic brakes. 'The brake with actuator piston extended to sim
worn condition must withstand hydraulic pressure for at least 3 seconds, equal to the follg
(1)  For airplpnes, 2/times the maximum brake line pressure available to the brakes.

(2)  For rotofctaft, 2 times the pressure required to hold the rotorcraft on a 20 degree

During landing stop tests (KEp) ), one change of brake lining is permissible. The

Brake structural torque test. Apply load S.and a torque load specified in paragraf
Rotationof.the wheel must be resisted by a reactig

remainder of the
f operations.
br used. No less

stop tests must have been completed on the brake prior to this test. The brake must be

in this paragraph, 'brake lining" is either individual blocks of wearing material or disks which

do not have wearing

bhs 4.2(b)(1) or (2),
n force transmitted
brake cable tension
rotation,, the friction
nsion.

2 SR where R is the

1 SR where R is the

ulate a maximum
wing:

slope at design

takeoff weight.

(d)
test during which the total leakage may not exceed 5cc and no malfunction may occur du
completion of the test. Minimum piston travel during the test way not be less than the ma

Endurance tests-hydraulic brakes. The hydraulic brake assembly must be subjected to an endurance

ring or upon
ximum allowable

piston travel in operation. The tests must be conducted by subjecting the hydraulic brake assembly to--

(1)

average hydraulic pressure needed in the KEp_tests specified in paragraph 4.2(a)(2) ex
manufacturers using Method Il in conducting the tests specified in paragraph 4.2.(a)(2) m

100,000 cycles for airplanes, and 50,000 cycles for rotorcraft, of application and release of the

cept that
ust subject the

wheel-brake assembly to the average of the maximum pressure needed in those tests.. The piston must be
adjusted so that 25,000 cycles for airplanes, and 12,500 cycles for rotorcraft are performed at each of the four
positions where the piston would be at rest when adjusted for 25, 50, 75, and 100 percent of the wear limit;

and

()

to the brakes.

5,000 cycles for airplanes, and 2,500 cycles for rotorcraft at the maximum system pressure available
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(Secs. 313(a), 601, 603, Federal aviation Act of 1958, 49 U.S.C. 1354(a), 1421, 1423; sec. 6(c), Department
of Transportation Act, 49 U.S.C. 1655(c))
[Amdt. 37-46, 44 F.R. 68743, Nov. 29, 1979]

5.4.27 Amendments 21-50, 25-52, and 37-47, effective September 9, 1980

a. Change to Regulation.
§ 37.172 Aircraft Wheels and Wheel-Brake Assemblies-TSO-C26c¢.

§ 37.172 Aircraft Wheels and Wheel-Brake Assemblies-TSO-C26¢ was eliminated from the regulations,
previously publlshed as Subpart B of 14 CFR Part 37, and was made available at FAA Headquarters in the
Office of Airworthi all regional flight
Standards Englneerlng and Manufacturlng offlces Part 37 was revoked Subpart A of 14 CFR Part 37
became Subparg O of 14 CFR Part 21.

b. Explanation. [Henceforth, a TSO is not a standard of general or particular applicability|designed to
implement or prgscribe law or policy. It does not fall within the definition of “rtle” containgd in the
Administrative Pfocedures Act (5 U.S.C. 551). There is no requirement thata TSO be published as a notice of
proposed rulemgking in the Federal Register. A TSO thus becomes a&oluntary standard. Future TSOs will,
through incorporption by reference, make maximum use of “voluntary<standards” as defined by the Office of
Management anfl Budget (OMB) Circular A-119.
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5.4.28 TSO0-C26c¢c with Addendum | issued, effective May 18, 1984

TSO-C26¢
Date 5/18/84

TECHNICAL STANDARD ORDER

Subject: TSO-C26c, AIRCRAFT WHEELS AND WHEEL-BRAKE ASSEMBLIES, WITH ADDENDUM |

This addendum provides clarifications and corrects certain omissions in TSO-C26¢. These changes
are considered non-substantive and do not affect technical standard order authorization or design approvals

previously issue

Addendym | changes to TSO-C26¢ Appendix 1 are as follows:

—_

excluded from th
surface under m

exceed 15,000 feet."

TSO-C26¢c, as a

TSO-C26

| under TSO-C26¢.

Paragraph 4.1(c)(3) Roll on Rim Test should read, "The main wheel (

aximum static load must be specified. At the end of the-test . . "

D

Paragraph 4.1(c)(3) Table Il under Roll Distaniee should read, “VR2

mended by Addendum |, is set forth in its_entirety below.

C, AIRCRAFT WHEELS AND WHEEL-BRAKE ASSEMBLIES

(a)

the-minimum pe
identified with th
rules set forth in
are to be so iden
of Appendix 1 of]
Brake Assemblig
supplemented b

(b)

Marking. In lieu of the marking requirements of § 21.607(d), aircraft whe

Applicability.

1) Minimum Performance Standard. This Technical Standard Orde
formance standard that aircraft wheels and wheel-brake assemblies mu
b applicable TSO marking. This TSO has been prepared in accordance

Subpart O of the(Federal Aviation Regulations, Part 21. New models of
tified and that are manufactured on or after December 31, 1979, must m
the TSO titled,"Federal Aviation Administration Standard for Aircraft Wh
s" dated December 31, 1979, or Appendix 1 dated May 18, 1984, as am

this Addendum |.

nose wheels are

is test) without a tire must . . ... Table Il. The test axle angular orientation with the load

0.5 need not

r (TSO) prescribes
5t meet in order to be
with the procedural
such equipment that
eet the requirements
eels and Wheel-
ended and

bls and wheel-brake

11111

assemblies mus

(1
)
@)
(4)
®)

Name of the manufacturer responsible for compliance.
Serial number, or date of manufacture, or both.
Part number.

Applicable technical standard order (TSO) number.

Size (this marking applies to wheels only).

All stamped, etched or embossed markings must be located in non-critical areas.

(c)

Data Requirements.
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(1)

In addition to the data specified in § 21.605 the manufacturer must furnish to the

Chief, Aircraft Certification Office (ACO) having geographical purview of the manufacturer's facilities, one copy
each of the following technical data:

(i)

One copy of the applicable limitations pertaining to installation of wheels and

brakes on aircraft, including the weight of the brakes on aircraft, including the weight of the brake assembly,
maximum static load rating, a maximum limit load rating, maximum accelerate-stop kinetic energy in foot-
pounds (KERT), design landing kinetic energy in foot-pounds (KEp| ), accelerate-stop deceleration in

feet/second?, design landing stop deceleration in feet/second?, applicable speed as specified in paragraph
4.2.(a)(1) of the FAA Standard for Aircraft Wheels and Wheel-Brake Assemblies, type of hydraulic fluid used,
and the weight of the wheel.

(ii)

')\

One copy of the manufacturer's test report.

| lr\nn rnnllncf of the rnnlnngl office. cnnr\lflnd in nnr:\nrnnh (r\\l1\ of this Sechon the

manufacturer mdu

(d)Previ

st furnlsh the appllcable mamtenance mstructlons

busly Approved Equipment. Wheels and wheel-brake assembliesappro

December 31, 1

(e)

D79 may continue to be manufactured under the provisions of their origin
Availability of Reference Documents. Federal Aviation Regulations 21,

Advisory Circulaf

Headquarters in

Sd/ Jos
Actin
Page 2

FEDERAL AVIA
WHEEL-BRAKE

1. Purposel
This dog
assemblies.
2. Design and Censtruction.

20-110, "Index of Aviation Technical Standard Orders,"7/way be reviewe
the office of Airworthiness, Aircraft Engineering Divisign)(AWS-110), and

bph A. Pontecorvo

g Deputy Director of Airworthiness

5/18/84TS0O-C26¢

[TON ADMINISTRATION STANDARD FOR AIRCRAFT
ASSEMBLIES DATED MAY 18, 1984

ument contains minimum performance standards for aircraft landing whe

ed prior to
bl approval.

$ubpart 0 and

d at the FAA
at all ACO's.

PPENDIX 1.
WHEELS AND

els and wheel-brake

(@)

N
Destah

(1)

Lubricant retainers. Lubricant retainers must retain the lubricant

under all operating

conditions, prevent the lubricant from reaching braking surfaces, and prevent foreign matter from entering the

bearings.

)

Removable flanges. All removable flanges must be assembled onto the wheel in a

manner that will prevent the removable flange and retaining device from leaving the wheel if a tire should

deflate while the

(3)

wheel is rolling.

Adjustment. When necessary to assure safe performance, the b

must be equipped with suitable adjustment devices.

(4)

rake mechanism

Water seal. Wheels intended for use on amphibious aircraft must be sealed to
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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 impaired by the presence of sea water or fresh water.

()

Explosion prevention. Unless determined to be unnecessary, means must be

provided to minimize the probability of wheel and tire explosions which result from elevated brake

temperatures.

(b)

(1)

Construction.

Castings. Castings must be of high quality, clean, sound and free from blowholes,

porosity, or surface defects caused by inclusions, except that loose sand or entrapped gases way be allowed
when the serviceability of the casting has not been impaired.

(2)

Forgings. Forgings must be of uniform condition and free from blisters, fins, folds,

seams, Iaps, cragks, segregation, and other defects. It strength and serviceabllity are no

imperfections m

surface of the rin
while mounting t

in the rim surfacs

y be removed.

3) Rim surfaces. For wheels designed for use with a tire arid-inner
n between bead seats must be free from defects which would be injuriou
he tire or while in service.

4) Rim joints. For wheels designed for use with-a\tire and inner tub
b and joints between rim surfaces and demountable flanges must be smq

non-injurious to the inner tube while mounting the tire or while in.service.

and bolts coming
during normal oq

5) Rivets and bolts. When rivets are used, they must be well heads
in contact with the casing or tube must.be smooth enough not to damag
eration.

(6)Bolts and studs. When bolts and studs are used-for fastening together sections of a w|

the threads for tH
must be sufficier

corrosion-resistg

protection from g
other passages.

e nut extending into and bearing against the sections must be held to a
t unthreaded bearing areato.carry the required load.

7) Steel parts. Allsteel parts, except braking surfaces and those pa
nt steel must be cadmium plated or zinc plated or have equivalent proteq

8) Aluminum parts. All aluminum alloy parts must be anodized or h
orrosion. This protection must include protection from fuse plug holes, v

9) Magnesium parts. All magnesium alloy parts must receive a suit

impaired,

tube combination, the
5 to the inner tube

e combination, joints
oth, close fitting, and

d over, and rivets
e the tube or casing

heel, the length of
minimum and there

rts fabricated from
tion from corrosion.
Bve equivalent

alve stem holes, and

able dichromate

treatment or hav

B 'equivalent protection from corrosion. This protection must include prof|

ection for fuse plug

holes, valve stem holes, and other passages.

(10)

during the application of finish to the wheels and brakes.

(11)

improve fatigue resistance of critical areas of the wheels.

(@)

Rating.

Each wheel design must be rated for the following:

Bearing and braking surfaces. The bearing and braking surfaces must be protected

Fatigue. The construction of the wheel must take into account techniques used to


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE

AIR5697

-72 -

(1)

S=Maximum static load in pounds (ref. §§ 23.731(b), 25.731(b),

27.731(b), and 29.731(b) of Title 14 Chapter 1).

(2) L=Maximum limit load in pounds (ref. SS 23.731

27.731(c), and 29.731(c) of Title 14 Chapter 1).

(b) Each

wheel-brake assembly design must be rated for the following:

(1)

assembly at the design landing rate of absorption.

()

KERT=Kinetic energy capacity in foot-pounds per wheel-brake

assembly at the maximum accelerate-stop rate of absorption for wheel-brake

assemblies of ai

'rl_\ls\nnc certificated under Part 25 of Title 14 Phﬂpfnr 1 nnI\J/ :

KEp| =Kinetic energy capacity in foot-pounds per wheel-

(c), 25.731(c),

brake

4 .Qualification T

bsts. The aircraft wheels and wheel-brake assemblies required by the T

as follows and th
41
accordance with

(1)Test method.
proper fit installe]
the same angulg
the aircraft and i
with air or water,
result if air inflati
inflation were us
perpendicular to

Wheel tests. To establish the S and L ratings for a wheel,, test-a-standar

e test data included in the applicant's test report required by the FSO.
the following radial, combined, and static load tests:

a) Maximum radial load test. Test the wheel for yield and ultimate |

Mount the wheel with a suitable tire of

d on its axle, and position it against a flat nondeflecting surface. The wh

r orientation to the nondeflecting surface thatitwill have to the runway w

5 under the maximum limit load. Inflate the tire to the pressure recomme
If water inflation is used, water must be bled off to obtain the same tire

bn were used. Water pressure may not exceed the pressure which woul

bd and the tire deflected to its maximum extent. Load the wheel through

deflection and pg

radial limit load,

rmanent set of the wheel rim.at the bead seat.

(2) Yield lead. Apply to the wheel a load not less than 1.15
Hetermined under §§.23.471 through 23.511 or §§ 25.471 through

25.511, or §§ 27{471 through 27%.505, or §§ 29.471 through 29.511 of Title 14 Chapter 1,
Apply the load wjth the wheehpgositioned against the nondeflecting surface, and the valve
degrees with respect to the line between the center of the wheel and the point of contact,
hole positioned at 180 degrees, 270 degrees, and 0 degrees from the nondeflecting surfg
increments musf be altered to other positions if the other positions are more critical. Thre
loadings at the 0| degree position may not cause permanent set mcrements of i mcreasmg

SO must be tested

d sample in

bads as follows:

bel axle must have
hen it is mounted on
nded for the S load
leflection that would
i develop if air

its axle

the flat nondeflecting surface. \Deflection readings must be taken at suitable points to indicate

imes the maximum

As appropriate.

hole positioned at 90
then with the valve
ce. The 90 degree

e successive
magnitude. The

permanent-set inerement-e eed 5 percent of the
deflection caused by that loading or 0.005 inches, whichever is greater. The bearmg cups, cones, and rollers
used in operation must be used for these loadings. There must be no yielding of the wheel such as would
result in loose bearing cups, air, or water leakage through the wheel or past the wheel seal, or interference in
any critical areas.

(3)Ultimate load. Apply to the wheel a load not less than 2 times the maximum radial limit load for castings
and 1.5 times the maximum radial limit load for forgings, determined under §§ 23.471 through 23.511, or §§
25.471 through 25.511, or §§ 27.471 through 27.505 or §§ 29.471 through 29.511 of Title 14 Chapter 1, as
appropriate. Apply the load with the same wheel positioned against the nondeflecting surface and the valve
hole positioned at 0 degrees with respect to the line between the center of the wheel and the point of contact.
The wheel must be able to support the load without failure for at least 3 seconds. The bearing cones may be
replaced with conical bushings, but the cups used in operation must be used for this loading. If, at a point of
loading during the test, it is shown that the tire will not successfully maintain pressure or if bottoming of the tire
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on the nondeflecting surface occurs, the tire pressure may-be increased to no more than 2 times the rated
inflation pressure. If bottoming of the tire continues to occur with this increased pressure, a loading block
which-fits between the rim flanges and simulates the load transfer of the inflated tire may be used. The arc of

wheel supported

by the loading block must be no greater than 60 degrees.

(4)

If the radial limit load in paragraph 4.1 (b) is equal to or greater than the

maximum radial limit in paragraphs 4.1(a)(2) and (3), the tests specified in paragraphs 4.1(a)(2) and (3) may

be omitted.

(b)

follows:

(1)

Combined radial and side load test. Test the wheel for the yield and ultimate loads as

Test method. Mount the wheel, with a suitable tire of proper fit installed, on its

axle, and position it against a flat nondeflecting surface. The wheel axle must have the same angular

orientation to thd
under the combi
load with air or w
that would result
if air inflation we

and the tire defl
perpendicular to

ater. If water inflation is used, the water must be bled off to obtain'the s
if air inflation were used. Water pressure may not exceed the pressure
e used

bcted to its maximum extent. For the radial load componént, load the wh
the flat nondeflecting surface. For the side load component, load the wh

parallel to the flat nondeflecting surface. The side load reaction must arise from the frictig

loading block on
continuously or i
load equivalent t
suitable points tdg

h increments no larger than 10 percent of the lpads to be applied. Altern
b the radial and side loads may be applied:to.the axle. Deflection readin
indicate deflection and permanent set of:the wheel rim at the bead seat

nondeflecting surface that it will have to the runway when It Is mounted{

n the aircraft and is

ned radial and side load. Inflate the tire to the pressure recommended, fgr the maximum static

me tire deflection
which would develop

eel through its axle
eel through its axle
n of the tire or the

the nondeflecting surface. Apply the two loads¢simultaneously, increasing them either

atively, a resultant
Js must be taken at

(2) Yield load. Apply to the wheel radial and side loads not |

the respective g

and 25.499, or §§ 27.485 and 27.497, or §§ 29:485 and 29.497 of Title 14 Chapter 1, as

p
these loads with[the wheels positioned against the nondeflecting surface and the valve :Ee positioned at 90

ound loads determined under §§23.485, 23.497, and 23.499, or §§ 25.

degrees with respect to the line between the“center of the wheel and the point of contact,

positioned at 18

The 90 degree ir
successive loadi
magnitude. The
5 percent of the

degrees, 270 degrees;.and 0 degrees from the nondeflecting surface.

crements must be altered to other positions if the other positions are mo
hgs at the 0 degrée positions may not cause permanent set increments ¢
permanentiset increment caused by the last loading at the O degree pos
Heflection\caused by that loading, or 0.005 inches, whichever is greater.

cones, and rollefs used.in operation must be used in this test. There must be no yielding

would result in Id

ose\bearing cups,, air or water leakage through the wheel or past the wh

ess than 1.15 times
5, 25.495, 25.497,
propriate. Apply

then with valve hole

re critical. Three

f increasing

tion may not exceed
The bearing cups,
of the wheel such as
eel seal, or

interference in a

pycritical areas. A tire and tube may be used when testing a tubeless w

heel only when it has

been demonstrated 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 load not less than 2 times
for castings and 1.5 times for forgings the respective ground loads determined under §§ 23.485, 23.497, and
23.499, or §§ 25.485, 25.495, 25.497, and 25.499, or §§ 27.485 and 27.497, or §§ 29.485 and 29.497 of Title
14 Chapter 1 as appropriate. Apply these loads with the same wheel positioned against the nondeflecting
surface and the valve hole positioned-at 0 degrees with respect to the center of the wheel and the point of
contact. The wheel must be able to support the load without failure for at least 3 seconds. The bearing cones
may be replaced with conical bushings, but the cups used in operation must be used for this loading. If, at a
point of loading during the test, it is shown that the tire will not successfully maintain pressure or if bottoming of
the tire on the nondeflecting surface occurs, the tire pressure may be increased to no more than 2 times the
rated inflated pressure. If bottoming of the tire continues to occur with this increased pressure, a loading block
which fits between the rim flanges and simulates the load transfer of the inflated tire may be used. The arc of
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wheel supported by the loading block must be no greater than 60 degrees.

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

(1) Test method. Mount the wheel, with a suitable tire of proper fit installed, on its
axle, and position it against a flat nondeflecting surface or a flywheel. The wheel axle must have the same
angular orientation to the load surface that it will have to the runway when it is mounted on the aircraft and is
under the maximum static load. Inflate the tire to the pressure recommended for the maximum static load "S".
The radial load must be applied to the wheel through the axle and perpendicular to the load surface. The side
load, when required, must be applied through the wheel axle and parallel to the load surface. For the side
load, the wheel axle must be rotated or yawed to the angle which will produce a side load component equal to
0.15 "S" while the wheel is being roll tested.

(2) Roll test. The wheel must be tested under the loads and for the distance
shown in Table I[ At the end of the Test there must be no cracks on the wheel and no leaKage through the
wheel or past the¢ wheel seal, and the bearing cups may not be loosened in the hub.

TABLE |
Category Roll
of Load Conditions Distance
Aircraft (miles)
Part 25 Maximum static load, "S" 2000
Maximum static load, "S" plus 0.15 100
"S" side load applies in outboard
direction.
Maximum static load, "S" plus©:15 100
"S" side load applied in inboard
direction.
Part 23 Maximum static load;. 'S" 1000
Parts 27 Maximum static load, "S" 250
and 29

(3) Roll on Rim Test. The main wheel (nose wheels. are excluded from this
test) without a tine must be tested at a speed not less than 10 mph under the loads and distance shown in
Table Il. The tegt axle-angular orientation with the load surface under

maximum static load must be specified. At the end of the test there may be cracks but no fragmentation of the
wheel. (VR=takeoff speed in knots.)

TABLE I
Category Roll
of Load Condition Distance
Aircraft (feet)
Part 25 Maximum static load "S" VRZX0.5

Need not exceed 15,000 feet
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(d) Pressure test. Pressure test the wheel in accordance with the following:

(1) Overpressure test. The wheel must be hydrostatically tested to withstand
without failure for at least 3 seconds application of an overpressure factor not less than 4.0 for Part 25
airplanes, 3.5 for Part 23 airplanes, and 3.0 for rotorcraft, times the rated inflation pressure determined by the
applicant.

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

4.2

Wheel-brake assembly test. A sample of a wheel-brake assembly design, with a suitable tire

of proper fit instd
wheel of a whee
must be tested W

testing machine

below to calculafe the kinetic energy level which a single wheel and.wheel-brake assemb

absorb. For roto

testing machine

where:
KE=Kinetic ener

W=Design landifg weight (Ibs.);

V=Aircraft speed
level, at the desi

only to wheel-brake assemblies for airplanes certificated under Part 25, the manufacturer

most critical com

lled, must meet the Tollowing tests o qualify the design for its kinefic ené
-brake assembly must be separately tested under paragraph 4.1. The\w
ith the operating medium specified by the manufacturer.

a) Dynamic torque tests. Test the wheel-brake assemblyon the sy
n accordance with the following:

(1)

Speed and weight values. For airplanes, select either M

rcraft, use Method I.

(i) Method I. Calculate the'kinetic energy level to be
by using the equation:

0.0443 WV2
KE

N

by per wheel-brake assembly (ft.-Ibs.);

in knots. V must-be not less than Vg the power off stalling speed of th
On landing weight, and the landing configuration. For the accelerate-stog

bination-of takeoff weight and speed;

N=Number of wh

combination of tzrkeoff weight and brake application speed to be used in the above equat

eels With brakes. For rotorcraft, the manufacturer must calculate the ma

rgy ratings. The

sed in the brake

e aircraft at sea
tests applicable

st critical
on.

(ii) Method II.

The speed and weight values may be determined by
other equations based on rational analysis of the sequence of events expected to occur during an accelerate-

stop condition or an operational landing at maximum landing weight. The analysis must include rational or
conservative values for braking coefficients of friction between the tire and runway, aerodynamic drag,

propeller drag, power plant forward thrust, and if critical, loss of drag credit for the most adverse single engine

or propeller due to malfunction. Do not consider the decelerating effects of propeller reverse pitch, drag

parachutes, and

power plant thrust reversers.

(2)

Test requirements. The wheel-brake assembly must bring the inertial testing

machine to a stop at the average deceleration, and for the number of repetitions specified in Table Il without
failure, impairment of operation, or replacement of parts except as permitted in paragraph 4.2(a)(3).

TABLE IlI

heel-brake assembly

itable inertial brake

ethod | or Method II
y will be required to

must determine the
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Category of Aircraft

Test

Parts 23 and 25

but not less than 10 ft/sec.2

ft/sec.2

KEpL: 20 design landing stops at a deceleration selected by man
than 6 ft./sec.2

KEp(: 100 design landing stops at a deceleration .selected by manufacturer

KERT: 1 accelerate stop at a deceleration selected by manufacturer but not less than 6

ufacturer but not less

3) General Conditions.

(i)

During landing stop tests (KEp) ), onerghange of

permissible. The remainder of the brake assembly parts must withstand the 100 KEp|_s

impairment of o

may be new or U
test. The brake

wearing materia
drums which do

4.2(b)(1) or (2), as applicable, for at least 3.séconds.

force transmitted
brake cable tens
rotation,, the fric
tension.

is 1.2 SR where

erations.

(i) During the accelerate-stop:test (KERT), brake lir

sed. No less than two landing stop tests must hiave been completed on
must be usable for taxi after the accelerate-stop test to KERT.

(iii) As used in thiscparagraph, 'brake lining" is either
or disks which have wearing material\integrally bonded to them. "Bare ¢
hot have wearing material integrally)bonded to them.

b) Brake structural torqgue-test. Apply load S and a torque load spe
Rotation of the wheel must be resi
through the brake or brakes by an application of at least maximum brak
on in the case of anon-hydraulic brake. If such pressure of tension is in
ion surface way be,clamped, bolted, or otherwise restrained while applyi

) For landing gears with only one wheel per landing gear §
R is theznormal loaded radius of the tire at rated inflation pressure under

(2) Forlanding

brake lining is
ops without failure or

ing and bare disks
he brake prior to this

individual blocks of
isks" are plates or

cified in paragraphs
sted by a reaction

b line pressure or
sufficient to prevent
ng the pressure or

trut, the torque load
load S.

SR where R is the

normal loaded radh

iears with multiple wheels per landing gear strut, the torque load is 1.44

(c)

Overpressure-hydraulic brakes. 'The brake with actuator piston

extended to simulate

a maximum worn condition must withstand hydraulic pressure for at least 3 seconds, equal to the following:

brakes.

(1)

For airplanes, 2 times the maximum brake line pressure

(2)

degree slope at design takeoff weight.

(d)

available to the

For rotorcraft, 2 times the pressure required to hold the rotorcraft on a 20

Endurance tests-hydraulic brakes. The hydraulic brake assembly must be subjected

to an endurance test during which the total leakage may not exceed 5cc and no malfunction may occur during
or upon completion of the test. Minimum piston travel during the test way not be less than the maximum
allowable piston travel in operation. The tests must be conducted by subjecting the hydraulic brake assembly
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to:

(1) 100,000 cycles for airplanes, and 50,000 cycles for rotorcraft, of application
and release of the average hydraulic pressure needed in the KEp_tests specified in paragraph 4.2(a)(2)

except that manufacturers using Method Il in conducting the tests specified in paragraph 4.2.(a)(2) must
subject the wheel-brake assembly to the average of the maximum pressure needed in those tests.. The piston
must be adjusted so that 25,000 cycles for airplanes, and 12,500 cycles for rotorcraft are performed at each of
the four positions where the piston would be at rest when adjusted for 25, 50, 75, and 100 percent of the wear
limit; and

(2) 5,000 cycles for airplanes, and 2,500 cycles for rotorcraft at the maximum
system pressure available to the brakes.
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5.4.29 Amendment 25-72, effective August 20, 1990

a. Change to Regulation.

§ 25.735 Brakes.

(b) [ The brake system must be designed and constructed so that, if any electrical, pneumatic, hydraulic, or
mechanical connecting or transmitting element (excluding the operating pedal or handle) fails, or if any single
source of hydraulic or other brake operating energy supply is lost, it is possible to bring the airplane to rest

under conditions specified in § 25.125, with a mean deceleration during the landing roll of at least 50 percent
of that obtained in determining the landing distance as prescribed in that section. Subcomponents within the
brake assembly, such as brake drum, shoes, and actuators (or their equivalents), shall be considered as
connecting or transmitting elements, unless it is shown that leakage of hydraulic fluid resulting from failure of
the sealing elements in these subcomponents within the brake assembly would not reduce the braking
effectiveness be i

awrthaot racuiead by thic Aoranranh h |
Ovwtrar T oo o O oy o paragraptt—]

b. Explanation.

The change in tgxt was to clarify the intent of the last sentence in existing § 25.735(b).

5.4.30 Amendment 25-92, effective March 20, 1998
a. Change to R¢

Section 25.735 i
(h) as follows:

gulation.

5 amended by revising paragraphs (f) introductory.text and f(2) and adding a new paragraph

§ 25.735 Brake$

*kkkk

(f) The design la
during qualificati

hding brake kinetic energy capacity-rating of each main wheel-brake ass
bn testing of the brake to the applicable Technical Standard Order (TSO

embly shall be used
or an acceptable

equivalent. This|
determined undg

(1) The brake kir
events expected
conservative val
tires and runway
most adverse sif

(2) Instead of a 1
assembly may b

kinetic energy rating may not®e less than the kinetic energy absorption
r either of the following méthods:

etic energy absorptionirequirements must be based on a rational analys
during operational'landings at maximum landing weight. This analysis m
Les of airplane speed at which the brakes are applied, braking coefficien
, aerodynamig:drag, propeller drag or power-plant forward thrust, and (if
gle engine-or propeller malfunction.

ationalanalysis, the kinetic energy absorption requirements for each ma
b derived from the following formula, which must be modified in cases of

braking distributi

requirements

s of the sequence of
ust include

of friction between
more critical) the

n wheel brake
designed unequal

ns

KE = 0.0443 WV2/N

Where-

KE = kinetic energy per wheel (ft-Ib);
W = design landing weight (Ib);

V = airplane speed in knots. V must be not less than Vso, the power off stalling speed of the airplane at sea-
level, at the design landing weight, and in the landing configuration; and
N = number of main wheels with brakes.

(g9) The minimum stalling speed rating of each main wheel-brake assembly (that is, the initial speed used in
the dynamometer tests) may not be more than the V used in the determination of kinetic energy in accordance
with paragraph (f) of this section, assuming that the test procedures for wheel-brake assemblies involve a
specified rate of deceleration, and, therefore, for the same amount of kinetic energy, the rate of energy


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

5.4.31

SAE

AIR5697

-79 -

absorption (the power absorbing ability of the brake) varies inversely with the initial speed.

(h) The rejected takeoff brake kinetic energy capacity rating of each main wheel-brake assembly that is at the
fully worn limit of its allowable wear range shall be used during qualification testing of the brake to the
applicable Technical Standard Order (TSO) or an acceptable equivalent. This kinetic energy rating may not
be less than the kinetic energy absorption requirements determined under either of the following methods:-

(1) The brake kinetic energy absorption requirements must be based on a rational analysis of the sequence of
events expected during an accelerate-stop maneuver. This analysis must include conservative values of
airplane speed at which the brakes are applied, braking coefficient of friction between tires and runway,
aerodynamic drag, propeller drag or power-plant forward thrust and (if more critical) the most adverse single
engine or propeller malfunction.

