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MIL1TARY SPrCiFICATICN
LANDING GEAR SYSTEMS
This specification is approvéd for use by the Depariment

of the Air Force, and is available for use by all
Departments and Agencies of the Department of Defense.

1.0 Scope
1.7 Scope. 1his specification establishes the performance, development,

compatibility and verification requirements for a conventional Landing Gear
System and its components.

1.2 4pplicability. The requirements and verifications contained in this
specification apply to landing gear equipment developed for Air Force air
vehicle and helicopters. Any paragraph marked "ho" in this specification means

that the subparagraph(s) is not applicable.

1.3 Lse. This specification cannot be used for contractual purposes without
supplemental information. The supplemental information relates to operational
requirements of landing gear systems. The need for this information is identi-
fied by blanks within this document. The rationale for requirements, configur-
ation interfaces and constraints, and component developmen! requirements are
provided in Appendix I, LANDING GEAR S18TeMS hANDBOOK.

1.4 Peviaticn., 4ny projected desi%n for z given application which will resuyl:

in improvement of system performance, reduced life cycle cost or reduced

development cost through deviation from this specification or where the require-
ments of this specification result in compromise in operational capability, the
details shall be brought to the attention of the procuring activity for consid-

eration of change,

2.0 Referenced documents

2.Y lssuves of documents. The following documents, of the issue in effect on
date of invitation for opids or request for proposal, are applicable to the

extent specified herein.
STANBAKLDS
kILITARY

MIL-510-1566 Materials and Frocesses for Corrosion Prevention and
Lontral in Aerospace weapen Systems

MIL-STD=-1557 materials and Process hequirements for Air Force Systems

beneficial comments (recommendations, additlons, deletions) and any
pertinent data which may be of use in improving this document should
be addressed to: ASU/ENESS, Wright-Patterson AFb, GH 45433 by using
the self-addresseq Standardization Deocument lmprovement proposal

(LD Form '4z6) appearing at the end of tnis document or by letter.

FSC Y6e0
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5.0 heguirements
3.1 System description

3.%.1 Landing gear system. The Landing Gear System shall perform the
allocated air vehicle functions and be compatible with overall air vehicle
requirements. Landing gear system functions and hardware shall be allocated to
the following categories for consideration in this specification.

3.1.2 Lapding gear structure. This group shall consist of all equipment of
the landing gear designed to provide structural support of the air vehicle in
the ground environment.

3.1.3 brake control. This group shall consist of landing-gear-related equip-
ment which transmits the braking efforts and controls the braking output in
terms of compatibility with the environment and hardware capabilities. 1t
includes the hydraulic system, anti-skid control, and brake actuation
mechanisms.

3.1.4 hollipg components. This group consists of wheel, brake, and tire
equipment.

3.1.5 Directional gontrol. This group consists of the landing gear hardware
dedicated to accomplishing the function of directional control.

3.1.6 Gear and door actuation systems. This group consists of the hardware
which is utilized in raising and lowering the gears, locks, doors, controls,
indicators, and warning systems,

3.%.7 Auxill ration deviges. This group encompasses the hardware
associated with drag chutes and arresting hooks.

3.1.8 Ground handling. This group includes hardware assoclated with air
vehicle ground handling functions such as tie-down, jacking, and towing,

3.1.9 Specialized subsysiems. This group consists of eguipment required for
special functions, such as kneeling, crosswind positioning, skiing, tire
pressure control, et cetera.

3.2 Operating requirements
3.2.1 r_system
3.2.1.1 Qeneral.

a. with stated exceptions, the service life of the landing gear components
shall be

b. The landing gear shall have ground flotation capability to permit the air
vehlcle to . :
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c. The landing gear shall meet the requirements of this specification during
and after operation of the air vehicle on surfaces with the following roughness
characteristics:

5.2.1.2 Arrangement.

a. The landing gear shall be arranged so that the airframe structure will not
contact the ground during a ground turn producing lateral
acceleration at the mnst critical operational ¢.g. configuration.

b. 1ne landing gears shall be arranged to provide pitch stability such that
safe air vehicle ground control is maintained and no part of the air vehicle
other than tne landing gear contacts the ground under the following conditions:

.

3.2.1.3 fLlearances.

a. {learance shall pe provided so that with the landing gear in the position
tor landing, and during any phase of air vehicle operation, there is no contact
between the landing gear ang any other part of the air vehicle that results in
degradation of lite or performance of any air vehicle component. This
requirement applies with the following conditions or restrictions

b. Clearance shall be provided on retractable landing gears so that with the
landing gear in the retracted position and during any transition between the
extended and retracted positions, there is no conlact between the landing gear
and any other part of the air vekicle, including landing gear fairing doors,
that results in degradation of life or performance of any air vehicle
component. This requirement applies with the following conditions or

restrictions:

c. wheels shall be stopped from rotating during retraction or prevented
from rotating in the retracted position.

d. In the event of flat tire and flat strut, the lowest part of the landing
gear, door fairing, or air venicle components, incluging external stores, shall

not

3.2.1.4 Damping. A1l landing gears shall have natural or augmented damping so

that the amplituace of any landing gear oscillations after cycles
is reduced to or less of the original disturbance, with the following
exceptions: . The damping requirement applies to all initial

displacements of the landing gear under the following conditions:

