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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,
Poalicies, Advisory Circulars, and Technical Standard Orders (TSQOs).

2. REFERENCES

21  Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE
publications shall apply. The applicable issue of other publications shall be the issue in effect on the date of
the purchase order. In the event of conflict between the text of this document and references cited herein, the
text of this document takes precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.

211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323
(inside USA and Canada) or 724-776-4970 (outside USA), www sae.org.

AlIR1064 Brake Dynamics

AIR1739 Information on Antiskid Systems

AlIR1904 Tire Spray Suppression — Airplane Design Considerations and Testing
AlIR1934 Use of Carbon Heat Sink Brakes on Aircraft

AlR4762 Complication of Freezing Brake Experience and Suggested Designs
AlIR4830 Aircraft Tire Condition Monitoring System

AIRS372 Information on Brake-By-Wire (BBW) Brake Control Systems

ARPS97 Wheels and Brakes, Supplementary Criteria for Design Endurance
ARP813 Maintainability Recommendations for Aircraft VWheels 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

ARP1907

ARP4102/2

ARP4102/3

ARP4834

ARP3257

AS227

ASTO7

AS1145

AS4833

AS8584

ARP3381

2A.2

Wheel Roll On Rim Criteria for Aircraft application

Automatic Braking Systems Requirements

Automatic Braking System (ABS)

Flight Deck Tire Pressure Monitoring System (TPMS)

Recommended Practice for Retreaded Aircraft Tires

Tire Overspeed Landing Test

Wheel and Brakes, Minimum Requirements for Civil Aircraft Applications (Cancelled May 91)
Thermal Sensitive Inflation Pressure Release Devices for Tubeless Aircraft Wheels
Aircraft Brake Temperature Monitor System

Aircraft New Tire Standard — Bias and Radial

Brake Systems, Wheels, Aircraft Design Of

Minimum Performance Recommendations for Part 23, 27, and 29 Aircraft Wheels, Brakes,
and Wheel and Brake Assemblies

U.S. Government Publications

Available from the Superintendent of Documents, Government Printing Office, Washington, DC 20402-0101,
hitp://bookstore. gpo.qgovy.

Title 14, Code of Federal Regulations {14 CFR) part 21 — Certification Procedures For Products and Parts

Title 14, Code of Federal Regulations (14 CFR) part 23—Airvorthiness Standards: Normal, Utility, Acrobatic,
and Commuter Category Airplanes

Title 14, Code of Federal Regulations (14 CFR) part 25—Airworthiness Standards: Transport Category

Airplanes

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

Rotorcraft

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

Rotorcraft

22 Other Applicable References

2.2.1  Aeronautical Bulletin 7-F, Effective March 1, 1933

2272

223

224

Aerocnautical 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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225 Civil Air Regulations Part 04 Airplane Airworthiness Transport Categories: Effective November 9,
1945

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

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

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

2210 Civil Aeronautics Manual (CAM) 4b Airworthiness Transport Categories: Effective January 1, 1958
2211 CAR Part 514, Technical Standard Orders: TSO-C26, C26a, TSO-C62, C62a, and C62b

2.212 CAR Part 37, Technical Standard Orders: TSO-C26a, C26b, and C26¢

2213 Title 14, Code of Federal Regulations (14 CFR) Part 37 - TSO-C

2214 Title 14, Code of Federal Regulations (14 CFR) Part 25 Airworthiness Standards: Transport Category
Airplanes, Effective February 1, 1965

2215 Amendment 25-23 - 14 CFR Part 25, Effective May 8, 1970

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

2.217 Amendment 25-48 - 14 CFR Part 25, Effective November 29, 19792
2.2.18 Amendment 25-49 -14 CFR Part 25, Effective December 31, 1979
2.219 Amendment 25-52 - 14 CFR Part 25, Effective June 9, 1980
2220 Amendment 25-72 - 14 CFR Part 25, Effective August 20, 1990
2.2.21 Amendment 25-78 - 14 CFR Part 25, Effective March 29, 1993
2222 Amendment 25-92 - 14 CFR Part 25, Effective February 18, 1998
2223 Amendment 25-107 - 14 CFR Part 25, Effective April 24, 2002
2224 FAA Advisory Circular AC 25.735-1, Effective April 10, 2002
2225 TSO-C135 Transport Airplane Wheels and Brakes, Effective May 2, 2002
The following apply to N/JU/A/R Small Airplanes Only

2226 Civil Air Regulations (CAR) Part 03 Airplane Airworthiness Normal, Utility, Acrobatic, and Restricted
(N/UJA/R) Purpose Categories, Effective November 13, 1945

2.2.27 CAR Part 03, Effective December 15, 1946
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2228 CAR Parn 3, Effective November 1, 1949

2229 Civil Aeronautics Manual (CAM) 3, Effective September 1, 1954

2230 CAR Part 3, Effective May 15, 1956

2231 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}

2232 Amendment 23-7, Effective September 14, 1969

2233 Amendment 23-17, Effective February 1, 1977

2.2.34 Amendment 23-24, Effective December 31, 1979

2235 Amendment 23-42, Effective February 4, 1991

2236 Amendment 23-45, Effective September 7, 1993

2.2.37 Amendment 23-49, Effective March 11, 1996

2238 Advisory Circular (AC) 23-17B, Systems and Equipment Guide for Certification of Part 23 Airplanes
and Airships, Dated April 12, 2005, Sections 23.731, 23.733 and 23.735

3. CHRONOCLOGY
3.1 Air Commerce Act of 1926

a. The roots of the FAA go back to 1926 when the U.S., as the only industrial nation that did not regulate
aviation and air commerce enacted the Air Commerce Act of 1926. |n addition, the Act was established to
foster air commerce, license pilots, certificate aircraft for airworthiness, designation, establish airways, and
operate and maintain aids to air navigation. Driven in part by the need to assure the success of the Air
Mail Act of 1925 the Air Commerce Act established the Bureau of Air Commerce to promote aviation
safety and the development of aeronautics using its regulatory authority.