(2) Instead of a rational analysis, the kinetic energy absorption requirements for each main wheel brake

assembly may b
braking distributi

KE = 0.0443 W\4
where-

KE = kinetic ene
W = airplane wg
V = airplane sps
N = number of n
W and V are the

b. Explanation.

of the aircraft brg
requirement evo
1988, a large tra
(RTO) in a dispa|
The eight brakes
reviewed the me
airplanes. It wag
fully worn brakes
directives were i
criteria were app
criteria to establi
updated to refleg

B derived from the following formula, which must be modified in cases ot
ons.

2/N

rgy per wheel (ft-b);
ight (Ib);
ed (knots);
hain wheels with brakes; and
most critical combination of takeoff weight‘and ground speed obtained i

A\dded § 25.735(h) requiring that the maximum rejected takeoff kinetic e
kes be determined with the brakes-at 100 percent of the allowable wear
ved from an National Transportation Safety Board (NTSB) recommenda
hsport category airplane expetienced an 86% maximum kinetic energy (K
tch configuration in which €ight of the ten brakes were worn close to the

designed unequal

n a rejected takeoff.

hergy capacity rating
limit. The

ion as follows: In
KE) rejected takeoff
maintenance limits.

failed early in the braking run and the airplane overran the runway. As a result, the FAA

thodology used in thezdetermination of allowable brake wear limits for trg
determined that brake wear limits should be established during certifica
will function properly during a maximum KE RTO. A series of airplane g
5sued between-1989 and 1994 to establish brake wear limits using the n
lied to trapsport category airplanes that exceeded a gross weight of 750
5h brakewear limits were also defined in a separate Policy Memo . The
t thistnew criteria.

Amendment 2

nsport category

ion to ensure that
pecific airworthiness
bw criteria. These

0 pounds. The test
regulation was

15-407, effective May 24, 2002

a.Changes to Regulation.

Amend § 25.731

to add new paragraphs (d) and (e) to read as follows:

§ 25.731 Wheels.

* k k k%

(d) Overpressure burst prevention. Means must be provided in each wheel to prevent wheel failure and tire

burst that may result from excessive pressurization of the wheel and tire assembly.
(e) Braked wheels. Each braked wheel must meet the applicable requirements of

§ 25.735.
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b. Explanation.

Discussion—25.731(d): Wheel failure and tire burst due to over-inflation present a hazard to ground
personnel and the airplane. Certain airplane manufacturers require wheel pressure release devices that
reduce this hazard. This is considered a safety issue requiring the incorporation of these devices.
Incorporation of pressure release devices in tire inflation equipment is not considered adequate due to a
history of misuse resulting in serious injuries or fatalities. Installation in the wheel reduces the potential for
tampering or misuse and insures proper levels of protection. The adopted change would retain and potentially
enhance the current level of safety. Applicable advisory information was included in AC 25.735-1.

Discussion--25.731(e): This section contains regulations applicable to all airplane wheels

. If the wheel is

braked, additional regulations apply, which are contained in Sec. 25.735. Section 25.731(e) was added to
provide a cross-reference to those additional requirements. The adopted change would retain and potentially

enhance the current level of safety.

Change to Regulation.

Revise § 25.735|to read as follows:

§ 25.735 Brakeg and braking systems.

(a) Approval. Epch assembly consisting of a wheel(s) and brake(s) must betapproved.
(b) Brake systemn capability. The brake system, associated systems and.components m
constructed so that:

(1) If any electrigal, pneumatic, hydraulic, or mechanical connecting©r transmitting elemg
single source of hydraulic or other brake operating energy supply is:ost, it is possible to
roll stopping distance of not more than two times'that obtained in deter|
distance as prespribed in § 25.125.

(2) Fluid lost from a brake hydraulic system following a failtire in, or in the vicinity of, the
to cause or suppgort a hazardous fire on the ground or in_flight.

Explanation. The term ~“‘components" was added to the terms " "brake system and asso
the first sentence to make it more comprehensive. (1) The parenthetical phrase " (excludi
pedal or handle)| was deleted because no justification could be found for such an exclusi
““braked roll stopping distance" was inserted:in_place of ““landing roll" to clarify that the re
to the distance cpvered while the brakes afe applied. The change in concept from at leas
deceleration to n
between "“mean

' and “average" decéleration, and to state the requirement more clearly
intent. The other{changes in text were’editorial and were made for clarity.

(2) The FAA addled a new Sec,25-735(b)(2) that would contain the intent and content of
JAR-25 regardinfg protection,dgainst fire resulting from hydraulic fluid leakage, spillage, o
brakes.
Discussion: Althpugh the'adopted requirement was previously included in ACJ 25.735(b)
means of complipnce<and interpretative material, it was thought more appropriate that the
be considered a$ requirements as they have generally been treated as such in the past b

ist be designed and

bnt fails, or if any
ring the airplane to
mining the landing

brakes is insufficient

Ciated systems" in

ng the operating

pn. The words
quirement refers only
50 percent mean

ot more than two times the landing distance was intended to eliminate angy possible confusion

n terms of its real

the ACJ 25.735(b) of
" spraying on hot

as acceptable
se practices should
y both airplane

manufacturers a
would adopt an existing industry practice. Applicable advisory material was included in
AC 25.735-1.

(c) Brake controls. The brake controls must be designed and constructed so that:

(1) Excessive control force is not required for their operation.

(2) If an automatic braking system is installed, means are provided to:

(i) Arm and disarm the system, and

(i) Allow the pilot(s) to override the system by use of manual braking.

Explanation. The intent and content of the new requirement (2)(i)(ii) have generally been
design of current automatic braking systems and were included in FAA Order 8110.8, "E
Test Guide for Transport Category Airplanes," as interpretative and acceptable means of

0 by this change as it

adopted in the
ngineering Flight
compliance.

Consequently, both the airplane manufacturers and the regulatory authorities have generally considered them
as standard practices; therefore, they did not impact the current level of safety. Applicable advisory material
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was included in AC 25.735-1.

(d) Parking brake. The airplane must have a parking brake control that, when selected on, will, without further
attention, prevent the airplane from rolling on a dry and level paved runway when the most adverse
combination of maximum thrust on one engine and up to maximum ground idle thrust on any, or all, other
engine(s) is applied. The control must be suitably located or be adequately protected to prevent inadvertent
operation. There must be indication in the cockpit when the parking brake is not fully released.

Explanation: Introduction of the word ““brake" before ““control” clarified that the paragraph refers to the means
provided to the flightcrew for the application of the wheel brakes in the airplane parking mode. By revising the
text, the requirements were enhanced to cover not only the case of a single engine takeoff thrust check with all
other engines stopped, but also cover an equally if not more probable case where any or all other engines are
operating and producing up to a maximum ground idle thrust. The rule also clarified the extent of the takeoff
thrust to be considered for the ““critical" engine as the maximum that can be achieved, and by implication also

requires the relevant thrust cases for remaining engine(s) according to the environmental circumstances that

are dictated for the achievement of the maximum takeoff thrust on the critical engine. Thd
added solely for [clarification of the current understanding of this requirement.
The requiremen{ for suitable location or protection against inadvertent operation of the pg
derived from the|current ACJ 25.735(d) of JAR-25 and was introduced because-ifis belie
considerations should be regarded as requirements, and have generally been treated as
both airplane manufacturers and regulatory authorities. The additional requitement for co
the parking brake is "“not fully released" is to caution the pilot against a.takeoff with the p
changes potentiglly enhanced the current level of safety by clarifyingintent and addressir

cases. Applicabl

(e) Antiskid sys
(1) It must oper:
(2) It must, at al
Explanation: (1)
“"Engineering Fli
means of compli
manufacturers a
it would not impz

(f) Kinefic energy capacity.

b advisory material was included in AC 25.735-1.

m. If an antiskid system is installed:

te satisfactorily over the range of expectedrunway conditions, without e
times, have priority over the automatic braking system, if installed.

and (2) The intent and content of thesé&.changes was included in FAA O
ght Test Guide for Transport Category Airplanes,” as interpretative mate
ance and was deemed appropriateto be adopted as requirements. Both
nd the regulatory authorities have, in the past, considered it as a standar
ct the current level of safety,\Applicable advisory material was included i

(1) Des

weight. The des
assembly must f
tire assembly is
range of the bral

requirements my
(2) Max

an landing stop: The.design landing stop is an operational landing stop

gn landing stop brake ‘kinetic energy absorption requirement of each wh
e determined. It\must be substantiated by dynamometer testing that the
capable of absorbing not less than this level of kinetic energy throughout
e. The enérgy absorption rate derived from the airplane manufacturer’s

st be achieved. The mean deceleration must not be less than 10 fps2 :
mumikinetic energy accelerate-stop: The maximum kinetic energy acce

rejected takeoff {

or-the most critical combination of airplane takeoff weight and speed. Th

word “'dry" was

rking brake control is
ved that such

such in the past by
Ckpit indication when
arking brake set. The
g come critical

xternal adjustment.

rder 8110.8,

rial and acceptable
the airplane

d practice; therefore,
n AC 25.735-1.

ht maximum landing
bel, brake, and tire
wheel, brake and
the defined wear
braking

erate-stop is a
e accelerate-stop

brake kinetic en

q

5t be determined. It

must be substantiated by dynamometer testing that the wheel, brake, and tire assemblies capable of
absorbing not less than this level of kinetic energy throughout the defined wear range of the brake. The
energy absorption rate derived from the airplane manufacturer’s braking requirements must be achieved. The

mean decelerati

on must not be less than 6 fpsz.

(3) Most severe landing stop: The most severe landing stop is a stop at the most critical combination

of airplane landing weight and speed. The most severe landing stop brake kinetic energy absorption
requirement of each wheel, brake, and tire assembly must be determined. It must be substantiated by
dynamometer testing that, at the declared fully worn limit(s) of the brake heat sink, the wheel, brake and tire
assembly is capable of absorbing not less than this level of kinetic energy. The most severe landing stop need
not be considered for extremely improbable failure conditions or if the maximum kinetic energy accelerate-stop
energy is more severe.
Explanation. The paragraph (f) would require the calculation of the necessary energy absorption capacity,
and require dynamometer test substantiation of the capability of the wheel and brake assemblies to absorb the
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energy at not less than specified rates. Usually, brakes are sized to exceed the calculated energy absorption

requirements (i.e., their capacity exceeds the requirements, hence the heading *"Kinetic e

nergy capacity").

The term “‘rating" was deleted because it is more relevant to the TSO than to the regulation. The change
encompassed the requirements of current paragraph (h) at amendment 25-92 without the need for complete

duplication of text.

The term ““rejected takeoff" used under current paragraph (h) was replaced with ““accelerate-stop" for

compatibility with Sec. 25.109 terminology; and the term ““most severe landing stop" was

added to address

cases such as emergency return to land after takeoff, where the brake energy for a flaps up landing may

exceed that corresponding to the accelerate-stop energy. For the accelerate-stop and the

most severe landing

stop, it is intended that the initial brake temperature resulting from previous brake use must be accounted for
as specified in paragraphs 3.3.3.3 and 3.3.4.3 in the TSO-C135. It should be noted that the consideration for

the initial temperature (in terms of residual energy) reflects an existing British Civil Aviation

authority (CAA)

Specification 17 requirement. Changing the term ““main wheel-brake assemblies" to ““wheel and brake
assemblies," ensures the paragraph's applicability to any wheels fitted with brakes (i.e., includes the possibility

of nose wheel briakes, efc.) and further ensures the understanding that the absorpfion red
the wheel and bijlake assembly. The substantiation statement requires that the wheel@nd
capable of absolbing the calculated levels of kinetic energy at the fully worn limit and’that
absorption capability substantiation testing be conducted on the dynamometer.

The current {amendment 25-92} §§ 25.735(f)(1) and (h)(1) were incorporated.int/AC 25.73
content is not strjctly part of the requirement, but provides advice on the primary features
conservatively included in a rational analysis.

The current Sec$. 25.735(f)(2) and (h)(2) are not strictly the requirement; but advice on th
calculation to be|used. Consequently, these were incorporated in AC 25.735-1.
Because the required energy capacity of each wheel and brake assembly must be detern
refer to “"designed unequal braking distributions" was no longer necessary and was dele
The current leve| of safety was retained and possibly enhanced by addressing the most s
condition. Applicable advisory material was included in AG25.735-1.

(g) Brake condition after high kinetic energy dynamometer stop(s). Following the high ki
demonstration(s) required by paragraph (f) of this section, with the parking brake promptl
, it must be demonstrated that for:at least 5 minutes from application of
condition occurs|(or has occurred during the stop), including fire associated with the tire g
assembly, that cpuld prejudice the safe and-complete evacuation of the airplane.
Explanation: Pafagraph (g) requires that.the parking brake be applied for a minimum of t
is considered to pe the minimum periad.of time required to cover the brake's ability to ma
a stationary condlition to allow a safé evacuation.

The requirementj also gives consideration to the fact that the flightcrew may not be aware
the brake assentblies at the cemmiencement of the flight, nor of the condition of the brake
assemblies folloying the braking maneuver. Furthermore, the reason for the severe braki
both airplane system and.engine failures or fires. It would therefore appear sensible that i
demonstrated that neither during the stop, nor for a reasonable period of time after its cor
condition(s) shal| ocEur’as a result of these maneuvers that could further prejudice the s

a
evacuation of the airplane. On the basis that an evacuation may be determined as pruder[wK

uirements apply to
brake assemblies be
the energy

5-1, because their
that should be

e method of energy

hined, the need to
ted.
evere landing stop

hetic energy stop

y and fully applied for
the parking brake, no
r wheel and brake

hree minutes, which
ntain the airplane in

of the condition of
and wheel

hg could encompass
t should be

npletion, no

e and complete

t or necessary, and

that such an evacuation must be capable of completion, irrespective of the timely response of the emergency
services, five minutes would appear to be a reasonable period of time for the associated brake systems and
equipment to remain free from conditions that might prejudice or jeopardize the evacuation. This period should
commence at the time of initial application of the parking brake, this being a time during which the possible

need for evacuation and airport emergency services occurs following an accelerate-stop.
for the additional demonstration of a safe condition following high energy absorption by th

The changes provide
e wheels and

brakes, which was not previously required. Although previously approved brakes may have been able to

comply with the requirement, approval could not have been refused had this not been the

case. It is therefore

believed that the changes would provide a potential enhancement of the current level of safety. Applicable

advisory material was included in AC 25.735-1.

(h) Stored energy systems. An indication to the flight-crew of the usable stored energy must be provided if a
stored energy system is used to show compliance with paragraph (b)(1) of this section. The available stored

energy must be sufficient for(1) At least 6 full applications of the brakes when an antiskid
operating; and

system is not
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(2) Bringing the airplane to a complete stop when an antiskid system is operating, under all runway surface

conditions for wh

ich the airplane is certificated.

Explanation: A full brake application is defined as an application from brakes fully released to brakes fully
applied, and back to fully released. For those airplanes that may provide a number of independent braking
systems, which are not ““reliant" on a stored energy system for the demonstration of compliance with
paragraph (b)(1) of this section, but which perhaps incorporate a stored energy device, this requirement is not
applicable. It would be unreasonable that the requirement for a minimum energy capacity and the provision of
means to indicate the level of stored energy to the flightcrew should be maintained, particularly if its failure
would have a minimal consequence on airplane or passenger safety.
In the event that an hydraulic accumulator is used for energy storage and the gas pressurization depletes, a
pressure indication alone as currently required in JAR 25.735(i) would be inadequate because it would not
provide indication of such faults to the flightcrew. In fact, the current typical flight deck presentation could give
a false sense of security to the crew because it would almost inevitably indicate a satisfactory pressure,
regardless of the real situation. Consequently, the new rule would require a measure of the stored energy,

rather than press
The minimum le
requirement rath
requirement in th
enhance the curl
and an improver
25.735-1.

(i) Brake wear indicators. Means must be provided for each/brake assembly to i

ure, to be presented 1o the flightcrew.
el of stored energy required for the emergency/ standby braking means

e past by airplane manufacturers and regulatory authorities. The.change
ent level of safety because the FAA is adopting a common but@ot unive
nent over the existing JAR rule. Applicable advisory material’'was include

heat sink is worr]

Explana
its allowable wed
can readily ident|
of airworthiness
provide means t
also specifies th
include such ad
adopting an exis

(j) Over:

to the permissible limit. The means must be reliable*and readily visible.
ion: In order to ensure, as far as is practicable (that the brake heat sink
r limits throughout its operational life, it is considered necessary to provi

Hirectives issued between 1989 and 1994-to require establishment of brg
b indicate the same. The British Civil Aviation Authority (CAA) Specificati
b provision of such an indicator, and the majority of wheel and brake ass§
bvice. The new rule would have nesimpact on the current level of safety,
ling industry practice. Appropriate advisory information was included in A
temperature burst prevention: Means must be provided in each braked

wheel failure, a
must meet the rg
Explanation: Th
wells against the
Brake Assemblig
against tire burst
Operational Perf]
ED-69). Howeve

ire burst, or both, that mayresult from elevated brake temperatures. Ad
quirements of § 25.731(d).

Bre is an existing réquirement (Sec. 25.729(f)) related to the protection o
effects of bursting tires and a similar requirement is stated in TSO-C26¢
s. JAR 25.729(f) requires protection of equipment on the landing gear ar
and elevated-brake temperatures, and a similar requirement is stated in
prmance.Specification for Wheels and Brakes on JAR Part 25 Civil Aero
r, thereis no direct requirement in either part 25 or JAR-25 that means n

prevent wheel f

become an industry practice to incorporate pressure release device(s) that function as a

lurézand tire burst that could result from elevated brake temperatures. A

s presented as a

er than as advisory material. In the majority of cases, this material Has b¢en used as a virtual

would potentially
rsal industry practice
d in the new AC

hdicate when the

s not worn beyond
e some device that

fy the fully worn limit of the heat sink. The proposal reflects a requirement included in a series

ke wear limits and to
bn No. 17

embly designs
because the FAA is
C 25.735-1.

wheel to prevent a
ditionally, all wheels

equipment in wheel
, Wheels and Wheel-
d in wheel wells

the “"Minimum
blanes" (Document
ust be provided to

5 a result, it has

esult of elevated

wheel temperatures to deflate the tires. Nevertheless, it is believed to be both reasonable and prudent that
such a requirement should be clearly stated in the paragraph related to airplane brakes and braking systems.
The added requirement for temperature activated devices would not impact the current level of safety.
Applicable advisory information was included in AC 25.735-1.
(k) Compatibility. Compatibility of the wheel and brake assemblies with the airplane and its systems must be

substantiated.

b.

Explanation. Reliable and consistent brake system performance can be adversely affected by

incompatibilities within the system and with the landing gear and the airplane. As part of the
overall substantiation of safe and anomaly free operation, it is necessary to show that no unsafe
conditions arise from incompatibilities between the brakes and brake system with other airplane
systems and structures. Areas such as antiskid tuning, landing gear dynamics, tire type and size,
brake combinations, brake characteristics, brake and landing gear vibrations, etc., need to be
explored and corrected if necessary. Therefore, this requirement is introduced to address these
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issues which are normally covered by airplane manufacturers during development of the airplane
and must be addressed by modifiers of the equipment. Incorporation of this requirement would
potentially enhance the current level of safety. Appropriate advisory information was included in
AC 25.735-1.

Overall Summary of Rule Changes:

This amendment revises the braking systems design and test requirements of the airworthiness standards for
transport category airplanes. The amendment moves some of the existing regulatory text, considered to be of
an advisory nature, to an advisory circular and adds regulations addressing automatic brake systems, brake
wear indicators, pressure release devices, and system compatibility. These revisions were developed in
cooperation with the Joint Aviation Authorities (JAA) of Europe, Transport Canada, and the U.S. and European
aviation industry through the Aviation Rulemaking Advisory Committee (ARAC). These changes benefit the
public interest by standardizing certain requirements, concepts, and procedures contained in the airworthiness
standards withoyt reducing, but potentially enhancing, the current level of safety.
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5.4.32 Harmonized Advisory Circular AC 25.735-1

Q Advisory

us pepcrmert Circular

Federal Aviation
Administration

SYSTEMS CERTIFICATION No.:
TESTS AND ANALYSIS

Initiated
by:

ANM-100 «Change

1. PURPOSE. This Advisory Circular (AC) provides guidance material for use as an acceptable means,
although not the|only means, of demonstrating compliance with the braking system requitements of Title 14,
Code of Federal|Regulations (14 CFR) part 25 for transport category airplanes. Like all AC material, this AC is
not, in itself, mandatory and does not constitute a regulation. -Terms used in this AC, such as “shall” or “must,”
are used only in the sense of ensuring applicability of this patticular method of compliance when the
acceptable methiod of compliance described herein is used. While these guidelines are not mandatory, they
are derived from|extensive Federal Aviation Administration (FAA) and industry experiencx in determining
compliance with [the pertinent CFR. This AC does not change, create any additional, authorize changes in, or
permit deviationg from, regulatory requirements.

2. RELATED DOCUMENTS.

a. Related [Federal Aviation Regulations. Sections 25.731 and 25.735 of 14 CFR, als amended through
Amendment 25-107, and other segctions relating to brakes and braking system installation}s. Sections that
prescribe requirgments for the design, substantiation, and certification of braking systemg include:

§ 21.303 Replacement and modification parts
§25.101 General

§25.109 Accelerate-stop distance

§ 25.125,~ kanding

§ 25.301_4 oads

§ 25.303 Factor of safety

§ 25.729 Retracting mechanism

§25.733 Tires

§ 25.1301 Function and installation.

§ 25.1309 Equipment, systems and installations.

§ 25.1322 Warning, caution and advisory lights.

§ 25.1501 General: Systems and equipment limitations (JAR25x1524)
§ 25.1541 Markings and Placards

14 CFR part 21, Subpart O

b. Additional sections (and their associated advisory circulars where applicable) that prescribe
requirements which can have a significant impact on the overall design and configuration of braking systems
include, but are not limited to:

§ 21.101 Designation of applicable regulations
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§ 25.863 Flammable fluid fire protection

§ 25.943 Negative acceleration (JAR 25x1315)
§ 25.1001 Fuel jettisoning system

§ 25.1183 Flammabile fluid-carrying components
§ 25.1185 Flammabile fluids

c. Advisory Circulars (AC's).

AC 25.1309-1ASystem Design and Analysis
AC 25-7TA Flight Test Guide for Certification of Transport Category Airplanes
AC 91-6A Water, Slush, and Snow on the Runway (AMJ 25x1591 Supplementary Performance
Information for Takeoff from Wet Runways and for Operation on Runways Contaminated by Standing Water,
Slush, Loose Snow, Compacted Snow, or Ice)

d. Technifal Standard Orders (1SO's).

TSO-Cp6c Aircraft Wheels and Wheel-Brake Assemblies with Addendum |
TSO-C[135 Transport Airplane Wheel and Wheel and Brake Assembligs
TSO-Cp2d Tires

TSO-C[r5 Hydraulic Hose Assemblies

e. Federd] Aviation Administration Orders.

Order 8110.4A Type Certification Process
Order 110.8 Engineering Flight Test Guide For Transport Category Airpjanes

f. Advisory|Circulars, TSO’s, and FAA Orders can be\obtained from the U.S. Deparjment of
Transportation, $ubsequent Distribution Office, SVC-1242.23, Ardmore East Business Center, 3341 Q 75th
Avenue, Landovgr, MD 20785, or an electronic copy, may be downloaded using the Internet at the following
address: http://www.faa.gov/certification/aircraft/git-index.htm

g. Society of Automotive Engineers (SAE) Documents.

ARP 597C Whegls and Brakes, Supplementary Criteria for Design Endurance-— Civil Transport Aircraft
ARP 813A Mairftainability Recommiendations for Aircraft Wheels and Brakes
AIR 1064B BraKe Dynamics

ARP 1070B Design and Testing of Antiskid Brake Control Systems for Total Aircraft Compatibility
AS 1145A Aircraft Brake Témperature Monitor System (BTMS)
ARP 1619 Replacementand Modified Brakes and Wheels

AIR 1739 Infor:Ftion on. Antiskid Systems

ARP 1907 Autofatic-Braking System Requirements
AIR 1934 Use of €arbon Heat Sink Brakes on Aircraft
ARP 4102/2 Automatic Braking System (ABS)

ISO 7137 Environmental Conditions and Test Procedures for Airborne Equipment (not an SAE document but
is available from the SAE)

h. These documents can be obtained from the Society of Automotive Engineers, Inc., 400
Commonwealth Drive, Warrendale, Pennsylvania, 15096.

i. RTCA Documents.

RTCA/DO-160D Conditions and Test Procedures for Airborne equipment, Issued July 12, 1996.

RTCA/DO-178B Software Considerations in Airborne Systems and Equipment Certification,
Issued December 1, 1992
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j. Copies of RTCA documents may be purchased from the RTCA Inc., 1140 Connecticut Avenue NW,

Suite 1020, Washington, D.C. 20036.

k. Military Documents.

MIL-STD-810 Environmental Test Methods and Engineering Guidelines

I. This document can be obtained from the Department of Defense, DODSSP, Standardization

Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.

3. BACKGROUND.

a.

Effective February 1, 1965, part 25 was added to 14 CFR to replace part 4b of the Civil Air

Regulations (CAR). For wheels, CAR 4b.335(a) and (b), became §§ 25.731(a) and (b) respectively, of 14

CFR. For brake§/braking systems, CAR 4b.337 (a)(T), 4b.337(a)(2) and (a)(3), 4b.337(b
4b.337(d), 4b.335(c), and 4b.335(d), became §§ 25.735(a), 25.735(b), 25.735(c), 25735
25.735(f), and 2%.735(g) respectively, of 14 CFR. Since then, § 25.735 has been revised
23 (1970), Amerf[dment 25-48 (1979), Amendment 25-52 (1980), Amendment 2572 (199
92, Improved Standards for Determining Rejected Takeoff and Landing Perfermance (19
25-107, Revision) of Braking Systems Airworthiness Standards to Harmonizé with Europe
Standards for Transport Category Airplanes. These amendments were-adopted to make
comprehensive and to delete redundancies.

(1) Amendment 25-23 deleted reference to military spegification (MIL-B-8075)
for antiskid deviges under § 25.735(e), and to allow any other acceptable means of comp
proper units of "knots" were added to the stall speed under§'25.735(f)(2).

(2) Amendment 25-48 revised the technicalstandard order TSO-C26b for airc
wheel-brake asspmblies and related type certification requirements for airplane brakes (§
revised standard TSO-C26¢ incorporated updated.and improved minimum performance s

design and consfruction of aircraft wheels andbrakes. The amendment also changed § }

, 4b.337(c),

d), 25.735(e),

by Amendment 25-
D), Amendment 25-
D8), and Amendment
an Airworthiness

the regulations more

to show compliance
iance. In addition,

raft wheels and
25.735). The
tandards for the
p5.735 as follows:

a correct reference

5 0.0443, and the

V" such that V must

under § 25.735(f)(2).

vith terminology used

(3) Under Amendment 25-52, § 37.172, Aircraft wheels and brakes, TSO-C26¢c was removed from
the regulations, previously published as Subpart B of 14 CFR part 37, and made available to the public. The
TSO-C26¢ is available through the FAA Office of Airworthiness, Aircraft Engineering Division, Systems Branch

(AWS-130) at FAA Headquarters in Washington, D.C., and at all regional Flight Standard
Manufacturing Offices. Subpart A of 14 CFR part 37 was included in Subpart O of 14 CF
14 CFR was revoked.

(4) Under Amendment 25-72, the text of the last sentence in existing § 25.735
clarify the intent. In addition, § 25.731 was amended to become compatible with § 25.25,
amended to provide for weights that are in excess of takeoff weight, such as ramp weight
compliance with the applicable structural requirements, including wheel strength, is demo

s Engineering and
R part 21. Part 37 of

(b) was changed to
which had been

s, provided that
nstrated at the
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higher weights.

(5) Under Amendment 25-92, the regulations were updated to add the brake wear limits
determination requirements. On May 21, 1988, an American Airlines DC-10 experienced an 86 percent
maximum kinetic energy (KE) rejected takeoff (RTO) in a dispatch configuration in which eight of the ten
brakes were worn close to the maintenance limits. The eight brakes failed in the early portion of the braking
run and the airplane overran the runway. As a result, the FAA reviewed the methodology used in the
determination of allowable brake wear limits for transport category airplanes. It was determined that brake
wear limits should be established during certification to ensure that fully worn brakes will function properly
during a maximum KE RTO. The FAA issued a series of airplane specific airworthiness directives between
1989 and 1994 to establish brake wear limits using the new criteria.

(6) Although part 25 and JAR-25 are very similar, they are not identical. Differences between part
25 and the JAR can result in substantial additional costs when airplanes are type certificated to both
standards. Starting Tn 7992, the harmonization effort for various systems-related airwortfiness requirements
was undertaken py the Aviation Rulemaking Advisory Committee (ARAC). A working group of industry and
government braking systems specialists from Europe, the United States, and Canada was chartered by notice
in the Federal Register (59 FR 30080, June 10, 1994). The working group was tasked to|develop harmonized
standards and any collateral documents, such as advisory circulars, concerningthew or revised requirements
for braking systeims, and the associated test conditions for braking systems(installed in tjansport category
airplanes (§§ 25731 and 25.735). The advisory material contained in this’AC was develgped by the Braking
Systems Harmonization Working Group to ensure consistent application/of the standards|revised under
Amendment 25-107, Revision of Braking Systems Airworthiness Standards to Harmonizg with European
Airworthiness Standards for Transport Category Airplanes, and thercorresponding new TS0O-C135.

4. DISCUSSION.

a. Approval.

(1) Section § 25.735(a) states that each-assembly consisting of a wheel(s) angl brake(s) must be
approved. Each|wheel and brake assembly fitted with each designated and approved tirg type and size,
where appropriafe, should be shown to be capable of meeting the minimum standards and capabilities
detailed in the applicable TSO, in combination with the type certification procedures for the airplane, or by any
other means approved by the Administrator. This applies equally to replacement, modifigd, and refurbished
wheel and brake| assemblies or components, whether the changes are made by the Origipal Equipment
Manufacturer (OEM) or others. Additionally, the components of the wheels, brakes, and braking systems
should be designed to:

(d) Withstand all pressures and loads, applied separately and in conjunction, to which they
may be subjectefd in all.operating conditions for which the airplane is certificated.

