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AIR1934A has been reaffirmed to comply with the SAE five-year review policy.
FOREWORD

The original document was issued October 1985 and was developed by use of a questionnaire. The
document was subsequently revised with the input of various A-5 members and guests. The document
attempts to present views of airframer, brake manufacturer, and aircraft operator.

1. SCOPE:

The purpose of this document is to relate areas where carbon brake technology may differ from
traditional steel brake technology in design and performance. Carbon brakes have been used on
military aircraft for many years and are now frequently used on newly commercial developed aircraft.
This document presents some of the lessons learned.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification 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 specification
and references cited herein, the text of this specification takes precedence. Nothing in this
specification, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP1493 Wheel and Brake Design and Test Requirements for Military Aircraft

AIR4762 Freezing Brake Experience

ARP4850 DRAFT Minimum Performance Standards, Transport Category Aircraft Wheels and
Brakes
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2.2 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-W-5013 Wheel and Brake Assemblies, Aircraft General Specification for
MIL-B-8584  Brake Systems, Wheel, Aircraft Design of

3. TECHNICAL REQUIREMENTS:

3.1  Thermal Compatibility:

a. Heat Capacity Carbon Versus Steel: Carbon brake heat sink materials have greater heat
capacity per unit of weight than steel heat sink materials (at least double) but these same
materials have less heat capacity per unit of volume. Typically, the operating temperatures of
the carbon heat sink is substantiaily above that of the steel heat sinks. The carbon brake
continues to work effectively at temperatures well above the temperature of steel brakes.

b. Temperature Indicators and Thermal Fuses: Normally carbon brakes are designed to work
hotter than steel. This could result in higher wheel, tire, bearing, actuating fluid, piston seal, and
axle operating temperatures if compensating features such as improved heat shields are not
included in the wheel and brake design. Brake temperature sensors may be considered with
appropriate annunciation. Some users report somewhat less than desired reliability of these
devices on carbon brakes, perhaps related to vibration failures. Most airline type aircraft with
carbon brakes report some sort of brake temperature monitoring system. Wheel fuses and/or
temperature indicators should be selected such that pilots and/or maintenance personnel shall
he alerted to excessive tire, axle, fluid or shock strut temperature exposures and degradation of
the metallic chassis of the brake unit. The last point being of particular interest, in the event of a
rejected takeoff, is that the carbon heat sink may survive undamaged but the brake or other
structure may be heat damaged.

¢. Heat Shield Installation: The designer must consider the above possibilities and thermally isolate
the landing gear structure, the wheel, and hrake hardware or select high temperature seals, high
temperature fluids and consider the effect on plating, shotpeening or mechanical properties of
structural members and generally the effect on all surrounding materials. It may be advisable, in
the application of carbon brakes, to include in the design added wheel and brake heat shields
(special multilayered thermal barriers) . Heat shields have also been added to prevent seal
failures due to heat. Heat shields in the torque tube should be designed in such manner as to
resist/prevent damage from repeated wheel removals and installations and other handling
damage.

Documents

Document Sharing Hub

Full document details: SAE AIR1934A


http://www.avadocuments.com/doc/sae-air1934a
http://www.avadocuments.com/doc/sae-air1934a

SAE INTERNATIONAL AIR1934™A Page 3 of 8

3.1 (Continued):

d. Carbon Heat Stack Oxidation: Rates of carbon oxidation increase with higher temperatures and
cumulative exposures above 800 °F. In most carbon brake designs, in service usage will likely
incur temperatures above 800 °F. The brake designer must therefore predict cumulative
temperature-time exposures anticipated in actual operation to assure that carbon strength is not
diminished below design minimum allowables. Oxidation control is typically achieved by
protective penetrants and/or coatings, by proper selection of carbon heat sink new and worn
weights (temperature control}, and/or by carbon disc reprocessing at refurbishment intervals. In
some route structure applications, axle fans are utilized to lower heat sink temperatures. Care
must be exercised in design however to assure that temperatures are low enough such that
brake cooling fan forced air does not result in increased oxidation at high brake temperatures.

e. Brake Cooling Fans {Aircraft Installed Equipment): Brake cooling fans, usually electrically
powered, are occasionally used on high performance, large brakes. Their function is to prevent
equipment over temperature and to shorten turnaround time by reducing brake temperatures to
acceplabie ieveis in the time that an aircraft can be serviced and loaded and ready for takeoff.
The increased temperatures of carbon heat sinks may lead to a tradeoff study on the use of
increased heat sink mass versus brake cooling fans. The tradeoff study should include added
maintenance time including added manpower for wheel changes, reliability and maintenance of
the cooling fans, and added weight of fans or brake mass. The tradeoff study should include a
detailed thermal analysis to ensure that the fan and associated support structure does not act as
a path for brake heat to be transferred to the wheel rim or tire bead. Airline preferences including
turn around times may be considered.

f. Thermal Analysis: Thermal analysis is advisable in the air frame design as well as in the wheel
brake and tire design. Particular attention appears to he necessary if an airfframe which has
been fitted with steel brakes is being converted to carbon. Generally carbon brakes require more
space and hence could expose surrounding structure and exposed systems to higher
temperatures due to reduced clearance with airframe structure

g. Operating Temperatures: Carbon brakes offer reduced weight but greater volume at operating
temperature equal to steel or if conditions permit even greater weight saving can be obtained at
the price of higher operating temperature.

h. Hydraulic Temperatures: The brake designer must maintain both the hydraulic fluid and seals
within their operational temperature limits over the full wear life of the brake. Service experience
has shown that currently used seal materials will perform adequately when operated within the
temperature limits of the fluid. Design consideration should be given to the sealing capability
during an overheat condition (RTO cycle) and also cold soak conditions for aged and worn seals.
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