(1)  On December 31, 1926, the first Air Commerce Regulations of the Aeronautics Branch became
effective. The regulations prescribed licensing, operational, and air traffic safety rules.

(2 On March 29, 1927 Type Certificate No. 1 was issued by the newly formed Bureau of Air
Commerce to the manufacturer of the Buhl-Verville J4 Airster CA-3, a 3-place open cockpit land
biplane. It had an empty weight of 1,415 pounds and a gross weight of 2,300 pounds.

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

b. 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.

c. 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 Bulleting 7 A, etc., were canceled.

3.2 Civil Aeronautics Act of 1938

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
airways,

(2 An Authority (the only one in the Government), with a five-person board, 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
accidents and recommending safety improvements.

b. 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 functions were designated as
Civil Aeronautics Administration (CAA). The CAB and CAA reported to the Secretary of Commerce.

(1)  Forthe next 18 years, the CAB made the rules while the CAA carried out operational functions. The
CAR Parts 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
equipment qualification.

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

3.3 The Federal Aviation Act of 1958

a. This Act was the culmination of long term effort to increase the effectiveness of the Government’s effort to
promote safety and develop aeronautics. In 1958, Congress created the Federal Aviation Agency by
enacting the Federal Aviation Act.

b. 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. 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.

b. 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.

¢c. The sections titled “CAA Policies which apply to Sec. 4b.xxx” were determined as “not rule” and deleted
from the Code of Federal Regulations. As CAR Part 4a “Airplane Airworthiness” had not been used for
certification of new airplanes since 1947, it was deleted.

3.5 Department of Transportation Act of 1966

a. In 1966 the Department of Transportation (DOT) was created to consolidate the various governmental
activities concerning transportation into one organization. The Federal Aviation Act of 1958 was amended
to change the FAA, The Agency, to the FAA, the Administration. The FAA Administrator reports to the
Secretary of Transportation as a result of this Act.

b. The CAB's responsibilities for accident investigation were transferred to a new independent National
Transportation Safety Board (NTSB). Although independent, the NTSB remained within the DOT for
administrative purposes only until 1975, and then was separated entirely.

4. APPLICABILITY

a. The information provided in this document is directed to airplane manufacturers, modifiers, foreign
regulatory authorities, and Federal Aviation Administration (FAA) airplane type certification engineers, and

their designees.

b. This material does not change, create any additional, authorize changes in, or permit deviations from,
regulatory requirements.
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9. 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  Cld Part 04: Airplane AW 04.442 04.443
11-01-37  Part 15 Equipment AW 15.10 15.104
05-31-38  Part 04 Reprinted 04.442 04.443
05-31-38  Part 15 Reprinted 15.10 15.104
11-15-40  Part 15 Reprinted 1510 15.104
04-01-41  Part 04 Reprinted 04.442 04.443
07-01-42  Part 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  Part 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  Adopted 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  Amd'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 4a.480-481 4a.483-T
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03-05-52  Amd't 15-4 Part 15 Rescinded/Use TSO System
03-15-52 TSO-C26 is issued: Wheels and Brakes/AS-227A

12-15-52 Amd't 4a-1 Correction of References

Documents

Document Sharing Hub

Full document details: SAE AIR5697A


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 13 of 209

5.2 Wheels, Tires, and Brakes: History of Regulations

5.21 Airworthiness Requirements for Aircraft
Aeronautics Bulletin No. 7-A, effective as amended October 1, 1934

Sec. 40. Wheels.

(A) 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
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.

(B) When the wheels installed on a specific airplane are of such a size as to require that a tire of
special construction be used to support the airplane weight, the wheels shall be plainly and
conspicuously marked to that effect. Such marking shall state the make and size of the proper
tire and the number of plies required in its construction.

5.2.2 Aeronautical Bulletin No. 7-F, effective March 1, 1933.
Chapter | — General

Sec. 4. Data Required for an Approved Type Certificate or a Letter of Approval.

Data submitted in connection with a request for the approval of an accessory or component shall include:

(A) An application for approval in duplicate, on forms which will be furnished for that purpose by the
Secretary. The data requested on these forms include the actual weight of the complete unit
under consideration.

(B) A complete set of drawings which contain all the dimensions and material specifications of the
particular item. These drawings shall be in duplicate.

(C) A list, in duplicate, of drawings submitted, giving the number and title of each drawing, preferably
arranged numerically, or a complete parts list in duplicate if that system is standard practice with
the manufacturer in question.

(D) The special data outlined in succeeding sections of these regulations for specific cases.

(E) In cases where such procedure is deemed advisable, or is specified in these regulaticns, one or
more of the actual articles shall be submitted for examination and test.

(F) If the modifications to a previously approved component or accessory are not of sufficient extent
to warrant a new model or type designation it is only necessary to submit revised drawings and
drawing lists or parts lists for inclusion in the original approved file, and technical data
substantiating the changes.

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 high-pressure tires and
low-pressure tires. Extra-ply and oversized tires may be used on approved wheels at the
maximum working load of the tire provided the rated static load of the wheel is equal to, or
greater than, the maximum working load of the tire. Standards for extra-low pressure tires are
given intable 2. The values given in tables 1 and 2 are for front-wheel tires. 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) A report of static tests demonstrating compliance with the minimum wheel-strength requirements
for each type or model wheel. Such tests shall demonstrate the strength of the wheel under
radial loads and side loads. 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
approval is requested. The radial load shall be applied to the wheel in the plane 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 be restrained by the axle only. The report shall include complete details of the test, including a
record of deflections and photographs of the test set-up, and shall be signed by the person
making the test.

