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LANDING GEAR SYSTEM DEVELOPMENT PLAN

1. INTRODUCTION: The development of a landing gear system for a modern high
performahce air vehicle is an engineering and development proggss which
covers many months in calendar time and also crosses over many [disciplines
and abiljities. - The process is subordinate to and dependent-upqgn the plan for
developmgnt of the vehicle itself. Good engineering design, analysis, and

tion will generally identify most of the necessary pagts of the

nt process and allow the design team to more effectivgly perform the

space Recommended Practice (ARP) is therefore intended to document

the process. Some of the steps covered are*mandatory and otheys are
elective or dependent upon customer requifements or desires. |Economics is a
very sigpificant factor and for each analysis or test performed, more
confidenpe and assurance of success is-gained, but at a price.| Some of the

performed as a matter of Mgood engineering practice" |and without
ecognition. Others are unique to the particular landing gear system
and all fogether comprise a complete development.
plan is one which'might be prepared by a contractor Ho describe a
nt program for a,specific aircraft, and be submitted for approval
itiation of the‘actual work. The plan should be reviged and updated
als during the~development program as influencing facfiors dictate.
ne chart should be a part of the plan and should show |[the

tionship between phases of the development work to be |performed.
views should be identified and scheduled. The progregsive design
verification process to demonstrate compliance with requiremenys must be
clearly deline€ated. The overall plan may cover as little time |as several
months hut-more probably as much as several years depending upgn the
complexity of the development and, of course, must fall within the
constraints of the prime vehicle development plan.

SAE Technical Board 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 uset.”

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

Copyright 1985 Society of Automotive Engineers, Inc. Printed in U.S.A,
Adl rig'ms reserved.
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2.1 Design [Preliminary):

The development has been divided into six functional/chronological phases
although each phase overlaps and affects the others. These general divisions
are:

Preliminary Design

Design Integration

Component Development

Subsystem Development

"On Air Vehicle" Development

Landing Gear System - In Service Reliability and Maintainability

Digcussion of these six major development phases is given in the following
pages.

PRELIMINARY DESIGN: The preliminary design stage of an aivecraft (and all of
the systéms which comprise the vehicle) is a process in which the designer
strives for the optimum overall arrangement to best meet the designated
requiremgnts. Adequate attention must be given the landing gear system at
this tim¢ to prevent compromises which may eventually result ij increased
maintenance and reliability requirements, and excess weight. At the
conclusi¢on of the Preliminary Design phase the Preliminary Design Review
(PDR) sh¢uld be scheduled.

2,1,1 Documlntation: In all stages of deésign, it is of paramount|importance to

establish the design requirement™for the system and to docupent these
requirements. This may be done-in the form of a "System Definition
Manual," "Basic Data Manual," or any similar form. This do¢umentation,
established at this point~should be updated as the system design
progresses., Initially, - -réquirements only will be shown. PEior to
completion of the PDR,\the means by which each requirement ¢ill be
verified, should bel(identified.

2.1.2 Geometric Arrangement: The geometric arrangement of the lamding gear

2.1.3 Tire/Wheel/Brake Sizing: Selection of tire and wheel size should be made

in accordance with best weight and load information available, and revised
as required during the P/D phase until concept freeze. This must be' done
in conjunction with sizing the brake to fit the wheel cavity and meet
design deceleration and kinetic energy and durability requirements. In
sizing tires, particular attention must be given to ground flotation
requirements, peak dynamic taxi and landing loads, and takeoff
load-speed-time curves.
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2.1.5
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e/ A o o=l

(N) (Additional Regquirements for Carrier Based Aircraft): The tire/wheel
must be selected to be compatible with deck strength cable crossing, and
catapulting.

- Ground Flotation: Tire/wheel sizing and arrangement must be selected in a

manner compatible with ground,flotationrrequirements,for operation of the
aircraft. Design studies are required in support of ahalysis.

Component Sizing: Rough sizing of shock strutrpiston, cylinder, trunnion,
supportlng structure, etec., must be made to support stowage space
requlrements in the vehlcle. -

Kinenatics: ‘Retraction/extension/locking kinematics and gopfigurations
nmust [be established to provide the required transition\of the gear/wheel/
tire |assemblies from down and locked position to up and locked position.
Compgtibility of the system with the A/C structure ‘and othelr basic

featyres not only in the extreme positions (up lécked/down [Locked) but

also |in all intermediate positions must be demonstrated. Duhe consideration
should be given to "free-fall" capability of the assemblles in emergency
conditions.