3.2.2 Structure
3.2.2.1 Geperal.

a. Landing gear structure shall be designed in accordance with __ |
except as mndified by

b. Materials selection shall be made in accordance with MIL-STD-1587 and
corrosion control shall be established in accordance with MIL~STD-1568, except
as modified by




Downloaded from http://www.everyspec.com

MIL-L-87139(USAF)

¢. In the event of a flat tire or a depressurized shock absorber, the gear
shall be capable of without structural damage to the gear or the

air vehicle. : .

ints and wear surfaces are required, they shall have material fo

e. In the event of landing gear structural failure, no landing gear component
shall

3.2.2.2 Shock absorption. {Yes___, No___)

a. The landing gear system shall absorb sufficient energy of landing such that
is not exceeded under the following conditions:

.

b. The landing gear system shall provide a ride such that the vertical
accelerations at the pilot's station shall not exceed
on a runway under the following conditions:

¢. The landing gear subsystem shall pe designed for, and specify the use of,
charging agents which will not cause corrosion nor support combustion.

d. The following types of shock absorber servicing shall be accomplished
without removal of the shock absorber from the air vehicle or jacking of the
-complete air vehicle:

e. The shock absorber shall be capable of performing its required functlion ( .
within after positioning for landing.

f. The shoeck absorber shall not prevent accomplishment of successive
landings with between landings.

g. btriction oharacteristics of the shock absorber shall not cause

3.2.2.5 Tall bumpers. The tail bumper if used, shall incorporate the
following features: .

3.2.3 brake system. (Yes___, No_ )
3.2.3.1 ner

a. The air vehicle shall pe capable of stopping under the following
conditlions: .

b. The total system shall provide restraining force to hold the air vehicle
static on a dry paved surface auring application of .

c. failure of the brake control system shall not result in a
total loss of alr vehicle braking capabliity
5.2.3.2 brake actuation system. .

a. A separate ang independent emergency braking system shall be provided with
the capability tn with control.

4




K

Downloaded from http://www.everyspec.com

MIL-L-8T139(USAF)

b. brakes shall be applied by the following action:

¢. The brake control shall have the following force and travel
characteristics:

d. A parking brake shall to hold the air vehicle static under the
following conditions:

3.2.5.3 Anti-skid brake control. (Yes___, ho__ )

a. The anti-skid brake control system shall be tuned for optimum performance
on a surtace, considering both braking and cornering forces

throughout the control speed range.

b. During air vehicle system power interruption or system malfunction, tne
system shall

c. The pilot shall be able to engage or disengage the anti-skid system by the
following action:

5.2.4 holling components. {(Yes___, No___)
3.2.4.% Iires. (Yes___ , No__)

a. The tires shall be capable of performing on the air vehicle for the
following .

b. Tires shall have a service life, due to tread wear only, of not less than
landings. This shall apply during operation of the air vehicle as

follows:

e. The tire carcass shall be capable of retreads without degradation
of tire structure performance.

d. The electrical conductivity characteristics of tires shall be such that the
tire will not store a static charge which will be detrimental to any other air

vehicle system or harmful to personnel.

e. 1n selecting tire sizes, make an allowance for growth in air vehicle

paximum design weight witnin the same size tire.

f. For multiple tire gear designs, capacity shall be provided to accommndate
___ tire failure without adaitional tire failure, when operating at all gross
hts under the following conditions:

wusnig
L AT ST s unge pELELR LR R e

3.2.4.2 kheels. {les_ , No__)

a. The wheel assemblies shall ve capable of performing on the air vehicle for
the following: .

b. The wheel service life shall be

e. Protection shall ope provided to the wheel trom brake heat to prevent

¥

after exposure in energy.

e
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3.2.4.3 kErakes

brakn assemblles used to provide any porti

1
ied in 5.2.3%.1a shall have 't
LY IS ¥ Srdms e TR i 4 LY L

on of the air wvehic
h 1 c

o
followi

(D

i

b. Erake assembly heat sink members shall be capable of producing

operational landings and the brake structural members shall be
capable of producing operational landings without failure or
wear beyond limits. 1lhe spectrum of operational landings is defined as:

c. Means shall be provided to determine current status of brake wear without
disassembly or the use of special tools.

d. Structural failure of the brake heat sink shall not result in

3.2.5 Directional control system

3.2.5.1 General.

a. Directional control of the air vehicle for operation on the ground shall be
provided as follows:

b. Ground directional controcl characteristics shall permit the pilot to
precisely control the air vehicle under the following crosswind conditions:

¢. kmergency directional cnntrol shall be provided with the following
characteristics:

3.2.5.2 Noase gear steering system.

a. The steering system used to provide any portion of the directional control
shall have the following characteristics:

b. The probability of occurrence of a single failure that results in total
loss of steering shall not exceed per mission.