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

Figure 1 Wheel Strength
Determination
£ T 20000 3 ‘
K § 5 15000 =Side SED —
g > £ 10000 = == —e— Seriest
o @ 0 5000 - : v Radigt Load
® o Q %’4 : i .
© 3 0 — ' —=— Series2
- 0 50000 100000
Required Test Load Per Wheel -
Pounds
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523
[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 cenrtificated. 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 airplane when the two main wheels are located behind the center of gravity.

04.443—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 manufacturer's recommended load rating is not
exceeded

04.4430—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 marking of the proper tire.

524
CAR 15 Aircraft Equipment Airworthiness effective November 1, 1937
151 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 Forthe 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 Forthe 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
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 -

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

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 radial 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
distributed over an arc of not more than 60°. The wheel shall be restrained only by the axle.
15.1025 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 wheel. In this case |
the required test load shall be increased over that specified in CAR 15.1021 in the ratio of
the distance from the center of the wheel to the point of maximum cross sectional width of
the tire, to the distance from the center of the wheel to the point where the load actually is
applied, thus obtaining a bending moment at the center of the wheel of the same value as
would have been obtained had the load been applied at the maximum cross sectional width
of the tire.

15.103 A main landing gear wheel shall support the required loads before failure.

15.104 When a brake is incorporated in a main landing gear wheel, the brake mechanism and its operation
shall be satisfactory to the Secretary and the brake shall be free from any undue tendency to lock or
jam.

15.105 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.

15.106 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 manufacturer’s load rating, which he uses and
recommends as a basis for his guarantee, is not exceeded.

15.107 Each unit of a certificated model of main landing gear wheel shall bear the following additional
identification data as prescribed in CAR 15.042(e): The maximum static load for which certificated.

15.108 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 CAR
15.0502:

15.1080 A report of the static tests prescribed in CAR 15.102. The report shall contain complete details of the
tests, including records of wheel deflections and photographs of the test set-ups. If the side 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 withess.

5.25
Part 04 — Airplane Airworthiness As Amended to May 31, 1938/Reprinted

Same as item 3. above.

5.2.6

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”.

5.28
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]

151040  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 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 absorption of 125% of that
determined under that paragraph.

15.1041T Adaptation of brakes to airplanes — Transport category
a. Anairplane 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. = .0334W Vg
Where K. E. = kinetic energy in foot-pounds
W =the maximum landing weight of the airplane
Vs = the power off stalling speed of the airplane
in miles per hour at sea level
in standard air at maximum landing weight.
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.

151042  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 torgue. 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. Vhen 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.

151045  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.

151046 Testlog. A logof the test runs shall be submitted together with other calculations which are
necessary to indicate compliance with the above brake regulations.

151047 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 item 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, Vgo, 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.

5.211
Part 04: November 1,1943 [Normal, Transport, and Acrobatic]/Reprinted

04.442 Wheels. Main landing gear wheels shall be of a type or model certificated by the Administrator in
accordance with the provisions of Part15 [created November 1, 1937] 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.

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 airplane when the two main wheels are located behind the center of
gravity.

04.443 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.

04.4430 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 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, Vgo, 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 octher 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.

Documents

Document Sharing Hub

Full document details: SAE AIR5697A


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 21 of 209

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
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.

15.10 (Wheels), and 15.104 (Brakes) thru 15.1080 remained unchanged.

5213
Civil Aeronautics Manual 04, Revised July 1, 1944

Introductory Note. Through out this document, this note applies to any and all references made to the Civil
Aeronautics Manual (CAM) 04.

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

04.442, 04.4420, 04.4421, 04.443, and 04.445-T: Same as under 5.2.11. except the following was added to
04.443 and 04.445-T:

04.443-Tires—A wheel appended to a previously approved tail skid installation will not be classes as a
‘landing gear wheel.” See “Minor Changes,” for an acceptable procedure of use in making such a change.__

04.445-T-Brakes This requirement is based upon the fact that compliance with the operating rules of CAR
61.712 will require great dependence upon the presence and proper functioning of brakes unless the runways
involved are unusually long. fis 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 seriocusly 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 tctal 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 controlled directionally while doing so. /n the case of a conventional landing gear it appears
unlikely that any appreciable braking effort might be safely applied on one side only of the airplane. [11-1-44].

The decision, therefore, rests with the applicant. It is recommended however, that the question be considered
well in advance of presenting the airplane and that, once the decision be taken, it be communicated to the
Civil Aeronautics Administration, together with drawings of the installation, a proposal concerning the element
or power source to be considered inoperative, and an outline of the method 9tests, calculations, etc.), by
means of which it is proposed to show compliance. [11-1-44].

5.214
Civil Aeronautics Manual 04-T, November 1, 1944
See italicized text under 13. above {ltalicized text was added to 04.445-T in this version of CAM 4-T}.

5.2.15
Adoption of New Part 04 and New Part 03 — November 1945
(i) A new Part 04 adopted on 11-09-45, applicable to Transport airplanes only.
(i) A new Part 03 was adopted on 11-13-45, applicable to Normal, Utility, Acrobatic, and Restricted
Categories [N, U, A, R]
(i) The old Part 04 remained in effect for N, T, and A categories as well

Part 04: November 9, 1945

04.300 Approved Specifications and Parts. Where the word “Approved’ or “acceptable” is used in this Part to
describe specifications, materials, parts, methods and processes, such items shall be specifically approved by
the Administrator upon a basis and in a manner found by him to be necessary to safety.

Note: 04.3563 Wheels , and 04.365 Brakes , require that wheels and brakes be certificated in accordance
with the provisions of Part 15.

5.2.16
aPart 15 Reprinted—May 31, 1946.
Same as ltem 12. above.

5.217
Re-designation of New and Old Parts 04—November 22, 1946
(i) Old Part 04 designated as Part 04a:
(ii) New Part 04 designated as Part 04b Transports only

5.2.18
Part 04a Reprinted: November 1, 1947
04.442 to 04.445-T became 04a.442 to 04a.445-T
MNo change 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 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 marking of the proper tire.