Tradg-Off Studies: The preliminary design phase is.the proper time for
deteymination of basic design concepts.  This requires trade—off studies
in mgny cases. Some examples of such studies might include

a. (onfiguration trade-offs
b. '~ Brake material--steel, carbon, beryllium, etc.

Shock strut- materlal—-alumlnum, steel, etc.
d. Huxiliary braking methods, i.e., drag chutes,'arrestlng hook, etc.
e. Need for tail bumpers, and other auxiliary installations or devices.
£f. B

inti-skid Systems

Thesq studies will provide basic information necessary for performance/
configuration{definition for the total vehicle. Developing concepts for
operationref active landing gear system elements (gear sequence and
indigation;, braking control system, nosewheel steering systkm, etc.) means
to pgrtray” them in block diagram and/or logic diagram form.

Concept Freeze: At the end of the preliminary design phasel'a basic
configuration is determined and frozen. This provides a baseline from
which to draw up specifications and initiate design/analysis of components

and installations for the air vehicle and all of its systems.

2.2 BAnalyses (System &'Component) Initial analyses done in the preliminary

design stage will frequently be reiterated and/or updated at subsequent
stages of design because of ‘changes which- occur until final and complete
qualification of components and systems. These initial analyses provide
necessary weight (preliminary), volume, and performance data to support the
total aircraft development. '
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Kinetic Energy:

Ground Flotation:

Requirements for the aircraft generally s

at a later date is expensive in both cost and scheduld

Analysis (Preliminary): Landing gear strut reactions,

Stresg Analysis (Preliminary):

g, landing impact loads, and a general (but baged on p
loads analysis is necessary to enable publication of a
ication and provide data for on-going desighl

that rough sizes selected for structural members and
ible with each other and with spacecallocations in the

Off Studies: Analysis should be made to back up any 4

Nose Wheel Steering Power Requirfements:

off studies conducted.

Conduct a prelimina

line power requirement for the nose wheel steering unit
ric configuration of the A/C, the projected weight, an
of NW steering performance (steering angle, rate, kin

t/Extend Power,Reéquirements: Conduct a preliminary an

landing gea¥ yretract/extend placard speeds to define
ements and operating times.

Analysilss Conduct other pertinent analysis, based on

and needs ,of individual design configuration selected.

Some
include, crosswind gear capability, catapulting and hg

systenjsy unique ground maneuvering requirements, etc.

Sizing of the tire/wheel/brake package requires a
deceleration analysis of the aircraft including effects of aerodynamics,
engine thrust, drag chutes, etc., to allocate that portion of the kinetic
energy which is absorbed by -the brakes. Missions profiles for brake

durability analysis needs to be defined early in the design program.

pecify the

types of surfaces (runways, taxiways, etc.) from which it will operate.
Analysis to verify this capability is done early, since compliance is
determined by basic factors, i.e., aircraft weight, gear location with
respect to aircraft center of gravity, tire size/operating pressure,

number of tires, spacing of tires and landing gear legs. Changing these

wheel
reliminary A/C
development

Adequate stréss analysis mugdt be made to

components are
aircraft.

esign

ry analysis to
, based on the
d the desired

ematics, etc.).

alysis to
power

requirements
such analysis
ldback

2.2.1 Brake
2‘2'2
sizes
2.2.3 Loads
loadin
data)
specif
2.2.4
insurd
compat]
2.2.5 Trade-
trade-
2.2.6
detern
geomef
levels
2.2.7 Retrad
define
requiry
2.2.8 Other
might
2.3

Tests (Preliminary Design):

2.3.1 Xinematics Test:

In orxder to verify kinematic arrangements

three

dimensional paper/wood/wire models are utilized. The

This stage of development of a landing gear
system does not generally include a great variety of tests.
or model tests are appropriate, however, and are only done in order to save
time, money, or problems at a later date.

Some component

for landing

gear assembly retraction/extension, or mechanism operations, two and/or

simplest form

might be a bent up paper clip to simulate the axle, the strut, and the
trunnion, to demonstrate a path of retraction and rough approximations of

®
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3. D
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(Continued)

the extended and stowed positions of the assembly. Two dimensional models
of locking mechanisms are widely used. Sometimes 1/4 scale or full scale

" three dimensional wood/metal models of the complete:gear assembly are
approprlate to prove the retract10n/éxten51on system concept Today, use
of computer graphics is widespread, o s

‘Component TestS'(Preliminary): Component tests Within the preliminary
design phase would generally be limited to those tests necessary to
validate an assumption made in design or to demonstrate adequacy of

currgmtly avatiable hardware for the Tew designr requirementy. For example:

"(a) . |[Limited drop tests on an existing shock. strut to néw rpquirements or,
(b) |Test of an existing tire to new load/speed/time xequirpments or for

- abhuse loads on unusual conditions’ (roll over arrestlng cable, step

bumps, etc.).