¢. The probability of occurrence of & single failure that results in
fhardover" steering response shall not exceed per mission.

d. In the event of failure of the primary steering system, emergency steering
shall be provided with the following characteristics:

3.2.5 Landing zear actuation. (Yes , No_ )

3.2.6.1 Hhetraction-extepsion system.

Tore e e embe !

a. The landing gear retraction and extension shall be actuated by crew members
by

b. 1t used, fairing door actuation and locking shall be
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¢. The probability of occurrence of a single failure that results in the
failure of any landing gear assembly to extend and lock in the position for
landing shall not exceed per mission.

d. heversal of the landing gear control during actuation shall result in the
landing gear going to the last positicn selected.

e. ketractable landing gears shall retract into an aerodynamically faired
enclosure and the fairing doors, if used, shall close and lock without damage
at all airspeeds from to for flignt at

f. Hetractable lanaing gears shall extend and lock and the fairing doors, if
used, shall be positioned as required for landing without damage at all
airspeeds from to for flignt at .

g. Loss of any landing gear fairing door shall not resuilt in

h. & separate emergency extension system shall be providec with the capability
to

3.2.6.2 Actuation system indication.

a. An indicator shall be provided to show

= A yarn
[+ L T

e. An override shall pe provided for aural warning systems.

3.2.6.3 hetraction-extension timse.

a. The time from selection of landing gear retraction or extension until all
landing gear are retracted and locked and all falring doors where used, are
closed and locked or gear is extended and locked shall be compatible with air

vehicle performance.

0. The time from selection of landing gear extension by the emergency
actuation system until all landing gears are extended and locked and all
necessary fairing doors are in position reguired for landing shall

3.2.b6.4 Position resiraipnt

a. A means shall be provided to maintain each landing gear in the selected
pagitien.

b. Where aoors are used in conjunction with landing gear, the method usea to
retain the landing gear in the selected position shall have the following

characteristics:

¢. Ground safety provisions shall be provided to prevent retraction under the
following conditions: . Provide indicators to alert

ground crews tn assure removal of safety devices prior to flight.

d. The air vehicle, actuation system, or ground safety provision shall not be
damaged in the event that
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3.2.7 Auxilary deceleration devices

—)

3.2.7.% Arresting pook systems. (Yes , ho

a. The arresting hook system shall be capabie of decelerating
air vehicle to a stop by engaging arrestment system at

b. Arresting hook system and attachment shall withstand loads of
fly-in engagement.

¢. The probability of successful engagement of the arresting system shall e

not less than for all air vehicle landing attitudes.
d. Hook installation shall have lateral freedom for .
e. Service life of the arresting hook shall be without

replacement of components except:

f. The retracted honk shall preclude .

g. Current position of the hook shall be indicated in the cockpit.

n. For maintenance activity, the hook installation shall have

[
.

3.2.7.2 Drag chutes. For drag chute requirements, see MIL-
3.2.8 Ground hapdiing
3.2.6.1 Jacking.

a. Jacking provisiens shall be proviaed by .

b. The axle jacking system shall be capable of raising weignt air
vehicle high enough to perform required maintenance while exposea to
crosawind from any direction.

¢. The fuselage jacking system shall be capable of raising weight

air vehicle high enough to perform required maintenance while exposed to
___ crosswind from any direction.

3.2.6.2 Towing

a. The air vehicle shall be capable of being pushed or towed at
gross weight up or down a slope on a surface.

b. The main gear shall have the following provisions for emergency towing:

¢. The interface between the air vehicle and tow vehicle shall be as lollows:
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3.2.5.3 hooring

a. The mooring arran ible with

b. The mooring arrangement shall be capable of withstanaing with all
surfaces locked, at gross weight.

3.2.9 Specialized subsystems

3.2.9.1 General. Many air vehicles are equipped with specialized subsystems,
which are associated with landing gear equipment. Examples of such systems
include: skis, kneeling systems, crosswind positioning systems, and In-flight
pressure control systems. The air vehicle shall have speclal sybsystems or
characteristics as follows: .

3.5 Reliabiiity. .The landing gear system reliapility requirements shall be as
follows: .

3.4 Maintainabilitv. The landing gear system maintainabllity requirements
shall be as follows: .

3.5 System safety. The landing gear system safety requirements shall be as
follows: ,

3.6 Environmental _conditions. The landing gear system equipment shall be
capable of withstanding or operating under the following conditions:

knvir nt Requirement

L R LT T
iCperacldrc

humidity

Fungus
Vibration

Dust

Salt fog
Explosion proof

Acceleration

3.7 Interface requirements

3.7.1 helated systems. The landing gear system shall interface with other air
vehicle systems as follows: .

5.7-2 Uround support equipment. 7The landing gear system shall interface with
the following ground suppori equipment as follows: .

qQ
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3.7.3 Interpational standardization. Wwhere applicable, utilize standard parts

from interpational standardization lists, including NATO and 150 documentation.
¥.0 uality assurance provisions

4.1 gGeneral. Tlhe following analyses, laboratory tests, demonstrations, taxi
and flight tests, and service tests are to evaluate the ability of the landing
gear system to support the air vehicle in the ground environment and to
accomplish the required functions with specified capacity and durability. All
evaluations are the responsibility of the contractor; the Government reserves
the right to witness any verification.

.2 Characteristics

§.2.1 Landing gear system

4.2.1.1 General. The landing gear component service life shall be evaluated
by . The ground filotation characteristics shall be evaluated by

Performance during and after operation on surfaces of
specified roughness shall be evaluated by .