04a.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, Vgo, 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.

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

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
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 § 04a.07 was
added to read as 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 Administrator 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 certifies in a manner
prescribed by the Administrator.

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
Documents

Document Sharing Hub

Full document details: SAE AIR5697A


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 24 of 209

LANDING GEAR EQUIPMENT

15.11 Landing gear wheels {Was 15.10 thru 15103 and 15.105 thru 151080}

{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) Forthe 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 test load is equal to -

(PYyx(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.

{4) The required side test load is equal to -
(0.35)x(the radial 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 the proper pressure for the load for which certification is requested.
{(6) 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.
{7y 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 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) 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 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.

{hy 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 withessed by an inspector of the
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Administrator, in which case such inspector also will sign the report as a witness.

§ 156.12 Brakes {was 15.1040 thru 15.1047}

(a) Testing of brakes for cerification (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) Adaptation of brakes to airplanes — Transport category
{1) An airplane certificated in accordance with the transport category requirements of Part 4a

of this subchapter 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 =the maximum landing weight of the airplane
Vs = the power off stalling speed of the airplane
in miles per hour at sea level
in standard air at maximum landing weight.
(2) The wheel-brake combinations used in such airplane shall have been tested, in determining the kinetic
energy absorption under § 15.12(a), from a speed lying between 80% and 100% of Vs.

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

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

(e) Adjustment. VWhen 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 torgue which is 80% of the above without yielding to the peint of impairing service
operation.

(@) Testlog. A logofthe 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.

(hy Identification data. Each certificated brake shall bear the following identification as prescribed in §
15.5(c)(b): “The foot-pounds of kinetic energy for which it is approved.” _

5.2.22
Part 15, Amendment 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
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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
MNo change in content {Same as item 18. above.}
§4a. 477 Wheels. Main landing gear wheels shall be of a type or model certificated by the Administrator in
accordance with the provisions of Part15 of this subchapter 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.

§ 4a.478 Main landing gear wheels. 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.

§ 4a.479 Tail and nose wheels. 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.

§ 4a.480 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.

§ 4a.481 Tire markings. 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 marking of the proper tire.

§ 4a.483-T Brakes. Transport category airplanes shall be equipped with brakes certificated in accordance
with the provisions of Part 15 of this subchapter, for the maximum certificated landing weight at sea level and
the power-off stalling speed, Vgo, as defined in § 4a.739. 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 scurce 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

§ 4a.750-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.

Note: CAM 4a dated August 1959 has text identical to that shown above for §§ 4a.477, 4a.478, 4a.479,
4a.480, 4a.481, and 4a.483-T.

5.2.24

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.

TEO-C26 effective
March 15, 1952

TECHNICAL STANDARD ORDER

SUBJECT: AIRCRAFT WHEELS AND BRAKES

INTRODUCTION:

Under Section 601 of the Civil Aercnautics Act of 1938, as amended, and Parts 3, 4a, 4b and 6 of the Civil Air
Regulations issued pursuant thereto, the Administrator of Civil Aeronautics is authorized to adopt standards
for wheels intended for installation on civil aircraft. In adopting these standards, consideration has been given
to existing Government and industry standards for the minimum strength and performance requirements for
wheels intended for use on civil aircraft. This Technical Standard Order is intended to serve as a criterion by
which the product manufacturer may produce wheels which will meet standards acceptable to the Civil
Aeronautics Administration. In lieu of the above procedure, wheels may be approved as part of the aircraft
design, in which case, the aircraft manufacturer should submit the pertinent wheel drawings and include them
on the aircraft drawing list. Such wheels shall comply with the strength and perfoermance requirements for
wheels as stated in this Order, and the approval thereof will be recognized by all Civil Aeronautics
Administration representatives.

The above is also applicable to wheel-brake combinations when the regulations require that a brake shall be
rated on a basis of kinetic energy capacity in order to make it eligible for use on transport category aircraft.

DIRECTIVE:

Provision: The strength and performance requirements for wheels and brakes as set forth in Sections 4 and
5 of the Society of Automotive Engineers, Inc., Aeronautical Standard Specification

AS-227A dated February 1, 1952*, with the exceptions hereinafter noted, are hereby established as minimum
safety standards for wheels or wheel-brake combinations intended for use as main or nose wheels on civil
aircraft.

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 §9th Street, New York, New
York.

Application: Wheels or wheel-brake combinations complying with the specifications appearing in this Order
are hereby acceptable for use on civil aircraft.

Wheels or wheel-brake combinations already approved by the Administrator may continue to be installed by
the aircraft manufacturer on production aircraft:---

Documents

Document Sharing Hub

Full document details: SAE AIR5697A


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 28 of 209

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 applicant’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. Inaddition to the identification information required in Section 3.2 of Specification AS-227A (except
that “AS-227" is not required), each wheel and wheel-brake combination shall be permanently marked with the
Technical Standard Order designation, CAA-TSC-C286, to identify the wheel as meeting the requirements of
this Order in accordance with the manufacturer’s statement of conformance described below. This
identification will be accepted by the Civil Aeronautics Administration as evidence that the established
minimum safety requirements for the wheel have been met. For wheel or wheel-brake combinations approved
as part of the aircraft design, no identification marking other than the aircraft manufacturer’s part or drawing
number is required.

The above is also applicable to wheel-brake combinations when the regulations require that a brake shall be
rated on a basis of kinetic energy capacity in order to make it eligible for use on transport category aircraft.

Data requirements: None.

Effective Date: After March 15, 1952, specifications contained in this Order will constitute the basis for Civil
Aeronautics Administration approval of wheels or wheel-brake combinations for use on certificated aircraft.

Deviations: Requests for deviation from, or waiver of, the requirements of this Order, which affect the basic
airworthiness of the component, should be submitted for the approval of the Chief, Aircraft Engineering
Division, Office of Aviation Safety, Civil Aeronautics Administration. These requests should be addressed to
the nearest Regional Office of the Civil Aeronautics Administration, Attention: Chief, Aircraft Engineering
Branch.