(b)) ““Withstand simultaneous applications of normal and emergency braking functions, unless
adequate design measures have been taken to prevent such a contingency.

(c) Meet the energy absorption requirements without auxiliary cooling devices (such as
cooling fans).

(d) Not induce unacceptable vibrations at any likely ground speed and condition or any
operating condition (such as retraction or extension).

(e) Protect against the ingress or effects of foreign bodies or materials (water, mud, oil, and
other products) that may adversely affect their satisfactory performance. Following initial airplane certification,
any additional wheel and brake assemblies should meet the applicable airworthiness requirements specified in
§§ 21.101(a) and (b) to eliminate situations that may have adverse consequences on airplane braking control
and performance. This includes the possibility of the use of modified brakes either alone (i.e., as a ship set) or
alongside the OEM'’s brakes and the mixing of separately approved assemblies.
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(2) Refurbished and Overhauled Equipment. Refurbished and overhauled equipment is equipment

overhauled and maintained by the applicable OEM or its designee in accordance with the OEM’s Component
Maintenance Manual (CMM) and associated documents. It is necessary to demonstrate compliance of all
refurbished configurations with the applicable TSO and airplane manufacturer’s specifications. It is also
necessary to verify that performances are compatible for any combination of mixed brake configurations,
including refurbished/overhauled and new brakes. It is essential to assure that Airplane Flight Manual braking
performance and landing gear and airplane structural integrity are not adversely altered.

(3)

Replacement and Modified Equipment. Replacement and modified equipment includes

changes to any approved wheel and brake assemblies not addressed under paragraph 4a(2) of this AC.
Consultation with the airplane manufacturer on the extent of testing is recommended. Particular attention
should be paid to potential differences in the primary brake system parameters (e.g., brake torque, energy
capacity, vibration, brake sensitivity, dynamic response, structural strength, and wear state). If comparisons
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used for the test
sink component

applicant to prov

(a
the changes are
performance, b

r
and brake asserI

the applicant to

(b
CMM should be

(g
dynamometer te
life of the airplan
unacceptable de
Certification Offi

(d
acceptable due
other factors.

b. Brake §

iously approved equipment, the test articles (other than the proposed pa
hould be comparable, as well as the test procedures and equipmenton'v
bnducted. For wheel and brake assembly tests, the tire size, manufactur]
should be the same and the tire condition should be comparable’, “For ch
parts, structural parts (including the wheel), and friction elements, it is ne|

de evidence of acceptable performance and compatibility with the airpla

) Minor Changes. Changes to a brake might be cansidered as a minorn
not to the friction elements. The proposed change cannot affect the airp|
ke energy absorption characteristics, and/or continued airworthiness of
bly (e.g., vibration and/or thermal control, and’brake retraction integrity)
rovide technical evidence justifying a minof.change.

) Major Changes. Changes to a wheél assembly outside the limits allo
considered a major change due to potential airworthiness issues.

Past history with friction elements has indicated the necessity of on-g
5t) of frictional and energy(absorption capabilities to assure that they are
e program. These mopitoring plans have complemented the detection a
viations. The applicantishould submit a monitoring plan to the cognizant
be to ensure continued airworthiness of the product.

) Intermixing:of wheel and brake assemblies from different suppliers is
o complexities experienced with different friction elements, specific brakg

bystem Capability.

rts to be changed)
hich comparative
er, and ply rating
anges of any heat
cessary for the

ne and its systems.

change, as long as

ane stopping

he airplane or wheel
It is incumbent on

wed by the OEM’s

bing monitoring (by
maintained over the
hd correction of
FAA Aircraft

generally not
e control tuning, and

(1) The system should be designed so that no single failure of the system degrades the airplane
stopping performance beyond doubling the braked roll stopping distance (refer to § 25.735(b)(1)). Failures are
considered to be fracture, leakage, or jamming of a component in the system, or loss of an energy source.
Components of the system include all parts that contribute to transmitting the pilot's braking command to the
actual generation of braking force. Multiple failures resulting from a single cause should be considered a
single failure (e.g., fracture of two or more hydraulic lines as a result of a single tire failure). Sub-components
within the brake assembly, such as brake discs and actuators (or their equivalents), should be considered as
connecting or transmitting elements, unless it is shown that leakage of hydraulic fluid resulting from failure of
the sealing elements in these sub-components within the brake assembly would not reduce the braking
effectiveness below that specified in § 25.735(b)(1).

(a

) In order to meet the stopping distance requirements of § 25.735(b)(1)

in the event of

failure of the normal brake system, it is common practice to provide an alternate brake system. The normal
and alternate braking systems should be independent, being supplied by separate power sources. Following
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a failure of the normal system, the changeover to a second system (whether manually or by automatic means)
and the functioning of a secondary power source should be effected rapidly and safely. The changeover
should not involve risk of wheel locking, whether the brakes are applied or not at the time of changeover.

(b) The brake systems and components should be separated or appropriately shielded so that

complete failure

2) C

of the braking system(s) as a result of a single cause is minimized.

ompliance with § 25.735(b)(2) may be achieved by:

(a) Showing that fluid released would not impinge on the brake, or any part of the assembly
that might cause the fluid to ignite;

(b) Showing that the fluid will not ignite; or

Q) A
into consideratio|
and installations
compliance shoy

c. Brake

(1) The braking force should increase or decrease progressively as the force ¢

to the brake con
the control as qu
parking need no
order to achieve

(2) When an automatic braking systemiis’installed (refer to § 25.735(c)(2)) suc

of braking (e.qg.,
pilot(s) should b
system prior to t

@) T
including the pr

the non-automatjc braking system: Single failures in the automatic braking system should
non-automatic bfaking of théairplane. Automatic braking systems that are to be approve

of a rejected tak

d. Parking

(c

Showing that the maximum amount of fluid released IS not sutficient,to

system status, flight mode, etc. If more than one fluid is allowed for the
Id be addressed for all fluids.

Controls.

ickly as is necessary for safe and satisfactery operation. A brake contro

a higher braking force with manual braking.

ow, medium, high) may be pre-selected to occur automatically following

e touchdown.

e automatic braking system design should be evaluated for integrity and

ability and consequence of insidious failure of critical components, and

off should-have a single selector position, set prior to takeoff, enabling t

Brake. It should be demonstrated that the parking brake has sufficient

allowable operat]

jditionally, in the case of a fire, the applicant may show that the fireis no
h such factors as landing gear geometry, location of fire sensitive, (susce

operate progressively. There should betwno requirement to select the p3

provided with a means that)is separate from other brake controls to arm

sustain a fire.
hazardous, taking

biibility) equipment
hydraulic system,

r movement applied

rol is increased or decreased (refer to § 25.735(c)(1)). The braking force should respond to

intended only for
rking brake “off” in

h that various levels
a touchdown, the
and/or disarm the

non-hazard,
noninterference with
not compromise

d for use in the event
his operating mode.

capability in all

ng_conditions (Master Minimum Equipment List (MMEL) to be able to pr¢vent the rotation of

braked wheels. This demonstration is to be accomplished with the stated engine power settings, and with the
airplane configuration (i.e., ground weight, c.g., position and nose wheel (or tail wheel) angle) least likely to
result in skidding on a dry, level runway surface (refer to § 25.735(d)). Use of ground idle thrust on the “other”
engine is not mandatory, higher thrust levels may be used to prevent airplane motion due to the asymmetric
engine thrust. Where reliable test data are available, substantiation by means other than airplane testing may

be acceptable.

(1) For compliance with the requirement for indication that the parking brake is not fully released,
the indication means should be associated, as closely as is practical, with actual application of the brake
rather than the selector (control). The intent is to minimize the possibility of false indication due to failures
between the brake and the point at which the parking brake state is sensed. This requirement is separate
from, and in addition, to the parking brake requirements associated with JAR 25.703(a)(3), Take-off warning

systems.
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(2) The parking brake control, whether or not it is independent of the emergen

cy brake control,

should be marked with the words "Parking Brake" and should be constructed in such a way that, once
operated, it can remain in the selected position without further flight crew attention. It should be located where
inadvertent operation is unlikely, or be protected by suitable means against inadvertent operation.

Antiskid System.

(1)
system should result in the brakes being applied, unless braking is being commanded by
event of an antiskid system failure, means should be available to allow continued braking
These means may be automatic, pilot controlled, or both.

e.

(2) Compliance with §§ 25.735(e)(1) and (e)(2)) may be achieved by:

If an antiskid system is installed (refer to § 25.735(e)), then no single failure in the antiskid

the pilot. In the
without antiskid.

(a)  Failures that render the system ineffeciive should not prevent manua
the pilot(s) and should normally be indicated. Failure of wheels, brakes, or tires should n
of the antiskid system for unaffected wheel, brake, and tire assemblies.

(b)) The antiskid system should be capable of giving a satisfactery brakin
the full range of {ire to runway friction coefficients and surface conditions, without the nee
landing adjustments or selections. The range of friction coefficients shodld encompass th
dry, wet, and conptaminated surfaces and for both grooved and ungrooyed runways.

The use of the phrase “without external adjustment” is intended to im
antiskid system has been optimized for operation over the full range of expected conditio
airplane is to be ftype certificated, pre-flight or pre-landing adjustments made to the equip
expected capabilities to

be achieved are |not acceptable. For example, a specific’pre-landing selection for a landi

contaminated, low | (friction level) runway, following, a takeoff from a dry,
high L runway, ghould not be necessary for satigfactory braking performance to be achie

(d

It should be shown that.the brake cycling frequency imposed by the a

braking control by
bt inhibit the function

j performance over
d for pre-flight or pre-
ose appropriate to

bly that once the
s for which the
ment to enable the

hg on a

ed.

ntiskid installation

will not result in @xcessive loads on thedanding gear. Antiskid installations should not calise surge pressures

in the brake hydfaulic system that weuld be detrimental to either the normal or emergenc
components.

(d) The system-should be compatible with all tire sizes and type combina
for all allowable yvear state€sof the brakes and tires. Where brakes of different types or n
permitted, compatibility sheuld be demonstrated or appropriate means should be employs

brake system and

tions permitted and
anufacture are
pd to ensure that

ed

Hae

v

skid, whether the braking level is commanded by the pilot or an autobrake syste

f.
be at least equal to that part of the total airplane energy that the assembly will absorb dur
heat sink at a defined condition at the commencement of the stop (Refer to § 25.735(f)).

(1) Calculation of Stop Kinetic Energy.

m if instal

hat is going into a
led.

Kinetic Energy Capacity. The kinetic energy capacity of each tire, wheel, and brake assembly should

ing a stop, with the

(a) The design landing stop, the maximum kinetic energy accelerate-stop, and the most
severe landing stop brake kinetic energy absorption requirements of each wheel and brake assembly should

be determined using either of the following methods:

(1) A conservative rational analysis of the sequence of events expected during the
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braking maneuver; or

(2) A direct calculation based on the airplane kinetic energy at the commencement of the
braking maneuver.

(b) When determining the tire, wheel, and brake assembly kinetic energy absorption
requirement using the rational analysis method, the analysis should use conservative values of the airplane
speed at which the brakes are first applied, the range of the expected coefficient of friction between the tires
and runway, aerodynamic and propeller drag, power plant forward thrust, and, if more critical, the most
adverse single engine or propeller malfunction.

(c) When determining the tire, wheel, and brake assembly energy absorption requirement
using the direct calculation method, the following formula, which needs to be modified in cases of designed
unequal braking distribution, should be used:

KE = 0.0443 WV?/N (ft-Ib.)
where KH = Kinetic Energy per wheel (ft-Ib.)
N = Number of main wheels with brakes

W} = Airplane Weight (Ib.)

= Airplane Speed (knots)
or if SI (Mefric) units are used:
KE = 1/2mV?/N (Joule)
where KH = Kinetic Energy per wheel (J)
N = Number of main wheels with brakes
m = Airplane Mass (kg.)
= Airplane Speed (m/s)

(d) For all cases, V is the ground.speed and takes into account the prevdiling operational
conditions. All approved landing flap conditions should be considered when determining the design landing
stop energy.

(¢) These calculationsshould account for cases of designed unequal brgking distributions.
“Designed unequial braking distribution®refers to unequal braking loads between wheels {hat result directly
from the design ¢f the airplane. An example would be the use of both mainwheel and nogse wheel brakes, or
the use of brakes on a centerline.landing gear supporting lower vertical loads per braked wheel than the main

landing gear bra

ked wheels{ Itis intended that this term should account for effects such

S runway crown.

Crosswind effec{s need nét be considered.

(f] Feorthe design landing case, the airplane speed should not be less thgan VREF/1 .3, where
VREF is the airplanesteady landing approach speed at the maximum design landing weight and in the landing
configuration at sea level. Alternatively, the airplane speed should not be less than VSO, the power off stall
speed of the airplane at sea level, at the design landing weight, and in the landing configuration.

(g) For the most severe landing case, the applicant should address effects and consequences
of typical single and multiple failure conditions that are foreseeable events and can necessitate landings at
abnormal speeds and weights. The critical landing weight for this condition is the maximum takeoff weight,
less fuel burned and jettisoned during a return to the departure airfield. A 30-minute flight should be assumed,
with 15 minutes of active fuel jettisoning if equipped with a fuel jettisoning system.

(2) Heat Sink Condition at Commencement of the Stop.

(a) Forthe maximum kinetic energy accelerate-stop case, the calculation should account for
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(b) The brake temperature following a previous typical landing,

(c) The effects of braking during taxi-in, the temperature change while parked,

(d) The effects of braking during taxi-out, and

(e) The additional temperature change during the takeoff acceleration phase, up to the time of

brake application.

(f) The analysis may not take account of auxiliary cooling devices. Assessment of ambient

conditions within the operational limits established by the applicant and the typical time th
the ground should be used.

e airplane will be on

(g) For the most severe landing stop case, the same temperature conditions and changes

used for the ma
temperature chapge during the additional flight phase may be considered.

) The brake temperature at the commencement of the braking maneuv
determined using the rational analysis method. However, in the absence of sughvanalysi
sink temperaturg should be used equal to the normal ambient temperature, increased by
would result fro
a 5 percent maximum kinetic energy accelerate-stop for landing cases¢

(3) Substantiation.

) Substantiation is required to show that the-wheel and brake assembly
termined levels of kinetic energy at all permitted wear states up to and in
fully worn limits. | The term “wear state" is used to clarify-that consideration should be give
inconsistencies ¢r irregularities in brake wear in some\circumstances, such as greater we
heat sink than the other end. Qualification related to,equally distributed heat sink wear m
adequate. If in-dervice wear distribution is significantly different from wear distribution us
qualification testing, additional substantiation:and/or corrective action may be necessary.

(a
absorbing the dg

(b) The minimum initial brakes-on speed used in the dynamometer tests s
than the velocity|(V) used in the determination of the kinetic energy requirements of § 25.
assumes that th¢ test procedure invelved a specific rate of deceleration and, therefore, fo
kinetic energy, alhigher initial brakes-on speed would result in a lower rate of energy abs
situation is recognized and is-similarly stated in TSO-C135, which provides an acceptable
approval under § 25.735(a):

(

the dynamometdr test showed that both the energy absorbed and the energy absorption

at further

er should be
5, an arbitrary heat
the amount that

a 10 percent maximum kinetic energy accelerate-stop for the accelerate-stop case and from

s capable of

cluding the declared
n to possible

ar at one end of the

ay not be considered
bd during

hould not be more
735(f). This

r the same amount of
prption. Such a
means for brake

Forcertification purposes, a brake having a higher initial brakes-on spged is acceptable if

ates required by §

25.735(f) had b

nachieved
AacHHeVea-

(d) Brake qualification tests are not intended as a means of determining expected airplane
stopping performance, but may be used as an indicator for the most critical brake wear state for airplane

braking performance measurements.

g.

Brake condition after high kinetic energy dynamometer stop(s). (Reference § 25.735(g)).

(1) Following the high kinetic energy stop(s), the parking brake should be capable of restraining

further movement of the airplane and should maintain this capability for the period during

which the need for

an evacuation of the airplane can be determined and then fully accomplished. It should be demonstrated that,
with a parking brake application within a period not exceeding 20 seconds of achieving a full stop, or within 20
seconds from the time that the speed is retarded to 20 knots (or lower), in the event that the brakes are
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released prior to achieving a full stop (as permitted by TSO-C135), the parking brake can be applied normally
and that it remains functional for at least 3 minutes.

(2) Practical difficulties associated with dynamometer design may preclude directly demonstrating
the effectiveness of the parking brake in the period immediately following the high energy dynamometer
stop(s). Where such difficulties prevail, it should be shown that, for the 3-minute period, no structural failure or
other condition of the brake components occurs that would significantly impair the parking brake function.

(3) Regarding the initiation of a fire, it should be demonstrated that no continuous or sustained fire,
extending above the level of the highest point of the tire, occurs before the 5-minute period has elapsed.
Neither should any other condition arise during this same period or during the stop, either separately or in
conjunction with a fire, that could be reasonably judged to prejudice the safe and complete airplane
evacuation. Fire of a limited extent and of a temporary nature (e.g., those involving wheel bearing lubricant or
minor oil spillage) is acceptable. For this demonstration, neither firefighting means nor coolants may be

applied.

h. Stored

energy systems.

(1) S
accumulator or 3
that provide a ny
on the stored en

(2) The indication of usable stored energy should show:

(a
(i.e., the acceptq

(o

(3) If
indication of acc
energy, unless v,
off and the corre
may be necessa
considerations s

4) A
fully applied, and

ored energy systems use a self-contained source of power, such as a pr

charged battery (refer to § 25.735(h)). This requirement is_hot applicab
mber of independent braking systems, including a stored/energy system
brgy system for the demonstration of compliance with)§.25.735(b).

) The minimum energy level necessary to.meet the requirements of §§
ble level for dispatch of the airplane);

) The remaining energy level; and
The energy level below whick further brake application may not be pg

A gas pressurized hydraulic'accumulator is to be used as the energy stof
imulator pressure aleneé.is not considered adequate means to indicate a
erification can be made of the correct precharge pressure with the hydra
ct fluid volume withithe hydraulic system pressure on. Furthermore, add
Iy to ensure that'sufficient energy will be available at the end of the flight
hould be made if other stored energy systems are used.

full brake application cycle is defined as an application from brakes fully
back-to fully released.

essurized hydraulic
e for those airplanes
but are not "reliant”

25.735 (b)(1) and (h)

ssible.

age means,

yailable stored

llic system pressure

tional safeguards
Similar

released to brakes

Brake wear indicators. The indication means should be located such that no special tool or

illumination (except in darkness) is required. Expert interpretation of the indication should not be necessary
(refer to § 25.735(i)).

J-

Overtemperature and overpressure burst prevention. Generally, two separate types of protection

should be provided: one specifically to release the tire pressure should the wheel temperature increase to an
unacceptable level, and the other to release the tire pressure should the pressure become unacceptably high,
particularly during the inflation process. The temperature sensitive devices are required in braked wheels
only, but the pressure sensitive devices are required in all wheels (refer to §§ 25.735(j) and 25.731(d)).

(1) The temperature sensitive devices (e.g., fuse or fusible plugs) should be sufficient in number
and appropriately located to reduce the tire pressure to a safe level before any part of the wheel becomes
unacceptably hot, irrespective of the wheel orientation. The devices should be designed and installed so that
once operated (or triggered) their continued operation is not impaired by the releasing gas. The effectiveness
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of these devices in preventing hazardous tire blowout or wheel failure should be demonstrated. It should also
be demonstrated that the devices will not release the tire pressure prematurely during takeoff and landing,
including during “quick turnaround” types of operation.

(2) It should be shown that the overpressurization devices, or the devices in conjunction with the
tire inflation means permanently installed in the wheel, would not permit the tire pressure to reach an unsafe
level regardless of the capacity of the inflation source.

(3) Both types of devices should normally be located within the structure of the wheel in positions
that minimize the risk of damage or tampering during normal maintenance.

k. Compatibility. Compliance with § 25.735(k) may be achieved by the following:

(1) As part of the overall substantiation of safe and anomaly free operation, it is necessary to show
that no unsafe cpnditions arise from incompalibilities between the brakes and brake sysiém with other airplane
systems and structures. Areas that should be explored include antiskid tuning, landing, géar dynamics, tire
type and size, brifake combinations, brake characteristics, brake and landing gear yibrations, etc. Similarly,
wheel and tire cgmpatibility should be addressed. These issues should be readdfessed when the equipment
is modified.

(2) During brake qualification testing, sufficient dynamometertésting over the ranges of permissible
brake wear statgs, energy levels, brake pressures, brake temperatures,and speeds shoyld be undertaken to
provide informatjon necessary for systems integration.
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5.4.33 HARMONIZED TSO-C135 ISSUED, EFFECTIVE MAY 2, 2002

The material contained in this TSO was developed by the Braking Systems Harmonization Working Group of
the Aviation Rulemaking Advisory Committee to ensure consistent application of the standards adopted under
Amendment 25-107; “Revision of Braking Systems Airworthiness Standards to Harmonize with European
Airworthiness Standards for Transport Category Airplanes,” and a corresponding Advisory Circular AC 25.735-
1, “Brakes and Braking Systems Certification Tests and Analysis” as documented under 5.4.31. The Appendix
1 requirements under sections 2.3.7 — Brake Piston Retention and 2.3.8 — Wear Indicator resulted from
airworthiness directives issued per NTSB recommendations {ref. Worn Brake RTO issues}. Requirements
under section 2.3.8, 2.3.9 — Wheel Bearings, and 2.3.10 — Wheel Fatigue Life were also stated un UK CAA

Specification 17, dated 1986.
‘ TSO-C135

E:
D, 2002

Department of Transportation
Federal Aviation Administration
Aircraft Certification Service
Washington, DC

DAT
May

Technical Standard Order

TSO-C135, Transport Airplane Wheels.and Wheel and Brake Assemn

5.1 blies

Subject:

1. PURPOSE. ]
that transport ca

applicable TSO marking.

2. APPLICABIL

[his Technical Standard Order (TSQO) prescribes the minimum performary
egory airplane wheels, and wheeland brake assemblies must meet to b

ITY.

a. This
replaces certain
18, 1984, that ar]
Airplanes only. ]

b. Previ

SO is effective for(new applications submitted after the effective date of
parts of TSO-C26¢) “AIRCRAFT WHEELS AND WHEEL-BRAKE ASSEN
e applicable te-Title 14, Code of Federal Regulations (14 CFR) part 25 T
[he TSO-C26c is still applicable for aircraft certified under 14 CFR parts

busly/Approved Equipment. Wheels and wheel-brake assemblies appro

effective date of
labeled under th

this\FSO may continue to be manufactured under the provisions of their

ce standards (MPS)
b identified with the

this TSO and
IBLIES,” dated May
ransport Category
D3, 27, or 29.

ed prior to the
briginal approval, and

b appropriate TSO.

3. REQUIREMENTS. Wheels, and wheel and brake assemblies that are to be so identified and that are
manufactured on or after the effective date of this TSO must meet the MPS qualification and documentation
requirements set forth in appendix 1 of this TSO titled “Minimum Performance Specification for Transport
Airplane Wheels, Brakes, and Wheel and Brake Assemblies.” Brakes and associated wheels are to be
considered as an assembly for TSO authorization purposes.

4. MARKING.

a.

permanently marked on the major equipment components:

(1) Name of the manufacturer responsible for compliance.

In lieu of the marking specified in 14 CFR 21.607(d), the following information shall be legibly and
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(2) Serial number.

(3) Part number.

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

(5) Rim size (this marking applies to wheels only).

(6) Hydraulic fluid specification (this marking applies to brakes only).

b. All stamped, etched, or embossed markings must be located in non-critical areas.

5. DATA REQU

IREMENTS.

a. Appli

copy each of the|
purview of the m

(1
assemblies on a

(2

b. Data

Cation Data. In addition to the data specified in § 21.605, the manutactur
following to the Manager of the FAA Aircraft Certification Office (ACO)h
anufacturer’s facilities:

The applicable limitations pertaining to installation of wheels,@r wheel
rplane(s), including the data requirements of paragraph 4.10f appendix

The manufacturer’s TSO qualification test report.-

to be Furnished with Manufactured Articles.

(1
maintenance ins|
information, upo

(2
for continued ain
this TSO. In addg

The exig
automat

fructions and data necessary for continued airworthiness. The manufact
n request, to the ACO specified in paragraph 5(a) above (§ 21.50(b)).-

The manufacturer must provide‘the applicable maintenance instruction
vorthiness to each organization'or person receiving one or more articles
ition, a note with the following' statement must be included:-

tence of TSO approval\of the article displaying the required marking doe
cally constitute the(authority to install and use the article on an airplane.

ler must furnish one
aving geographical

and brake
 of this TSO.-

Prior to entry into service use, the manufagturer must make available the applicable

urer must send this

5 and data necessary
manufactured under

5 not
The

conditios and tests required for TSO approval of this article are minimum performance

standard
specific
the cap4d
may be
installati

s. Itis the responsibility of those desiring to install this article either on o
ype or class/of airplane to determine that the airplane operating conditio
city of the.article demonstrated in accordance with the TSO standards.
nstalléd only if further evaluation by the user/installer documents an acce
bn_anhd the installation is approved by the Administrator.

r within a
hs are within

The article

eptable

Additional requirements may be imposed based on airplane specifications, wheel and brake
design, and quality control specifications. In-service maintenance, modifications, and use of
replacement components must be in compliance with the performance standards of this TSO,
as well as any additional specific airplane requirements.

6. AVAILABILITY OF REFERENCED DOCUMENTS.

a. A copy of 14 CFR part 21, may be purchased from the Superintendent of Documents, Government
Printing Office, Washington, D.C. 20402-9325.

b. Advisory Circular No. 20-110, “ Index of Aviation Technical Standard Orders,” and this TSO (TSO-

C135), “Minimum Performance Specification for Transport Airplane Wheel and Wheel and Brake Assemblies,’

may be obtained from the U.S. Department of Transportation, Subsequent Distribution Office, SVC-121.23,
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Ardmore East Business Center, 3341 Q 75th Avenue, Landover, MD 20785.

c. An electronic copy of Advisory Circular No. 20-110 and this TSO (TSO-C135) may be downloaded
using the Internet at the following address: http://www.faa.gov/certification/aircraft/air_index.htm or by
submitting a request to the Federal Aviation Administration, Office of Rulemaking, ARM-1, 800 Independence
Avenue SW., Washington, DC 20591, or be calling (202) 267-9680. Make sure to identify the TSO number.

APPENDIX 1: MINIMUM PERFORMANCE SPECIFICATION FOR TRANSPORT AIRPLANE WHEELS,
BRAKES, AND WHEEL AND BRAKE ASSEMBLIES

CHAPTER1

INTRODUCTION.

1.1PURPOSE A

ND SCOPE.

This Minimum P
and wheel and b
Regulations (14
on any transport

1.2 APPLICATIC

Compliance with

brformance Specification defines the minimum performance standards fo
rake assemblies to be used on airplanes certificated under Titlé’14 Code
CFR) part 25 . Compliance with this specification is not considered appr
airplane.

IN.

this minimum specification by manufacturers;installers, and users is re

r wheels, brakes,
of Federal
bval for installation

juired as a means

of assuring that the equipment will have the capability to satisfactorily perform its intended function(s).

Note: Certain pgrformance capabilities may be affected by airplane operational characte

external influenc
testing.

1.3COMPOSITI(

bs. Consequently, anticipated airplane braking performance should be

DN OF EQUIPMENT.

The words “equi
components that

For example, a V
and fuse plugs.
pressure plate, h

It should not be

bment” or “brake assembly” or “wheel assembly,” as used in this documg
form part of the particular unit.

Vheel assembly typically includes a hub or hubs, bearings, flanges, drive
A brake assembly typically includes a backing plate, torque tube, cylinde
eat sink;-and temperature sensor.

nferred from these examples that each wheel assembly and brake asser]

fistics and other

erified by airplane

nt, include all

bars, heat shields,
r assemblies,

nbly will necessarily

include either all

orany of the—above exampte components; theactuatassembly wittdep

design chosen by the manufacturer.

1.4DEFINITIONS AND ABBREVIATIONS.

nd on the specific

1.4.1Brake Lining.
BRAKE LINING IS INDIVIDUAL BLOCKS OF WEARABLE MATERIAL, DISCS THAT HAVE WEARABLE

MATERIAL INTEGRALLY BONDED TO THEM, OR DISCS IN WHICH THE WEARABLE MATERIAL IS AN
INTEGRAL PART OF THE DISC STRUCTURE.

1.4.2 BROPyax - Brake Rated Maximum Operating Pressure.
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BROPyax is the maximum design metered pressure that is available to the brake to meet airplane stopping
performance requirements.

1.4.3 BRPuax - Brake Rated Maximum Pressure.

BRPyax is the maximum pressure to which the brake is designed to be subjected (typically airplane nominal
maximum system pressure).

1.4.4 BRPger - Brake Rated Retraction Pressure.

BRPrer is the highest pressure at which full retraction of the piston(s) is assured.

1.4.5 BRPPyax - Brake Rated Maximum Parking Pressure.

BRPPuax is the llnaximum parking pressure available to the brake.

1.4.6 BR

WL - Brake Rated Wear Limit.

BRWL is the bra
paragraph 3.3.4

1.4.7 D 1

ke maximum wear limit to ensure compliance with paragraph 3.3.3, and,
of this TSO.

Distance Averaged Deceleration.

D = ( (Initial bral

D is the

1.4.8 Dp|

es-on speed)*- (Final brakes-on speed)?)/(2 (braked flywheel distance)).
fistance averaged deceleration to be used in all deceleration calculation

- Rated Design Landing Deceleration.

