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2.1 SAE Publications:

Available fro

AIR1489

m SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Aerospace Landing Gear Systems Terminology

SAE Paper 851937 Laboratory Simulation of Landing Gear Pitch-Plane Dynamics

3. PROBLEM DEFINITION:

3.1 Brake design characteristics are sources for several dynamic landing gear vibration problems.

There are m

3.1.1 Self-Excitgtion of the Natural Modes of the Landing Gear Caused by the Fricti
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y with a resultant of "negative damping." However;carbon on carbq
hn also develop destructive self-excitation due to’negative damping
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3.1.5

Self-Excitation from Poorly Phased Feedback from Anti-Skid System: This type of feedback

can cause instability and limit cycle motion of the low frequency chatter mode (gear walk) of the
complete landing gear. Itis not dependent on adverse brake frictional properties but is a
function of the anti-skid characteristics and the fore and aft natural frequency of the landing

gear.

3.1.6

Tire Lockup: Might occur at low speed after the anti-skid control has dropped out, can cause

instability and limit cycle motion of the gear walk mode. The instability is not dependent on
adverse brake frictional properties. It is the result of the negative slope of the tire-runway

friction characteristics beyond that level of slip, which corresponds to maximum drag. The
instability is increased if the landing gear has a forward cant angle.
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3.1.7 Self-Excitation from the Anti-Skid Software: The software of modern anti-skid systems can
couple with the mechanical characteristics of the landing gear and brake hardware to produce
self-excited vibrations. Thus, an accurate dynamic simulation of the complete system should
be exercised in the design stages of the system.

3.2 Of the above basic problems, the self-excitation problem causes the most concern in the landing
gear system development. Landing gear vibrations may be categorized in three primary
response modes. The first is the gear "walk" (chatter) mode when frequencies are in the
510 25 Hz range. The second, or brake "squeal" mode, produces higher frequencies primarily
from vibration of the stationary parts of the brake winding up against the elasticity of the torque

carrying linkqge between the brake and shock strut. In addition to chatter and

whirl, which |nvolves three dimensional motion of the brake and landing gear’stiucture, anti-skid

modes that involve three dimensional motion, torsional modes during bath'turni
ahead motiop, and coupling of chatter and squeal with axial and roll plané motid
squeal modgs can be excited.

Squeal modgs can couple with both the axial motion of the braké discs and the
torque tube/piston housing and axle in both the fore and aft{and vertical directig
a strut torsiopal mode of vibration can be excited during apivoting turn. It may
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4.2 Additional or

supplemental review of compatability can be accomplished analyti

cally if proper

input data are generated during the development program. The airframe manufacturer must
provide basic aircraft parametric data for such analysis or laboratory simulation and testing, or

both. These

421

would include:

Fore and aft spring rate of the landing gear or flexibility matrix for 5 deg of freedom motions of

the truck or axle center point (multiple wheel gears) or wheel center (single wheel gears).

4.2.2

4.2.3

Angular spring rate associated with squeal motion of the landing gear system.

or loss factor for the spring matrix mentioned (see 4.2.1).

Damping coefficient associated with the fore and aft chatter motion of the landing gear system
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5.2.3 Wear-Variation With:

Level of kinetic energy absorption/mass loading/temperature
Rate of kinetic energy absorption/power loading/velocity

History of past usage, including potential vibration induced wear
Unit pressure

Wet or dry condition on carbon brakes

PO T

5.2.4 Torque vs Pressure Characteristics:

a. Response to ramp increases and decreases in pressure at various mean. pressures
b. Frequgncy response characteristics (gain and phase) for pressure variations from 0 to 50 Hz
c. Both of the above as a function of wear and brake operating tempefature

d. Brake pressure versus displacement (required fluid volume) as afunction pf brake wear

5.2.5 Landing Gear Dynamic Characteristics:

a. Gear walk natural frequency and mode shape

b. Squeal natural frequencies (first through third)

c. Positive damping associated with walk (chatter), squeal, and whirl
5.3 The above would classify a brake assembly as a complete unit and as applied tp a specific gear.

6. BRAKE DYNAMIC CHARACTERISTICS EVALUATION:

6.1 The following is a discussion of technigues, equipment or facilities, or both, that/can be used for
brake dynamic evaluation:

6.1.1 Shaft Dynamometer:

6.1.1.1 Direct drfve shaft dynamometers have been used to evaluate the brake as gn assembly and
for evaluption of brake components. Attempts have been made to simulate [the flexibility of
gear mouyinting and.to operate with a system, which responds to vibration in poth the "walk"
(chatter) |and the "squeal” mode similar to the aircraft. The major advantage of this type of

machine|is-that comparative evaluation of geometry, material, and performance can be
achievedMﬂMﬁmuxM@MmmmMsmmxnﬂ@&mnﬂé device. Brake

design characteristics that can be obtained under controlled conditions are as follows:

Wear

Temperature of brake elements and relative cooling rates

Static and dynamic friction coefficients

Variation of friction coefficient under controlled test environments
Tendencies toward frictional stability or instability

cooow
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6.1.1.2 Noted disadvantages of this type of equipment are as follows:

a. The flywheel kinetic energy is transmitted directly to the brake, thus removing the tire,
wheel, and brake system effects on brake energy absorption.

b. The influence of tire or strut elasticity on brake dynamic characteristics is not measured.
However, the brake dynamic input is characterized.