4y.2.1.2 Arrangepent. Air vehicle stability during turns shall be evaluated by
ground handling analysis substantiated by air vehicle tax‘ test as follows:
Pit

. ch stability shall be verified by for the
following conditions: .

4.2.1.3 Clearances. Clearance between the landing gear and other air vehicle
components shall be verified by . Demonstration that the
wheels do not rotate in the retracted position shall be shown by

Ground clearance after tire failure and strut deflation shall be determined
analytically.

4.z2.1.4 Lamping. Landing gear system damping shall be determined analytically
and substantiated by .

§.2.2 Structure

4.2.2.1 General. Review of the structural design criteria and component
material and process selection shall be included in
Landing gear energy absorption performance with a deflated strut or flat tlre
shall be evaluated by: . Provisions for rework of
Joints and wear surfaces shall be evaluated by inspection of engineering
drawings and analysis, Component performance during landing gear structural
failure shall be evaluated analytically.

§.2.2.2 Shock absorption. Landing gear shock absorption performance shall be
evaluated by: . Other performance characteristics of the shock
absorber, such as , shall be demonstrated. kide quality performance
shall be evaluated analytically and substantiated by flight test. Design
features shall be evaluated by inspection.

4.2.2.3 Tail bumpers. Ground clearance and protection by tail bumper shall be
evaluated by dynamic analysis nf the air vehicle. The tail bumper operation
and controls shall be evaluated by air vehicle test.

10




"

Downloaded from http://www.everyspec.com

MIL-L-8T139(USAF)

4.2.3 brake systepm

4.2.3.1 Geperal. Total air vehicle stopping performance and the ability to
hold the air vehicle static during engine runup shall be evaluated by air
vehicle tests as follows: . The effect of component
malfunctions shall be evaluated by

4.2.3.2 prake actuation system. Performance and suitability of the emergency
braking system shall be evaluated by flight test. brake actuation and parking

brake performance shall be evaluated by . The brake control
force versus control travel relationship shall be measured on the air vehicle.

§.2.3.3 Anti-skid brake contro)l. The operating characteristics of the anti-
skid brake control system and design features of the system shall be evaluated

by . The system performance, including compatibility with
interfacing subsystems, shall be evaluated by . The effects of
system malfunctions shall be evaluated by

g el aaln M

§.2.4 Holling components

4.,2.4.1 Jires. Laboratory tests shall be conducted to evaluate the following
requirements:

a. lakeoff, landing, and taxi performance
t. He

¢. Eleectrleal conductlvity

d. Overload capapbility

The service life shall be evaluated on the alr vehicle during flight test. An
analysis is reguired to show growth potential in the selected tire

sizes.

§4.2.4.2 kheels. Laboratory tests shall be conducted to evaluate the following
requirements:

a. Takeoff, landing, and taxi performance
b. Service life
¢. kheel overheat capability

Design features shall be evaluated by inspection.

4.2.4.3 bErakes
Brake durabliity, operating characteristies and compatibility with interfacing
subsystems such as shall be evaluated by . The

structural capacity of brake components shall be evaluated by test and analysis
and the wheel lock-up range at various speeds on different surfaces shall be

evaluated by analysis.

n
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¥.2.5 Dlirectional c¢ontrol system

4. 2.5.1 General. Directinnal control performance requirements of the total
system shall be evaluated on the air vehicle during flight test. C(rosswind con- .
trol limits shall be determined by analysis substantiated by flight test.

Emergency directional control characteristics shall be evaluated as follows:

4.2.5.2 Nose gear steering system. System performance and control charactier-
istics shall be evaluated by an analysis and flight test. & formal
demonstration of the steering systemr operation with the statie air vehicle
shall be accomplished to determine compliance with factors that can not be
verified by flight test. Probability of system failure shall be assessed by a
failure mode analysis and nistorical failure rate data. Critical failure moges
shall be further evaluated by . Configuration design requirements
including shall be verified by inspection of engineering drawings
and hargware.

o L | I Y T S
H.L.0 Lalibilil gEdal” attiailOr]

§.2.6.1" Hetraction-extensjon system. hetraction-extension system operation
and operating characteristics shall be demontrated by . Limits of
speed for retraction and extension shall be determined by analysis of fligh*
test results. The effectiveness and lipits of the emergency extension systen
shall be evaluated on the air vehicle during flight test.

4.2.6.2 Actuation system indication. The gear position indicator system and
wamnines eavctom ohall ha avalnatas Anmines £15 skt oot i,
wal l.l.&l.ls SySuvead aulaill VS CYdluaeud UM LUK l.l‘b.l.llv i b

§.2.6.3 Hetraction-extension time. hetraction and extension times shall be
evaluated by a .

b.2.6.4 Position restraint. The adequacy of the landing gear position
restraint shall be evaluated by . Failure mode and effect will
be determined analytically and further evaluated by . The
effectiveness and adequacy of the ground safety provisions shall be evaluated
during flight tests.

4.2.7 Ahuxiliary deceleration devices

§,2.7.% Arresting nook systems. Ferformance limits for arresting hook systems
shall be evaluated by air vehicle flight test with the specified arrestment
systens. The dynamic and design characteristics snall be evaluated by
inspection. Service life of the hook shall be evaluated by laberatory Lests
for fatigue life and air vehicle tests for agurability. The probablility of
successful engagement shall be determined by analysis of flight test resultls,

4.2.6 Ground hangling

4,z2.8.1 Jackipg. Jacking capability and provisions shall be evaluated on the
air vehicle during the flight test program ‘o the specified limits of the
gystem. Crosswind compatioility shall be verified by analysis.

