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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.haye 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 tiltrolling the steer pngle increases

until the torque|from the cone effect and self-aligning torque are balanced.

Fwd

I} — Caster axis

Cornering force 4—%l l j
] Cone effect torgue

L/

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
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Figure 3.

Corotating Twin-Tires:

: A e generally
ly with tilt angle. The magnitude of the tilt steering effect for a particular nose gear
ill be a function of the characteristics of that gear as shown in’Figure 2.

pree friction coefficient developed by a free-swiveling nose gear tirg will decrease with
as shown in Figure 3.

hgle has the effect of reducing the corhering force friction coefficielpt due to the tilt
in Figure 4. No data are presently@vailable to define the effect of rearward rake

ire loading reduces the cornering force friction coefficient due to tiltangle as shown in

A nose gear stijut equipped with corotating twin-tires can produce significantly higher cornering force

friction coefficig

nts.dde to tilt than a strut equipped with noncorotating twin-tires ag shown in Figure 6.

Nose Gear Steering:

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


https://saenorm.com/api/?name=5c86be24f412811aa837bed1961981a6

SAE AIR4358 Page 4 of 12

A5

ING-FORCE
IENT,

TILT ANGLE, deg

FIGURE2+ Cornering-Force Coefficients for Both Shuttle Orbiter OV-101 and
F-106 for Bank Angles Up to 3°
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FIGURE 3 - Variation of Cornering-Force Coefficient as a Function of Tilt Angle for

Various Nose Gear Trails
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FIGURE 4 - Variation of Cornering-Force Coefficient as a Function of Til{f Angle for

Various Rake Angles (Trail = 1.5in)
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FIGURE 5|- Variation of Cornering-Farce Coefficient as a Function of Tilt Angle for Different
Vertical Loads (Trail = 1.5in)
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FIGURE 6 - Variation of Cornering-Force Coefficient as a Function of Tilt Angle for Various Twin-Tire
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5.

6.

6.1

6.2

6.3

7.

DESIGN CONSIDERATIONS:

The possibility of departing the runway after main gear tire failure or loss of strut pressure should be
considered in the design of the nose gear strut. To minimize the possibility of a runway departure, the

following design practices are suggested:

a. Make the track of the main gear as wide as possible to reduce the tilt angle following tire failure or

strut deflation.

b. Incorporate a trail in the nose gear strut design where practical or employ a rake angle concept.

¢. Avoid corotating nose gear designs if possible.

TESTING TECHNIQUES:

Aircraft Landing Gear Geometry:

The geometry of the landing gear including the gear loads should be noted for any aircraft

undergoing tests to define the effect of tilt steering. Figures 7 and 8 show the lan
geometries of gn F-106 fighter aircraft and the space shuttle otbiter Enterprise, wh
in a NASA test|program.

Towing Technigues:

A typical setupfor towing an aircraft to establish the tilt steering effect is shown in

Hing gear
ch were employed

Figure 9. The tow

tug is connected by cables to a mooring lug on.the aircraft nose gear and to the idler tug. The idler

tug is unpowergd so that the two tugs move at the same speed. The braking tug
be used to stop the tow test in case of annemergency. The tow tug and the idler t
their vehicles along parallel expansion joints in the test surface.

Instrumentation and Test Procedure:

s optional and can
Lig operators steer

A load cell and|recording device are required to determine the cornering forces déveloped by the

free-swiveling nose gear when the aircraft is tilted. The desired tilt angle is achie

ed by differential

pressures in the main‘gear struts, and the aircraft should be tilted away from the idler tug to keep the
load cell and cableieohnecting the aircraft to the idler tug in tension (left wing down in Figure 9).
Individual tow tests should cover a distance of approximately 200 ft so that transient loads

associated with initial startup can dissipate and not interfere with the cornering force measurements.

KEY WORDS:

Steering effect

PREPARED UNDER THE JURISDICTION OF

SAE COMMITTEE A-5, AEROSPACE LANDING GEAR SYSTEMS
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