ESTGN INTEGRATION: Design and integration of £hé landing gealr system into

. the airqraft involves the several landing gear ‘unique assemblies (nose

1
Ca

control [and operation of these systems,

s

anding |gear, L/H main gear, R/H main gear, fail bumper, wing tip gear,
rresting hook, etc.) and all of the aircraft mounted equipment necessary for
Indlcatlons to the crew of system
tatus 1s also included as an important part of- this subsystem. The

preliminary design-. configuration wili’be carrled fOrward,in,this phase to

provide |a: completely 1ntegrated landing gear system in the aircraft.
3.1 Design (Installation and Integration) Major considerations for design in
< this phase wlll ‘include structural backup” and support for all| gear
‘assemblies -and mechanlsms, electrical and hydraulic serv;ces and interfaces,
and'mecnanicalrservices routed through the aircraft such as brake control
“cables{ - e S R AR S
3.1.1 Documentation; \Update and extension of tte,systemgrequirements
‘ - -docugentatiom must cover all System design and,performance requirements.
Integration~of the'system requires also that all 1nterface requirements be
documented: = Power requirements (electrical and hydraulic) |and structural
inte . ‘ground support eguipment and:any serv1ces,,nee s, or
requ mor—to—4Ty TS o ] TSt be covered
fully- = .
3.1.2° TradefOff Stgdieszo ContinueVto”pertorm'trade~offfstudies torsupport the
system integration with the aircraft and all other systems.
3.1.3 “Layout anthesign,of Landing and’ Deceleration'SYstems'Installations.

Perform layout and design effort as described in the follow1ng paragraphs
accompanied by all suitable . dynamic analyses. At.the conclu51on of this
phase, a Critical De51gn Rev1ew (CDR) should be . scheduled. . :
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3.1.3 (N) Additional Requirements for Carrier Based Aircraft: TFrcvide layouts

Q.

3.1.3.2

3.1.3.3

3.1,3.4

3.1.3.5

showing the following:

The aircraft in relation to static ground line, deck obstacle
clearance line, catapulting attitude, arresting attitude, maximum tail
down landing attitude, etc.

Spotting study showing relative position of aircraft on f£light and
hanger decks,

Catapult arrangement.

Arresting arrangement.

Main Landing Gear Installation: Provide a design layout type drawing

relationship to the A/C structure internal and external)eguipment and
gtorfes and to each other., ©Pogitive clearances must be)shown in both up
locked (stowed) position, down locked position, andcall intermediate
posltions and with all extremes of travel for allielementsg (see
MIL1L-87139). Elements shown must include (as applicable); shock strut,
bogle beams, axles, wheels, tires, brakes, up lock and up|stop systems
for |gears and doors, down lock systems, and\door assemblies with special
attention to clearances for gear and door motions when the gear is in
transit. Structural interfaces shouldbe' defined clearly{ Actuating
systems for gears and doors, and all ZTocking systems and ¢ther
mechanisms, such as indication systems, must be shown.

Nose Landing Gear Ingtallation: CProvide a design layout type drawing in
gengral accordance with description in previous paragraph] Some special
congiderations for the NLG layout would include steering gystem
components and clearance-definition for swiveling nose wheels to doors,
gtrycture, and any adjdcent components for all operating ¢onditions.

(See¢ MIL-1-87139 for, clearances. )

Nose Wheel Steering System Installation: Provide a design layout type
draying of the {NW steering system on the NW strut assembly. Show
clearances throughout the range of travel of the system and show
position stops provided for the system, and interface with A/C towing
provisionss

Whe¢ls/Brakes /Tires Installation: Provide a design layout type drawing
oth nose and
main gear) as applicable, Show in detail all interface requirements;
structural, mechanical, hydraulic, and electrical. Show locking method
for the wheels on the axles. All extremes of motion of the elements
relative to one another should be shown based on static, dynamic, and
kinematic analyses.

Tail Bumper Installation: Provide a design layout type drawing of the
tail bumper installation (as applicable). General information and
detail should be shown similar to that previously described in "Main
Landing Gear Installation" (3.1.3.1).

9
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3.1.3.6

fArrestinq Hook Installation:

'ARP 1598

Providefa'designflayoﬁt typekdraming'of

the. arresting hook lnstallatlon (as appllcable) based'on loads and

rdynamlc’analyses of’the arrestlng gear.