4.2.b.2 Towing. Performance of the towing system shall be demonstrated on the .
air vehicle during the flight test program.

-

iz
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4.2.6.3 Mooring. The air vehicle shall be moored to during the
flight test program. Lesign characteristics and component compatibllity shall

be evaluated.

b.2.% Specislizsed subsystems

k.z.9.% General. The system shall pe evaluated by

4.3 Heliability. The reliability requirements of 3.3 are verified as follows:

4,4 Maintainability. The maintainability requirements of 3.4 are verified as
follows: .

4.5 System safety. The system safety requirements of 3.5 are verified as
follows: .

L

4.6 Environmental copditions. Environmental testing shall oe conducted to
verify the requirements of 3.6 as follows:

4.7 Interface reguirements

4.7.1 Relateg svsiems. Characteristics of the landing gear system interface
with other air vehicle systems shall pe verified by .

4.7.2 Grouna suppor: ecuipment. 1ne interface of the landing gear system wit
specified ground suppor: eguipment shall be evaluated by

4.7.3 International standardization. Use of NATU or 150 standard parts snall
be verified by .

5.0 Packaging

5.1 All deliverable items shall be prepared for shipment as directed by the
procuring activity.

6.0 Notes

6.1 nesponsible engineering office. The office responsible for development
and technical maintenance of this document is ASU/ENFEM. hequests for addi-
tional information or assistance on this specification can be obtained from

mr. D.E. williams, ASD/BNFEM, wright-batterson AFb, Oh 45433; autovon T65-475%,
commercial (513) 255-4156. A4ny information obtained relating to Government
contracts must be obtained through contracting officers.

Freparing activity:

Custodians:
Air Force - 1

Air Force - 11

Project 1620-F1'06

'3
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APPENDIA

AFPENDIX

LANDING GEAR SYSTEMS HANDBOOK

Kationale, (riteria background, Lessans Learned,
Verificatlon Requirements

10. SCOPE

0.1 D5Scope. This appendix contains the instructions that are necessary to
tailor sections 3 and & of MIL-L=8713% for Landing Gear Systems for specific
applications. The activity that has been designated the responsible
engineering office for the specification is ASD/ENFEM, wright-Patterson AFb,
Ohio 45433. The individual who has been assigned the responsibility for this
handbook is Mr. D.E. Williams, ASD/ENFEM, Wright-Patterson AFB, Ohio 45433,

Commercial Telephone: {513} 255-415B, Autovon: 785-4158.

10.2 Purpose: This appendix provides information to assist the Government
procurement activity in use of MIL-L-47139 and provides rationale, background
for the criteria, lessons learned, and verification requirements to meet
required performance and characteristies,

10.3 bse: 7Tnis appendix is designed to assist the project engineer 1
tailoring MILZL.8713Q. M1L-L-B7139 contains blanks that must be filled in to
meet operational needs of the equipment being developed. Sections 3 and 4 of

this document parallel the MIL-L-87139 and indicate the type of data to be
placed within the blanks.

0.4 Format: Section 3 provides the requirement as stated in MIL-L-87139, a
Rationale which contains suggested wording or concepts for the blanks, and a
discussion of the factors or parameters impacted or involved in the achievement
of the stated requirement. Each item also contains a section on Lessons
Learned, reflecting input from all available agencies. The Section 4
Verification, which applies directly to the Section 3 Characteristic or
Requirement, is included in the discussion along with the Kationale, discussion
on why this type of verification is best suited for the occasion. The appendix
is prepared as a complete package for each Section 3 requirement. This permits
addition or deletion of all the discussion of a single requirement as a

package.

20. HEFEKRENCE DOCUMENTS

The following documents are referenced in this appendix. Unless o
indicated, the reference is solely to provide supplemental technical da

20.1 Government documents

Militar

MIL-W-5013 kheel and bBrake Assemblies; Aircratt
MIL-T-5041 Tires, ¥reunatic, Aircraft

MIL-7-6053 lests, lmpact, Shock Absorber, Aireraft

15
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MIL-B-8075 brake Control Systems, Antiskit, Aircraft wheels, General
Specification for

MIL-L-8552 Landing Gear, fircraft Shock Absorbers (Air-0il Type)

MIL-B-b554 Brake Systems, Wheel, Aircratt, Design of

MIL-5-8b12 teering System, aircraft, General Requirement=s for

MIL-A-B860 Airplane Strength and Rigidity, General Specification for

MIL-4-8862 Airplane Strength and higidity, Landplane Landing and Ground
handling Loads

MIL-A-8b66% Airplane Strength Rigidity, Miscellaneous Loads

MIL-A-18717 Arresting hook lInstallatinon
MIL-T-81259 Tie Down, Airframe Design, hequirements for

MIL-A-83136 Arresting hook lnstallation
{USAF)

MIL-S-XXXXX Structural Systems, Aireraft, General Specification for

dnterpational
NAT-3TD-3220 Location,Actvation, and Shape of Airframe
KAT-STANAG Controls for Fixed wing Alreraft
Military
MIL=-STD=-203 Airerew station Controls and Displays for Fixed Wing Aircraft

MIL-STD-470 Maintainabillity Program Requirements (For Systems and
equipments)

MIL-5TD-471 Maintainabillity Dewonstration

MIL-STD-621 Test Method for Pavement Subgrade, Subbase and Base Course
Material.