Dp. is the minim
assembly during

149 D

DRT is th
tire assembly du

1.410D

DSS is th

Um of the distance averaged. decelerations demonstrated by the wheel, b
the 100 KEp, stops in paragraph 3.3.2.

rr - Rated Accelerate-Stop Deceleration.

e minimum of the. distance averaged decelerations demonstrated by the
ring the KEg1<stops in paragraph 3.3.3.

ss - Rated Most Severe Landing Stop Deceleration.

e distance averaged deceleration demonstrated by the wheel, brake and

if applicable,

rake and tire

wheel, brake, and

tire assembly

during the KEgs

Stap in paragraph 3.3.4.

1.411H

eat Sink.

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

1.4.12 KEp, - Wheel/Brake Rated Design Landing Stop Energy.

KEp. is the minimum energy absorbed by the wheel/brake/tire assembly during every stop of the 100

stop design land

ing stop test. (paragraph 3.3.2).

1.4.13 KEgry - Wheel/Brake Rated Accelerate-Stop Energy.

KEgt is the energy absorbed by the wheel/brake/tire assembly demonstrated in accordance with the
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accelerate-stop test in paragraph 3.3.3.

1.4.14 KEgs - Wheel/Brake Rated Most Severe Landing Stop Energy.

KEss is the energy absorbed by the wheel/brake/tire assembly demonstrated in accordance with
paragraph 3.3.4.

1.4.15 L - Wheel Rated Radial Limit Load.

L is the wheel rated maximum radial limit load (paragraph 3.2.1).

1.4.16 R - Wheel Rated Tire Loaded Radius.

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

1.4.17 $ -Wheel Rated Static Load.

S is the maximum static load (Reference § 25.731(b)).

1.4.18 [T - Wheel/Brake Rated Structural Torque.

STris tHe maximum structural torque demonstrated (paragraph 3.3.5).

1.4.19 TBgr - Brake Rated Tire Type(s) and Size(s).

TSgr is the tire type(s) and size(s) used to achievesthe KEp,, KEgr, and KEss brake ratings. TSgr
must be a tire type and size approved for installation ondhe wheel (TSyg).

1.4.20 TBwr - Wheel Rated Tire Type(s) and Size(s).

TSwr is fhe wheel rated tire type(s)and Size(s) defined for use and approved by the airplane
manufacturer forfinstallation on the wheel.

1.4.21 T[T - Suitable Tire for)Brake Tests.

TTgr is the rated tire type and size.

TTer is the tire type.and size that has been determined as being the most critical for brake
performance and/or erlergy absorption tests. The TTgr must be a tire type and size apprgved for installation
on the wheel (T§wg)\»The suitable tire may be different for different tests.

1.4.22 TTyr - Suitable Tire for Wheel Test.

TTwr is the wheel rated tire type and size for wheel test.

TTwr is the tire type and size determined as being the most appropriate to introduce loads and/or pressure
that would induce the most severe stresses in the wheel.

TTwr must be a tire type and size approved for installation on the wheel (TSwg). The suitable tire
may be different for different tests.

1.4.23 Vp, - Wheel/Brake Design Landing Stop Speed.

Vp_ is the initial brakes-on speed for a design landing stop (paragraph 3.3.2).
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1.4.24 V- Airplane Maximum Rotation Speed.

1.4.25 Vgr - Wheel/Brake Accelerate-Stop Speed.

VRr is the initial brakes-on speed used to demonstrate KEgt (paragraph 3.3.3).

1.4.26 Vss - Wheel/Brake Most Severe Landing Stop Speed.

Vss is the initial brakes-on speed used to demonstrate KEss (paragraph 3.3.4).

1.4.27 WRP - Wheel Rated Inflation Pressure.

WRP is the wheel rated inflation pressure (wheel unloaded).
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CHAPTER 2
GENERAL DESIGN SPECIFICATION.

2.1 AIRWORTHINESS.

As specified in § 25.1529, the continued airworthiness of the airplane on which the equipment is to
be installed must be considered. See paragraph 5.b of this TSO, titled “Data to be Furnished with
Manufactured Articles.”

2.2FIRE PROTECTION.

Except for small parts (such as fasteners, seals, grommets, and small electrical parts) that would not
contribute significantly to the propagation of a fire, all solid materials used must be self-extinguishing. See
also paragraphs|2.4.5, 3.3.3.5 and 3.3.4.5.

2.3DESIGN.
Unless shown tg be unnecessary by test or analysis, the equipment must comply with thg following:

2.3.1Whkel Bearing Lubricant Retainers.

Wheel bearing lubricant retainers must retain the lubricant\under all operating conditions, prevent
the lubricant from reaching braking surfaces, and prevent foreign.matter from entering the bearings.

2.3.2Removable Flanges.

All remojpable flanges must be assembled onto.the wheel in a manner that will prevent the
removable flangés and retaining devices from leaving the wheel if a tire deflates while thg wheel is rolling.

2.3.3Adjustment.

The brake mechanism must be equipped with suitable adjustment devices to maintain appropriate
running clearande when subjected to BRPger.

2.3.4Water Seal.
Wheels |ntended for:Use on amphibious aircraft must be sealed to prevent entrance of water into the

wheel bearings ¢r other_portions of the wheel or brake, unless the design is such that brake action and
service life will npt bedmpaired by the presence of sea water or fresh water.

2.3.5 Bukst-Prevention

Means must be provided to prevent wheel failure and tire burst that might result from
overpressurization or from elevated brake temperatures. The means must take into account the pressure and
the temperature gradients over the full operating range.

2.3.6Wheel Rim and Inflation Valve.

Tire and Rim Association (Reference: Aircraft Year Book-Tire and Rim Association Inc.) or,
alternatively, The European Tyre and Rim Technical Organization (Reference: Aircraft Tyre and Rim Data
Book) approval of the rim dimensions and inflation valve is encouraged.

2.3.7Brake Piston Retention.

The brake must incorporate means to ensure that the actuation system does not allow hydraulic fluid
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to escape if the limits of piston travel are reached.

2.3.8Wear Indicator.

A reliable method must be provided for determining when the heat sink is worn to its permissible

limit.

2.3.9Wheel Bearings.

Means should be incorporated to avoid misassembly of wheel bearings.

2.3.10 Eatigue.

The design of the wheel must incorporate techniques to improve fatigue resistance of critical areas of

the wheel and minimize the effects of the expected corrosion and temperafure environment. The wheel must

include design piovisions to minimize the probability of fatigue failures that could leadto
other wheel burgt failures.

2311 [

issimilar Materials.

Whs
materials ing
incorporated
functioning,

n dissimilar materials are used in the construction and.thé galvanic pote
icate galvanic corrosion is likely, effective means togrevent the corrosio
in the design. In addition, differential thermal expansion must not unduly
oad capability, and the fatigue life of the components.

ange separation or

htial between the
N must be
affect the
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24 CONSTRUCTION.

The suitability and durability of the materials used for components must be established on the basis of
experience or tests. In addition, the materials must conform to approved specifications that ensure the
strength and other properties are those that were assumed in the design.

2.4.1 Castings.

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

2.4.2 Forgings

Forgings must bg of uniform condition, free from blisters, fins, folds, seams, laps, cracks, [segregation, and
other defects. Inperfections may be removed if strength and serviceability would fiotbe impaired as a result.

2.4.3 Bglts and Studs.

When bolts or stlids are used for fastening together sections of a wheel or brake, the length of the threads
must be sufficient to fully engage the nut, including its locking featuréyand there must be pufficient
unthreaded bearing area to carry the required load.

2.4.4 Environmental Protection.

All the comppnents used must be suitably protected-against deterioration or loss of s{rength in service due
to any envirgnmental cause, such as weathering,.corrosion, and abrasion.

2.4.5 Magnesium Parts.

Magnesium and |alloys having magnesium as a major constituent must not be used on brakes or braked
wheels.
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CHAPTER 3

MINIMUM PERFORMANCE UNDER STANDARD TEST CONDITIONS.

3.1 INTRODUCTION.

The test conditions and performance criteria described in this chapter provide a laboratory means of
demonstrating compliance with this TSO minimum performance standard. The airplane manufacturer must
define all relevant test parameter values.

3.2 WHEEL TESTS.

To establish the ratings for a wheel, it must be substantiated that standard production wheel samples will
meet the following radial load, combined load, roll load, roll-on-rim (if applicable) and overpressure test

requirements.

For all tests, exc|
and wheel loads

ept the roll-on-rim test in paragraph 3.2.4, the wheel must be fitted with g
must be applied through the tire. The ultimate load tests in paragraphs

provide for an alfernative method of loading if it is not possible to conduct thesedests with

3.2.1 Radial Load Test.

If the radial limit

oad of paragraph 3.2.2 is equal to or greater than.the radial limit load in

test specified in this paragraph may be omitted.

Test the

wheel for yield and ultimate loads as follows;
B.2.1.1 Test method.

WVith a suitable tire, TTyr, installed, mount the wheel on its axle, and pos

non-deflecting suirface. The wheel axle must have the same angular orientation to the no

that it will have t
L. Inflate the tirg

If liquid inflation
inflation were us

Liquid pressure
deflected to its

flat, non-deflecti
permanent set o

b a flat runway when it is mounted on an airplane and is under the maxini
to the pressure recommended for the Wheel Rated Static Load, S, with

s used, liquid must(be bled off to obtain the same tire deflection that wou
bd.

aximum\extent. Load the wheel through its axle with the load applied pq
g surface. Deflection readings must be taken at suitable points to indica
the,wheel rim at the bead seat.

suitable tire, TTwr,
8.2.1.3and 3.2.2.3
the tire mounted.

his paragraph, the

tion it against a flat,
n-deflecting surface
um radial limit load,
gas and/or liquid.

Id result if gas

must not exceed the pressure that would develop if gas inflation were us¢d and the tire were

rpendicular to the
te deflection and
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3.2.1.2 Yield Load.

Apply to the wheel and tire assembly a load not less than 1.15 times the maximum radial
limit load, L, as determined under 14 CFR 25.471 through 25.511, as appropriate.

Determine the most critical wheel orientation with respect to the non-deflecting surface.
Apply the load with the tire loaded against the non-deflecting surface, and with the wheel rotated 90 degrees
with respect to the most critical orientation. Repeat the loading with the wheel 180, 270, and 0 degrees from
the most critical orientation. The bearing cups, cones, and rollers used in operation must be used for these
loadings. If at a point of loading during the test bottoming of the tire occurs, then the tire pressure may be
increased an amount sufficient only to prevent bottoming.

Three successive loadings at the 0 degree position must not cause permanent set increments
of increasing magnitude. The permanent set increment caused by the last loading at the 0 degree position
may not exceed b percent of the deflection caused by that loading or .005 inches (.125mm), whichever is
greater. There must be no yielding of the wheel such as would result in loose bearing’eups, liquid or gas
leakage through|the wheel or past the wheel seal. There must be no interferencedn‘any ¢ritical areas
between the whegel and brake assembly, or between the most critical deflected tire and brake (with fittings) up
to limit load conditions, taking into account the axle flexibility. Lack of interference can bg established by
analyses and/or tests.

B.2.1.3 Ultimate Load.

Apply to|the wheel used in the yield test in paragraph 3.2:1.2, and the tire assembly, a load not less
than 2 times the [maximum radial limit load, L, for castings, and“1.5 times the maximum rgdial limit load, L, for
forgings, as detgrmined under 14 CFR 25.471 through 25.511, as appropriate.

Apply the load with the tire and wheel against the nondeflecting surface and the wheel ppsitioned at 0
degree orientatign (paragraph 3.2.1.2). The bearing)cones may be replaced with conical |bushings, but the
cups used in opgration must be used for this loading. If, at a point of loading during the t¢st, it is shown that
the tire will not suiccessfully maintain pressure.ofr if bottoming of the tire occurs, the tire pressure may be
increased. If boftoming of the tire continues_to occur with increased pressure, then a loading block that fits
between the rim|flanges and simulates the load transfer of the inflated tire may be used. [The arc of the
wheel supported by the loading block-must be no greater than 60 degrees.

The wheel must [support the load without failure for at least 3 seconds. Abrupt loss of load-carrying
capability or fragmentation during the test constitutes failure.

3.2.2Combined<Radial and Side Load Test.

Test the wheel forthe yield and ultimate loads as follows:

3.2.2.1 Test Method.

With a suitable tire, TTyr, installed, mount the wheel on its axle and position it against a flat, non-deflecting
surface. The wheel axle must have the same angular orientation to the non-deflecting surface that it will
have to a flat runway when it is mounted on an airplane and is under the combined radial and side limit
loads. Inflate the tire to the pressure recommended for the maximum static load with gas and/or liquid.

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

Liquid pressure must not exceed the pressure that would develop if gas inflation were used and the tire were
deflected to its maximum extent. For the radial load component, load the wheel through its axle with load
applied perpendicular to the flat non-deflecting surface. Apply the two loads simultaneously, increasing them


https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE

AIR5697

- 107 -

either continuously or in increments no greater than 10 percent of the total loads to be applied.

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

occurred.

Alternatively, the vector resultant of the radial and side loads may be applied 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.

3.2.2.2 Combined Yield Load.

Apply to the whd
limit loads, as dg
loading during th
sufficient only to

Determine the m

Apply the load W
with respect to th
the most critical

The bearing cup

A tube may be u
the inability of a
most critical inbg

Three successiv,
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exceed 5 percen
There must be n
through the whe
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load conditions,
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el'and tire assembly radial and side Toads not less than 1.75 times therée
termined under 14 CFR 25.485, 25.495, 25.497, and 25.499, as appropr
e test bottoming of the tire occurs, then the tire pressure may be increas
prevent bottoming.

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

ith the tire loaded against the non-deflecting surfacesand with the wheel
e most critical orientation. Repeat the loading with.the wheel 180, 270,
Drientation.

5, cones, and rollers used in operation must'be used in this test.

Sed in a tubeless tire only when it hasbeen demonstrated that pressure
ire bead to remain properly positioned under the load. The wheel must |
ard and outboard side loads.

e loadings at the 0 degree position must not cause permanent set incren
permanent set increment caused by the last loadings at the 0 degree po
t of the deflection caused by the loading, or .005 inches (.125mm), which
b yielding of the wheel'such as would result in loose bearing cups, gas o

assembly, orbetween the most critical deflected tire and brake (with fitti
aking into.aeccount the axle flexibility. Lack of interference can be establ

B.2.2:3” Combined Ultimate Load.

spective ground
ate. If at a point of
ed an amount

rotated 90 degrees
and 0 degrees from

will be lost due to
be tested for the

ents of increasing
sition must not
ever is greater.
F liquid leakage

| or past the wheel'seal. There must be no interference in any critical afeas between the

hgs) up to limit
shed by analyses

Apply to the wheel, used in the yield test of paragraph 3.2.2.2, radial and side loads not less than 2 times
for castings and 1.5 times for forgings, the respective ground limit loads as determined under 14 CFR
25.485, 25.495, 25.497, and 25.499, as appropriate.

Apply these loads with a tire and wheel against the non-deflecting surface and the wheel oriented at the 0
degree position (paragraph 3.2.2.2). The bearing cones may be replaced with conical bushings, but the
cups used in operation must be used for this loading.

If at any point of loading during the test it is shown that the tire will not successfully maintain pressure, or if
bottoming of the tire on the non-deflecting surface occurs, the tire pressure may be increased. If bottoming
of the tire continues to occur with this increased pressure, then a loading block that fits between the rim

flanges and simulates the load transfer of the inflated tire may be used. The arc of wheel supported by the
loading block must be no greater than 60 degrees.
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The wheel must support the loads without failure for at least 3 seconds. Abrupt loss of load-carrying
capability or fragmentation during the test constitutes failure.

3.2.3 Wheel Roll Test.

3.2.3.1 Test Method.

With a suitable tire, TTyr, installed, mount the wheel on its axle and position it against a flat non-deflecting
surface or a flywheel. The wheel axle must have the same angular orientation to the non-deflecting surface
that it will have to a flat runway when it is mounted on an airplane and is under the Wheel Rated Static Load,
S. During the roll test, the tire pressure must not be less than 1.14 times the Wheel Rated Inflation Pressure,
WRP, (0.10 to account for temperature rise and 0.04 to account for loaded tire pressure). For side load
conditions, the wheel axle must be yawed to the angle that will produce a wheel side load component equal
to 0.15 S while the wheel is being roll tested.

B.2.3.2 Roll Test.

The wheel must be tested under the loads and for the distances shown in Table3-1.

TABLE 3-1Load Conditions and Roll Distances-for Roll Test

Load Conditions Roll Distance
Miles (k)
Wheel Rated Static Load, S 2000 (322P)
Wheel Rated Static Load, S, plus@ 0.15xS side load 100 (161

applied in the outboard direction

Wheel Rated Static Load, S, plus a 0.15xS side load 100 (161
applied in the inboard.direction

At the end of the test, the wheel must not be cracked, there must be no leakage through {he wheel or past
the wheel seal(s), andthé bearing cups must not be loose.

3.2.4 Roll-on-Rim Test (not applicable to nose wheels).

The wheel assembly without a tire must be tested at a speed of no less than 10 mph (4.6 m/s) under a load
equal to the Wheel Rated Static Load, S. The test roll distance (in feet) must be determined as 0.5Vr? but
need not exceed 15,000 feet (4572 meters). The test axle angular orientation with the load surface must
represent that of the airplane axle to the runway under the static load S.

The wheel assembly must support the load for the distance defined above. During the test, no fragmentation
of the wheel is permitted; cracks are allowed.

3.2.5 Overpressure Test.

The wheel assembly, with a suitable tire, TTyr, installed, must be tested to demonstrate that it can withstand
the application of 4.0 times the wheel rated inflation pressure, WRP. The wheel must retain the pressure for
at least 3 seconds. Abrupt loss of pressure containment capability or fragmentation during the test
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constitutes failure. Plugs may be used in place of overpressurization protection device(s) to conduct this test
(§ 25.731(d)).

3.2.6 Diffusion Test.

A tubeless tire and wheel assembly must hold its rated inflation pressure, WRP, for 24 hours with a pressure
drop no greater than 5 percent. This test must be performed after the tire growth has stabilized.

3.3 WHEEL AND BRAKE ASSEMBLY TESTS.

3.3.1 General.

3.3.1.1 The wheel and brake assembly, with a suitable tire, TTgr, installed, must be tested on
a testing machine in accordance with the following, as well as paragraphs 3.3.2, 3.3.3, 3.3.5 and, if applicable,
3.34.

B.3.1.2 For tests detailed in paragraphs 3.3.2, 3.3.3, and 3.3.4, the fest gnergies KEp_, KEgr,
and KEss and brpke application speeds Vp, Vrt, and Vss are as defined by the airplane manufacturer.

B.3.1.3 For tests detailed in paragraphs 3.3.2, 3.3.3, and, 334, the initial brake application
speed must be gs close as practicable to, but not greater than, the speed<established in gccordance with
paragraph 3.3.12, with the exception that marginal speed increases are-allowed to compgnsate for brake
pressure releasq permitted in paragraphs 3.3.3.4 and 3.3.4.4. An.increase in the initial bfake application
speed is not a peérmissible method of accounting for a reduced (i.e.; lower than ideal) dynpmometer mass.
This method is njot permissible because, for a target test deceleration, a reduction in the ¢nergy absorption
rate would resulf, and could produce performance different ffoem that which would be achieved with the correct
brake application speed. The energy to be absorbed during any stop must not be less than that established in
accordance with|paragraph 3.3.1.2. Additionally, forcedair or other artificial cooling means are not permitted
during these stops.

3.3.1.4 The|brake assembly must be tested'Using the fluid (or other actuating means)) specified for use
with the braKe on the airplane.

3.3.2 Design Lahding Stop Test.

3.3.2.1 The whqgel and brake assembly under test must complete 100 stops at the KEp, ¢nergy, each at the
mean distance ayveraged deceleration, D, defined by the airplane manufacturer, but not Idss than 10 ft/s® (3.05
m/s?). (See § 2§.735(f)(1)).

B.3.2.2<Puring the design landing stop test, the disc support structure miist not be changed if
it is intended for feuseyor if the wearable material is integral to the structure of the disc. One change of
individual blocks|arintegrally bonded wearable materlal is permltted For discs usmg integrally bonded
wearable materic intended for reuse.
The remainder of the wheel/brake assembly parts must withstand the 100 KEp_ stops without failure or
impairment of operation.

3.3.3 Accelerate-Stop Test.

3.3.3.1 The wheel and brake assembly under test must complete the accelerate-stop test at
the mean d|stance averaged deceleration, D, defined by the airplane manufacturer, but not less than 6 ft/s?
(1.83 m/s?). (See § 25.735(f)(2)).

This test establishes the maximum accelerate-stop energy rating, KEgrt, of the wheel and
brake assembly using:

a. The Brake Rated Maximum Operating Pressure, BROPyax; or
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b. The maximum brake pressure consistent with the airplane's braking press
tire/runway drag capability based on substantiated data).

3.3.3.2 For the accelerate-stop test, the tire, wheel, and brake assembly
KERgr for both a new brake and a fully worn brake.

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

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

The proportioning of wear through the brake for the various friction pairs for this test mus
service wear experience or wear test data of an equivalent or similar brake. Either opeta
mechanically wofn brake components may be used. If mechanically worn components a
shown that they fan be expected to provide similar results to operationally worn compone
must be subjected to a sufficient number and type of stops to ensure that the brake’s pert
representative of in-service use; at least one of these stops, with the brake nearthe fully
must be a desig landing stop.

.3.3.3 At the time of brake application, the temperatures of the tire, whe
particularly the hleat sink, must, as closely as practicable, be representative of a typical in
Preheating by taki stops is an acceptable means.

These tgmperatures must be based on a rational analysis of a braking cycle, taki
typical brake temperature at which an airplane may be dispatched from the ramp, plus a
of heat sink temperature change during subsequent taxiing and takeoff acceleration, as &

Alternatively, in the absence of a rational analysis, the starting heat sink temperature mus
from the applica
ambient tempergture (59°F/15°C).

B.3.3.4 A full stop demonstration is not required for the accelerate-stop t
released at a test speed of up to 23 mph (10 m/s). In this case, the initi
such that the energy absorbed by the tire, wheel and brake assembly d
rgy absorbedifithe test had commenced at the specified speed and con

pressure may bg
must be adjustei

speed.

ure limitations (e.g.,

must be tested at

nt of the usable wear

range of the heat

be based on
ionally worn or

e used, it must be
nts. The test brake
ormance is

vorn condition,

el, and brake,
service condition.

ng into account a
conservative estimate
ppropriate.

t be that resulting

ion of 10 percent KEgt to the. fire, wheel and brake assembly, initially at pot less than normal

bst. The test brake
bl brakes-on speed
uring the test is not
tinued to zero ground

sure release in

less than the en

B.3.3% Within 20 seconds of completion of the stop, or of the brake pres|
accordance with
Parking Pressuré

paragraph 3.3.3.4, the brake pressure must be adjusted to the Brake Rj

ted Maximum

No sustained fire that extends above the level of the highest point of the tire is allowed before 5 minutes have
elapsed after application of parking brake pressure; until this time has elapsed, neither fire fighting means nor
coolants may be applied.

The time of initiation of tire pressure release (e.g., by wheel fuse plug), if applicable, is to be recorded. The
sequence of events described in paragraphs 3.3.3.4 and 3.3.3.5 is illustrated in figure 3-1.

3.3.4 Most Severe Landing Stop Test.

3.3.4.1 The wheel and brake assembly under test must complete the most severe landing
braking condition expected on the airplane as defined by the airplane manufacturer. This test is not required if
the testing required in paragraph 3.3.3 is more severe or the condition is shown to be extremely improbable by
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the airplane manufacturer.

This test establishes, if required, the maximum energy rating, KEss, of the wheel/brake assembly for
landings under abnormal conditions using:

a. The Brake Rated Maximum Operating Pressure, BROPyax; or

b. The maximum brake pressure consistent with an airplane's braking pressure limitations (e.g., tire/runway
drag capability based on substantiated data).

3.3.4.2 For the most severe landing stop test, the tire, wheel and brake assembly must be
capable of absorbing the test energy, KEss, with a brake on which the usable wear range of the heat sink has

already been fully consumed to BRWL (§ 25.735(f)(3)).

The proportioning of wear through the brake Tor the various friction pairs for this {
service wear exgerience or wear test data of an equivalent or similar brake. Either opera
mechanically wofn brake components may be used. If mechanically worn components a
shown that they fan be expected to provide similar results to operationally worn-.gompone
must be subjected to a sufficient number and type of stops to ensure that the brake’s pert
representative of in-service use; at least one of these stops, with the brake near the fully
be a design landjing stop.

.3.4.3 At the time of brake application, the temperatures of the tire, whe
particularly the hleat sink, must, as closely as practicable, be representative of a typical in
Preheating by taki stops is an acceptable means.

hese temperatures must be based on asrational analysis of a braking cy

bst must be based on
ionally worn or

e used, it must be
nts. The test brake
ormance is

vorn condition, must

el, and brake,
service condition.

cle, taking into

account a typica| brake temperature at which the airplafie may be dispatched from the rafnp, plus a

conservative estlmate of heat sink temperature change during taxi, takeoff, and flight, as

Alternatively, in fhe absence of a rational analysis, the starting heat sink temperature mug
from the applicafion of 5 percent KEgr to the tire, wheel and brake assembly initially at ng
ambient tempergture (59°F/15°C).

B.3.4.4 A full stop_ demonstration is not required for the most severe land
test brake press
must be adjuste
less than the en
speed.

such that the.energy absorbed by the tire, wheel, and brake assembly ¢
rgy absorbedHf the test had commenced at the specified speed and con

!

Appropriate.

t be that resulting
t less than normal

ing-stop test. The

ire may be released at a test speed of up to 20 knots. In this case, the ifitial brakes-on speed

uring the test is not
tinued to zero ground

sure release in

B.3.425” Within 20 seconds of completion of the stop, or of the brake pres|

accordance with

paragraph 3.3.4.4, the brake pressure must be adjusted to the Brake Rgted Maximum

Parking Pressure, BRPPyax, and maintained for at least 3 minutes.

No sustained fire that extends above the level of the highest point of the tire is allowed before 5 minutes
have elapsed after application of parking brake pressure; until this time has elapsed, neither fire fighting

means nor coolants may be applied.

The time of initiation of tire pressure release (e.g., by wheel fuse plug), if applicable, is to

be recorded. The

sequence of events described in paragraphs 3.3.4.4 and 3.3.4.5 is illustrated in Figure 3-2.

3.3.5 Structural Torque Test.

The Wheel/Brake Rated Structural Torque, STg, is equal to the torque demonstrated in the

test defined in 3.3.5.1.
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3.3.5.1 Apply to the wheel, brake and tire assembly, the radial load S and the drag load

corresponding to the torque specified in paragraph 3.3.5.2 or 3.3.5.3, as applicable, for at least 3 seconds.
Rotation of the wheel must be resisted by a reaction force transmitted through the brake, or brakes, by the
application of at least Brake Rated Maximum Operating Pressure, BROPyax, Or equivalent. If such pressure
or its equivalent is insufficient to prevent rotation, the friction surface may be clamped, bolted, or otherwise
restrained while applying the pressure. A fully worn brake configuration, BRWL, must be used for this test.
The proportioning of wear through the brake for the various friction pairs for this test must be based on service
wear experience of an equivalent or similar brake or test machine wear test data. Either operationally worn or
mechanically worn brake components may be used. An actuating fluid other than that specified for use on the

airplane may be

used for the structural torque test.

3.3.5.2 For landing gear with one wheel per landing gear strut, the torque is 1.2 (SxR).

3.3.5.3 For landing gear with more than one wheel per landing gear strut, the torque is

1.44 (SxR).

seconds.
3.4 BRAKE TES
The brake asser
brake on the airg

following tests:

341 Yi

B.3.5.4 The wheel and brake assembly must support the loads without f4
1S,
nbly must be tested using the fluid (or other actuating)means) specified fi

lane. It must be substantiated that standard production samples of the |

eld & Overpressure Test.

The brake must
deformation of th

The brake, with actuator piston(s) extended tosimulate a maximum worn condition, must

seconds, withstd
available to the |
devices during th

3.4.2 Endurance Test.

vithstand a pressure equal to 1.5 timesBRPyax for at least 5 minutes wit
e structural components under test.

nd hydraulic pressure equal to 2.0 times the Brake Rated Maximum Pres
rakes. If necessary, piston extension must be adjusted to prevent conta
is test.

A brake assemb
not occur. If des
mass for this tes

y must be-subjected to an endurance test during which structural failure
ired, the'heat sink components may be replaced by a reasonably repres¢
.

ilure for at least 3

br use with the
rake will pass the

hout permanent

for at least 3
psure, BRPMA)(,
ct with retention

or malfunction must
entative dummy

The test must be

conducted by subjecting the brake assembly to 100,000 cycles of an ap

lication of the

average of the peak brake pressures needed in the design landing stop test (paragraph 3.3.2) and release to
a pressure not exceeding the Brake Rated Retraction Pressure, BRPrer. The pistons must be adjusted so
that 25,000 cycles are performed at each of the four positions where the pistons would be at rest when
adjusted to nominally 25, 50, 75, and 100 percent of the wear limit, BRWL. The brake must then be
subjected to 5000 cycles of application of pressure to BRPyax and release to BRPggr at the 100 percent

wear limit.

Hydraulic brakes must meet the leakage requirements of paragraph 3.4.5 at the completion of the test.

3.4.3 Piston Retention.

The hydraulic pistons must be positively retained without leakage at 1.5 times BRPyax for at least 10
seconds with the heat sink removed.
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3.4.4 Extreme Temperature Soak Test.

The brake actuation system must comply with the dynamic leakage limits in paragraph 3.4.5.2
for the following tests.

Subject the brake to at least a 24-hour hot soak at the maximum piston housing fluid
temperature experienced during a design landing stop test (paragraph 3.3.2), conducted without forced air
cooling. While at the hot soak temperature, the brake must be subjected to the application of the average of
the peak brake pressures required during the 100 design landing stops and release to a pressure not
exceeding BRPger for 1000 cycles, followed by 25 cycles of BROPyax and release to a pressure not exceeding
BRPger.

The brake must then be cooled from the hot soak temperature to a cold soak temperature of -40°F (-40°C)
and maintained at this temperature for at least 24 hours. While at the cold soak temperature, the brake
must be subjecté¢d to the application of the average of the peak brake pressures required]|during the KEp,
stops and release to a pressure not exceeding BRPger, for 25 cycles, followed by 5 cycles of BROPyax and
release to a pregsure not exceeding BRPggr.