Confermance: The manufacturer shall furnish to the CAA, Aircraft Engineering Division, Attention: W-298,
Washington 25, D. C., a written statement of conformance signed by a responsible official of his company,
setting forth that the designated
wheel or wheel-brake assembly to be produced by him meets the minimum safety standards established in
this Order. Immediately 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 Crder 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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53 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 04.385

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 1512

12-07-49 Amd'’t 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 514: The TSO System made available

03-05-52 Amd't4b-6 Changed: 4b18 4b.335 4b.336 4b.337

03-05-52 Amdt15-4 Part 15 Rescinded/ TSO System to be used

03-15-52 First TSO for Wheels & Brakes Issued: TSO-C26/Ref. AS-227A

12-31-53 Part 4b Reprinted 4b.335 4b.336 4b.337

09-01-54 CAM 4b: added Policy 4b.337-1, -2, and —3 on Brakes

03-13-56 Amd't 4b-3Misc. Amd'ts: including 4b.336-Tires & 4b.337-Brakes

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

08-12-57 Amd't 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/A5-227C

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

02-01-65 Recodified 4b into FAR 8§ 25.731 25733 25735

04-11-67 TSO-C26a/837.172 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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Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 31 of 209

11-29-79 Amd’t 25-48 Revised § 25.735(b), ()(2), (g) and TSO-C26b

12-31-79 TSO-C26¢/§37.172 issued- Wheels & Brakes

05-09-80 Amd'ts 21-50/25-52/37-47: Part 37 revoked. TSOs became voluntary standards.

05-18-84 TSO-C26¢ with Addendum | issued: Wheels & Brakes

07-20-90 Amd't 25-72 Revised § 25731 25.733 25.735(b)
02-18-98 Amd't 25-92 Added § 25.735(h)/requires worn brake accountability

04-24-02 Amd't 25-107 Revised §§ 25.731 25.735+AC

05-02-02 TSO-C135 issued: Brakes/Part 25 Only

11-26-02 Amd't 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, Vgg, as

defined in § 04.121. The brake system shall be so designed and constructed that in the event cf 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 §
04.124 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 this requirement 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 above.

04.3650 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.

04.3651 Brake controls. Brake controls shall not require excessive control forces in their operation.

5.4.2 Part 15 Reprinted—As Amended to April 15, 1944
Consolidated Part 15 versions of 1937, 1938), 19401942

Part 15: Aircraft Equipment Airworthiness

15.0 General

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 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 Forthe 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 -

(PYyx(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 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 toc bear in a box of firm earth or sand.
15.1026 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 60°. The wheel shall be restrained only by the axle.
15.1027 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 wheel. In this case |
the required test load shall be increased over that specified in CAR 15.1021 in the ratio of
the distance from the center of the wheel to the point of maximum cross sectional width of
the tire, to the distance from the center of the wheel to the point where the load actually is
applied, thus obtaining a bending moment at the center of the wheel of the same value as
would have been obtained had the load been applied at the maximum cross sectional width
of the tire.

15.103 A main landing gear wheel shall support the required loads before failure.

15.1041 Testing of brakes for certification

c. Awheel-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.

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
b. Anairplane 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 =the maximum landing weight of the airplane
Vs = the power off stalling speed of the airplane
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in miles per hour at sea level
in standard air at maximum landing weight.
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.

151048 Design. Brakes shall be free from any undue tendency to lock or jam, and  shall be suitably
shielded from water, mud, and oil.

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.

151051  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.

151052 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.

151053 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.” _

15.105 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.

15.106 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 manufacturer’s load rating, which he uses and
recommends as a basis for his guarantee, is not exceeded.

15.107 Each unit of a certificated model of main landing gear wheel shall bear the following additional
identification data as prescribed in CAR 15.042(e): The maximum static load for which certificated.

15.108 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 CAR
15.0502:

15.1080 A report of the static tests prescribed in CAR 15.102. The report shall contain complete details of the
tests, including records of wheel deflections and photographs of the test set-ups. If the side 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 withess.

5.4.3. Amendment 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 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 certifies in a manner
prescribed by the Administrator.

5.4.5 Re-designation of Parts 04a and 04b as Parts 4a and 4b: effective May 1, 1949
5.4.6. Part 4b Reprinted---As Amended to October 1, 1949

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

§ 4b .41 Specifications. (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 Civil Air
Regulations. The Administrator may adopt and publish such specifications as he finds necessary to
administer this section, 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.

(b) 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 certifies in a
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 gravity) shall be of an
approved type in accordance with Part 15 of this subchapter. 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 of this subchapter 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 of this subchapter.

§ 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 supply, it shall be

possible, as shown by suitable test or other data, to bring the airplane to rest under conditions 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 §§ 4b.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.
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§ 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 contrals. Brake controls shall not reguire 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 1510 thru 15 103 and 15.105 thru 151080}

{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) Forthe 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 test load is equal to -

(Pyx(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.

{4y The required side test load is equal to -
(0.35)x(the radial 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 the proper pressure for the load for which certification is requested.
{6) 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.
{8) 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 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) A landing gear wheel may be equipped with any make or type cof 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.

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

{h)y 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 withessed by an inspector of the
Administrator, in which case such inspector also will sign the report as a witness.

§ 156.12 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 neot in excess of the amount so determined.

(3) 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) Adaptation of brakes to airplanes — Transport category
{1) An airplane certificated in accordance with the transport category requirements of Part 4a

of this subchapter 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 =the maximum landing weight of the airplane
Vs = the power off stalling speed of the airplane
in miles per hour at sea level
in standard air at maximum landing weight.
(2) The wheel-brake combinations used in such airplane shall have been tested, in determining the kinetic
energy absorption under § 15.12(a), from a speed lying between 80% and 100% of Vs.