M1L-STD-785. Reliability Program for Systems and Equipment Development and
Production

MIL-STD-805 Towing, Fittings and Provisinons for Fixed Wing Aircraft, Design
Hequirementis for

MIL-STD-809 Adapter, Aircraft, Jacking Point, Design and Installation of

MIL~STD-B1Y0 Environmental Test Methods

16
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MIL-STD-B20 Electromagnetic lnterference Test Requirements and Test Methods

NIL-STL-5Tb Method of Dimessioning and Determining Clearance for Aircraft
Tires and Rims

MIL-STD-1566  Materials s for Corrosion Prevention and Control in
A o

HIL-STD-1587 Materials and Process Requirements for Air Force Systems
OTHER PUBLICATIONS
Manuals

Alr Force

b6-3 Planning and Design of Theater of Uperations Air base

66-8 Airfield and Alrpace Criteria

b&-6 Airfield Design

Dh e-1 Design kandbock ¢-1, Airframe

80-1 handbook of lnstructlons for Aircraft Design
Bulletin

ANC-2 Ground Loads
Reports

U.S, Air For feronautical Systems pivi

ASD~TR-bb=4 Evaluation of Aircraft Landing Gear Ground Flotation
Characteristics for Operation from Unsurfaced Civil
Airfields

ASD-TR-TO-L3 Aircraft Grond Flotation Analysis Procedures - Paved
Airfields

WALC TNS5-1 Stabllity and the Elastic tire

WADC Tk 56-197 kxperimental Study of Moreland's Theory of Shimming

U.S5. havy, Mhaval hesearch Laboratory

bulletin 39, Part 3 The Shock and Vibration Eulletin (January 1969)
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20.2 Uther documents

American lpstitute of Aeronautics and Astronautics

Volume 21, Journal of the Aeronautical Sciences, December 1954

Number 12

American hational Standards Institute, inc.

3461 Surface Texture (Surface Houghness, waviness and Lay)

(Application for copies should be addressed to American National Standards
Institute, 1430 Eroadway, ew York, New ork 1001K,)

American Society of Civil Engineers

Vol 448, No. TEY4 Transporiation Engineering Journal of ASCE November 1G73

(Application for copies should be addressed to American Society of Civil
Engineers, 345 East 47th Street, New York, New York 10017)

Society of Automotive Engipeers, Inc.

ARP 1107 Tail Bumpers for Piloted Aircraf:

&)
3
"y

nan N
L&H -

30. KREQUIKEMENTS

e ad
th bri

ese

assad
ve, Warrendale, PA 15096.)

to the society of Automative

The following sub paragraphs carry the same numerical identification as
the paragraphs and sub paragraphs in the specification.

3.1 System Description. The Component Caiegories for the Landing Gear System

are;

Landing Gear Systen
Landing Gear Structure
Brake Control System

halling Camnananta
AUL L LTI LUNMIPULITIILD

DMrectional Control System
Gear and Door Actuation Systenm
Auxiliary Leceleration Devices
Ground Handling Functlons
Specialized Subsystems

3.2 Operating Reguirements

3.2.%.17 Landing Gear System -

ieneral

3.2.1.17 = a "With the stated exceptions, the landing gear component service

life shall be

2
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kationale and Guidance: Design life of the landing gear components is a
significant driver of life cycle costs. This requirement is necessary tn
establish a2 pinimum acceptable service life for design. This is to insure
minimum cost but acceptable utility of the completed systen.

The requirement should be stated in terms of the minimum acceptable number
of landings or years of service. The anticipated utilization of ihe system
must be defined. 1t may also be desirable to reference or define the logistics
support plan for the major landing gear components.

The number selected for this requirement will usually be the same as useq
for the basic airframe service life. This is logical for major structural
components of the landing gear but not applicable to consumable components such
as tires, brakes and fluid seals. Consumable components can be excepted from
the requirement. Service life for consumable components can be defined in the
section of this specification applicable to the components.

Performance Parampeters:

Parameters whicn affect this performance requirement include operating
environment, mission spectrum, scheduled maintainance overhaul skills, Kbl
Methods, material selection, production processing, and protective finish
systems. The 1life should be expressed in terms of fleet average life rather
than the preformance of any single assembly.

B o] ngd_source of Criteria: This 1s a new requirement. An attempt is
being made to quantify the most important characteristic of the landing gear
system and its components, durability. In the final analysis, service life is
the user's measure of success.

Lessons Learned: Service life of various landing gear components is a function
related to various modes of failure. The primary modes/causes of failure
include structural, corrosion, overload in performance, wear, inadequate
design, erratic performance and abuse.