3.4.5 Ldakage Tests (Hydraulic Brakes).

B.4.5.1 Static Leakage Test.

he brake must be subjected to a pressure equal to 15 times BRPyax fof at least 5 minutes.
The brake pressfire must then be adjusted to an operating pressure of 5 psig (35 kPa) for at least 5 minutes.
There must be np measurable leakage (less than one drop) during this test.

B.4.5.2 Dynamic Leakage Test.

The brake must pe subjected to 25 applications of BRPyax, each followed by the release fo a pressure not
exceeding BRPger. Leakage at static seals must hot exceed a trace. Leakage at moving seals must not
exceed one drog of fluid per each 3 inches (76mm) of peripheral seal length.
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CHAPTER 4

DATA REQUIREMENTS.

4.1 The manufacturer must provide the following data with any application for approval of equipment.

4.1.1The following wheel and brake assembly ratings:

a. Wheel Ratings.

Wheel Rated Static Load, S,
Wheel Rated Inflation Pressure, WRP,
Wheel Rated Tire Loaded Radius, R.

Wheel Rated Maximauma-imit-l narl’ | .
Wheel Rated Tire Size, TSwr.

. Wheel/Brake and Brake Ratings.

Wheel/Brake Rated Design Landing Energy, KEp,, and associated brakes-on~speed, Vp_
Wheel/Brake Rated Accelerate-Stop Energy, KEgr, and associatéd brakes-on-speed, Vgr,
Wheel/Brake Rated Most Severe Landing Stop Energy, KEss, @nd associated brakes-on-speed, Vs (if

applicable),

Brake Rated Maximum Operating Pressure, BROPyax,
Brake Rated Maximum Pressure, BRPyax,

Brake Rated Refraction Pressure, BRPggT,

Vheel/Brake Rated Structural Torque, STg,
Rated Design Landing Deceleration, Dp,,

Rated Acceleratg-Stop Deceleration, Drgr,

Rated Most Severe Landing Stop.Deceleration, Dss (if applicable),

Brake Rated Tire Size, TSgg,

Brake Rated Wear Limit, BRWL.

4.1.2 ['he weight of the wheél or brake, as applicable.
4.1.3Specification of hydraulic fluid used, as applicable.

4.1.40ne copy of thétest report showing compliance with the test requirements.

is not sufficient tp note:merely that the specified performance was achieved. The actual numerical values
obtained for each ©fithe parameters tested must be recorded, except where tests are pags/fail in character.

NOTE: "When test results are being recorded for incorporation in the cor}pliance test report, it
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SPEED
Aocelerate-stop initated 3t heat sink temperature
consiztent with Paragraph 3.3.33

Brake Rated Maximum Parking Pressune (BRPP..0
applied I.I.Ii:hi!'l i‘l] saconds ater amglusion of acoel erate
Optice: Brabe release 25 ?;nl?ﬁnjd maintained for at least 3 minutes ( Paragraph

mph {10 m s ywish bigher
ith] brbe ¢ o epeed /

Mo fire fighting means or art fcial

coolants and limited 1re onlyvbetre
Taw stops as required to produce thiz time (Paragraph 3.3.35)
desirad heat sink temperature \

oM iy

L

I .
L i

3 Min. Minkmurm

23 mph
(10 mss) FRSTEN SN, T TRA—. .

& Win. Binimrant .l

L&

Mo Forced &r Cooling Permitted

Figure 3-1. Taxi, Accelerate-Stop; Park Test Sequence
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SPEED hiost severe landing stop intiated at heat sink
tempergture consistent with Parmgraph 3 3.4.3
Brake Rated hdaximum Parking Pressure (BR PPy
applied within 20 seconds ater concluzion ofthe stop and
maintained for at least 3 minutes (Paragraph 33 4.5)
Optiorr Brabe release & 55
meph || 100 m & yrith Bigher
] brabe s g speed
Mo fine fighting meaps or arti fcial
coolants and Iin'ited];ire anly
Tas stops as required to produce betore this time (P afagraph
dezfred heat sink temperaturs 33480
20 Seconds
hdsirmum 4N \‘"
a B Lnl 1' B
I3 mph 2 hin. Minimum
{10 mes) B

4 Min. Minimum

L
|-

Mo Forced Ar Cooling Permitted ———

Figure B-2. MostSevere Landing-Stop, Park Test|Sequence
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5.5

Date
11-13-45
05-31-46

12-15-46

01-01-48
05-01-49
11-01-49
10-12-51
03-05-52
03-15-52
09-01-54
05-15-56
06-01-61
05-01-62
11-17-64
02-01-65
04-11-67
09-14-69
01-21-71
12-31-79
06-09-80
05-18-84
02-04-91
09-07-93
03-11-96

10-14-04

Table 5-3 History of Regulations Index: 1945-2004: Small Airplanes

Wheels and Brakes

Action Wheels Tires
Adopted New Part 03 03.363 03.364
Part 15 Reprinted 15.10

Part 03 Reprinted + Index 03.363 03.364

Reference to Part 15 under Wheels and Brakes was deleted.

Amd’t 03-3 Approval by the Administrator: Materials/Parts added: § 03.06

Brakes
03.365
15.104

03.365

Parf 03 designated as Part 3

Pari 3 Reprinted 3.361 3.362

Parf 514 The TSO System made available

Amg't 3-7 Miscell. Amendments/§3.361 — Wheels & §3:362 — Tires.
Approval by TSO added to regulations/§3.18

First TSO for Wheels & Brakes TSO-C26 issued/AS:227A.

Civi] Aeronautics Manual (CAM) 3 issued 3.362 + 3.362-1
Pari 3 Reprinted 3.361 3.362
TSP-C26a Issued: Aircraft Wheels & Brakes/§514.72/AS-227C
CAIN 3 3.361 3.362

TSP-C26a issued as FAR'§37.172 [ref. Doc # 5065, 29 F.R.15317]

R

0]

codify Part 3 as FAR § 23.731 23.733
THO-C26a/§3%.172 amended/Doc #8084, 32 FR 5769/AS-227C

Amd’'t 237 Revised 23.733

Amd't37-28 issued TSO-C26b/Complete text/no ref. to AS-227C

3.363

3.363

3.363

P3.735

2B.735

TSO-C26¢/§37.172 issued — wheels & Brakes + Amd’'t 23-24 revised

23.735

Amd’'t 21-50/25-52/37-47: Part 37 Revoked/TSOs became Voluntary Standards

TSO-C26¢ with Addendum | issued: Wheels & Brakes
Amd’t 23-42 Revised

Amd't 23-45 Revised 23.731 23.733
Amd’t 23-49 Revised

TSO-C26d Issued: Applicable to Parts 23, 27, and 29: ARP 5381

23.735
23.735

23.735
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5.6 Small Airplanes Wheels and Brakes: History of Regulations Text
Normal/Utility/Acrobatic/Restricted Category Airplane Wheels and Brakes: History of Regulations
5.6.1. Part 03: November 13, 1945: adopted New Part 03

03.363 Wheels. Main landing gear wheels (i.e., those nearest the airplane center of gravity) shall be of an
approved type in accordance with Part15. The rated static load of each main wheel shall not be less
than the design weight for ground loads
(§ 03.240) divided by the number of main wheels. Nose wheels shall be tested in accordance with

Part15 for an ultimate radial load not less than the maximum nose wheel ultimate loads obtained in the ground

loads requirements, and for the corresponding side and burst loads specified in Part 15.

03.365 Brakes. Brakes shall be installed which are adequate to prevent the airplane from rolling on a
paved runway while applying take-off power to the critical engine, and of sufficient capacity to provide
adequate speed|control during taxiing without the use of excessive pedal or hand forces.

5.6.2. Part 15 Reprinted — as Amended to May 31, 1946
PART 15 - AIRCRAFT EQUIPMENT AIRWORTHINESS
15.1 LANDING GEAR EQUIPMENT

15.10 LANDING GEAR WHEELS.
15.100 Main landing gear wheels will be certificated for a maximum static load which will{be determined from
the strength of the wheel. Tail wheels will not be certificated.
15.1000 For the purpose of these regulations main landing gear wheels are considered gs those nearest the
airplane center df gravity with respect to fore-and-aft location.
15.1001 For thel purpose of these regulations a tail-wheel is considered as one which supports the tail of a
conventional airglane in the three-point landing_attitude.
15.101 For whegls other than main landing orcail wheels, application shall be made to the Administrator for
special rulings particularly applicable to the cases in question.
15.102 The strepgth of a main landing gear wheel shall be substantiated by the following two static tests:

(a) radial load tgst. (See § 15.1020)

(b) side load teqt. (See § 15.102(1)
15.1020 The required radial testload is equal to -

(P)x(n)x(1.5)x(1.[15)
Where P is the maximum-static load for which approval is requested, n is

2.80 + 9000/(2H+4000)
and is the applie i
strength test material factor.

15.1021 The required side test load is equal to -

51 afety, and 1.15is a

(0.35)x(the radial test load).

15.1022 The radial and side loads shall be applied separately and the wheel shall be equipped with the
correct size tire inflated to the proper pressure for the load for which certification is requested.

15.1023 The radial load shall be applied to the wheel in the place of the tire and may be distributed over a
portion of the tire by allowing the tire to bear in a box of firm earth or sand.

15.1024 The side load shall be applied to the rim of the wheel at its maximum radius and may be distributed
over an arc of not more than 30°. In order to insure sufficient strength in the retaining flanges of the rim, all the
side load shall be applied to the inner flange in a direction such as to bend it away from the tire. In such case,

the load must be increased so that its side component is equal to the load specified in § 15.1021. The wheel
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shall be restrained only by the axle.
15.103 A main landing gear wheel shall support the required loads before failure.

15.104 BRAKES.

15.1040 TESTING OF BRAKES FOR CERTIFICATION.
(a) A wheel-brake combination shall demonstrate satisfactory performance during 100 tests simulating the
stopping of an airplane at an average deceleration of at least 10 feet per second, from a speed chosen by the
applicant. The kinetic energy absorbed per stop shall be computed and the wheel-brake combination shall be

certificated for a

kinetic energy absorption not in excess of the amount so determined.

(b) To be eligible for use on airplanes certificated in accordance with the transport category requirements of
Part 04, a wheel-brake combination shall further demonstrate satisfactory performance during three tests
identical with those specified in paragraph (a) except that the speed shall be increased to obtain a kinetic

energy absorptio

n 125% of that determined under that paragraph.

15.1042 DESIGN. Brakes shall be free from any undue tendency to lock or jam, and sha
shielded from water, mud, and oil.

15.1043 STATI
forward static to
15.1044 ADJUS
equipped with sU
service effects.

15.1045 STREN
strength sufficier
number of brake
withstanding a tq
15.1046 TEST |
necessary to ind
15.1047 IDENT
in § 15.042(e): 1
15.105 The rim
standards or rec
15.106 A landin
fit on the rim of t
Association is ng
15.107 Each un

identification dat
15.108 Areque
supported by thg

§ 15.0502:
15.1080 A repo

TORQUE. The maximum available static torque in reverse shall-be at
que when both are measured at the same applied pedal force.
TMENT. When necessary to insure satisfactory performance, the brake
itable adjustment devices to compensate for disc or lining wear, heat, an

GTH. The brake and all of its attachments to the wheel’shall be designe
t to withstand a torque which is 1.6WR/B, where Ruis the rolling radius o
5. A static test of the brake and wheel shall demonstrate that the assem
rque which is 80% of the above without yieldifig to the point of impairing

cate compliance with the above brake regulations.
FICATION DATA. Each certificated brake shall bear the following identi

[he foot-pounds of kinetic energy.fors which it is approved.
contour of a main landing gearwhéel shall conform to the Tire and Rim A
bmmendations unless the wheel is to be used in conjunction with a spec
) gear wheel may be equipped with any make or type of tire: Provided, th
ne wheel: And provided, that the tire rating of the Airplane Tire Committe
t exceeded.

t of a certificated'medel of main landing gear wheel shall bear the follow

h as prescribediin § 15.042(e): The maximum static load for which certif
bt for certification of a type or model or series of models of main landing ¢
following additional data as prescribed in

Il be suitably
east 40% of the

mechanism shall be
d other normal

d with an ultimate
the tire and B is the
bly is capable of
service operation.

OG. A log of the test runs shall be submitted together with other calculations which are

ication as prescribed

A\ssociation’s

ally constructed tire.
at the tire is a proper
b of the Tire and Rim

ng additional

icated.
ear wheels shall be

tests, including r

t of the static tests prescribed in § 15.102. The report shall contain comi

lete details of the
ort shall be signed

by the person making the tests, and shall be certified to unless the tests were witnessed by an inspector of the

Administrator, in

which case such inspector also will sign the report as a witness.

5.6.3. Part 03 Reprinted: December 15, 1946

03.363 Wheels. Main landing gear wheels (i.e., those nearest the airplane center of gravity) shall be of an
approved type. Note: reference to Part 15 deleted

The rated static load of each main wheel shall not be less than the design weight for ground loads (§ 03.240)
divided by the number of main wheels. Nose wheels shall have been tested for an ultimate radial load not less
than the maximum nose wheel ultimate loads obtained in the ground loads requirements, and for the
corresponding side and burst loads. Note: reference to Part 15 deleted
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03.365 Brakes. Same as item 1. above. (ref. 03.365)

5.6.4. Amendment 03-3 effective 01/01/48: Added § 03.06 and Established approval of parts and
appliances by the Administrator via the TSO system. Specific text using the TSO system was not added to

the regulation until March 5, 1952, § 3.18, amendment 3-7.

Prior to this amendment approval of certain specified appliances was required by type certification. This

entailed submission of detailed data for each appliance or variation thereof, which had to
approved by the Administrator of Civil Aeronautics.

be examined and

The purpose of this amendment was to simplify and expedite approval by permitting, in lieu of type

certification, the establishment and publication of specifications, in the form of “Technical
(TSOs)” by the Administrator for such appliances. The TSOs were established after coll
industry and upon consideration of pertinent aviation industry, federal, and military specifi
appliance for which a TSO had been so established was deemed approved by the Admin
manufacturer ceftified that the appliance meets the specifications included therein, andith
fact meet the spécification.

As speciffications are formulated for individual appliances now requiring-type certi
will consider aménding the Civil Air Regulations to deletethe type certification«requiremen
appliance. The Board finds that this amendment will facilitate the manufacture of aircraft &
simpler procedute for obtaining approval of materials, parts, processes;and appliances W
safety standards. Section 03.300 was repealed and a new § 03.06 wasadded to read as

§ 03.06 | Approval of materials, parts, processes, and appliances. Materials, pa
appliances shall|be approved upon a basis and in a manner.fotind necessary by the Adm
implement the pertinent provisions of the Civil Air Regulations. The Administrator may ag
specifications agl he finds necessary to administer this. regulation, and shall incorporate th
of the aviation industry, Federal, and military specifications respecting such materials, pa
appliances as hg finds appropriate.

Any material, paft, process, or appliance shall bé.deemed to have met the requirements f
meets the pertingnt specifications adopted by:the Administrator, and the manufacturer so
prescribed by th¢ Administrator.

5.6.5 Part 03 gesignated as Part-3 effective 05-01-49
5.6.6 Part 3 Reprinted, Effective 11-01-49
§ 3.361 Wheels.

(a) Main landing|gear wheels (i.e., those nearest the airplane center of gravity) shall be o
(b) The fated.static load of each main wheel shall not be less than the design we

Standard Orders
aboration with the
cations. An

istrator when the

e appliance does in

fication, the Board
ts for the particular
y permitting a
ithout lowering of
follows:

ts, processes, and
inistrator to

opt and publish such
erein such portions
ts, processes, and

or approval when it
certifies in a manner

an approved type.
ght for ground loads
an ultimate radial

(§ 3.242) divided by-the number of main wheels. Nose wheels shall have been tested fon
load not less tha fTTTO SloR sground foad
the corresponding side and burst loads.

C dX 0S€ Wrieel U dle 10dUS 0ODld

equirements, and for

§ 3.363 Brakes. [No change from 03.365] Brakes shall be installed which are adequate to prevent the
airplane from rolling on a paved runway while applying take-off power to the critical engine, and of sufficient
capacity to provide adequate speed control during taxiing without the use of excessive pedal or hand forces.

5.6.7 Part 514, Technical Standard Order: Regulations of the Administrator, Part 514,
only through the Federal Register where it appeared on October 12, 1951, 16 FR 10403.
TSO’s contained therein were available upon application to the Aviation Information Staff,
Administration, Department of Commerce, Washington 25 D.C.

5.6.8 Amendment 3-7, effective March 5,1952: (i) Added § 3.18-Note in the regulator
approval of equipment under the TSO system; (ii) Amendment 3-7 also modified § 3.361

was made available
Copies of Individual
Civil Aeronautics

y text, allowing
Wheels; and (iij)
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The first TSO for wheels and brakes, TSO-C26 was effective 3-15-52. The TSO specified SAE AS-227A,
dated February 1, 1952, as the minimum safety standard for strength and performance requirements. Part 15
of the CAR was rescinded effective March 5, 1952.

(i) § 3.18 Approval of materials, parts, processes, and appliances. (a) Materials, parts, processes, and
appliances shall be approved upon a basis and in a manner found necessary by the Administrator to
implement the pertinent provisions of the regulations in this subchapter. The Administrator may adopt and
publish such specifications as he finds necessary to administer this regulation, and shall incorporate therein
such portions of the aviation industry, Federal, and military specifications respecting such materials, parts,
processes, and appliances as he finds appropriate.

NOTE: The provisions of this paragraph are intended to allow approval of materials, parts, processes, and
appliances under the system of Technical Standard Orders, or in conjunction with type certification procedures
for an airplane, or by any other form of approval by the Administrator.

(b) Any materia
it meets the pert
manner prescrib

(i) Amendment

§ 3.361 Wheels
rating of each m
under the design
limit load rating ¢
determined in ad
3.256.)

§ 3.363 Brakes.
5.6.9 The TS(

See item 5.4.13

5.6.10 Part 3 Reprinted: May 15,.1956: Normal/Utility/Acrobatic Category Airplanes

§ 3.361 Wheels
§ 3.363 Brakes

5.6.11 TSO-C2

, part, process, or appliance shall be deemed to have met the requireme
nent specifications adopted by the Administrator, and the manufacturer s
bd by the Administrator.

3-7 also modified § 3.361 Wheels to read as follows:

Main wheels and nose wheels shall be of an appraved type. The maxi
hin wheel and nose wheel shall not be less than the.corresponding static

f each main wheel and nose wheel shall notbe less than the maximum

cordance with the applicable ground load requirements of this part. (Seq
Same as under item 5., § 3.363

D-C26 Effective March 15, 1952

for full text of TSO-C26 under Transport Category Airplanes

No change from 5.6.8.
No change from 5.6.8.

Ba Issued, effective 06-01-61: §514.72/AS-227C

See TSO-C2

nts for approval when
o certifies in a

mum static load
ground reaction

maximum weight of the airplane and the criticakeenter of gravity positiof. The maximum

adial load limit
b §§ 3.241 through

Ba prn\/idpd under Trnnclnnrf (‘afpgnry Airlnlqnpq item 5420

5.6.12 Civil Aeronautics Manual CAM 3, May 1962.

Introductory Note. Through out this document, this note applies to any and all references made to the Civil
Aeronautics Manual (CAM) 3.

The CAM 3 included for ease of reference the Civil Air Regulations (CAR) Part 3 immediately preceding the
corresponding section of the manual. The manual material therein was not mandatory and was intended only
to explain and to show acceptable methods of complying with the pertinent requirement. Alternate methods of
showing compliance may be used at the option of the applicant. The function of the Civil Aeronautics
Administration (CAA) was to examine such technical data and to conduct or witness such inspection and
testing as may be necessary to demonstrate compliance with the Regulations.
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§ 3.361 Wheels. No change from 8.
§ 3.363 Brakes. No change from 8.

5.6.13 TSO-C26a issued as §37.172 {ref. Doc #5065, 29 FR 15317} effective 11-17-64
See Item 5.4.21 provided under Transport Category Airplanes

5.6.14 Re-codification of CAR Part 3 to FAR Part 23, Effective February 1, 1965
CAR 3.361 Wheels became FAR 23.731 Wheels. CAR 3.363 Brakes became FAR 23.735 Brakes. NPRM
64-17, dated April 14, 1964 reference §§ were 23.643 and 23.655 respectively.

§ 23.731 Wheels.
(a) Each main and nose wheel must be approved.
(b) The maximum static load rating of each wheel may not be less than
the correspondir]g static ground reaction with--
(1) Design maximum weight; and
(2) Critical cgnter of gravity.
(c) The maximpm limit load rating of each wheel must equal or exceed
the maximum raglial limit load determined under the applicable ground load
requirements of this part.

Sec. 23.735 Brgkes.
There must be bfakes that are adequate to--

(a) Prevent thq airplane from rolling on a paved runway with takeoff
power on the crifical engine; and

(b) Provide adgquate speed control during taxiing withoutexcessive
pilot loads.

5.6.15 TSO-C2Pa issued as §37.172 amended {ref.'Doc #8084, 32 FR 5769} effective
04-11-67

Same as iteq 5.6.13. above.
5.6.16 Amendment 23-7, effective September 14, 1969

Sec. 23.735 Brgkes.

[(a) Brakes must be provided:so that the brake kinetic energy capacity
rating of each main wheel btake assembly is not less than the kinetic
energy absorptign requirements determined under either of the following
methods:

(1) The brak¢ kinetic energy absorption requirements must be based
ona conservativtz rational analysis of the sequence of events expected
during landing at the design landing weight.

(2) Instead of a rational analysis, the kinetic energy absorption
requirements for each main wheel brake assembly may be derived from the
following formula:

KE = 0.0444 WVso %N

where--

KE = Kinetic energy per wheel (ft.-Ibs.);

W = Design landing weight (Ibs.);

Vo= Power-off stalling speed in knots, of the airplane at sea level, at the
design landing weight, and in the landing configuration; and

N = Number of main wheels.

(b) Brakes must be able to prevent the wheels from rolling on a paved
runway with takeoff power on the critical engine, but need not prevent
movement of the airplane with wheels locked.]
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Explanation: Part 23 did not provide for the determination of the energy absorption requirements of brakes.
The present requirement in Sec. 23.735 (b) may not ensure the design of wheel brake combinations adequate
for safe operation of the airplane. Adopted Sec. 23.735 (a) would therefore provide standards similar to the
energy absorption determination requirements for transport category airplanes (Sec. 25.735 (f)). Adopted
Sec. 23.735(b) would reflect the fact that, for aircraft with high power-to-weight ratios, it may be impossible to
prevent motion, with locked wheels, when takeoff power is applied to the critical engine. Some question has
arisen as to whether such motion constitutes "rolling" of the airplane within the meaning of present (a). Itis
not the intent of present (a) to prevent this motion, but only to ensure that the brakes can prevent the wheels
themselves from rolling. The adopted energy absorption requirements reflect current industry practice in the
design of small airplanes.

5.6.17 Amendment 37-28 issued TSO-C26b, effective 01-21-71/No ref. to AS-227C

See item 5.124: TSO-C26b is the same document provided under Transport Categdry Airplanes

5.6.18 Amendment 23-24, effective December 31, 1979
Sec. 23.735 Brakes.

(a) Brakes must be provided so that the brake kinetic energy capacity
rating of each main wheel brake assembly is not less than the kinetic
energy absorptign requirements determined under either of the following
methods:

(1) The brake kinetic energy absorption requirements must be.based
on a conservativg rational analysis of the sequence of events expected
during landing a{ the design landing weight.

[(2) Instead gf a rational analysis, the kinetic energy absorption
requirements forjeach main wheel brake assembly may<®e derived from the

KE = Kinetic engrgy per wheel (ft.-Ibs.);
W = Design landling weight (Ibs.);
V = Airplane spged in knots. V must be not less than , the poweroff
stalling speed of|the airplane at seallevel, at the design landing weight,
and in the landing configuration; and
N = Number of fnain wheels with brakes.]

(b) Brakes must be able to-prevent the wheels from rolling on a paved
runway with takgoff power on the critical engine, but need not prevent
movement of thq airplane with wheels locked.

Changes: The nymerical constant in the formula for calculating kinetic energy was changgd from 0.0444 to
0.0443 in § 23.735(a)(2)as it is more accurate. The term “Vso-in § 23.735(f)(2) is replaced by the term “V”.

§ 37.172 Aircraft Wheels and Wheel-Brake Assemblies---[ TSO-C26c.

TSO-C26b was revised to TSO-C26¢ by incorporating updates and improved minimum performance
standards for the design and construction of aircraft wheels and brakes. To improve the overall strength of
wheels and to reduce their susceptibility to fatigue, the standards for wheels were revised. This amendment
would require more severe testing of wheels and wheel-brake assemblies to substantiate the load ratings of
wheels and the kinetic energy capacity rating of brakes. ]

TSO-C26¢ is provided as a separate section in this document. See item 5.4.26 under Transport
Category Airplanes. This amendment concerning aircraft wheels and wheel-brake assemblies was
issued concurrently with the amendment which updated the minimum performance standards
applicable to aircraft tires. The preamble to the tires amendment (25-49) explains the background
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which led to the need for revised standards for tires and for wheels and wheel-brake assemblies and
their interaction.

5.6.19. Amendment 25-52[21-50, 37-47], effective September 9, 1980
This is identical to ltem 5.4.27 under Transport Category Airplanes. TSO-C26¢ was eliminated from the
regulations, previously published as Subpart B of 14 CFR Part 37. Henceforth, a TSO was not a mandatory

standard but to be used as a voluntary standard.

5.6.20 TSO-C26c¢c with Addendum | issued, effective 05-18-84
See Item 5.4.28 TSO-C26¢ under Transport Category Airplanes Files.

5.6.21 Amendment 23-42, effective February 4, 1991

Sec. 23.735 Brakes.

(a) Brakes must be provided so that the brake kinetic energy capacity
rating of each main wheel brake assembly is not less than the kinetic
energy absorptign requirements determined under either of the following
methods:

(1) The brake kinetic energy absorption requirements must be based
on a conservative rational analysis of the sequence of events expected
during landing af the design landing weight.

(2) Instead of|a rational analysis, the kinetic energy absorption
requirements forjeach main wheel brake assembly may be derived’from the

where--
KE = Kinetic eng¢rgy per wheel (ft.-1b.);

W = Design langling weight (Ib.);

V = Airplane spéed in knots. V must be not less, than , the poweroff
stalling speed of|the airplane at sea level, at the,design landing weight,
and in the landinjg configuration; and

N = Number of main wheels with brakes.

(b) Brakes musgt be able to prevent the\wheels from rolling on a paved
runway with takgoff power on the critical engine, but need not prevent
movement of thq airplane with wheels locked.

[(c) If anti-skid devices are_installed, the devices and associated
system must be designed so<¢hat no single probable malfunction of failure
will result in a hgzardoustloess of braking ability or directional control
of the airplane.]

Explanation: Thg change established minimum airworthiness standards for airplanes equipped with antiskid
braking systems. The proposal which would have exempted airplanes weighing 3,000 pounds or less from
meeting the requirements in Sec. 23.735(a) was opposed by one commenter on the basis that the current
requirements provide a good standard for airplane brakes. The FAA agreed and no further action was taken.
Another proposal which recommended a new paragraph (c) be added to Sec. 23.735 for airplanes with
antiskid braking systems, was supported by three commenters and the FAA agreed that this requirement is
necessary as a minimum standard when antiskid devices are installed.

5.6.22 Amendment 23-45, effective September 7, 1993

Sec. 23.731 Wheels.
[(a) The maximum static load rating of each wheel may not be less than
the corresponding static ground reaction--
(1) Design maximum weight; and
(2) Critical center of gravity.
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(b) The maximum limit load rating of each wheel must equal or exceed
the maximum radial limit load determined under the applicable ground load
requirements of this part.]

Change in regulation/Explanation: The requirement “(a) Each main and nose wheel must be approved.” was
deleted. Since there is a basic requirement to approve the complete airplane, including all components, parts,
and appliances, § 23.731(a) is unnecessary.

5.6.23 Amendment 23-49, effective March 11, 1996

Sec. 23.735 Brakes.

[(a) Brakes must be provided. The landing brake kinetic energy
capacity rating of each main wheel brake assembly must not be less than
the kinetic energy absorption requirements determined under either of the
following methods:]

(1) The brake kinetic energy absorption requirements must be based
on a conservative rational analysis of the sequence of events expected
during landing af{ the design landing weight.

(2) Instead of|a rational analysis, the kinetic energy absorption
requirements forjeach main wheel brake assembly may be derived from the
following formulg:
KE = 0.0443WV{|/N
where--

KE = Kinetic engrgy per wheel (ft.-Ib.);

W = Design landling weight (Ib.);

V = Airplane spged in knots. V must be not less than , the poweroff
stalling speed of|the airplane at sea level, at the design landing weight,
and in the landing configuration; and

N = Number of fnain wheels with brakes.

(b) Brakes must be able to prevent the wheels frem rolling on a paved
runway with takgoff power on the critical engine,'but need not prevent
movement of thg airplane with wheels locked:

[(c) During thellanding distance determination required by Sec. 23.75,
the pressure on the wheel braking system must not exceed the pressure
specified by the prake manufacturef.

(d) If antiskid glevices are installed, the devices and associated
systems must bg designed so«hat no single probable malfunction or failure
will result in a hgzardous loss of braking ability or directional control
of the airplane.

(e) In addition,|for cebimuter category airplanes, the rejected takeoff
brake kinetic engrgy\capacity rating of each main wheel brake assembly
must not be less|than the kinetic energy absorption requirements
determined under either of the following methods--

(1) The brake kinetic energy absorption requirements must be based
on a conservative rational analysis of the sequence of events expected
during a rejected takeoff at the design takeoff weight.

