AEROSPACE AIR4358™ REV. A
INTEENATIONALS INFORMATION REPORT lssued 1991-02

Reaffirmed 2017-05
Stabilized 2022-06

Superseding AIR4358

Steering Effect of Tilted, Free-Swiveling Nose Gears

RATIONALE

This document represents a piece of work which is stable and not evolving; as a result, the document will be moved to
stabilized status—relevant information for the industry which is not evolving.

STABILIZED NOTICE
This document has been declared “STABILIZED” by SAE A-5 Aerospace Landing Gear Systems Committee and will no

longer be subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability
of technical requirements. Newer technology may exist.

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2022 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. ™

| =4
TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) : f ) Woia ral
Tel:  +1724-776-4970 (outside USA) For more information cn 1 StabdardE\IIISI)i %Paring ub
Fax:  724-776-0790 https://www.sae.orq/standards/conter?t?M
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org

Full document details: SAE AIR4358A


http://www.avadocuments.com/doc/sae-air4358a
http://www.avadocuments.com/doc/sae-air4358a

SAE INTERNATIONAL AIR4358™A 10F 12

FOREWORD

Ground operations of aircraft equipped with free-swiveling nose gears can lead to sudden and
unexpected cornering forces that may cause the aircraft to depart the runway. The development of
these cornering forces can be the result of a main gear tire failure or a strut deflation, which causes the
aircraft to assume a tilted or banked attitude. This phenomenon was observed in 1966 during landing-
gear tests of an HL-10 manned lifting body entry vehicle. These unwanted cornering forces have also
contributed to excessive differential braking requirements for some Space Shuttle orbiter [andings due to
crosswind and runway crown effects. Furthermore, this phenomenon may have contributed to several
fighter aircraft accidents following tire failure during landing rollout.

1. SCOPE:
This Aerospace Information Report (AIR) considers the origin of cornering forces generated by tilted,
free-swiveling nose gears; the effect of various landing gear parameters on the measured cornering
forces; and a method of towing aircraft to measure the resulting steering forces.
2. APPLICABLE DOCUMENTS:
The following publications form a part of this specification to the extent specified herein.
2.1 SAE Publication:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Daugherty, Robert H. and Stubbs, Sandy M.: The Generation of Tire Cornering Forces in Aircraft
with a Free-Swiveling Nose Gear. SAE Technical Paper 851939, 1985.
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2.2 Other Documents:

Daugherty, Robert H. and Stubbs, Sandy M.: A Study of the Cornering Forces Generated by Aircraft
Tires on a Tilted, Free-Swiveling Nose Gear. NASA TP 2481, 1985.

Stubbs, Sandy M. and Tanner, John A.: Techniques for Measuring Side Forces on a Banked Aircraft
with a Free-Swiveling Nose Gear. NASA TM 87719, 1986.

3. ORIGIN OF CORNERING FORCES:

3.1 Free-Swiveling Nose Gear:
When a pneumatic tire is rolling at a tilt angle, one edge of the tire footprint will have a smaller rolling
radius than the other and this forces the tire to behave like a rolling cone. This cone effect develops
a torque within the tire footprint, which causes the free-swiveling tire to steer in the tilt direction. The
steering angle generates a cornering force as shown in Figure 1. Because this cornering force acts
along a line that is behind the steer axis of the nose gear strut, a self-aligning torque, which counters

the cone effect torque, is also generated. Under steady-state tilt rolling the steer angle increases
until the torque from the cone effect and self-aligning torque are balanced.

Fwd
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Cornering force 4—% l j
/ Cone effect torque

Self-aligning torque

FIGURE 1 - Generation of Cornering Forces in Free-Swiveling Nose Gear Tire Footprint
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3.2 Fixed Nose Gear:
Afixed nose gear tire rolling at a tilt angle also develops a cone effect torque. However, since the tire
is not free to swivel, no significant cornering forces are produced and the torque from the cone effect
is balanced by strut torsion.

4. EFFECT OF LANDING GEAR PARAMETERS ON FREE-SWIVELING STEERING FORCES:

4.1 Tilt Angle:
The cornering force friction coefficient developed by a free-swiveling nose gear tire generally
increases linearly with tilt angle. The magnitude of the tilt steering effect for a particular nose gear
configuration will be a function of the characteristics of that gear as shown in Figure 2.

42 Trail:

The cornering force friction coefficient developed by a free-swiveling nose gear tire will decrease with
increasing trail as shown in Figure 3.

4.3 Rake Angle:
Forward rake angle has the effect of reducing the cornering force friction coefficient due to the tilt
angle as shown in Figure 4. No data are presently available to define the effect of rearward rake
angle.

4.4 Tire Load:

Increasing the tire loading reduces the cornering force friction coefficient due to tilt angle as shown in
Figure 3.

4.5 Corotating Twin-Tires:

A nose gear strut equipped with corotating twin-tires can produce significantly higher cornering force
friction coefficients due to tilt than a strut equipped with noncorotating twin-tires as shown in Figure 6.

46 Nose Gear Steering:

The cornering force friction coefficients generated by tilt angle are essentially eliminated if the nose
gear steering system is engaged.
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