There are numerous examples of fatigue failures due to siress
concentrations due to inagegquate design. kEmphasis must be placed on design
detalils to avoid high Kg. Fatigue fallures have occurred on virtually every
landing gear in the inventory, including BS2, B66, KC135, C130, C141, Century
Series fighters, Fl, F111, all trainers, and the A37. Careful attentlon must
be pald to lug areas, holes, etc.

Choice of material for the application also has a significant influence on
the success of the application. Selection of the wrong alloy and lmproper
protection system can produce corrosion and siress corrosion failures. Stress
corrosion failures of landing gear components has been particularly prevalent.
Examples include b52, KC135, Ci41, Century Series fighters, and F4. Most of
these fallures were with aluminum parts heat treated to the T6 temper. The
alloys which were most susceptible were 7075 and 7079. A large portion of
these failures occurred in components which had high sustained stresses, such
as outer c¢ylinders which were pressurized. Stress corrosion fallures with
these alloys were not as prevalent when used as beam members in axial loading.

Many landing gear structural fallures occur in overstressed parts.
Examples of landing gears with overstress failures include virtually every alr
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vehicle in the inventory. This appezrs t~ be a very gifficult deficiency ta
avoid. This may result (rom qesign errors or from subjecting the hardware to
conditions not considered by the origiral design. Common design errnrs include
fallure to consider dynamic loading and secondary lnading due tn deflection of
the landing gear or mounting structure. Any change in air vehicle operational
needs during development must be reviewed for structurzl implications tn aveid
designed in deficiencies.

Numerous landing gear tailures have been initiated by inadequate process
and manufacturing control. Prime examples are the F11' pin failures stemming
from damage due to grinding of the chrome plating.

Frequently, major components are lost from the inventory due to
insufficient material to permit rework dictated by corrosion or wear. ‘ihis
consideration and allowance must be included in the initial design. This
consideration is best illustrated by the commercial landing gears for airline
usage. The material for rework is mandatory for airline usage and should be
seriously weighed for evaluation of Air Force applications. Only in cases of
extreme weight criticality should this be waived.

Verification (Paragraph 4.2.1.1):

"The landing gear component service life shall be evaluated by N

Verification Rationale: It is intended to verify tnis requirement in a manner
consistent with the remainder of the structural verificatinn program or by
definiticn of a flect service demonstration. 1f & structural demonstration s
selected, a jig fatigue test will be conducted with suitable instrumentation to
a negotiated test spectrum. A flight by flight spectrum 1s preferred over
block spectrum. 1f a service demonstration is selected, the index site and
method should by fully coordinated with AFLC.

Verification lLessons Learned:

3.2.1.1 Landing Gear System - General

3.2.1.% = b "The landing gear shall have ground flotation capability to permit
the air vehicle to .

Rationale and Guidance: The purpose of this requirement is to insure tha® the
load that the air vehicle applied to the airfield is compatible with the
bearing strength of the airfield surface. Details of the requirement are very
dependent upon the air vehicle mission and basing concepts. The primary
consideration for a large cargo air vehicle, for example, might be to insure
abllity to operate on existing commercial jet air vehicle alrfields without
causing an unacceptable rate of pavement deteriaration. Tactical cargo and
fighter air vehicle, on the other hand, may need t{o be designed to perform a
specified mission on an unpaved airfield. 1ln many cases, this airfizld
compatiblility is a primary system characteristic and s addressed in detail in
the System Specification. If this is the case, reference tn the System
Specification will be sufficient. Some system documents, however, fail tn
define the requirement in adequate engineering terms. 1f this is the case,
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this requirement must be expanded to include the significant engineering
parameters. The exact wording must be tailored for each system using the

followi ng parameters.

Performance Parameters.

Alr vehicle Gross weight Condition

Air vehicle Center of Gravity Position

Type of Airfield Surface (Paved or Unpaved)
Strength of Airfield Surface

Level of Opera ion (Erequency or Total kumber)

Background and Source of Criteria: Flotatlion criterla was previcusly
identified in AFSC Dh 2-!

Lessons Learped: Air Vehicle Conditions: 1n the case of paved airfields, it
is usually best to specify the maximum gross weight that will be used for
ground operation. Center of gravity position may not be too critical for paved
airfields, however, specification as nominal or average or most critical makes
the requirement more exact. The gross welght and center of gravity specified
for unpaved airfield operation will usually be specified in terms of a specific
mission condition. A specific weight {pounds, etc.) should no be specified.

Type of Airfield Surface: The requirement must at least speclfy a paved
or unpaved surface. Paved is considered to include rigid conerete surfaces,
flexible asphalt surface and comblnation rigid/flexible surfaces. Unpaved
@eans bare soil without vegetation with soil of any combination of sand, silt
or clay. Specification of landing mat or membrane surfaced airfields is not
recommended. Experience has indicated that performance of these surfaces to
applied loads is highly variable and difficult to predict. Also the type of
surface 1in use at the time the alr vehicle becomes operational may be much
different than that in use at air vehicle conception. Landing mat and membrane

development cycles are not keyed to air vehicle development.

Strength of Airfield Surface:

Paved Airfields - Possible approaches to thisz paramenter include the
following:

a. Provide a list of the airfields to be used. This will require that a
pavement evaluation report for each airfleld be provided to the contractor.
This is the most exact method, but may be difficult to accomplish due to lack

of pavement evaluation data.

b. Analyze the pavement evaluation reports of airfields to be used and develop
a single chart to summarize most critical pavement characteristies. This has
the same disadvantage as “a" but has an advantage in that it avoids the
necessity for the Air Force to positively identify the final list of airfields

to be used.