(2) Instead of a rational analysis, the kinetic energy absorption
requirements for each main wheel brake assembly may be derived from the
following formula--

KE = 0.0443WV/N
where-

KE = Kinetic energy per wheel (ft.-Ibs.);

W = Design takeoff weight (Ibs.);

V = Ground speed, in knots, associated with the maximum value of V1
selected in accordance with Sec. 23.51(c)(1);

N = Number of main wheels with brakes.]
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Explanation: Section 23.735(a) was revised to state plainly that wheel brakes must be provided. A new Sec.
23.735(c) would require the brake system to be designed so that the brake manufacturer's specified brake
pressures are not exceeded during the landing distance determination required by Sec. 23.75.

A new Sec. 23.735(e), applicable to commuter category airplanes, would require establishing the minimum
rejected takeoff brake kinetic energy capacity rating of each main wheel brake assembly. Section 23.45
provides that the determination of the accelerate-stop distance for commuter category airplanes be made in
accordance with the applicant's procedures for operation in service. The new requirement is needed to
ensure that the brakes will perform safely under accelerate-stop conditions.
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5.6.24 TSO-C26d issued Effective October 14, 2004

TS0-C26d

Cepartment of Transporation
Federal Aviation Administration
Aircraft Certfication Senice Effective Date:

. / Washington, DC Oictober 14, 2004

Technical Standard Order

Subject: Aireraft Wheels, Bralees and Wheel Brake Assemblies for Parts 23, 17 and 19
Airerafit

1. FUREQ

a. THis TS0 iz effective for new applications submutted after the sffective date of thils TS0,

Azzamblles, with Addendum T dated May 18, 1954:.11'_3}' ba accepted up to s1x months after the
effactive [date of this TS, in cases where we know that the applieant was working agamfs the

. Adreraft wheels brakes and wheel'brake assemblis® zppreved wmder a previous T30
authorzafion may contime to be mamfactured under the provizions of their original approval, as

. Hgwever, major design changes to aueraft wheels, izkes and whesltrake assemblies
approved under TSO-C 260 require a neve adthonzation wnder ths TS0 for 14 CFR part={23, 27,
and 29 applications and TS0 1_3 3, Trafzpoat Adrplane Whesls and Brzke Assemblies dated

NIOTE: Thos TS0 deezaot provids MPS for 14 CFE part 25, Transpeat

EEQUTREMENTS, MNew models of aireraft wheals, brakes and wheel/brake assemblhias that
are to ba po idetified and that are marm.au:m:ed on or after the affactive date of this TS st
meat the BPSAN thas TS0, -‘f'._:':‘E‘“-__:'I}s. 1 "-.Iu:.m..m Per:mma_-:e Standard (MPS) for ajreraft
'||'|||'_EE g » z K T]'H‘ T'I'll:l ‘I."—"":- = b-a;.ed_
i part, on the Society of Autometive E‘L‘lg'.I_EEIS. [SAE), imn;pa:e Fecommended Practice
[ARF) 5381, Minrmim Performance Racommendations for Part 23, 27, and 29 Asreraft Wheels,
Brakes, and Wheel-Brake Assemblies, dated October 2000

A f_u:;ﬁ.m;alﬂuljﬂ-:a_t_g:, The racuurad performeance shall be demonstrated wmder the

test conditions specified 1 APPENDI | of tus TS0
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b. Deviations The FAA has provisions for wsmg alternative or equivalant means of
compliance to the criteria set forth i the MPS of this TS0, Applicants inveking these

provizions shall demonstrate that an equivalent level of safely 15 mamtamed and shall apply

for a deviation per 14 CFE. § 21.60%.

4. MARKING.

a. In hieu of the marking specified m 14 CFE 21 607(d), the followms information shall
be legibly and permeanenthy marked on the major equipment components:

(1} Wame of the manufacturer rasponsible for complhiance.

b A

5 DATA R

(2} Serial mumber.
(3) Part nuanber,
(4) Applicable techmical standard ovdsr (TS0) mumber.
(5] Fom size (thos markmg zppliss to wheels onlv),
(&) Hydraulic fhud specification (this markme appliestty brakes only).
1] stamped, etched, or embossed markings mustbeYocated in non-critical areas.

[EOUIREMENTS.

a ication Data. In addifion to the da€specified m 14 CFR, § 21605, tha
marifacturgr mest funmesh one copy each of the fl:l]]-:.'-wmw to the ‘mianager of tha F.e'-'l...l Adrer]
Cartificatiog Office (ACD) having gecsraphical puriew of the mamfacturer’s facilities:

brake assenj
of this TSO,

b. O
§ 23/27129.

mstallad nmg

(1} The applicable lmutations pertaimng to mstallation of wheels, or wheel and
blies on auplane(s), mclivding the data requiremnents of paragraph 8.1 of append,

(2} The mapnfacturer’s TS0 quahfication test repert.

Jata to be-Parmshed with Mapufactwed Articles  As specified in 14 CFE,

328 thercontimued anrworthiness of the aireraft oo wihnch the equipmment 15 to b

s halconsiderad.

o |

(1} Pror to entry into service use, the manufzcturer st mzke available the

applicable mamienance mstmictions and data necessary for confinued airworthmess. The
mizmmfacturer nrost send thes mfmmmation, upen request, to the ACO specified 1n paragraph 5ia)
above (14 CFE. § 21.500b)).

Page 5

.
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(2} The manufacturer mmst provide the applicable mantenanee instuetons and data
pecassary for confinued airworthmess to each organization or person recslving one or mors
articlas manufachwed mmder this TS0, In addinon, a nete with the following statement mst be
micluded:

The extstence of TS0 approval of the article, displaying the reguared makms,
does not automatically constitute the awthenty to mstzll and use the article on an
airplane. The conditions and tests requmred for TSO approval of this articls are
mimimm performance standards. It 15 the responsibility of those desoing to
install this article either on or within a spectfic tvpe ar elass of anplane to
determine that the anplane operatmg conditions are withm the capacity of the
article demonstrated in accordance with the TS0 standards. The article may be
mstdllad onby if firther evaluation by the user'mstzller docvments an accaptable
mstdllation, and the mstzllation 15 approved by the Admimstater,

itional requirements may be imposed based on anplans specifications dxlieel
and prake desizn and quality control specifications. In-service maimtenafics,
modifications, and use of replacement components nyust be in compliancs with
the perfomance standards of s TS0, a5 well as any additional-specific anplane
TequiTements.

6. AVATTABITITY OF REFERENCED DOCTAENTS,

a. Copips of SAE ARP538] may be purchased from theSociety of Automotive
Engmeers Ipe., Departmoent 331, 400 Commeonwealth Dive, Warrendale, PA 15086
0001. Copips also can be obtained through the SAE Intemneat wabsite at: www.sae.ors.

b. Yoummay buy copies of Federal Awviation Regulations 14 CFR part 21, Subpart O,
from the Supenntendent of Docvmments, Gdvemmeant Printing Office, Washington, DN.C.
20402-9323. Copies alse can be obfamed from the Government Printmg Ofica (GPO],

slectrome (FE Infermet website at- wonw.access. sposovechty

e. Advibory Cwenlar (AC) 202110, Indax of Aviation Technical Standard Ovders, AC
20-38, of Articles Cerfifted umder the Technieal Standard Order Svstem and TSO-
C26d may Be obtained franithe 175 Department of Transportation, Subsequent

a.m:{ selact ffom the "Available Information” drop down list.

David W Hempe

Diavnd W. Hempe

Mianager, Ancraft Enginesrmg Divnsion
Adreraft Certification Sarmice
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APPENDIX 1. AONIAVMUM PERFOBMANCE STANDARTD for aireraft wheels, brake: and
wheelbrake azsemblies for small airplanes and rotoreraft.

Thiz appandix prescribas the Minimm Performance Standard (MPS) of SAE ARP33E],
“Mmimwamn Parformance Fecommendations for Part 23, 27, and 29 Amrerafi Wheels, Brakes, and
Wheel-Braks Assemblias”, dated October 2000, a5 modified brv the FAA 1m thos TS0, Additons
to and one deletion from the standard, are shown 1 italies as follows:

Additians:

1. Page 1 anew paragraph was added qfter 3.0 to reflect public comments:
Suitable Tive for Brake Testz, T
TTgy i the rated five npe and size.

ITor i1 the tive npe and size that has been determined as being the mest critical for bijake
performance gud or energy absorption rests. The T1pr must be a five fypeohd size approved for
iztallation o the wheeal (Thsx). The suitable fre may be different for different resis.

2. Page ] anew paragraph was added qfter 4.2 to reflect public comments:

Fire Protection: Except for small pares (such az fastengrs, seals, grommers, and small
electrical parts) thar would net contribute significansdy, to the propagarion af a fire, all zolid
materials fed must meet the applicable fammabiliyy rules for the part and category of

aireragft.
Delation-

1. Page 13, paragraph 5.7.3.2 was dizrézarded. Wem brake resfing is not a requivement of
FPariz 23, 27 of 28, zo it canner be ingltided i thiz T50,

-4
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5.7 TABLE 54 History of Regulations Index: 1945-2002: Transport Category Airplanes

Date Action Tires

11-09-45 Adopted New Part 04 [T] 04.364

11-22-46 Amd’'t 04-5 Differentiation of ##: New Part 04 became Part 04b
01-01-48 Amd’'t 04b-8 Approval by the Administrator: Materials/Parts

05-01-49 Part 04b designated as Part 4b

10-01-49 Part 4b Reprinted 4b.392

07-20-50 Part 4b Reprinted 4b.336

10-12-51 Part 514: The TSO System made available

03-05-52 Amd’t 4b-6Substantive changes: subpart A[4b.18] & others; 48 pages
12-31-53 Part 4b Reprinted 4b.336

03-13-56 Amd’t 4b-3Misc. 4b.336

01-01-58 CAM 04b 4b.336

04-15-61 First TSO for Tires is issued: TSO-C62:See Part 514/§514.67
03-20-62 TSO0-C62a Issued: Aircraft Tires/Rart 514/§514.67

05-03-62 Amd’t 4b-12 Miscall. /4b.334-Protection of Equipment in Wheel Wells
09-01-62 TSO0-C62b Issued: Aircraft Tires/Part 514/§ 514.67

11-17-64 TS0-C62b issugd.as FAR §37.167 [ref. Doc #5065, 29 F.R.15317]
02-01-65 Re codified-4b:336 into FAR § 25.733

04-11-67 TS0-C62h/§37.167 amended/Doc.# 8084, 32 F.R. 5769/Aug 1.62 Ref
04-08-70 Amd’t 25-23 Revised § 25.733

12-20-76 Amd't 25-38 Revised § 25.733

12-31-79 Amd’t 25-49 + TSO-C62¢/§37.167 issued- Tires

06-09-80 Amd’'ts 21-50/25-52/37-47: Part 37 revoked. TSOs became Voluntary standards.
09-12-84 TS0-C62c with Addendum I issued: Tires

07-20-90 Amd't 25-72 Revised § 25.733

09-07-90 TS0-C62d issued: Tires

03-29-93 Amd’'t 25-78 Added § 25.733(e)/nitrogen inflation
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5.8 AIRPLANE TIRES: HISTORY OF REGULATIONS TEXT—1945-2002

Transport Category Airplane Tires: History of Regulations
5.8.1 Part 04: November 9, 1945: adopted New Part 04[T]

04.364 Tires. A landing gear wheel may be equipped with any make or type of tire, provided that the tire is a
proper fit on the rim of the wheel and provided that the approved tire rating is not exceeded under the following
conditions:

(a) Airplane weight equal to the design take-off weight.

(b) Load on main wheel tires equal to the airplane weight divided by the number of wheels.

(c) Load on nose wheel tires (to be compared with the dynamic rating established for such tires) equal
to the reaction obtained at the nose wheel, assuming the mass of the airplane concentrated at the center of
gravity and exer{ing a force of 1.0g downward and 0.31g forward, the reactions being di

and main wheelg
having brakes.

and conspicuoug
identification ma
or by the Admini

5.8.2 Amendm

5.8.3 Amendm

by the principles of statics with the drag reaction at the ground applied
[Vhen specially constructed tires are used to support an airplane, ¢he’'wh
ly marked to that effect. Such markings shall include the make;size, nu
'king of the proper tire.Approved ratings are those assigned by‘the Tire g
strator.

lent 04-5 effective 11-22-46 changed part 04 to 04b’for CAR.

nt 04b-8 effective 01-01-48: Added § 04b.05 Established approval of g

by the Administrator via the TSO system. Specific text using‘the TSO system was not &
regulation until 1952. However, there is no evidence that tires were approved under the
much later e.g., 1961.

5.8.4 Part 04b re-designated as Part 4b effective 05-01-49

5.8.5 Part4b

§ 4b.392 Tires.
the tire is a prop
under the followi

(1) Airplang
(2) Load o

eprinted—As Amended to.October 1, 1949

(a) Alanding gear wheel may be equipped with any make or type of tir
r fit on the rim of theywheel, And provided, That the approved tire rating
hg conditions:

b weight eqtial-to the design take-off weight.
main wheel tires equal to the airplane weight divided by the number of

(3) Load on nose wheel tires (to be compared with the dynamic rating established f
to the reaction obtained’at the nose wheel, assuming the mass of the airplane concentrat
gravity and exerling’a force of 1.0g downward and 0.31g forward, the reactions being dist
and main wheels by the principles of stafics with the drag reaction at the ground applied only at those wheels
having brakes. When specially constructed tires are used to support an airplane, the wheels shall be plainly
and conspicuously marked to that effect. Such markings shall include the make, size, number of plies, and

identification ma

nly at those wheels
els shall be plainly
mber of plies, and

nd Rim Association

siributed to the nose

arts and appliances
dded to the
SO system until

e: Provided, That
is not exceeded

vheels.

or such tires) equal
ed at the center of

ributed to the nose

rking of the proper tire.

(b) Approved ratings are those assigned by the Tire and Rim Association or by the Administrator.

5.8.6 Part 4b Reprinted: July 20, 1950

§ 4b.336 Tires. (a) Landing gear tires shall be of a proper fit on the rim of the wheel, and their approved
rating shall be such that it is not exceeded under the following conditions:
(1) Airplane weight equal to the design take-off weight.
(2) Load on main wheel tires equal to the airplane weight divided by the number of main wheels.
(3) Load on nose wheel tires (to be compared with the dynamic rating established for such tires) equal
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to the reaction obtained at the nose wheel, assuming the mass of the airplane concentrated at the center of
gravity and exerting a force of 1.0g downward and 0.31g forward, the reactions being distributed to the nose
and main wheels by the principles of statics with the drag reaction at the ground applied only at those wheels

which have brak

esS.

5.8.7 Part 514, Technical Standard Order, effective 10-12-51: Regulations of the Administrator, Part 514,
was made available only through the Federal register where it appeared on October 12, 1951, 16 FR 10403.
Copies of Individual TSO’s contained therein were available upon application to the Aviation Information Staff,
Civil Aeronautics Administration, Department of Commerce, Washington 25, D.C. There was no TSO
available for Tires.

5.8.8 Amendment 4b-6, effective 3-5-52: Added § 4b.18-Note in the regulatory text, allowing approval of
equipment under the TSO system. The first TSO for Tires TSO-C62 was issued April 15, 1961. Prior to

1961, commerci
amendment also

5.8.9 Part 4b Reprinted As Amended to December 31, 1953

§ 4b.336 Tires.
rating shall be s\
(1) Airplang

(2) Load o each main wheel tire equal to the corresponding static ground reaction

of gravity positio

(3) Load on

to the reaction o
center of gravity
the nose and m4g
wheels which ha

5.8.10 Amendment 4b-3, effective March 13,/1956

There is included a change to section 4b.386 which establishes more up-to-date criteria f

landing gear tire

§ 4b.336 Tires.
are not exceede
(a) Main w

| aircraft tires were apparently qualified using the military specification.

AIL-T-5041. This

revised § 4b.336(a)(2) as shown in 12-31-53 Reprint; see next item.

(a) Landing gear tires shall be of a proper fit on the rim of the wheel, an
ch that it is not exceeded under the following conditions;
b weight equal to the design take-off weight.

.
nose wheel tires (to be compared with the dynamic rating established f
btained at the nose wheel, assuming the mass-of the airplane concentrat
and exerting a force of 1.0g downward and 0.31g forward, the reactions
in wheels by the principles of statics with*the drag reaction at the ground
ve brakes.

5 as follows:

Landing gear tires shall be of a proper fit on the rim of the wheel, and of
 under the following conditions:

combination of
(b) Nose

(1) The static greund reaction per tire corresponding with the most critical combinat
and center of gravity position. This load shall correspond with the static rating of the tire.

neel tires: _Egual static loads on all main wheel tires corresponding with t
aximum, takeoff weight and center of gravity position.
eel tires® Equal loads on all nose wheel tires corresponding with the fol

J their approved

at the critical center
or such tires) equal
ed at the most critical

being distributed to
applied only at those

br the selection of

oad ratings which
he most critical

owing conditions:
on of takeoff weight

(2) The dynamic ground reaction per fire at the maximum Tanding weight, assuming the mass of the
airplane concentrated at the most critical location of the center of gravity for this weight and exerting a force of
1.0g downward and 0.31g forward, the reactions being distributed to the nose and main wheels by the
principles of statics with a 0.31g drag reaction at the ground applied at those wheels which have brakes. This

load shall corres

pond with the dynamic rating of the tire.

(3) The dynamic ground reaction per tire at design takeoff weight, assuming the mass of the airplane
concentrated at the most critical location of the center of gravity for this weight and exerting a force of 1.0g
downward and 0.20g forward, the reactions being distributed to the nose and main wheels by the principles of
statics with a 0.20g drag reaction at the ground applied at those wheels which have brakes. This load shall

correspond with

5.8.11 Civil Ae

the dynamic rating of the tire.

ronautics Manual 4b: January 1958

§ 4b.336 Same as item 10. above.
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5.8.12 TSO-C62 is issued, effective April 15, 1961: § 514.67

FEDERAL AVIATION AGENCY
Washington 25, D. C.

TECHNICAL STANDARD ORDER
Regulations of the Administrator
Part 514
SUBJECT:AIRCRAFT TIRESTSO-C62

Part 514 con

appliances used
Civil Air Regulat

FAA-industry co

by the Administr

compliance with
Part 514 con

Standard Order:

Subpart B conta
each Technical
Standard Order

A REQUEST TQ

SUBPART A- -G

This subpart
which standards

States, shall furn

ance meets the

must be signed by a person duly autherized by the manufacturer, and furnished to the CH

Manufacturing

Subpart A aldo requires appropriate marking of materials, parts, processes, and appliz
(a) Name and address ofithe manufacturer responsible for compliance,

(b) Equipment name, ‘er-type or model designation,

(c) Weight to [the n€arest pound and fraction thereof,

(d) Serial numberand/or date of manufacturer, and

(e) Applicablg Technical Standard Order (TSO) number.

Technical Standard Orders for Aircraft Materials,
Parts, Processes, and Appliances

ains minimum performance standards and specifications of materials,
in aircraft and implements the provisions of sections 3.18, 4a.31, 4618
ons. The regulation uses the Technical Standard Order system Which
pbperation in the development of performance standards and specificatio
tor as Technical Standard Orders, and a form of self-regulation by indy
these orders.

Sists of two subparts. Subpart A contains the general requirements appl
5. These provisions are summarized below for £he’/convenient refg
ns the technical standards and specifications to which a particular prody
Standard Order is set forth in the appropriate ‘section of Subpart B. T
s printed below. ANY TECHNICAL STANDARD ORDER MAY BE OBT|
FAA, WASHINGTON 25, D. C.

ENERAL

brovides, in part, that a manufacturer of an aircraft material, part, procesg
are established in Subpart B, prior to its distribution for use on a civil airg
ish a written statement of conformance certifying that the material, part,

pplicable performance standards established in this part. The statemen

vision, Bureau of Flight Standards, Federal Aviation Agency, Washingto

barts, processes, and
6.18 and 7.18 of the
in brief, provides for
hs which are adopted
stry in demonstrating

cable to all Technical
rence of the public.
ct must conform, and
he subject Technical
AINED BY SENDING

, or appliance for
raft of the United
process, or appli-

t of conformance
ief, Engineering and
h 25, D. C.

nces as follows:

In addition, Subpart A provides that no deviation will be granted from the performance standards
established in Subpart B, and that the Administrator may take appropriate action in the event of
noncompliance with Part 514.

§ 514.67 Aircraft

SUBPART B

Tires - TSO-C62

(a) Applicability —

(1) _Minimum performance standards.

Minimum performance standards are hereby established for

aircraft tires, excluding tail wheel tires, which are to be used on civil aircraft of the United States. New type
and new design tires, manufactured on or after April 15, 1961, which are to be used on civil aircraft of the
United States shall meet the standards specified in Federal Aviation Agency Standard, “Aircraft Tires”™ dated
February 15, 1961.
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(b) Marking.

In lieu of the marking requirements of Subpart A, aircraft tires

permanently marked with the following information:
(1)Brand name or name of the manufacturer responsible for compliance and the country of manufacture if
outside the United States.
(2)The type, size, ply rating, and serial number.

(3)

word “reinforced” if applicable.

(4)Applicable

technical standard order (TSO) number.

shall be legibly and

The qualification test speed and skid depth when the test speed is greater than 160 m.p.h., also, the

(c) Data Requirements. (1) One copy of the following data shall be furnished to the Chief, Engineering

and Manufacturing Division, Bureau of Flight Standards, Federal Aviation Agency, Washington 25, D. C., with

the statement of conformance:

tire type and size, static and dynamic load rating, ply

rating, rated inflation

pressure, outside diameter, skid depth, static unbalance, tire weight and a summary of the Load speed-time
parameters used in the high speed dynamometer tests.

(2) The man

(3) The ma
procedures appl
(d) Qua
manufacturer, w

section. A repre
tests at the man
section.

condition for saf}

itacturer shall maintain a current file of complete design data.

nufacturer shall maintain a current file of complete data describing th
cable to his product. (See paragraph (d) of this section.)

lity control. Tires shall be produced under a quality control system, esta
nich will assure that each tire is in conformity with the requiréments of thi

entative of the Administrator shall be permitted to make such inspection
facturer's facility as may be necessary to determine compliance with the

* Copies may
Inquiry Section,

(e) Previously approved equipment. Tire types of a specific design produced prior to Af

be obtained upon request addressed to: Aeronautical Reference Bra
MS-126, Federal Aviation Agency, Washington 25, D.C.

continue to be m

February 15, 194

1.0 Purpose. 1

craft applicationg.

2.0 Scope. Th
limitation

anufactured under the provisions of their original design and test standa

FEDERAL AVIATION AGENCY STANDARD
AIRCRAFT TIRES

[0 specify minitmum requirements for new aircraft tires, excluding tail wi

s spegcification covers minimum requirements for the following types d
s aSsindicated.

D

e

inspection and test

blished by the
5 section and is in a

operation. This system shall be described in the data-required under paragraph (c)(3) of this

s and production
requirements of this

hch, Correspondence

ril 15, 1961, may
ds.

heel tires, for civil air-

f tires, having speed

(a) Type lll, VII, and VIII (for ground speeds of 160 m.p.h. or less) hereinafter referred to as

low

speed tires.

(b) Type VII and VIII (for ground speeds greater than 160 m.p.h.) hereinafter referred to as
high speed tires.

3.0 General Re

quirements.

3.1

3.1.1

Materials and Workmanship.

e determined on the basis of satisfactory service experien

dynamometer tests.

4.0 Design and Construction.

Materials. Materials shall be suitable for the purpose intended. The suitability of the materials
sha

ce or substantiating
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4.1 Unbalance. The moment of static unbalance in ounce inches shall be no greater than the following

moment values as applicable:
Type Il tire diameters up to and including 28”, Moment = 1.5D - .023D?

Type lll tire diameters greater than 28”,
Moment = .031D’- .253D

Type VIl and VIII tire diameters up to and including 28",
Moment = .01D” + .38D

Type VIl and VIII tire diameters greater than 28",
Moment = .034D?- .304D

D = Tire digmeter (Actual)

4.2 Balance Marker. A balance marker, consisting of a red dot, shall permane

sidewall of the tire immediately above the bead to indicate the lightweight point’of thg
4.3| Burst Pressure. New tires shall be capable of withstanding‘without fa
of a{ least 4.0 times the rated inflation pressure.

ntly branded into the
tire.
lure a burst pressure

ersely affected as a
d to be encountered

4 4Temperature. The airworthiness of tires.shall not be ad
ult of their being subjected to extreme ambient.iemperatures expecte
ng normal airplane operation.

res
dur

creases in ski depth,
meter tests contained

45 Trea
ma
her

d Design. Decreases in the number of tread ribs and grooves and in
He subsequent to tire qualification, shall.be substantiated by the dynamo
ein for the applicable ground speed range involved.

4.5.1 Underskid Thickness.  For tires and casings having ribbed type or nonskid tread
erns, the thickness of the rubber between the carcass and the bottom of the tread pattern

pat

shd
the

4.6 Slippagg.

shd
Su
air

4.7 Tire Airy

Il not be less than 30 percent.of the mold skid depth, except for helicoptg
minimum thickness shall not be less than 1/32 inch.

Mounted tires, when tested in accordance with the dynamometer t
Il show no evidence of slippage on the wheel rim during the first five dy
h slippage as-shall subsequently occur shall not damage the tube or v
seal of the tire-bead in the case of tubeless tires.

orthiness. The tire shall withstand the dynamometer landings specified

we

without failure or visible signs of deterioration other than ng

Al

5.0 Ratings.
5.1

r tires, in which case,

psts specified herein,

namometer landings.
alve nor damage the

herein

rmal expected tread

Static Load Rating (Airplane Tires) Static load ratings shall be established on the basis of 35%

deflection for Type lll tires and 32% deflection for Types VIl and VIl tires.

5.1.1 Static Load Rating (Helicopter Tires). Airplane tires qualified in accordance with the provisions

of this standard may also be used on heflicopters. In such case, the maximum static load
rating may be increased by 1.5 without any additional qualification testing.

5.1.2 Deflection. The vertical distance from the top of the rim flange to the outermost surface of the

tire at no load is considered as the distance equivalent to 100% deflection.
Deflection tolerances to allow for manufacturing variations shall not

5.1.3 Deflection Tolerances.
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exceed +1%, -4% for Type lll tires and +3%, -4% for Type VIl and VIl tires.

5.2 Dynamic Load Rating, Nose Wheel Tires. The dynamic load rating (maximum permissible nose
wheel tire load during braking) shall be determined as follows:
(a) Type lll tires - 1.45 x static load rating.
(b) Type VIl tires - 1.50 x static load rating.
(c) Type VIl tires - 1.40 x static load rating.

5.3 Inflation Pressure. The rated inflation pressure shall be established for each specific tire and

shall be used as a basis when complying with the tire deflection provisions of Sections 5.1,
5.1.2,and 5.1.3.

5.4 Ply Rating. The ply rating shall be established on the basis of the static or dynamic load requirement,

6.1.5

6.0 Dynamometer Test Requirements.

vhichever Is more critical.

6.1 Law Speed Tires. The tire shall withstand 200 landings on a dynamometer having a stored up

inetic energy computed as follows:

KE = CWV? , where KE = Kinetic energy, ft. Ibs.
W = Tirg load, Ibs.

V =120m.p.h.

c=0.01

6.1.1 Tire Load. At landing, and during the entire roll test, the tire shall be forced ggainst the flywheel at

the rated static load of the tire.

6.1.2 Kipetic Energy. The kinetic energy‘efthe flywheel shall be calculated for tHe rated

maximum static load of the tire:\In the event that the correct number of flywheel plates cannot
be used to obtain the calculated kinetic energy value or proper flywheel width, a greater

humber of plates shall be selected and the dynamometer speed shall be jadjusted in order that
he required kinetic energy may be obtained.

6.1.3 Dynamometer Speeds. The total number of dynamometer landings shall be divided into

wo equal partsihaving speed ranges as follows:

(a) Injthe first series of landings, the landing shall be at 90 m.p.h. and the unlapding at 0 m.p.h.
he lahding speed shall be decreased as necessary in order that 56 pergent of the calculated
inetie-eénergy is absorbed by the tire during this series.

(b) Inthe second series of landings, the landing shall be at 120 m.p.h. and the unlanding at 90
m.p.h. The unlanding speed shall be increased as necessary in order that 44 percent of the
calculated kinetic energy is absorbed by the tire during this series.

6.1.4 Test Inflation Pressure. The test inflation pressure shall be that which is necessary to
accomplish the same deflection on the flywheel under the rated static load as the flat plate deflection
of the tire at its rated static load and inflation. This determination is made on the unused tire prior to
the start of the test.

Landing Interval. The time between landings shall be chosen to be the minimum which will
assure carcass peak temperatures of not less than 160°F. or contained air peak temperatures of not
less than 140°F. for each run. Unavoidable deviations from the above shall be noted in the
substantiating test data. Carcass temperatures shall be measured within one inch above the rim
flange and in the shoulder or crown area.
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6.2 High Speed Tires. Substantiation of the tire on the dynamometer shall realistically simulate,

insofar as is practicable, runway operation and tire performance for the most critical combination of
takeoff weight and speed and airplane center of gravity position. Consideration shall also be given to
increased speeds resulting from elevated airport operations and high ambient temperatures.
Representative load-speed-time data, compiled by the airplane manufacturer, shall be the basis for
establishing the applicable dynamometer tests.

ngs. Fifty of these
ied below. Refer to
pllowed by 100
pvisions of

6.2.1 Dynamometer Test Speeds. Applicable dynamometer test speeds for corresponding
maximum operational ground speeds shall be as follows:

Maximum Operational Dynamometer

Ground Speed Test Speed

of Aircraft, fn.p.h. m.p.h.

Over  Nat Over

160 140 180

180 270 200

200 225 225
6.2.2 Dynamometer Tests. The tire shall withstand 150-dynamometer landi
landings shall be in accordance with the load-speed-time:test procedures speci
Figs. 1|and 2 for graphic representations of this test. The-above tests shall be f]
landings at 90-0 m.p.h. as specified in Paragraphs 6¢t,through 6.1.3(a). The pr
Paragraphs 6.1.4 and 6.1.5 shall apply.