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

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

Documents

Document Sharing Hub

Full document details: SAE AIR5697A


http://www.avadocuments.com/doc/sae-air5697a
http://www.avadocuments.com/doc/sae-air5697a

SAE AIR5697A Page 38 of 209

(hy Identification data. Each certificated brake shall bear the following identification as prescribed in §
15.5(c)(b): “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(d) Each unit of a certificated model of main landing gear wheel shall bear the identification data as
prescribed in 15.5.

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

5.4.9. Part 4b Reprinted: July 20, 1950

§ 4b.335 Wheels. (a) Main landing gear wheels (i.e., those nearest the airplane center of gravity) shall be of
an approved type 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 weight, divided by the
number of main wheels.

(c) Nose wheels shall be tested in accordance with Part 15 of this chapter 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 loads.

§ 4b 337 Brakes-- (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 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
negative acceleration during the landing roll of at least 50% of that obtained in determining the landing
distance as prescribed in that section.

(3) Inapplying 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.

(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 Aercnautics 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,
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5.412. 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.

5413. 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 following provisions shall
apply.

{a) The maximum static load rating of each main wheel and nose wheel shall not be less than the
correspending 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 maximum kinetic energy capacity rating of each main wheel-brake assembly shall not be less than the
kinetic energy absorption requirement determined as follows:

KE = 0.0334 WVgo %N

where:

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

W=design landing weight (Ib.};

Vso= power-off stalling speed of the airplane (mph) at sea level at the design landing weight and in the landing
configuration;

N=Number of main wheels.

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

{d) The minimum stalling speed rating of each main wheel-brake assembly i.e., the initial speed used in the
dynamometer tests, shall not be greater than the Vgo used in the determination of kinetic energy in
accordance with paragraph (c) of this section.

NOTE: The provision of this paragraph is based upon the assumption that the testing 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.

§ 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) Inapplying 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
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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 necessarily depend upon
a great many things such as 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 section
4b 122, the amount of available performance data for the brakes, etc. The simplest possible procedure
appears to be to determine the average deceleration during a landing ground roll without the use of brakes
and then establish the landing distance required by section 4b.122 by 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 operation.

4b 337-1 Brake tests (CAA policies which apply 1o Sec. 4b.337). 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, the brake system should be designed to permit the appli-
cation of slightly less than half the braking deceleration 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
section 4b.337 (a) by means of calculation based upon the test data necessary to establish the landing
distance plus the brake data calculated by the aircraft manufacturer.

If the system is designed so that under the conditions here specified appreciably less than half the total
braking capacity remains or if the remaining capacity is asymmetrically disposed, tests should be conducted to
determine that half the mean deceleration may in fact be developed and/or that the airplane may be safely
controlled directionally while doing so.

(a) [Rescinded.]

(b)Y Brake controls, section 4b.337 (b). General brake control force and operation should be noted
throughout the flight test program to determine that they are satisfactory.

(c) Parking brake controls, section 4b.337 (c). During engine run-up prior to takeoff 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. 6953, Aug.

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

4b 337-2 Brake systems. {(CAA pdlicies which apply to sec. 45.337.) 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 conirol 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 fulfill
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 although such control is optional.
(19 F. R. 4461, July 20,1954, effective Sept. 1,1954.)

4b 337-3 Replacement or modified brakes (CAA pdlicies which apply to sec. 4b.337).

{a)General. Replacement or modified brake installations may be approved on the basis of dynamometer
tests together with functional flight tests in lieu of measured accelerate-stop and landing distance flight tests if
the decelerate performance based on dynamometer data is shown to be equal to or better than the original
airplane flight test decelerate performance. Dynamometer tests which simulate actual airplane decelerate
distance tests may incorporate variable kinetic energy absorption rates simulating flight test deceleration
conditions, and may include an energy allowance for the aerodynamic drag of the airplane which occurs
during the deceleration portion of the accelerate-stop and landing runs. However, if any improvement in
decelerate performance over that shown in the original Airplane Flight manual is desired, then this policy is
inapplicable and complete airplane flight tests will be required.

{(1YThe procedures of (c) through (g) may be used for substantiating replacement or modified brake
installations and may be applied to approved brakes of any manufacturer. The replacement brake does not
have to be manufactured by the maker of the original brake.

(2)Brakes which have been approved under TSO or preceding approval standards (whichever is
pertinent) may be approved as a replacement brake on an existing airplane type upon the presentation of test
reports and other pertinent computations showing:

(i) That, insofar as deceleration performance is concerned, the replacement or modified brakes are
equal to or better than the original brake installation on the basis of dynamometer tests contained in this
section, and

(iNThat, the replacement or modified brakes when installed on the airplane, comply with the ground
handling requirements of section 4b.170.

(b) Brake modifications. Modifications to a previously approved wheel-brake installation involving changes to
component parts which will involve variations in kinetic energy absorption characteristics should be subjected
to the dynamometer tests contained in (b) (1) in addition to the dynamometer tests specified in (e) and (f) for
the accelerate-stop and landing conditions and should also include a check of 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%y.g
(i) One test simulating the stopping of an airplane at 125 percent kinetic energy.

(c) Determination Of kinetic energy requiirements.
(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
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formula:
KEayn = KEw - 1/2 KEag where:

KEw=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.

KEaqs=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) In the case of brakes modified as described in paragraph (b) the kinetic energy to be abscrbed on the
dynamometer should be determined in accordance with the following formula:
KEgyn = KEuy - KEaq
{i) This formula should not apply to modifications of a replacement brake which has been approved in
accordance with (1) of this paragraph. Such modifications of a replacement brake should meet the same
dynamometer requirements as the replacement brake did when originally installed.

{dy Dynamometer test method.

(1) There should be no artificial cooling of the brakes during dynamometer tests. Ventilating air flowing
normal to the tire tread is permissible.