Other Aux;llary Installatlons.

- “other aux111ary landlng gear lnstallatlons.
ffmlght be appllcable are.,;,

- A
b
G
d.
e
©f.

9g-

3.1.3.8

,Hydraullc System Installatlon-

Catapultlng equlpment Installatlon, - o
,Holdback equlpment 1nstallatlon o

Prov1de de51gn layout type draw1ngs for
Other installations which

Jacklng, moorlng,,tow;ng, equlpment 1nstallatlon -
. Door. system,lnstallatlon ' :

Anti-skid system
'Inaication,system'

3.1.3.8.1-

3.1.3.9

Electrical”System Installation-

- neiessary) for hydraullc systems 1nterfaces and/or 1nstal
ap v 7 :

licable to the landlng gear system. B}

mydraullc'System Schematlcs'

p

ear system, components, assemblles, and 1nstallat10ns.

Prov1de de31gn 1ayout ty

"3.1.3.9.1

©3.1.3.10

required). for electrical system 1nterfaces and/or install
ap, 1lcable,to the landlng gear system,'lncludlng sw:Ltchec
sy :

- gystem as ‘it dinterfaces with andocontrols operatlon of

tems.

‘lectrlcal System Schematlcs. Fully’deyelop'control 1q
-ime by prov1dlng block: dlagrams and schematics of the

]

jear system components, ‘assemblies, and 1nstal1at10ns 3
DY sw1tches.

:her Design: Provide design layout type drawlngs for g

)mponents and assemblies,broken out'from installations

Provide design“layout typ

Prov1de block dlagrams an
he hydraullc system,as it 1nterfaces w1th and operates the landing

erdrawings {as
lations

dischematics of

pe draw1ngs (as
ations .
and indicating

gic at this
electrical
‘the  landing
nd indicators

letail design of
in all the

ate detail and

dimensional data such that they can be ut111zed for preparation of
productlon draw1ngs. ’

Preparatlon and Release of Production and Draw1ngs-'

Provide all

englneerlng'draw1ngs and technical data necessary for fabrication of the

landing gear system detall parts, assemblles, components, and
1nstallat10ns.

"3.1.4.1

Detail Drawings:

A detail drawing is defined as one which provides

information required for the manufacturing department to produce a

- single part.

These drawings will normally be made prior

to assembly and

installation type drawings since dimensions on the details are needed to

prepare the next higher assembly drawings.

In some cases,

decisions

must be made as to whether the part will be machined from a billet or
made from a forging or casting.

Dlstnbutedrl.mde'r license from the IHS Archive
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3.1.4.1.1 PForging/Casting Drawings: Forging and casting drawings

3.1.4.2 Agssembly Drawings:

particular category of detail drawings. These types of
generally require longer production times and therefore emphasis must
be placed on early detail design and release to manufacturing in order
to meet the required manufacturing schedule.

3.1.4.3 Installation Drawings:

the
com
Thi
hav
The
be

3.1.5 Procu

are a
parts

An agssembly drawing is classified as one which
provides information required for the manufacturing department to
produce a part or component which consists of two or more detail parts.

Installation drawings are those which provide

information necessary for installing details and assemblies or

onents into the aircraft or a major subassembly of th¢ aircraft.
manufacturing step is not possible until all details|and assemblies

been completed and all attached accessories have bee

defined.

efore, the installation drawings are generallycthe lagt drawings to

repared and released to manufacturing,

ement Activities: The production cycle of a landing

invar
there
compo
agsem
contr
compo

3.1.5.1 Com

ably involves working with suppliers. (JTheir activiti
ore be fitted into system development.plan. Some lan
ents which most usually fall into this category inclu
lies, tires, wheels, brakes, steering systems, brake
1 systems and various actuators,- switches, valves, an
ents.,

onents and/or Subsystem .Specification: The first ste

pro
whi
com
con
spe
ana
the
sys
Con
(in
int
be

urement activities is the preparation of technical sp
h define the required. performance and control the des
onent or assembly. \_Important elements of the specifi
rols of form, fit, ‘and function. Design regquirements
ification should be followed by verification by test,

ear system

s nust

ing gear

e shock strut
nd skid
smaller

related to
cifications
gn of the
ation are
in the
inspection,

vsis, and/or( demonstration as assemblies and subsystems to insure

component will .fulfill its intended role in the total
em. Specifications usually will include "Design Spec]
rol Drawings," or "envelope' drawings and include limj

landing gear
i fication
lts on volume

luding swept volume), mass, power regquirements and other critical

rface parameters. These procurement specifications wi
eleased to several suppliers for bid.