6.2.2.1 Speed (
speed
averag
decele
speed
been ¢

6.2.2.2 Load Cy
The lo
after I4
roll aft
maints

6.2.2.3 Symbo

lycle. The tire shall be landed against.azdynamometer flywheel rotating §
of Sy m.p.h. Immediately thereafter, the flywheel's peripheral speed sha
e deceleration rate of D ft./sec./sec. until a value of S, is attained. No sf
ration is required after the flywheel's peripheral speed reaches a value o
of the flywheel shall be decreased in the above manner until a roll distan
overed, at which time, the tire shall be unlanded.

cle. After landing, the load shall be increased from zero to L, pounds wit
nding, or at the.moment of unlanding, whichever occurs first. If it is nece
er T, seconds(Ref. Fig. 1) in order to complete the required distance, thg

ined at ky-pounds until the required roll distance RD is completed.

Definitions. The numerical values which are used for the following symt

shall b

e determined from the applicable airplane load-speed-time data.

t a peripheral

| be decreased at an
ecific rate of

f S,. The peripheral
ce of RD feet has

nin T4 seconds.

ad shall then be further increased linearly with time to a value of L, pounds within T, seconds

bssary to continue the
load shall be

ols

S, = Initial dynamometer test speed
S, = Speed at which the average deceleration D between S;and S, does not exceed the specified

value.

D = Constant rate of deceleration between S, and S, speeds.
RD = Roll distance in feet
L, = Initial tire load

L, = Maximum rated static load of the tire.

T, = Time for applying L, load. A T,tolerance of + one second is acceptable.
T, -The elapsed time in applying the L, load

S; - v(S,*-2D (RD))
D
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A T, tolerance of + 10% is acceptable. When T, is calculated by the aforementioned formula, S,
may be ignored and D is assumed constant throughout roll distance RD. (Ref. Fig. 2)

6.2.2.4 Test Load Adjustment. If the test load curve, determined on the above basis, results in loads at a
given speed being less than those dictated by the applicable aircraft data then adjustments should
be made in Ty, L4, and/or T, to eliminate this condition.

6.2.3  Taxi Test. The tire shall satisfactorily withstand at least three dynamometer tests under the following
conditions.

Speed = 35 m.p.h.
Tire Load = Maximum static rating

Roll D

6.23.1 Ti

istance = 35,000 feet

e lemperature.

cycles
inflatio

tire on

the dynamometer is acceptable in obtaining the minimum 120°F< tire te

6.2.4 Alternat¢ Dynamometer Tests.

6.2.4.1 Variable

Loading. Alternate dynamometer tests incorporating*a variable loading

more realistically

load-speed-time

schedules specified herein.

6.2.4.2 Alternaté Procedure for Reinforced Tread Tires. . Qualification of a given ply ratin

high spe
reinforce

(a)
(b) TH
(c) TH

7.0 Optional Te

TH

d tread tire of the same size and skid“depth provided:

e lesser ply rating tire, with a pon-reinforced tread and identical carcass,
he applicable requirements specified herein.

e test conditions S¢, «RD, D, S,, T;, and T, are not less severe than thosgq
esser ply rating tire.

e ratio of thetest’loads L, to L, is not less than that applicable to the less|
necessary.adjustment in this ratio shall be accomplished by increasing L,

5t Equipment. Dynamic tests may also be run on a test drum which is a

the load, spe
type dynamd

ed,time, and roll distance are identical to those which the tire would hav

simulates actual airplane performance on the runway may be used in lig

ed tire in accordance with Paragraph:6:2.2 will automatically qualify a leg

The tire shall be heated so that, af the start of each of the three taxi test
the tire test temperature shall be no less than 120°F. No adjustment\shiall be made in the
n pressure to compensate for increases in air pressure due to tempeérature rise. Rolling the

perature.

procedure which

u of the applicable

, reinforced tread,
ser ply rating

has been qualified to

applicable to the

er ply rating tire. Any

fixed mass, provided
e if run on an inertia

meter.
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TSO-C62

FIGUEE 1

GRAPHIC REFRESINTATION OF LORD-EFREI-TTHE TEST WHER TIME
T, 0OJURS BEFORE MBJUIRED AGLL DISTINE IS JIMFLETED

I8 185

LALL

FLYWEEEL SPEED IN MLF.E.

L] TDE IN SEXMIB 1y 1'

i
T RLAND

LaNg



https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36

SAE

AIR5697

- 141 -

lamer VTR P SR TR T

FIJIHE 2

GHRAFHIZ AEFRESERTATION OF LOAD-SFERED-TTHE
TEST WEEN Ty L5 CRLOULATED

P H.

FLIWHEEL EFEED IN

Loen IN LhS,

p—————

1 TIME IN SECONDG

LaeD

i
TSO-C62
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5.8.13 TSO-C6

2a is issued, effective March 20, 1962

FEDERAL AVIATION AGENCY
Washington 25, D. C.
TECHNICAL STANDARD ORDER
Regulations of the Administrator
Part 514

SUBJECT: AIRCRAFT TIRESTSO-C62a

Part 514 con
appliances used
Civil Air Regulat]
FAA-industry co
by the Administr|
compliance with

Part 514 con
Standard Order:
Subpart B conta
each Technical
Standard Order
A REQUEST TQ

SUBPART A- -G

This subpart pro
standards are eg
shall furnish aw
the applicable p4
by a person duly]
Division, Bureau

Subpart A als
a) Name ang
b) Equipmern
c) Weight to

Technical Standard Orders for Aircraft Materials,
Parts, Processes, and Appliances

ains minimum performance standards and specifications of materials,

in aircraft and implements the provisions of sections 3.18, 4a.31, 46>18
ons. The regulation uses the Technical Standard Order system Which
pbperation in the development of performance standards and specificatio
btor as Technical Standard Orders, and a form of self-regulation by indy
these orders.

bists of two subparts. Subpart A contains the generahrequirements appl
5. These provisions are summarized below for _the convenient refg
ns the technical standards and specifications to:which a particular prody
Standard Order is set forth in the appropriate;section of Subpart B. T
s printed below. ANY TECHNICAL STANDARD ORDER MAY BE OBT|
FAA, WASHINGTON 25, D. C.

ENERAL

vides, in part, that a manufagctdrer of an aircraft material, part, process, o
tablished in Subpart B, prionto its distribution for use on a civil aircraft of|
itten statement of conformance certifying that the material, part, process
rformance standards‘established in this part. The statement of conform
authorized by the'manufacturer, and furnished to the Chief, Engineering
of Flight Standards, Federal Aviation Agency, Washington 25, D. C.

0 requires appropriate marking of materials, parts, processes, and applia
address of the manufacturer responsible for compliance,

t name; or type or model designation,

the-nearest pound and fraction thereof,

barts, processes, and
6.18 and 7.18 of the
in brief, provides for
hs which are adopted
stry in demonstrating

cable to all Technical
rence of the public.
ct must conform, and
he subject Technical
AINED BY SENDING

- appliance for which
the United States,

, or appliance meets
bnce must be signed
and Manufacturing

nces as follows:

(
(
(
(

d) Serial nu

per and/or aate of manuracturer, and

(e) Applicable Technical Standard Order (TSO) number.
In addition, Subpart A provides that no deviation will be granted from the performance standards
established in Subpart B, and that the Administrator may take appropriate action in the event of
noncompliance with Part 514.

SUBPART B

§ 514.67 Aircraft

Tires - TSO-C62a--

(a) Applicability —

(1) _Minimum performance standards.

Minimum performance standards are hereby established for

aircraft tires, excluding tail wheel tires, which are to be used on civil aircraft of the United States. New design
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tires, manufactured on or after March 20, 1962, which are to be used on civil aircraft of the United States shall
meet the standards specified in Federal Aviation Agency Standard, “Aircraft Tires”* dated February 15, 1961.
{See section 5.6.12 for Full Text of this standard}

(b)Marking. In lieu of the marking requirements of Subpart A, aircraft tires shall be legibly and permanently
marked with the following information:

(1)Brand name or name of the manufacturer responsible for compliance and the country of manufacture if
outside the United States.

(2)The size, ply rating, and serial number.

(3) The qualification test speed and skid depth when the test speed is greater than 160 m.p.h., also, the
word “reinforced” if applicable.

(4)Applicable]technical standard order (TSO) number.

(c)Data Regdirements.

(1) One copy|of the following data shall be furnished to the Chief, Engineering and Manufacturing Division,
Bureau of Flight [Standards, Federal Aviation Agency, Washington 25, D.C., with the statement of
conformance: tire size, static and dynamic load rating, ply rating, ratechinflation pressurg, outside diameter,
skid depth, statig unbalance, tire weight and a summary of the Load. speed-time parametgrs used in the high
speed dynamometer tests.

(2) The manyfacturer shall maintain a current file of complete design data.

(3) The manpufacturer shall maintain a current fileZof complete data describing the¢ inspection and test
procedures applicable to his product. (See paragraph(d) of this section.)

(d)Quality dontrol. Tires shall be produced;under a quality control system, established by the
manufacturer, which will assure that each tire\is in conformity with the requirements of this section and is in a
condition for safé operation. This system shall be described in the data required under paragraph (c)(3) of this
section. A repre}entative of the Administrator shall be permitted to make such inspections and production
tests at the mandifacturer's facility as may be necessary to determine compliance with thg requirements of this
section.

* Copies may| be obtained upon request addressed to: Publishing and Graphics Brang¢h, Inquiry Section,
MS-158, Federa| Aviation Agency, Washington 25, D.C.

(e) Previously approved equipment. Tires of a specific design produced prior to[March 20, 1962, may
continue to be mapufactured under the provisions of their original design and test staFdards.

5.8.14 Amendment 4b-12, effective May 3, 1962

a. Change to Regulation. Under Retracting mechanism, §4b.334, a new §4b.334(g) was added to read
as follows:

(g) Protection of equipment in wheel wells. Equipment located in wheel wells, which is essential to
safe operation of the airplane, shall be protected from the damaging effects of a bursting tire
unless it is shown that a tire cannot burst from overheat, or from the damaging effects of a loose
tire tread unless it is shown that a loose tire tread cannot cause damage.

b. Explanation. To insure that essential equipment in wheel wells is not damaged by loose tire treads or a
bursting tire, a provision is being added which requires protection of such equipment. As a result of comments
made on the proposal, alternatives are being added to the requirement, to permit a finding that a tire cannot
burst from overheat or that a loose tire tread cannot cause damage. It is intended that such findings will be
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based on the use of a wheel which is fitted with a fusible plug and a tubeless tire or that an extended wheel is
located so that a tire tread which has separated from the wheel cannot enter the wheel well and that the wheel
is braked to a stop before retraction into the wheel well.

5.8.15 TSO0-C62b is issued, effective September 1, 1962.

FEDERAL AVIATION AGENCY
Washington 25, D. C.

TECHNICAL STANDARD ORDER
Regulations of the Administrator
Part 514

SUBJECT:AIRCRAFT TIRESTSO-C62b

Technical Standard Orders for Aircraft Materials,
Parts, Processes, and Appliances

Part 514 whjch contains minimum performance standards and specifications for materials, parts, and
appliances used|in aircraft consists of two subparts. Subpart A contains(the general requirements applicable
to all Technical [Standard Orders. Subpart B contains the technical standards and spegifications to which a
particular produgt must conform.

ANY TECHNICAL STANDARD ORDER MAY BE OBTAINED BY SENDING A REQUEST TO FAA,
WASHINGTON 25, D. C.

Subpart A- -GENERAL

§ 514.0 Definitipn of terms.

As used|in this part:
(a) "Administrator" means the Administrator,of the Federal Aviation Agency or any person to whom he has
delegated his auﬁhority in the matter concerned.
(b) "FAA" meanps Federal Aviation Agency.
(c) "Manufactufer" means a person who controls the design and quality of an article produced under the
TSO system, induding all parts thereof and processes and services related thereto obtaigped from outside
sources.
(d) "Article" mdans the materials, parts, or appliances for which approval is required under the Civil Air
Regulations for yse on civil-aircraft.

§ 514.1 Basis and purpose.

(a) Basis. Section 601 of the Federal Aviation Act of 1958, and §§ 3.18, 4a.31, 4b.18, 5.18, 6.18, 7.18,
10.21, 13.18, and 14.18 of this title (Civil Air Regulations).
(b) Purpose. (1) This part prescribes in individual Technical Standard Orders the minimum performance and
quality control standards for FAA approval of specified articles used on civil aircraft,’ and prescribes the
methods by which the manufacturer of such articles shall show compliance with such standards in order to
obtain authorization for the use of the articles on civil aircraft.

(2) The performance standards set forth in the Individual Technical Standard Orders are those
standards found necessary by the Administrator to assure that the particular article when used on civil aircraft
will operate satisfactorily, or accomplish satisfactorily its intended purpose under specified conditions.

§ 514.2 TSO authorization.
(a) Privileges. No person shall identify an article with a TSO marking unless he holds a TSO
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! Articles may also be approved and manufactured for use on civil aircraft as a part of the type design of a type
certificate for an aircraft engine or propeller.

authorization and the article meets the applicable TSO standards prescribed in this part.
(b) Letters of acceptance issued prior to July 1, 1962. An FAA letter of acceptance of a statement of
conformance issued for an article prior to July 1, 1962, is an authorization within the meaning of this part and
the holder thereof may continue to manufacture such article without obtaining an additional TSO authorization,
but shall comply with the requirements of § 514:3 through § ;514.10.

(c)

authorization together with the following documents (See Appendix A of this subpart

Application. The manufacturer or his duly authorized representative shall submit an application for a TSO
for sample

application) to the Chief, Engmeerlng and Manufacturing Branch, Flight Standards Division, in the region in

which manufactu

rer is located.?

(1) A statement of conformance certifying that the applicant has complied with the provisions of Subpart
A and the article the applicable performance standards established in Subpart B of this part (See Appendix B

of this subpart for sample statement of conformance):;

(2) Copies|of the technical data required in the performance standards set forth in S

for the particular|

(3) Adesc
Regulations). In
with the Agency,

NOTE: When & series of minor changes in accordance with § 514.5 is-anticipated, the n

forth in his applig
change letters w|
(d) Issuance.
(1) Upon rg
section to substg
ability to producq
authorization to i
(2) If the applicg
Engineering and
compliance with

within 30 days a
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NOTE: The ap
after the date of
within 30 days a
§514.3 Conditiq

The manufacturs

article;

iption of his quality control system in the detail specified in § 1.36(of-this
complying with this provision the manufacturer may refer to current qual
as a part of a previous application.

ation the basic model numbered article with open brackets after it to den
Il be added from time to-time e.g.. Model No.100 ().

ceipt of the application and adequate supporting documents specified in
ntiate the manufacturer's statement of cohformance with the requiremen
duplicate articles in accordance with the provisions of this part, the appl
dentify his article with the applicable<ESO marking.

tion is deficient in respect to anyrequirements, the applicant shall, upon
Manufacturing Branch, submit'such additional information as may be ne
such requirements. Upon,the failure of the applicant to submit such add
ter the date of the request'therefore, his application will be denied and h
gineering and Manufacturing Branch.

plicant will be issued an authorization or notified of the denial of his appli
receipt of such application , or in the event that additional information hag
ter the datelof-receipt of such additional information.

ns on authorizations.

r‘ofian article under an authorization issued under the provisions of this

ubpart B of this part

itle (Civil Air

ty control data filed

nanufacturer may set

ote that suffix

paragraph (c) of this
ts of this part and his
icant will be given an

request by the Chief,
cessary to show
tional information

e will be so notified

cation within 30 days
5 been requested,

part shall-

(a) Manufacture such article in accordance with the requirements

and the performance standards contained in the applicable TSO of Subpart B of this part;
(b) Conduct the required tests and inspections, and establish and maintain a quality control system
adequate to assure that such article, as manufactured, meets the requirements of paragraph (a) of this

Section and is in

a condition for safe operation;

of Subpart A

(c) Prepare and maintain for each type or model of such article a current file of complete technical
data and records in accordance with §514.6; and
(d) Permanently and legibly mark each such article with the following information:
(1) Name and address of the manufacturer,
(2) Equipment name, or type or model designation,
(3) Weight to the nearest tenth of a pound,
(4) Serial number and/or date of manufacturer, and

(5) Appl

icable Technical Standard Order (TSO) number.

Reglonal Offices are located at New York, Atlanta, Kansas City, Fort Worth, Los Angeles, Anchorage.
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§ 514.4 Deviations.

Approval for a deviation from the performance standards established in Subpart B may be obtained only if the
standard or standards for which deviation is requested are compensated for by factors or design features

which provide an equivalent level of safety. A request for such approval together with the pertinent data shall
be submitted by the manufacturer to the Chief, Engineering and Manufacturing Branch of the Region in which

the applicant is located.

§514.5 Design changes.

(a) By Manufacturer- (1) Minor changes. The manufacturer of an -article under an authorization issued
pursuant to the provisions of this part may take minor design changes to the article without further approval by
the FAA. In -such case the changed article shall retain the original model number and the manufacturer shall

forward to the CHief, Engineering and Manufacturing Branch such revised dafa as may,bé necessary for

compliance with

(2) Major ¢
investigation to g
manufacturer sh
accordance with

(b) By persons
manufacturer wh
this part, unless
§514.2(c).

Note: Persons
under a TSO pu

§514.2(c).

hanges. If the changes to the article are so extensive as to require@ sul
etermine compliance with the performance standards established-in Sub
bll assign a new type or model designation to the article and(submit a ne
the provisions of § 514.2(c).

other than the manufacturer. Design changes to amarticle by a person
o submitted the statement of conformance for such article are not eligibl
such person is a manufacturer as defined in § 5440 and applies for auth

bther than a manufacturer may obtain approval for design changes to a (
suant to the provisions of Part 18 or thelapplicable airworthiness regulat

§ 514.6 Retention of data and records.

(a) A manufact]
manufactured ur

(1) A compl
design drawings
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e and currentinspection records to show that all inspections and tests re
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for at least two ypars.
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rp@ses in the event the manufacturer terminates his business or no lon

er operates under
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§514.7- Inspection and examination of data, articles or manufacturing facilities.

The manufacturer shall, upon request, permit an authorized representative of the FAA to inspect any article
manufactured pursuant to this part, and to observe the quality control inspections and tests and examine the
manufacturing facilities and technical data files for such article.

§ 514.8 Service

difficulties.

Whenever the investigation of an accident or a service difficulty report shows an unsafe feature or
characteristic caused by a defect in design or manufacture of an article, the manufacturer shall upon the
request of the Chief, Engineering and Manufacturing Branch, report the results of his investigation and the
action, if any, taken or proposed by him to correct the defect in design or manufacture (e.g., service bulletin,
design changes, etc.). If the defect requires a design change or other action to correct the unsafe feature or
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characteristic, the manufacturer shall submit to the Chief, Engineering and Manufacturing Branch, the data
necessary for the issuance of an airworthiness directive containing the appropriate corrective action.

§ 514.9 Noncompliance.

Whenever the Administrator finds that a manufacturer holding an authorization issued pursuant to the
provisions of this part has identified an article by a TSO marking and that such article does not meet the
applicable performance -standards of this part, the Administrator may, upon notice thereof to the
manufacturer, withdraw the manufacturer's authorization and, where necessary, prohibit any further
certification or operation of a civil aircraft upon which such article is installed until appropriate corrective action
is taken.

§ 514.10 Transferability and duration.

An authorization[iSSUed pursuant to the provisions of this part shall not be transierred ang is effective until
surrendered, or withdrawn, or otherwise terminated by the Administrator.
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APPENDIX A SAMPLE APPLICATION FOR TSO AUTHORIZATION

Date
(Addressed to : Chief, Engineering and Manufacturing Branch, Federal Aviation Agency, Region.)

Application is hereby made for authorization to use the Technical Standard Order Procedures.
Enclosed is a statement of conformance for the article to be produced under TSO-C

The required quality control data ! are transmitted: (herewith) (under separate cover).

Signed

APPENDIX B SAMPLE STATEMENT OF CONFORMANCE

Date

(Addressed to: Chief, Engineering and Manufacturing Branch, Flight'Standards Division,|Federal Aviation
Agency).

The undersigned hereby certifies that the article listed belowsby model, type or part number has been tested
and meets the pgrformance standards of Technical Standard\Order C . In additjon, all other
applicable provigions of Part 514 of the Regulations of the:Administrator have been met.

The technical data required by the TSO in the quantity specified are transmitted: (hergwith) (under separate
cover).
Authorization fo use TSO identification on this‘article is requested.

Signed

! Reference may| be made to data already on file with the FAA.
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SUBPART B

§ 514.67 Aircraft Tires - TSO-C62b--(a) Applicability - (1) _Minimum performance standards. Minimum

performance standards are hereby established for aircraft tires, excluding tail wheel tires, which are to be used
on civil aircraft of the United States. New design tires, manufactured on or after the effective date of this
section, which are to be used on civil aircraft of the United States shall meet the standards specified in Federal

Aviation Agency

Standard, “Aircraft Tires” dated August 1, 1962.*

(b) Marking. In lieu of the marking requirements of § 514.3(d), aircraft tires
permanently marked with the following information:

shall be legibly and

(1)Brand name or name of the manufacturer responsible for compliance and the country of manufacture if
outside the United States.

(2)The size, |

(3) Thequ
word “reinforced

(4)Applicable

(c) Data Re

ly rating, and serial number.

alification test speed and skid depth when the test speed is greater-than
” if applicable.

technical standard order (TSO) number.

quirements. Six copies each of the following shall_be furnished the C

Manufacturing B
manufacturer is
diameter, skid d
the high speed d

(d)Effective d

Branch, Flight Standards Division, Federal Aviation Agency, in the
ocated: tire size, static and dynamic load rating; ply rating, rated inflat
ppth, static unbalance, tire weight and a summary of the load-speed-tim
ynamometer tests.

ate. September 1, 1962.

160 m.p.h., also, the

hief, Engineering and
region in which the
ion pressure, outside
e parameters used in

* Copies may be obtained.upon request addressed to Publishing g
nquiry Section, MS-158, Federal Aviation Agency, Washington 25, D.C.

nd Graphics Branch,
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August 1, 1962

FEDERAL AVIATION AGENCY STANDARD
AIRCRAFT TIRES

1.0 Purpose. To specify minimum requirements for new aircraft tires, excluding tail wheel tires, for civil air-

craft application

S.

2.0 Scope. This specification covers minimum requirements for the following types of tires, having speed
limitations as indicated.

hig

3.0 General Reguirements.

(a) Type lll, VII, and VIII (for ground speeds of 160 m.p.h. or less) hereinafter referred to as
low speed tires.

'I‘b) Type VIT and VIIT (for ground speeds greater than 160 m.p.h.) herd
speed tires.

4.0 Design and|Construction.

B.1 Materials and Workmanship.

3.1.1 Materials. Materials shall be suitable for the-purpose intended.
materials

shall be determined on the basis of satisfactory service experien
dynamometer tests.

4.1 Unbﬁlance. The moment of static unbalance in ounce inches shall be no greg
mo

Moment =
Mome
D =Tire di

ent values as applicable:
Type lll tire diameters up:to-and including 28”, Moment = 1.5D - .023L[

Type lll tire diameters greater than 28”,
.031D?- 253D

Type VIl and. V1l tire diameters up to and including 28",
Moment =.01D* + .38D

Type-VT and VIl tire diameters greater than 28",
nt =.084D>- .304D

inafter referred to as

The suitability of the

ce or substantiating

ter than the following

N

matar (Aot o1\
et (Ctoaty

4.2 Balance Marker. A balance marker, consisting of a red dot, shall permanently branded into the
side wall of the tire immediately above the bead to indicate the lightweight point of the tire.

4.3 Burst Pressure. New tires shall be capable of withstanding without failure a burst pressure of at
least 4.0 times the rated inflation pressure.

4.4  Temperature. The airworthiness of tires shall not be adversely affected as a result of their being
subjected to extreme ambient temperatures expected to be encountered during normal airplane
operation.

4.5Tread Design. Decreases in the number of tread ribs and grooves and

increases in skid depth, made

subsequent to tire qualification, shall be substantiated by the dynamometer tests
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contained herein for the applicable ground speed range involved.

4.5.1 Underskid Thickness. For tires and casings having ribbed type or nonskid tread
patterns, the thickness of the rubber between the carcass and the bottom of the tread pattern
shall not be less than 30 percent of the mold skid depth, except for helicopter tires, in which case,
the minimum thickness shall not be less than 1/32 inch.

4.6 Slippage. Mounted tires, when tested in accordance with the dynamometer tests specified herein,
shall show no evidence of slippage on the wheel rim during the first five dynamometer landings.
Such slippage as shall subsequently occur shall not damage the tube or valve nor damage the
air seal of the tire bead in the case of tubeless tires.

4.7 Tire Airworthiness. The tire shall withstand the dynamometer landings specified herein
without failure or visible signs of deterioration other than normal expected tread

wear.

5.0 Ratings.

5.1 Static Load Rating (Airplane Tires) Static load ratings shall be established on the basis of 35%
deflection for Type lll tires and 32% deflection for Types VII andVIIl tires.

5.1.1 Static Load Rating (Helicopter Tires). Airplane tires qualified in accordan¢e with the provisions
Df this standard may also be used on heticopters. *In such case, the [maximum static load
ating may be increased by 1.5 without any additional qualification testing.

5.1.2 Deflection. The vertical distance from the top:af'the rim flange to the outerpost surface of
the tire gt no load is considered as the distance equivalent to 100% deflection.

5.1.3 Deflection Tolerances. Deflection folerances to allow for manufacturing variations shall not
exceed 11%, -4% for Type lll tires and +3%; -4% for Type VIl and VIII tires.

5.2 Dynamic Load Rating, Nose/AVheel Tires. The dynamic load rating (maxinum permissible nose
wheel tire load during braking) shall"be determined as follows:

a) Type lll tires - 1.45 x static load rating.
b) Type VIl tires\-1.50 x static load rating.
c) Type Vllidires - 1.40 x static load rating.

5.3 Inflation Pressure. The rated inflation pressure shall be established for eagh specific tire and
shall be'used as a basis when complying with the tire deflection provisions of Sections 5.1,
b.1.27and 5.1.3.

5.4 Ply Rating. The ply rating shall be established on the basis of the static or dynamic load requirement,
whichever is more critical.

6.0 Dynamometer Test Requirements.
6.1 Low Speed Tires. The tire shall withstand 200 landings on a dynamometer having a stored up
kinetic energy computed as follows:
KE = CWV? , where KE = Kinetic energy, ft. Ibs.
W = Tire load, Ibs.
V =120 m.p.h.
C=0.011
6.1.1 Tire Load. At landing, and during the entire roll test, the tire shall be forced against the flywheel at
the rated static load of the tire.

6.1.2 Kinetic Energy. The kinetic energy of the flywheel shall be calculated for the rated
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maximum static load of the tire. In the event that the correct number of flywheel plates cannot
be used to obtain the calculated kinetic energy value or proper flywheel width, a greater

number of plates shall be selected and the dynamometer speed shall be adjusted in order that
the required kinetic energy may be obtained.

6.1.3

two equal parts having speed ranges as follows:

Dynamometer Speeds. The total number of dynamometer landings shall be divided into

(a) In the first series of landings, the landing shall be at 90 m.p.h. and the unlanding at 0 m.p.h.
The landing speed shall be decreased as necessary in order that 56 percent of the calculated

ki

netic energy is absorbed by the tire during this series.

(b) Inthe second series of landings, the landing shall be at 120 m.p.h. and the unlanding at 90
m.p.h. The unlanding speed shall be increased as necessary in order that 44 percent of the

6.1.4

accom
of the
the sta

6.1.5 Landing
assure
less th
substa

flange

A

6.2 High Speeg

Calculated Kinetic energy IS absorbed by the tire during this series.

It of the test.

carcass peak temperatures of not less than 160°F..or contained air peak

htiating test data. Carcass temperatures shallbe measured within one in
and in the shoulder or crown area.

Test Inflation Pressure. The test inflation pressure shall be that w

re at its rated static load and inflation. This determination is made on th

nterval. The time between landings shall be chosepte.be the minimum

n 140°F. for each run. Unavoidable deviations:from the above shall be

Tires. Substantiation of the tire on the'dynamometer shall realistically si

insofa
takeof
increa
Repre
establ

sed speeds resulting from eleyated airport operations and high ambient t
entative load-speed-time data, compiled by the airplane manufacturer, §
shing the applicable dynamometer tests.

as is practicable, runway operation and tire performance for the most cr
weight and speed and airplane center of gravity position. Consideration

hich is necessary to

blish the same deflection on the flywheel under the rated static:léad as the flat plate deflection

e unused tire prior to

which will
temperatures of not
hoted in the

ch above the rim

mulate,

tical combination of
shall also be given to
emperatures.

hall be the basis for

s for corresponding

6.2.1 Dynamometer. Test Speeds. Applicable dynamometer test spee
maximum operational.ground speeds shall be as follows:
Maximum Qperational Dynamometer
Ground Spe¢ed Test Speed
of Aircraft,}‘r.p.h. m.p.h.
Over  Nat Qver
160 180 180
180 200 200
200 225 225
6.2.2 Dynamometer Tests. The tire shall withstand 150 dynamometer landings. Fifty of these

landings shall be in accordance with the load-speed-time test procedures specified below. Refer to
Figs. 1 and 2 for graphic representations of this test. The above tests shall be followed by 100
landings at 90-0 m.p.h. as specified in Paragraphs 6.1 through 6.1.3(a). The provisions of
Paragraphs 6.1.4 and 6.1.5 shall apply.
6.2.2.1 Speed Cycle. The tire shall be landed against a dynamometer flywheel rotating at a peripheral
speed of Sy m.p.h. Immediately thereafter, the flywheel's peripheral speed shall be decreased at an
average deceleration rate of D ft./sec./sec. until a value of S, is attained. No specific rate of
deceleration is required after the flywheel's peripheral speed reaches a value of S,. The peripheral
speed of the flywheel shall be decreased in the above manner until a roll distance of RD feet has
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been covered, at which time, the tire shall be unlanded.

6.2.2.2 Load Cycle. After landing, the load shall be increased from zero to L, pounds within T seconds.
The load shall then be further increased linearly with time to a value of L, pounds within T, seconds
after landing, or at the moment of unlanding, whichever occurs first. If it is necessary to continue the
roll after T, seconds (Ref. Fig. 1) in order to complete the required distance, the load shall be
maintained at L, pounds until the required roll distance RD is completed.