6.1.1.3 Shaft dynamometers have been used on heat sink segments, single pairs of discs, and
complete assemblies with varying degrees of success relative to dynamic estimates.

6.1.2 ConventiorLaI Brake Test Dynamometer:

6.1.2.1 The most common method of brake testing consists of landing a complete wheel, brake, and
tire unit ggainst an inertial wheel. The unit to be tested is mounted on a fixtyre that can
embody pr simulate the aircraft axle and brake mounting flange> With such [as installation, it
is possibje to vary wheel vertical loading to simulate actualaircraft sequencipg. This is
accomplished by adjusting tire pressure (at fixed radius).erby controlling the loading of the
dynamometer application arm (varying rolling radius). vAdditional system regponse information
is obtaing¢d by duplicating as much of the aircraft hydraulic and skid control $ystem as
possible.

6.1.2.2 The major advantages in the use of this type’of equipment are as follows:

a. Kinetic energy input rates and mass/heat transfer environments are reproduced fairly
accurately.

b. Temperature distributions.are simulated accurately.
c. The total kinetic energy-inputs are accurate.

d. The mounting system can be made sufficiently close to actual aircraft dgsign to evaluate
"squeal" mode_of vibration.

e. The lining-stability measurement will permit tendency evaluation of "chatfer" mode of
vibration

f. Preliminary assessment of anti-skid compatibility is possible. (Transition of dynamic to
static characteristics, torque response, and ability to move actuation fluid).
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6.1.2.3 Disadvantages or limitations, or both, on the use of this test equipment are as follows:

a.

b.

Cannot duplicate total gear, particularly with truck configuration

Usually limits test to single wheel-brake installation mounted on cantilever axle

Lacks fore and aft freedom for gear walk (chatter) assessment as installed

Frequently lacks sufficient drive power to permit assessment of taxi environment

6.1.3 Full Gear

6.1.3.1 Recognifion of the elastic nature and complex interaction of each element o

system h
degrees
dynamor
possible
trunnion
been inv
include t
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This has
dynamic
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6.1.3.2 The maj¢r advantages in the use of this type of equipment are as follows:

Fixtufe modes of conventional dynamometer sites can be in the same fr
critichl modes of the mounted brake. Consequently, unrealistic coupling
true glynamic interactions can be masked.

Tire-fo-flywheel friction becomes erratic during antiskid testingtbecause
rubber buildup on the flywheel.

imulation:

as resulted in the desire to test as muchref the actual system as pqg
of simulation have been achieved with,the use of each type of test {
neter and conventional inertia dynamometer). Under certain condit
to duplicate or simulate very closely the full-scale landing gear dyna
pttachment interface to the tire\flywheel interface. Several aircraft §
bstigated in this manner; and'in some cases, the simulation has beg
ne actual aircraft attachment structure. Most successful simulation
by overhead mounting.on a conventional brake test variable inertig
generally been limited to a two-wheel gear or a two-wheel simulato
response of a four<wheel gear on the aircraft. Single wheel simula
shed on a shaft-dynamometer and with fixtures simulating the flexik
on a conventional brake test variable inertia dynamometer.
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stallation.
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6.1.3.3 Some of the disadvantages or limitations in the use of this type of test equipment are as

6.1.4 Pitch-Plan¢ Simulation:

6.1.4.1

6.1.4.2

follows:

a. Physical size of the system. Most present test dynamometers do not have the necessary
width to accommodate very wide twin gears. It is necessary to install special spacers.
When this is done, the inertia requirements may conflict with the width requirements of the

system simulation.

b. The aircraft must be in an advanced state of construction to utilize actua
components. Simulation requires detail knowledge of actual strut param
size ¢an be a limiting consideration of this testing technique.

c. The planning of tests and the analysis of test results should take into ac
curvature, which can affect tire parameters and effective strut fore and g

d. Truck-type gears cannot be tested with this technique.

The intenjaction of the braking system with vertical, yaw, roll, and shimmy mg
landing dear are often of secondary interest compared to the landing gear's
whirl stalpility. Accurate simulation of the pitchsplane dynamics of the landin
hed by replacing the relatively rigidaxle restraint on conventional
ible one. When the stiffness is properly sized, the resulting low fre
freedom is dynamically equivalent to the fore-aft gear walk mode,

in SAE Paper 851937, Laboratory Simulation of Landing Gear Pit
. Some investigators believe that this technique does not properly]

a. Roadwheel curvature effects are eliminated

| gear
eters. Cost and

count road wheel
ft stiffness.

des of the

walk, squeal, and
) gear can be
jynamometers
pquency angular
based on the fact
second order
juivalence are
ch-Plane

account for

J the fact that the

b. Actual landing gear hardware is unnecessary

c. The brake assembly is isolated from the masking effects of conventional dynamometer

fixtures.

d. Damping can be reduced to a small fraction of full-gear damping, thus deliberately
destabilized configurations can be tested to verify on-aircraft stability margins and help

develop accurate computer models.

e. The equipment and its installation are relatively inexpensive.
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