L11 generally

3.1.5.2 Supplier Selection:

3.2 Analysis (Installation and Integration):

Selection of a supplier to provide the component is
normally based upon a satisfactory response to technical requirements,
and his demonstrated ability to design and manufacture the components,
to meet quality, schedule, and cost requirements.

The area of analysis for
installation and integration includes that which is necessary to insure
proper design and positioning of the gear assemblies in the aircraft and
integration (mechanical, electrical, hydraulic, etc.) with the aircraft and
its other systems. Some pertinent analyses are as follows:
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3.2.1 External Loads Analysis:- Provide analysis to define all external loads
including air loads and inertia effects which are applied to and affect
the design of -the landing gears. Examples of such loads include gear
extended loads reflecting'maximum gear extended speed, landing impact
loads, rollout loads, taxi: loads, turning loads, engine run up loads, tie
down/moorlnq loads, towing loads, catapultlng and drrestlng loads (as
appllcable) and others as necessary.

3.2,2 'Internal Loads Analysis: All loads,deVeloped by external and operational
load analysis, including landing gear door loads, must be broken down into
component loads and. carried through the landing gear structure (struts,
braces, beans, etc.) to prov1de the basis for structural analysis of
compgnents.

3.2.3 Actujtor Load/Stroke Analysis: All actuators of the{(gystem must be
defined bY’lOad/stroke requirements resulting from ‘above sthted
opergtional analysis. :

3.2.4 Powex Requifements Analysis: Provide enalysis for definition of all
syst]m power requirements. '

3.2.4.1 “Hydraulic Power Requirements: Pressuve/flow requirement just be defined
" to [insure performance and proper integration with the totjal air vehicle
hy'raullc system. -

. 3.2.4.2 Eldctrical Power Requirements, Define- all electrical poweyr 'requirements
' . in¢luding heat,rejectlon limits for 1ntegratlon with the [total air
" vehicle electrical generabting and distribution system.

3.3 Test (Installation and Integration): Tesﬁs conducted to support the
“'nsta]lation and integration" phase of design are an extension of those
done in preliminary design, but prior to complete subsystem Yests.

3.3.1 Development Tests: Verification tests are frequently needed to prove
design cbncepts; such as selection of trunnion bearings of |structural
compdnentss, Dynamic*modeis are useful as an aid in finalizing
conflguratiéns for major installations or subsections of thHat installation.

3.3.2 Mock-Ups: Full scale mock-uUpS O Simulators are sometimes the best
" methods of verification of space requirements or for integration of
mechanical, electrical, and hydraulic service routing. As production
- parts are received from vendors, they should be installed and evaluated on
the full scale mock-up. System function and compatibility are verified on
the mock-up, : ' -
3.3.3 Breadboard Tests: The use of breadboard tests is sometimes appropriate
for verification of design conflguratlon such as electrical or mechanical
control circuits. ;

4. COMPONENT DEVELOPMENT: This stage of development is between the preliminary
Q design review and first flight and involves the act1v1t1es of the airframe
e manufacturer and component subcontractors.
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4.1 Main Landing Gear:

4,1,1 Design: The design definition of the main gear is usually a combined
airframe manufacturer and supplier effort. Enough preliminary sizing is
conducted by the airframe manufacturer to locate and produce an allowable
design envelope. Based on conceptual proposals, etc., the supplier
usually decides the internal shock strut details, final materials
selection, etc., subject to approval. The mechanisms are sometimes
designed and built by the airframe manufacturer.

4,1.2 BAnalysis: Complete stress and fatigue analyses are provided for each

compo ction of
material and potentially to establish inspection intexvals))|but to date
has nqt been a firm requirement. Dynamic analysis of shimmy, brake

r, bogie pitch, etc., is conducted on the assembly. This analysis
ducted by the supplier and/or the airframe manufactursr.

nmental analysis usually is limited to assessment prigr to cold
fature testing. Photoelastic stress methods‘-are frequgntly used to
ify stress concentrations and to refine the final designs.