(2) For wheel-brake installations where dual or duplex brakes are used, the dynamometer tests should
be conducted on an entire wheel-brake unit.

(3) Brake lining should not be run-in to a degree which would be greater than the run-in for new lining
when installed on an airplane prior to being put in regular airline service.

(4) Due to wing-lift acting on the airplane, the dynamometer tests should account for tire rolling friction
due to the differential in braking effect resulting from the varying rolling radius of the tire on the runway as
compared to the constant tire radius at constant tire deflection which occurs throughout the entire dynamom-
eter run.

{5) The dynamometer mass should be corrected so that the selected inertia equivalent (1.E.) will result in
a correct or conservative kinetic energy test value.

(6) During dynamometer testing a variable brake pressure, which does not exceed that pressure which
is available from the airplane brake system intended for use with the replacement brake, should be used in
duplicating as nearly as practicable the original airplane torque-speed and velocity-time flight test data
corrected for aerodynamic drag and tire rolling friction.

(e) Accelerate-stop distance fest. This condition is normally the most critical from a kinetic energy
standpoint. The original flight test accelerate-stop deceleration camera data obtained during the type
certification tests of the airplane should be obtained and corrected for aerodynamic drag and tire rolling
friction.

{1) Continuous records of dynamometer torque-speed or velocity-time data for at least three of the runs,
when absorbing the required kinetic energy for the critical combination of takeoff weight and V, speed, should
duplicate, as nearly as practical, the original airplane brake deceleration data. These dynamometer records
should be converted to corrected and faired velocity versus distance values and be plotted and superimposed
on the curve for the criginal airplane velocity-distance data, and

9 The modifier of the brake should substantiate the fact that the original brake ac?_roval tests and the tests
specified in (i) and (”t) were conducted under similar conditions andthat the modified brake assembly is at
j[east the equal to ctjha previocusly approved as an equipment item insofar as energy absorption and stépping
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 (g) 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, inscfar as landing distances
are concerned.

(g) Aircraft functional fests. The brakes should be tested on the airplane to determine their functional
characteristics as indicated in (a) (2). Functioning characteristics should be observed during taxi and engine
run-up conditions and at least three normal takeoffs and landings, at the maximum landing weight, should be
conducted. During these tests, the brakes should be checked for any undesirable characteristics such as
"grabbing," 'fading," etc., and should at least be visually inspected, without dismantling, at the completion of
the test in order to determine any evidence of malfunction or failure. If no malfunctioning has occurred, this
visual inspection is adequate, but if malfunctioning does cccur, a thorough inspection should be conducted. If
any characteristics arise which indicate that stopping distances would exceed the original values in the CAA
Approved Airplane Flight Manual, then the Administrator may require actual camera recorded airplane
deceleration tests or any other tests deemed necessary to establish the adequacy of the brakes.

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

5416 Amendment 4b-3, effective March 13, 1956
Amended § 4b.337(a)(2) — Brakes- by deleting the word “connection” and inserting in lieu thereof the word
‘connecting”.

5.4.17 Civil Aeronautics Manual 4b: May 1, 1956

4b.337-4 Antiskid devices and installations (CAA padlicies which apply to sec. 4b.337).
(@) Eligibility. Antiskid devices meeting the airworthiness portions of Military Specification MIL-B-8075
(ASG) and any amendments'® thereto, are acceptable for installation on civil aircraft. Requests for deviations
from these specifications should be submitted to the CAA Regional Office; Aircraft Engineering Division. The
installation of the antiskid device should comply with the requirements specified in paragraph (b) of this
section. The antiskid device and its installation will be approved for use on civil aircraft when the tests
specified in paragraph (c) of this section have been satisfactorily demonstrated.

(bY 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
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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 incorpcrates 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) Sysftems. 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.

{)In 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.

10F’roposed amendments may be obtained from the Civil Aeronautics Administration, Washington 235,
D.C.

{(iNAn indicating means should be provided to warn the pilot or copilot in the event of antiskid
malfunction. For simple mechanical type antiskid installations wherein any single probable malfunction is
considered remote and which will render only one braked wheel inoperative insofar as antiskid operation is
concerned, the indicating means need not be located in the cockpit. Nofe: This policy item (i) was deleted
effective May 5, 1958.

(i) A means should be provided so that the pilot or copilct can readily deactivate the antiskid
system. For simple mechanical type antiskid installations wherein any single probable malfunction is
considered remote and which will render only cne braked wheel in-operative insofar as antiskid operation is
concerned, the deactivating means need not be located in the cockpit.

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

{v)The antiskid equipment should insure satisfactory operation on slippery runways as well as on dry
hard surfaced runways without additional antiskid adjustments.

{c) Tests and analyses.

(1When an antiskid system is included as original equipment on an airplane, it is not required that field
length data, " with antiskid inoperative, be determined.

{2)Tests and analyses for the approval of an antiskid system to be used with a previously approved
brake installation, without consideration for reduction of runway distances, should be conducted in accordance
with this paragraph. When equivalent alternate procedures are developed and approved, they may be used in
lieu of the method specified in this paragraph. If credit for shorter field lengths is requested on the basis of an
antiskid installation, then complete flight tests should be conducted in accordance with sections 4b.115,
4b.122, 4b.123, 4b.170 and 4b.171.

{3)When an antiskid system is installed, the braking performance and airplane stopping distances
should be at least equivalent to those obtained during the accelerate-stop and landing type certification tests.
The tests to be conducted 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 antiskid device. However,
should it become necessary for a particular type of installation, these tests may be modified as warranted.

(NConduct 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))

{(inConduct at least one landing deceleration test at each of the following weights: maximum landing
weight, an intermediate landing weight and normal minimum landing Weight.” 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
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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 braking is used.

(N)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 difficulties or the need for frequent adjustments, then accelerated service functioning and relia-
bility tests should be conducted as deemed necessary.

(21 F. R. 2558, Apr.18, 1956, effective May 15, 1956.)