6.2.2.3 Symbol Definitions. The numerical values which are used for the following symbols
shall be determined from the applicable airplane load-speed-time data.

S, = Initial dynamometer test speed
S, = Speed at which the average deceleration D between S;and S, does not exceed the specified

value. )
= Corstamntrate of deceteratiombetweem Srand-Ssspeeds:
RD = Roll distance in feet
L, = Injtial tire load
LojJ= Maximum rated static load of the tire.
T4 = Time for applying L, load. A T,tolerance of + one second isfacceptable.
T, -The elapsed time in applying the L, load
=| S; - v(S,”-2D (RD))
D
A Totdlerance of + 10% is acceptable. When T,is calculated by the aforementioned formula, S,
may be ignored and D is assumed constant througheut roll distance RD. (Ref. Fig. 2)
6.2.24 Test Load Adjustment. If the test load curve; determined on the above basis| results in loads at a

given speed being less than those dictatedby the applicable aircraft data then adjustments should
be mafde in T,, L4, and/or T, to eliminate.this condition.

6.2.3  Taxi Tegst. The tire shall satisfactorily-withstand at least three dynamometer tests under the following
conditjons.

Speed = 35 m.p.h.
Tire Lgad = Maximum static rating
Roll Distance = 35,000.feet

6.2.3.1  Tite Tempetature. The tire shall be heated so that, at the start of each of the three taxi test
cycles| the tirétest temperature shall be no less than 120°F. No adjustment shall be made in the
inflatign pressure to compensate for increases in air pressure due to temperature rise. Rolling the
tire on|theydynamometer is acceptable in obtaining the minimum 120°F. tire temperature.

6.2.4 Alternate Dynamometer Tests. Alternate dynamometer tests which more realistically simulate actual
airplane performance on the runway may bé used in lieu of the applicable load-speed-time schedule.
In this respect, an acceleration load-speed-time schedule, wherein the dynamometer flywheel is
accelerated to the applicable conditions, is acceptable. In any event, the dynamometer test speed
shall be that as specified in the table shown in Paragraph 6.2.1.

6.2.4.1 Alternate Procedure for Reinforced Tread Tires. Qualification of a given ply rating, reinforced tread,
high speed tire in accordance with Paragraph 6.2.2 will automatically qualify a lesser ply rating
reinforced tread tire of the same size and skid depth provided:

(a) The lesser ply rating tire, with a non-reinforced tread and identical carcass, has been qualified to
the applicable requirements specified herein.
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(b)

The test conditions S4, RD, D, S,, T), and T, are not less severe than those applicable to the
lesser ply rating tire.

(c) The ratio of the test loads L, to L, is not less than that applicable to the lesser ply rating tire. Any
necessary adjustment in this ratio shall be accomplished by increasing L,.

7.0 Optional Test Equipment. Dynamic tests may also be run on a test drum which is a fixed mass, provided

the load, speed, time, and roll distance are identical to those which the tire would have if run on an
inertia type dynamometer.

Note: Figures 1 and 2 are for TSO-C62b

FIGEE 1
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5.8.16 TSO-C6

2b issued as FAR 37.167{ref. Doc #5065, 29FR 15317}/11-17-64

Also issued as § 37.167 {ref. Doc # 8084, 32 FR 5769}/04-11-67

§ 37.167 Aircraft Tires---TSO-C62b.

(a) Applicability---(1) Minimum performance standards. Minimum performance standards are hereby
established for aircraft tires, excluding tail wheel tires, which are to be used on civil aircraft of the United
States. New design tires, manufactured on or after the effective date of this section, which are to be used on
civil aircraft of the United States shall meet the standards specified in Federal Aviation Administration

Standard “Aircra

ft Tires” dated August 1, 1962." {same as in section 5.6.15.}

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

(1) Brand lllame or name of the manufacturer responsible for compliance

manufacture if

(2) The siz

(3) The ¢
also, the word

(4) Applicable technical standard order (TSO) numbet!

(c) Data R
Engineering an
[Agency in 19
dynamic load
unbalance, tire
dynamometer t

outside the United States.

?, ply rating, and serial number.

jualification test speed and skid depth when thetest speed is grea|
“reinforced” if applicable.

equirements.  Six copies each. of ‘the following shall be

b4 version], in the region in which the manufacturer is located:
rating, ply rating, rated.Gnflation pressure, outside diameter,
weight and a summary_of the load-speed-time parameters usec

PSts.

[Doc. No. 5065, 29 FR 15317, Nov. 17, 1964, as amended by
FR 5769. Aprl1, 1967]

and the country of

ter than 160 m.p.h.,

ished the Chief,

m
d Manufacturing Branch, Flight Standards Division, Federal Avignion Administration

tire size, static and
skid depth, static
in the high speed

Doc. No. 8084, 32

! Copies may be obtained upon request addressed to Library]
HQ%630, Federal Aviation Administration, Washington, D.C. 2055

Services Division,
3.
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5.8.17 Federal Aviation Regulations, Part 25, effective February 1, 1965

§ 25.733 Tires.

(a) Each landing gear wheel must have a tire---

(1) That s a proper fit on the rim of the wheel; and

(2) Whose load rating is not exceeded under---

(i) Equal static loads, corresponding to the most critical combination of maximum takeoff weight and
center of gravity position, on each main wheel tire; and

(i) Equal loads corresponding to the ground reactions in paragraph (b) of this section, on each nose
wheel tire.

(b) The applicable ground reactions are as follows:

(1) The static ground reaction for the tire with the most critical combination of takeoff weight and center
of gravity position. This load may not exceed the static rating of the tire.

(2) The dynamic ground reaction for the tire at maximum landing weight, assuming that the mass of the
airplane is concgntrated at the most critical location of the center of gravity for this weight|and is exerting a
force of 1.0g downward and 0.31g forward with the reactions being distributed to the ‘nes¢ and main wheels by
the principles of ptatics and with a 0.31g drag reaction at the ground applied at each-whegl with brakes. This
load may not ex¢eed the dynamic rating of the tire.

(3) The dymamic ground reaction for the tire at design takeoff weight, assuming that|the mass of the
airplane is concgntrated at the most critical location of the center of gravity fer this weight|and is exerting a
force of 1.0g downward and 0.20g forward. The reactions in this case‘must be distributed to the nose and
main wheels by the principles of statics and a 0.20g drag reaction atd¢he“ground is applied at each wheel with
brakes. This load may not exceed the dynamic rating of the tire.

5.8.18 TSO-C62b/§ 37.167 amended, Effective April 11, 1967
See 5.6.16 for text.

5.8.19 Amendment 25-23, effective May 8, 1970.
a. Change to Repulation.

§ 25.733 Tires.
[ (a) Each landing gear wheel must befitted with a suitable tire of proper fit whose speed rating approved
by the Administrator is not exceeded undercritical conditions, and whose load rating appfoved by the
Administrator is pot exceeded under--
[ (1) Equallstatic loads, correspending to the most critical combination of maximum fakeoff weight and
center of gravity [position, on each’'main wheel tire; and
[ (2) Equallloads corresponding to the ground reactions in paragraph (b) of this secfion, on each nose
wheel tire. ]

b. Explanation. |The landing gear tire requirements specified in § 25.733(a) did not requife consideration of
tire speed. Spegd is;a-Critical factor affecting the integrity of tires and the rule would include tire speed ratings
as a limitation gqvething the acceptance of tires for use on particular airplanes. In additign, the rule would
require the use of tires with speed ratings and load ratings assigned by the Administrator (not by the Tire and
Rim Association). Also, it was made clear that a “suitable tire” means a tire of “proper fit”.

5.8.20 Amendment 25-38, effective February 1, 1977.

a. Change to Regulation.
§ 25.733 Tires.

[ (c) Each tire installed on a retractable landing gear system must, at the maximum size of the tire type
expected in service, have a clearance to surrounding structure and systems that is adequate to prevent
contact between the tire and any part of the structure or systems. ]

b. Explanation. A new paragraph (c) was added, no comments were received. The rule would require that
the selection of tires for installation on retractable landing gear mechanisms take into account the tire
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production tolerances and size increases that would be expected to result from service. The FAA believes
compliance with this rule could prevent accidents that might result from jamming of landing gear mechanisms
by oversize tires.

5.8.21 Amendment 25-49, effective December 31, 1979.

a. Change to Regulation.

§ 25.733 Tires.

[ (@) When a landing gear axle is fitted with a single wheel and tire assembly, the wheel must be fitted
with a suitable tire of proper fit with a speed rating approved by the Administrator that is not exceeded under
critical conditions and with a load rating approved by the Administrator that is not exceeded under-

[ (1) The loads on the main wheel tire, corresponding to the most critical combination of airplane weight

(up to the maxi

ist reacted by inertia

[ (2) The loads corresponding to the ground reactions in paragraph (b) of this seetion, on the nose wheel

tire, except as p
[ (b) The af

ovided in paragraphs (b)(2) and (b)(3) of this section.
plicable ground reactions for nose wheel tires are as follows:

[ (1) The static ground reaction for the tire corresponding to the most critical combination of airplane

weight (up to mag
center of gravity

[ (2) The gr
to maximum land
forward acting atf
wheels by the pr|

brakes capable ¢f producing this ground reaction. This nose tire load may not exceed 1.5

of the tire.

[ (3) The gr
to maximum rarmj
forward acting atf
wheels by the pr|

brakes capable ¢f producing this ground reaction. This nose tire load may not exceed 1.5

of the tire.
[ (c) When

tandem, each wheel must be fittedwith a suitable tire of proper fit with a speed rating app

Administrator th4g
Administrator th4

[ (1) 1.07 tiges the loads specified in paragraph (a)(1) of this section on each main

[ (2) Loads
tire.
[ (d) Eacht

imum ramp weight) and center of gravity position with aforce of 1.0g ad
This load may not exceed the load rating of the tire.
bund reaction of the tire corresponding to the most critical combination o
ling weight) and center of gravity position combined-with forces of 1.0g d
the center of gravity. The reactions in this case\must be distributed to th
nciples of statics with a drag reaction equal t00.31 times the vertical loa

pund reaction of the tire corresponding to the most critical combination o
p weight) and center of gravity position combined with forces of 1.0g doy
the center of gravity. The reactions in this case must be distributed to th
nciples of statics with a drag-feaction equal to 0.20 times the vertical loa

b landing gear axle jisfitted with more than one wheel and tire assembly,

t is not exceeded under critical conditions, and with a load rating approv
tis not exceeded by-

specifieduin paragraphs (a)(2), (b)(1), (b)(2), and (b)(3) of this section on

reCinstalled on a retractable landing gear system must, at the maximum ¢

ting downward at the

airplane weight (up
ownward and 0.31g
e nose and main
d at each wheel with
times the load rating

airplane weight (up

bnward and 0.20g

e nose and main

d at each wheel with

times the load rating

such as dual or dual-
roved by the
ed by the

wheel tire; and
each nose wheel

ize of the tire type

expected in serv!

a have-a claaranca-to-cirrandina—cleiobiiea and ovotaraa thaot 1o oA
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unintended contact between the tire and any part of the structure or systems.]

§ 37.167 Aircraft Tires ---[ TSO-C62c. effective 12-31-79
TSO-C62b was revised to TSO-C62c¢ by incorporating updates and improved minimum performance
standards applicable to main landing gear and nose wheel aircraft tires along with more comprehensive
transport category airplane type design standards covering tire loads and speed ratings. The amendment for
tire standards specifies a date after which tire manufacturers can no longer identify certain high speed tires as
approved under earlier standards (TSO-C62, TSO-C62a, and TSO-C62b) ]

b. Explanation.

(1) Under § 25.733(a) and (b), the most critical combination of airplane

ate to prevent

center of gravity and

airplane maximum weight up to maximum ramp or maximum landing weight, as applicable, should be
assessed in determining the tire load rating. The engine thrust and inertia effects, while minor, should not be
excluded from this established rating.
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(2) An operational inflation pressure rating associated with the load rating is not practicable as these
pressures, prescribed by the airframe manufacturer, will vary depending upon the maximum operating gross
weight of the airplane.

(3) Under § 25.733(c), the 7 percent load factor is intended to cover unequal load conditions. Since the
7 percent load factor can only be maintained with a corresponding increase in inflation pressure, a provision
for required inflation pressure necessary to assure the application of this de-rating factor is therefore included
in the operating rule.

(4) Under § 25.733(d), intentional tire contact from items such as rub strips, spin brakes, and guide rails
is allowed; however, any other contact, considering both static and dynamic conditions, is not allowed.

(5) TSO-C62c is provided as a separate section in this document.

(a) Applicability. This technical standard order (TSO) prescribes the minimum performance standards
that tires, excluding tail wheel tires, must meet in order to be identified with the applicable TSO marking. Tires
which are to be so identified and which are manufactured on or after December 31, 1979, must meet the

requirements of

he “Eaderal Aviation Administration Standard for Aircraft Tirne, effectiv

> December 31,

1979, set forth a

(b) Marking
permanently ma

(1)Brand name and the name or registered trademark of the manufacturer responsible

(2)Speed rati
code.

(3) Applicab

(c) Data Re
to the Chief, En
Western Region

the end of this section.

In lieu of the marking requirements of § 37.7(d), aircraft’-tires
ked at least with the following:

hg, load rating, size, skid depth, serial number, and the manufacturer’s

le technical standard order (TSO) number.

guirements. (1) In addition to the data‘specified in § 37.5, the manufact
pjineering and Manufacturing Branch, Federal Aviation Administration, (
the Chief, Aircraft Engineering Division), in the region in which the ma

one copy or cop
load rating, rate

at rated load and inflation pressure, permiSsible tolerance on the nominal loaded radi
radius of the tedt tire at rated load and inflation pressure, weight, static unbalance of tH
designation, mapufacturer's part number and, for high-speed tires, a load deflection cu
times load rating, and a summary of the load-speed-time parameters used in the dynamg
in this section, the term “high-speed tire” means a tire tested at a speed greater than 120

(2) The magnufacturer-must also furnish the applicable maintenance and repair instr
regional office identified in paragraph (c)(1) of this section. The maintenance data provid
manufacturer must.include inspection criteria for tires to determine eligibility for used tires
service. Recapping/procedures must be included in the maintenance information along v

methods applica

es as otherwise requested by(the regional office, of the following technic
inflation pressure, tire size,width, outside diameter, mold skid depth, n

must be legibly and

for compliance.

art number and plant

Lrer must also furnish
or, in the case of the
nufacturer is located,
bl data: speed rating,
ominal loaded radius
s, the actual loaded
e test tire, wheel rim
ve at loads up to 1.5
meter tests. As used
mph.

ictions to the
ed by the
to be continued in

ith any special repair

ble to the tire and special nondestructive inspection techniques.

(d) Previously approved equipment.

(1) Notwithstanding § 37.3(a) and (b) of this Part and the provisions of any specific previous TSO
approval, after December 31, 1982, no person may identify or mark a tire having a speed rating above 160
mph with TSO numbers TSO-C62, TSO-C62a, or TSO-C62b.

(2) Aircraft tires, except for those specified in paragraph (d)(1) of this section, approved prior to
December 31, 1979, may continue to be manufactured under the provisions of their original approval.

Ch. 9 (Amdt.37-46, Eff. 12/31/79)
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December 31, 1979

FEDERAL AVIATION ADMINISTRATION STANDARD
FOR AIRCRAFT TIRES

1.0 Purpose. This document contains minimum performance standards for new aircraft tires, excluding tail
wheel tires that are to be identified as meeting the standards of TSO-C62c.

2.0 Scope. These minimum performance standards apply to aircraft tires having speed and load ratings that
are established on the basis of the speeds and loads to which the tires have been tested.

3.0 Material requirement. Materials must be suitable for the purpose intended. The suitability of the
materials must be determined on the basis of satisfactory service experience or substantiating
dynamometer tests.

4.0 Design ancL construction.

4.1 Unbalapce. The moment (m) of static unbalance in inch ounces may not be grepter than the value
deternined using the formula, moment (M)=0.025D? rounded off ta.the next lower whole number. D
= max|mum outside diameter of the tire in inches.

4.2 Balanc¢ Marker. A balance marker, consisting of a red dotymust be affixed on the sidewall of the tire
immediately above the bead to indicate the lightweight point of the tire. The dof must remain for any
period|of storage plus the original tread life of the tire.

4.3 Overpressure. The tire must withstand at least 3 'seconds a pressure of at least 4.0 times the rated
inflatign pressure (as specified in paragraph 5.2)»at ambient temperature.

4.4 Tempefature.

4.41 Ambient. It must be substantiated by applicable tests or shown by analysig that the physical
propeities of the tire materials have hot been degraded by exposure of the tire fo the temperature
extrenmes of not higher than -40° F'and not lower than + 160° F for a period of rot less than 24 hours
at each extreme.

442 eel rim heat. |t must be substantiated by the applicable tests or shown py analysis that the
physigal properties of the tire materials have not been degraded by exposure of the tire to a wheel
bead geat temperature of not lower than 300° F for at least 1 hour, except that low-speed tires or
nose-wheel tires-may be tested or analyzed at the highest wheel-bead seat temperatures expected
to be gncountered during normal operations.

4.5 Tread design. Changes in materials that affect performance or changes in number of location of
tread ribs and grooves or skid depth increases, made subsequent to the tire qualification, are major
changes and must be substantiated by dynamometer tests in accordance with paragraph 6.0.

4.6 Slippage. Tires tested in accordance with the dynamometer tests provided by paragraph 6.0 may not
slip on the wheel rim during the first five dynamometer cycles. Slippage that subsequently occurs may not
damage the tube, valve, or the air seal of the tire bead of tubeless tires.

4.7 Leakage. After an initial 12-hour minimum stabilization period, the tire must be capable of retaining
air pressure with a loss of pressure not exceeding 5 percent in 24 hours from the initial pressure
equal to the rated inflation pressure.

5.0 Ratings.

5.1 Load ratings. The load ratings of aircraft tires must be established in accordance with the
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provisions under §§ 23.733, 25.733, 27.733, and 29.733 of this chapter, in effect on December 31, 1979,
as appropriate.

5.2 Rated inflation pressure. The rated inflation pressure must be established at an identified ambient
temperature on the basis of the rated load as established under paragraph 5.1.

5.3 Loaded radius. The loaded radius is defined as the distance from the axle centerline to a flat surface
for a tire initially inflated to the rated inflation pressure and then loaded to its rated load against the
flat surface. The nominal loaded radius, the allowable tolerance on the loaded radius, and the

actual

loaded radius for the test tires must be identified.

6.0 Dynamometer test requirements. The tire may not fail the applicable dynamometer tests specified
herein or have visible signs of deterioration other than normal expected tread wear except as

provid

ed in paragraph 6.3.3.3.

6.1 G
tires a

6.1.1 T
againg
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6.1.2
identif
dynam
Adjust
tempe

6.1.3
herein

6.2 Ld
landin
either

6.2.1T4
the ho
test cy
tempe

bneral. The following conditions apply to both low-speed and high-speed
e subjected to the applicable dynamometer tests:

ire test load. Unless otherwise specified herein for a partictlartest, the
t the dynamometer flywheel at not less than the rated load of the tire dur
ce of the test.

[est inflation pressure. The test inflation pressuremust be the pressure
ed ambient temperature to obtain the same loaded radius against the fly
ometer as the loaded radius for a flat surface‘as defined in paragraph 5.
ments to the test inflation pressure may not\be made to compensate for i
Fature rise occurring during the tests.

[est specimen. A single tire mustbe used in the applicable dynamomet

w speed tires. Tires opefating at ground speeds of 120 mph or less mu
h cycles on a dynamometer at the following test temperature and kinetic
est method A or test'method B.

st temperature, The temperature of the air contained in the tire or of the
[test point of-{he tire must be not lower than 105° F at the start of at leas
cles. For/the remaining 10 percent of the test cycles, the contained air o
rature must’be no lower than 80° F at the start of each cycle. Rolling the

is acc

é[ptable for obtaining the minimum starting temperature.

6.2.2 Kineti

tires when these

tire must be forced
ng the entire roll

equired at an
wheel of the

B of this standard.
ncreases due to

pr test specified

st withstand 200
energy and using

carcass measured at
90 percent of the

I carcass

tire on the flywheel

as follows:

where:

K.E. = CWV? = Kinetic energy in foot pounds

C =0.0113,
W = Load rating of the tire in pounds
V =120 mph.

must be calculated

6.2.3 Test method A - variable mass flywheel. The total number of dynamometer landings must be
divided into two equal parts having speed ranges shown below. If the exact number of flywheel
plates cannot be used to obtain the calculated kinetic energy value or proper flywheel width, a
greater number of plates must be selected and the dynamometer speed adjusted to obtain the
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Where:

Tc = Calculpted time,\in seconds, for the tire to absorb the required kinetic energy.

KEw = Kinetic energy, in foot pounds, of the flywheel at given speed.

required kinetic energy.

6.2.3.1 Low-speed landings. In the first series of 100 landings, the maximum landing speed is 90
mph and the minimum unlanding speed is 0 mph. The landing speed must be adjusted so that 56
percent of the kinetic energy calculated under paragraph 6.2.2 will be absorbed by the tire. If the
adjusted landing speed is calculated to be less than 80 mph, the following must be done. The
landing speed must be determined by adding 28 percent of the calculated kinetic energy under
paragraph 6.2.2 to the flywheel kinetic energy at 64 mph, and the unlanding speed must be
determined by subtracting 28 percent of the kinetic energy calculated under paragraph 6.2.2 from
the flywheel kinetic energy at 64 mph.

6.2.3.2 High-speed landings. In the second series of 100 landings, the minimum landing speed is
120 mph and the nominal unlanding speed is 90 mph. The unlanding speed must be adjusted as
necessary so that 44 percent of the kinetic energy calculated under paragraph 6.2.2 will be
absorljed by the Tire.

6.2.4 Tgst method B - fixed mass flywheel. The total number of dynamomeéter landings must be
dividedl into two equal parts having speed ranges indicated below. Each-anding must be made in a
time period, T, calculated so that the tire will absorb the kinetic energy’determined under paragraph
6.2.2. | The time period must be calculated using the equation:

KE¢
TC =

KEwuy - KEwey  KEwu) - KEwii)

Tooy - Tuw Twuy = Twwy
For th¢ 90 mph to 0 mph test, the equation reduces to:

KEg
TC =

KEwus KEwu

Ty Twu

KE¢ = KineeEc energy, in foot pounds, the tire is required to absorb during each landipg cycle.

T, = Coast gown time, in seconds, with rated tire load on flywheel.

Tw = Coast down time, in seconds, with no tire load on flywheel.
(UL) = Subscript for upper speed limit.
(LL) = Subscript for lower speed limit.

6.2.4.1 Low-speed landings. In the first series of 100 landings, the tire must be landed against the
flywheel with the flywheel having a peripheral speed of not less than 90 mph. The flywheel
deceleration must be constant from 90 mph to 0 mph in the time Tc.

6.2.4.2 High-speed landings. In the second series of 100 landings, the tire must be landed against
the flywheel with the flywheel having a peripheral speed of not less than 120 mph. The flywheel
deceleration must be constant from 120 mph to 90 mph in the time Tc.

6.3 High-speed tires. Except as provided in the alternate test, tires operating at ground speeds

greater than 120 mph must be tested on a dynamometer in accordance with paragraph 6.3.3. The
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curves to be used as a basis for these tests shall be established in accordance with paragraph
6.3.3.2. The load at the start of the test must be equal to the rated load of the tire. Alternate tests
involving a landing sequence for tires operating at ground speeds greater than 120 mph and not
over 160 mph are set forth in paragraph 6.3.4.

6.3.1 Test temperature. The temperature of the air contained in the tire or of the carcass measured at
the hottest point of the tire must be not lower than 120° F at the start of at least 90 percent of the
test cycles specified in paragraph 6.3.3.4 and at least 105° F at the start of the overload test
(6.3.3.3) and of at least 90 percent of the test cycles specified in paragraphs 6.3.3.2 and 6.3.4. For
the remaining 10 percent of each group of cycles, the contained air or carcass temperature must be
no lower than 80° F at the start of each cycle. Rolling the tire on the flywheel is acceptable for
obtaining the minimum starting temperature.

6.3.2 Dynamometer test speeds. Applicable dynamometer test speeds for corresponding
maxinfum ground speeds are as Tollows:

Maximum groundl speed  Maximum ground speed Minimam dynamometer

of aircraft, mjph of aircraft, mph Speed rating Speed

Over Not Over of tire, mph at S, , mph
120 160 160 160
160 190 190 190
190 210 210 210
210 225 225 295
225 235 235 285
235 245 245 245

For ground speeds over 245 mph, the tire mustdbe tested to the maximum applicable load-speed-time
requirements and appropriately identified with the proper speed rating.

6.3.3 Dynamometer cycles. The test tire must withstand 50 takeoff cycles, 1 overload takeoff cycle,
and 1Q taxi cycles described below:»*The sequence of the cycles is optional.

6.3.3.1| Symbol definitions. dIhe numerical values which are used for the followihg symbols must be

determined from the)applicable airplane load-speed-time data:
Lo = Tire load at start of takeoff, pounds (not less than rated load).

L, = Tire load at rotation,pounds.
L, = Zero tife load (liftoff).

RD = Roll

So = Zero tife spe&d.
S, = Tire speed at rotation, mph.

istance, \feet.

S, = Tire speed at liftoff, mph (not less than speed rating).

To = Starto

f takeoff.

T4, = Time to rotation, seconds.
T, = Time to liftoff, seconds.

6.3.3.2

6.3.3.3

Takeoff cycles. For these cycles the loads, speed, and distance must conform to either
Figure 1 or Figure 2. Figure 1 defines a test cycle that is generally applicable to any aircraft. If
Figure 2 is used to define the test cycle, the loads, speeds, and distance must be selected based on
the most critical takeoff conditions established by the applicant.

Overload takeoff cycle. The cycle must duplicate the takeoff cycles specified under
paragraph 6.3.3.2 except that the tire load through the cycle must be increased by a factor of at
least 1.5. Upon completion of the overload takeoff cycle, the tire must be capable of retaining air
pressure with the loss of pressure not exceeding 10 percent in 24 hours from the initial test
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pressure. Good condition of the tire tread is not required.

6.3.3.4 Taxicycles. The tire must withstand at least 10 taxi cycles on a dynamometer under the

following test conditions:

Number of Minimum tire Minimum Minimum roll
test cycles load, |bs. speed, mph distance, ft.
8 Rated load 40 35,000
2 1.2 times rated load. 40 35,000

6.3.4 Alternate dynamometer tests. For tires with a speed rating of 160 mph, test cycles which

simulate landing may be used in lieu of the takeoff cycles specified in paragraph 6.3.3.2 and 6.3.3.3.
The tire must withstand 100 test cycles at rated load in accordance with paragraph 6.3.4.1 followed

by 100
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rd; and
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5.8.22 Amendment 25-52, effective September 9, 1980 {Amendments 21-50 and 37-47}

a. Change to Regulation.

§ 37.167 Aircraft Tires --- TSO-C62c.

§ 37.167 Aircraft Tires - TSO-C62c was eliminated from the regulations, previously published as Subpart B of
14 CFR Part 37, and was made available at FAA Headquarters in the Office of Airworthiness, Aircraft
Engineering Division, Systems Branch (AWS-130) and at all regional flight Standards Engineering and
Manufacturing offices. Part 37 was revoked. Subpart A of 14 CFR Part 37 became Subpart O of 14 CFR Part
21.

b. Explanation. Henceforth, a TSO is not a standard of general or particular applicability designed to
implement or prescribe law or policy. It does not fall within the definition of “rule” contained in the
Administrative Procedures-Act(5-U.S-C-551)—There-is-norequirementthataTSO bepublished as a notice of
proposed rulemgking in the Federal Register. A TSO thus becomes a voluntary standard. Future TSOs will,
through incorporption by reference, make maximum use of “voluntary standards” as;defined by the Office of
Management anfl Budget (OMB) Circular A-119.



https://saenorm.com/api/?name=ea990cd7d34357808079646ac65b8e36


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdLibBT-Regular
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /Algerian
    /AlgerianBasD
    /AlgerianD
    /AllegroBT-Regular
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /Anna
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMonospaced
    /ArialMonospaced-Bold
    /ArialMonospaced-BoldOblique
    /ArialMonospaced-Oblique
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoeD
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BakerSignet
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BermudaLP-Squiggle
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni-Bold-DTC
    /BodoniMTPosterCompressed
    /Bodoni-Roman-DTC
    /Bodoni-RomanItalic-DTC
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CaslonOpenfaceBT-Regular
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chaparral-Display
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CompactaBoldPlain
    /CompactaPlain
    /CooperBlack
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /Cutout
    /DomCasual
    /EdwardianScriptITC
    /EngraversGothicBT-Regular
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /Fences
    /FencesPlain
    /FetteEngschrift
    /FootlightMTLight
    /FranklinExtraCondGothic
    /FranklinGothic
    /FranklinGothic-Cond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GarrisonCondSans
    /GarrisonExtraBoldSansBOLD
    /GarrisonExtraCondSans
    /GarrisonLightSans
    /GarrisonSans
    /GarrisonSansBOLD
    /GarrisonSansITALIC
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GoudyOldStyle
    /GoudyOldStyleITALIC
    /GreymantleMVB
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KauflinnBOLDITALIC
    /Khaki-Two
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /Mojo
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Tilt
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGotDCD-Ligh
    /NewsGotDCD-Regu
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothic-Oblique
    /NewsGotT-Bold
    /NewsGotT-Demi
    /NewsGotT-Ligh
    /NewsGotT-Medi
    /NewsGotT-Regu
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /Nyx
    /OCRA-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /Optimum-Bold
    /Optimum-Roman
    /Ouch
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /ParagonPlain
    /Parchment-Regular
    /Playbill
    /Pompeia-Inline
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /Postino-Italic
    /Raavi
    /Ravie
    /Ribbon131BT-Bold
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /Shuriken-Boy
    /SnapITC-Regular
    /SpumoniLP
    /Stencil
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonMM
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /VAGRound
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VillageSquare
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Windsor
    /WindsorCondensed
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /WP-HebrewDavid
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