4.1.,3 Test:| The primary verification tests for the main gear are [structural and
ance in nature. Static and fatigue tests are conducted to verify
within the design envelope. TheSe tests are most frgquently

ted by the supplier, but they can be included in the tests conducted
“air frame manufacturer. Deflection and spring rate }easurements

are ugually taken while the unit-~is in the structural jig arrangement. A
develgpment unit is jig drop tested to verify the energy abgorption
charaqteristics are within the design load limit., Modifications can be
made to arrive at the finaliconfiguration. Each production |unit has a
proof [pressure test and .a“-leakage test. The basic functiong and fit are
verified on the system'mock-up or the air vehicle. Flight fests verify
interqhangeability and' installation characteristics. Stati¢ tests of the
complete landing gear are usually conducted by the airframe |manfacturer.

aircraft is ‘drop tested in lieu of a jig drop test. Howevey, JIG drops
can be¢ performed to verify basic performance. Shock absorbgrs such as
those [used for arresting hook bounce are tested for energy gbsorption at
various -velocities, Catapult hold back bars are tested for |release loads
and kinetics. The catapult and arresting systems, as a whole, are tested
to demonstrate adequate life.

4,1.3 (N) AdditionaliRequirements for Carrier Based Aircraft: Thi whole

4,2 Wheels and Brakes:

4.2.1 Design: The sizing and layout of the wheel and brake equipment, including
the nose wheel, are finalized after preparation of interface control
drawings and documentation of all design/performance requirements. The
vendor designs his package within a clearance envelope providing proper
interface with structural, hydraulic and electrical connections. ILong
lead items such as forgings are coordinated early with the airframe
manufacturer, Frequently, alternate friction materials are ordered
coincident with intended production materials for backup in the
development testing.

10
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Analysis:

The key brake regquirement is the brake energy analysis

conducted before the equipment is sized and it is the responsibility of

the airframe manufacturer.
requlatory agency approval.
used to finalize design requirements,
stress and interface analyses are conducted by the supplier
resulting from the development program. Usually, wheel and

Usually, this is subject to customer or
L.oads analysis and environmental analysis are
Reliability, maintainability,

on the design
brake

equipment require a new development program because of weight, interface

with structure and actuation systems and advancing state of
considerations.

the art

Test:
the form of static tests to the design envelope identified

manufacturer and roll tests on a dynamometer to a realistic
life gpectrum. A burst test is conducted and various{(pressu
evaluations are scheduled throughout the program. , The brake
tested by the supplier to verify energy absorptiomn;* durabili
chara¢teristics, environmental compatibility, imterface comp
ine operating characteristics and evaluate anti-skid b

the airframe
aneuver and
re retention
assembly is
ty, torque
atibility,
rake control

Wheel structural infegrity tests are conducted by thqzsupplier in

systems compatibility. Special tests of various special fea
chara¢teristics may be dictated by the supplier design speci
Minim levels of performance are established for safety of
demongtration. Flight tests confirm system compatibility an

4.3.1

Desigh: The design function for the nose landing gear is b3
s for the main landing )gear. However, the special feq
ng, etc. dictate a (more extensive design effort, intrd
onal interface requirements. If the unit includes caf
ements, the inte¥face and design functions become incy
X. Towing accommodations add to the complexity of ths

is: AsS with the main gear, the supplier shall conduct
e analyses. Preliminary photoelastic stress analysis,
intainability analyses may be performed. Cooperativel
ne)'manufacturer and supplier will conduct measurements

tures or
fication.
flight

d performance.

sically the
tures such as
ducing

apult
easingly more
nose gear

and dictate.compatibility with the ground support equyipment.

stress and
reliability
v, the

of deflection

and spring tes which will be major COntributions Lor the &
analysis. Damage tolerance assessment will be conducted by

it is identified in the design requirements,

Test: Structural testing and jig drop tests will normally b
the supplier. The functional aspects of the gear will be as
airframe manufacturer, primarily in the full scale mock-up.

himmy
the vendor if

e conducted by
sessed by the

~ The airframe

manufacturer is responsible for the steering system functional integration
since it is the combination of design efforts for two separate components,

gear and control, which may be furnished by two separate suppliers.,

scale nose gear dynamic tests may be conducted on a dynamome

Full
ter or test

track to augment and validate the nose gear stability (shimmy) analysis

math model. Functional suitability is verified by flight te

st.
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4.4 Nose Wheel Steering System:

4.4.1

4.4.3

4.5 Brake anpd Anti-Skid Control Subsystem:

Design: The design requirements are generated by the airframe
manufacturer based on the operational need for the total system. These
design requirements include range, rate, shimmy damping characteristics,
towing, weight, envelope and reliability and maintainability requirements.

Analysis: As part of the design cycle, the supplier is responsible for
structural analysis of the components and fatigue assessment of the
assembly. He also contributes to the airframe manufacturer's shimmy
analysis of the nose landing gear assembly, but is not generally
responsible for it. The hydraulic components are evaluated in the
"clastical" manner for leakage at adverse tolerance limits.| Reliability
and maintainability analyses are conducted by the supplier-in accordance
with the system requirements.