" It is desirable to determine field length data with the antiskid inoperative in order that airplane operation
may be conducted with antiskid inoperative if so desired by the operator.

2 In order to assure stopping distances equivalent to those shown in the Airplane Flight Manual, camera

recording, or equivalent recordation methods should he used. To ascertain that the measured stoppin
distances are equivalent to those in the Airplane Flight Manual it will be necessary to compare the measure
antiskid data with the data obtained during the manufacturer's original certification test, for the weight used in
the antiskid test, at the highest speed for that weight shown in the Airplane Flight Manual.

13_If it can be shown by the accelerate-stop distance tests conducted and the data obtained in subdivision (i} of
this subparagraph that the landing distances when using normal landing braking technigues, would not exceed
the landing distances approved without antiskid devices, then the landing distance tests specified in
subdivision (ii) of this subparagraph need not he conducted.

5.4.18 Amendment 4b-8, effective August 12, 1957

{1) A change was made to § 4b.335(c) to permit greater flexibility in determining the required energy capacity

for wheel brakes. By amending § 4b.335(c) by deleting so much of the first sentence as precedes the formula
and inserting in lieu thereof the following: “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 wheel
brake assembly by the following formula:”

(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 directional control of the
airplane.

5.4.19 Civil Aeronautics Manual 4b: January 1958

§ 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
correspending 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 wheel brake assembly by the following formula:

KE = 0.0334 WVgo /N

where:

KE=kinetic energy per wheel (ft.-1b.);

W=design landing weight (Ib.};

Vo= power-off stalling speed of the airplane (mph) at sea level at the design landing weight and in the landing
configuration;

N=Number of main wheels.

NOTE: The expression for kinetic energy assumes an equal distribution of braking between main wheels.
In cases of unequal distribution the expression requires appropriate modification.
{d) The minimum stalling speed rating of each main wheel-brake assembly i.e., the initial speed used in the
dynamometer tests, shall not be greater than the Vg4 used in the determination of kinetic energy in
accordance with paragraph (c) of this section.

NOTE: The provision of this paragraph is based upon the assumption that the testing 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.

§ 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 section 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) Inapplying 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.

{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) Anii-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/AS8-227C

FEDERAL AVIATION AGENCY
Washington 25, D. C.

TECHNICAL STANDARD ORDER
Regulations of the Administrator
Fart 514

SUBJECT AIRCRAFT WHEELS AND BRAKESTSO-C26a

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

Part 514 contains minimum performance standards and specifications of materials, parts, processes, and
appliances used in aircraft and implements the provisions of sections 3.18, 4a.31, 4b.18, 6.18 and 7.18 of the
Civil Air Regulations. The regulation uses the Technical Standard Order system which, in brief, provides for
FAA-industry cooperation in the development of performance standards and specifications which are adopted
by the Administrator as Technical Standard Orders, and a form of self-regulation by industry in demonstrating
compliance with these orders.

Part 514 consists of two subparts. Subpart A contains the general requirements applicable to all Technical
Standard Orders. These provisions are summarized below for the convenient reference of the public.
Subpart B contains the technical standards and specifications to which a particular product must conform, and
each Technical Standard Order is set forth in the appropriate section of Subpart B. The subject Technical
Standard Order is printed below. ANY TECHNICAL STANDARD CRDER MAY BE OBTAINED BY SENDING
A REQUEST TO FAA, WASHINGTON 25, D. C.

SUBPART A- -GENERAL

This subpart provides, in part, that a manufacturer of an aircraft material, part, process, or appliance for which
standards are established in Subpart B, prior to its distribution for use on a civil aircraft of the United States,
shall furnish a written statement of conformance certifying that the material, part, process, or appliance meets
the applicable performance standards established in this part. The statement of conformance must be signed
by a person duly authorized by the manufacturer, and furnished to the Chief, Engineering and Manufacturing
Division, Bureau of Flight Standards, Federal Aviation Agency, Washington 25, D. C.

Subpart A also requires appropriate marking of materials, parts, processes, and appliances as follows:
{a) Name and address of the manufacturer responsible for compliance,

{b) Equipment name, or type or model designation,

{c) Weight to the nearest pound and fraction thereof,

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

{e) Applicable Technical Stand 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

§ 514.72Aircraft 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, 1959,ﬂ with the
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exceptions in subparagraph (2) of this paragraph.

(2)Exceptions.

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

(il 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.

(i) 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) Reference Table Il of AS 227-C. Change 65 to 100 normal energy dynamometer stops in Method |
and II.

(v) Reference Table Il of AS 227-C. Change Note 2 to read as follows: One change of brake lining and
attached discs is permissible in making the 100 normal energy stops. The remainder of the brake
assembly parts shall withstand the 100 normal energy stops without failure or impairment of operation.

{vi) Reference Notes 3, 6, and 8 of Table |l of AS 227-C. The most critical speeds used in the analysis
shall include consideration for high ambient temperatures and airport elevations.

1/Copies may be obtained from the Society of Automotive Engineers, Inc.,
485 Lexington Avenue, New York 17, New York.

e
{vii) ARP 586 “Wheel Castings" dated March 1, 1960. v
{a)Add the following sentence at the end of paragraph 2. “Acceptance of the provisions contained herein is
predicated on the use of a casting factor of not less than 1.33 on ultimate radial and side loads."

{b)Add the words "in accordance with paragraph 4.1 or 42" to the end of paragraph 4.3.

{c)Paragraph 5.2.2. Replace the words "When at least five consecutive acceptable quality castings have
been produced" by the following: “When quality control history is established, ** * "

{dYRevise the end of paragraph 9.1 to read as follows " * * * in lieu of the procedures outlined above when
authorized by the FAA"

(byMarking. In lieu of the marking requirements of Subpart A, the aircraft wheels and brakes shall be
legibly and permanently marked with the following information:

{1YName cof 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. (See
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