Test:| Component and system tests are conducted by the supplier and/or
airfrEme manfucturer to verify fit, function and (endurance.| The torque

and rates are verified by the airframe manufacttrer on the Ffull scale
mock-uip. Free play measurements are critical“for system stability.

Flight tests verify operating characteristics.

4,5.,1

4.5,2

Design: Based on airframe manufactirer requirements for regponse
chara¢teristics, efficiencies, etey, the suppliers compete with their own
concept of system design and operation. After source selection, a major
consideration is aircraft interface, brake response, aircraft stability,
left o right brake cross-=feed, etc. Additional system features such as
builtfin test, locked wheel protection, automatic braking, etc. are either
solicfited by the airframe manufacturer or are proposed by the supplier and
accepted by the airframe manufacturer. The required system| response
charagteristics, etey will dictate whether or not advanced gystem such as
digital controlstare employed.

Analygis: Engineering analysis of anti-skid components are|generally
internal désign tools of the supplier. The reliability and
maintfinability analyses are in response to system requirements of the
airframe) 'manufacturer. Adverse tolerance leakage assessmenkt is conducted
on hydraulic components., Frequently, rfull scale simulations are used in
conjunction with production hardware for analysis of full system
performance, including efficiency determination.

Test: Component qualification tests are conducted by the supplier and
full scale simulation in conjunction with the total aircraft system are
conducted either by the supplier or by the airframe manufacturer.
Simulations by the supplier are limited by the data supplied by the
alirframe manufacturer. Dynamometer tests may be conducted, utilizing
actual braking system components and hardware to a practical extent, to
uncover component and system incompatibilities and determine response
characteristics. Dynamometer tests should not be the sole basis for
optimization of control parameters:, System performance and compatibility

are finally demonstrated during the flight test program.

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=30e442170772c341d65d5c393731f5e5

e

SAE ARP*1598 85 BN 4357340 002257 & WM

ARP 1598

4.6 Tires:

4.6.1

4.6.2

Design: Tire design effort by the supplier is aimed primarily at meeting
the aircraft tire flotation requirements and specified performance
spectrum on the dynamometer at a minimum weight. The design generally
accounts for cut resistance, tread retention, retreadability, carcass
strength, yawed roll speed effects, water spraY'pattern, etc.

Analysis: Several internal analyses are conducted by the supplier to
derive the preproduction configuration.

jer conducts performance and endurance tests on a
dynafiometer. Upon request from the airframe manufacturerj. |static and/ox
ic measurements of various tire characteristics are-made for
different system analyses. Flight testing reveals any\difflerences in
performance and wear characteristics. RetreadabilityJ/is verified by a
repeat of the laboratory endurance tests on tiresiretreaded after
repre¢sentative service usage. : i

4.7 Other (omponents: .Other components of the landing gear system include

4.7.1

4.7.2

by t

arresting hooks, tail bumpers, kneeling systems and crosswind control.

Design: Design characteristics for arreésting hooks are govierned by
strug¢tural limitations and interface with existing or intended barrier
equi%ment. Tail bumper design consgiderations are controlled by the
intended use. If the unit is primarily to prevent damage during ground
handling, the design characteristics are different from thqse required to
protect the fuselage from tail strike during takeoff and/oy landing.
KneeEing systems and/or crosswind control design requirements are defined
e airframe manufacturer. These are usually an integrgl part of the
aircraft system operating concept. The development cycles [must reflect
verification of these design conditions.

Analysis: Structural analysis by the airframe manufactures and suppliers
are required ‘for components such as arresting hooks, tail bhumpers,
kneelling systems and crosswind controls.

Testp Btr¥uctural tests to design, limit and/or ultimate 1lgads and
quallfification tests are conducted by suppliers. Runway/ ajrcraft
interface demonstrations are conducted on mock-ups. Arresting hook
performance and tail bumpers are evaluated during the flight test program.

System Operating Characteristics:

Design of. landing gear components is

frequently influenced by system requirements such as the following:

a. Quick turnaround capability

b. Maintenance features

c. Flotation requirements

d. Water and slush deflection requirements

13
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4.8.2

4.8.3

Dasign: Quick turnaround capability generally impacts the brake design

and results in heavier equipment. Maintenance features like gear
interchangeability, etc. impacts the gear attachment and alignment.
Flotation requirements have a heavy influence on tire size and spacing,
gear location, and gear configuration.

Analysis: Flotation analysis by various approved methods provide
satisfaction of the flotation requirement. The existing analysis methods
provide a relative measure of actual ground operations performance but are
unsuitable for realistic operational analysis.

Test: | Turnaround capability is tested in the laboratory om|a
dynamometer. Maintenance features are demonstrated on amogk-up or on the
actuall aircraft. Ground maneuvering can be demonstrated on [the aircraft

but t]ere is no assurance of correlation with flotation analysis.

5. ©SUBSYSTEM DEVELOPMENT: After all component parts, and assembliles of the

landing gear system are assembled into a completé and operating system, that

system 1 expected to perform to specified requirements. This |phase of
development addresses these "system" requirements, and the methods of
verificatiion.

5.1 Subsyst Design: Specific requirementis for design which musf be displayed

5.1.1

5.1.2

by the j:tal landing gear system inglude the following.

Documentation: Update and extension of the design, installgtion and
integyation, and component .development requirements to define total
subsydtem requirements should be made.

Subsydtem Schematics:«.\Provide subsystem schematics and blogk diagrams to
defing operation of-‘the landing gear system and its subsystdgms.

5.1.2.1 Hydyaulic Subsystem: Update and extend block diagrams and schematics of

the [Landing—group system as initiated in part 2,

5.1.2.2 Eledtricddl Subsystem: Update and extend block diagrams and schematics

of Hhe.landing gear system as initiated in part 2.

5.2 Subsystem Analysis: Complete subsystems involving assembly of various

5.2.1

14

components, assemblies, and interfacing with other power and control systems
require additional analysis.

Landing Gear System Stability Analysis: Specific analysis to ensure
stability of the landing gear system shall be performed. Each gear
installation shall be considered individually and the stability of the
system as a whole should be addressed.

5.2.1.1 ©Nose Landing Gear Stability Analysis: Conduct an analysis of the NLG

system to verify stability under the full regime-of operating load,
speed and time conditions, and considering input influence of major
operating elements, i.e., shock strut, tires, wheels, steering/damping
system and structural response of the vehicle.
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5.2.1.2

5.2.2

5.2.3

5.2.6

5.3

Main L.anding Gear Stability Analysis:

ARP 1598

Conduct an analysis of the MLG

system to verify stability under the full regime of operating load,
speed, and time conditions, and considering inputs of major operating
elements, i.e., shock strut, tires, wheels, brakes/éntl-skld system and
structural response of the vehicle,

Hazard Analysis:

Failure Modes and Effects Analysis:

the system.

Environmental Analysis:

operation and the aircraft when the failure occurs, Q-]
alysis may in some cases dictate redesign or modificait

Conduct analysis to verify satisfac

operatlion/performance of the system at all required extremes
environmental conditions, i.e., high/low tempefature, altitu

sand,
etc.

"In-Flli ght- Wheel Braking":

dust, ice, sunshine, rain, humidity, aéceleration, vib

Conduct an@nalysis to verify sa

operatjion and strength capabilities wheén brakes are applied
immedilately after 1lift-off either.automatically or pilot app

Dynamilc Analysis:

Conduct adeguate dynamic analysis of the

verify

which

Reliahility:

result.

Conduct an analysis of the system to identify and define
any hazards in operation or maintenance of the system.
out need for proper precautions for
dictate redesign or modification of

Results will point
personnel or in some cases might

Conduct an analysis to determine the

~ts on the
Results of
rion of the

Cory
of

He /pressure,
ration, shock,

tisfactory
in flight
lied.

system to

operation and strengthleapabilities to withstand dynamic conditions
~Some specific-areas for consideration are retraction/
extendion system, up stops; down stops, and other mechanisms
subjedt to dynamic operating conditions. '

which are

- Conduct analysis to verifothat the system meets the
requigements and.¢riteria for reliability of operation.

meets the

Maintdqinabildty: Conduct analysis to verify that the system
requiyements. and criteria for ease of maintenance,

Flotatlio ig:

criteria.

Subsystem Tests:

design performance requirements are fulfilled.

5.3.1

Nose Landing Gear Stability Test:

required

Conduct tests on the landing gear system to assure that

Consider conducting a dynamometer type

test on the nose landing gear system to validate the NLG stability
analysis (patragraph 5.2.1.1) and better assure stable operation of the

system on the aircraft.

The test should include production A/C shock

‘strut, steering and damping system, and simulated aircraft structural

characteristics.
stability of the system as installed on the aircraft prior to first flight.

This test does not eliminate the necessity

to verify the

15

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=30e442170772c341d65d5c393731f5e5