¢. Analyze an existing operational air vehicle and develop a rigid pavement

nd a flexible pavement requirements chart for operation at a condition

] 4
arable the new alr vehicle requirement. Use ASD-TR-7

4
Low ]

o
(]

o
LUl
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chart. This approach has been used surcevsfully. Althnugh less exact, it
permits establishment of a requirement wiliiout knowieGge or examination of the
exact airfields to be used.

d. Specify that the airfields to be used ars light, medium, or heavy load
airfields as specified by AFM Bb-6. The manuai, in turn, then provides details
of the pavepent construction. & fallacy in this approach is that it assumes
that all of the airfields will comply with AFM 88-6 criteria. In fact, very
few military airfields comply entirely. Commercial anag foreign airfields are
constructed te different criteria.

e. Specify the minimum Load Classification humber (LCN) nf airfields to be
used. The LChN method is an index approach used in many foreign countiries to
match air vehicle loading to airfield strength. Administrative limits
prohibiting operation of air vehicle with LCk exceeding the airfield LCN are
common. If the air venicle is to be used extensively orn airfields under
foreign control, the LCN of the airfields to be used should be reviewed and an
appropriate LON specified. A detalled description of LCN can be found in ASCE
Transportation kngineering Journal, November 1973, page 785. The L. S. Army
Corps of kngineers does not recognize the LCN approach as a valid method of
pavement strength rating. Caution is advised in use of only the LCN approach
if the air vehicle is to be oprated in both foreign and U. S, military
airflelds.

- Unpaved Airfields:

a. The strength of unpaved airfields is usually expressed in terms of
California Bearing Ratio (CBR). CEBER is defined and measured in accordance with
MIL-STD-b21. The U. S. Army Corps of Engineers recommends use of a CBR 4 for
design because this is the minimum strength that is suitable for airfield
construction. 7This concept assumes that an area will not be used for air
venicle operation unless {t is suitable for operation of airfield construction
equipment. Hhecently, joint Army/Air Force operational analysis has indicated
that CBR 6 is a more practical limit to opration. 4 CBk 9 was used for C-5A
air vehicle development. This was selected solely on the basis ihat it
appeared to provide the same bearing strength as the landing mat on CBh 4
originally specified. The latter reguirement was abandoned because of the
inability %o accurately predict landing mat performance to repeated landing.

b. A&n alternative to specification of CBh is to use a cone peneirometer
reading known as Airfield lndex (Al). Cbh measurement is a tedious process not
practical for extensive measurements during air vehicle test on unpaved
surfaces. Al mpeasurements can be made rapidly. Consequently, nearly all air
vehicie test data is presented in terms of A1 rather than CbK. Al and CBR
correlation varies {rom snil to soil. This is because CBK Is a measure of
confined bearing strength of soil, whereas &l is a measure of bearing strength
plus soil cohesion. Figure 3.2.1.1-b-) is a generalized correlation curve of
Al/CBR, but should be used cautiously in analysis of test data and
estaplishment of requirements. Presently, flotation technnlogy 1s in a state
of transition from CER to Al. Ckh should be used until a suitable procedure
for correlation nf ground flotation tn Al Is publisheq.

Level of Operation: Tne level of operation intended on a selected
airfield type and strength is a significant factor. Short time overloads of

paved alrfields may be necessary or desiratle. Specificatinn of unlimited
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5 10
AIRFIELD INDEX

FIGURE 3.2.1.1.b-1. Airfield index.
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operation for cases tha® actually involved very limited use, results in extreme
weight and cost penalty tn the air vehicle. Design levels for normal operation
on paved airfields may be selscted from those specified in AFM 88-6. The level
of operation on unpaved airfields should be determined by analysis of the
mission to be performed. An alternative is tn determine ‘he estimated
capability of an existing air vehicle on the specified unpaved surface and then
relate the new air vehicle requirement to the capability of the existing air
vehicle.

Tire Operating Limits: Frequently it is desirable tn establish a limit on
the amount of tire deflection permitted to meet the ground flotation
requirement. Most ground flotation analysis methods are very sensitive to tire
deflection {(underinflation). Theoretically, this provides the required
flotation. In practice, it is not achievable because tires will not perform
properly or have satisfactory life. A suggested limit is forty per cent
deflection. This must be adjusted, howsver, in the case of flotation
requirements applied to destinatinn conditions. For example, a cargo air
vehicle may pe reguired to deliver cargo to an unpaved airfield. Tire lipits
should be applied to the original takeoff conditions rather than the
destination conditions. Lnroute deflation to permit use of low pressure at the
destination was applied to the C-54 air vehicle. This approach is not
recommended because it adds excessive complexity to landing gear and whesls,

Verification (Faragraph U4.2.1.1): "The flotation characteristics shall be
evaluated oy "

Suggested wording: '"Analysis using the procedures contained in
ASD-Th«70-43 for paved airfields and ASD~-TH-66-34 for unpaved airfields." or
"Analysis in accordance with the LCh procedure of ASCE Transportation
kngineering Journal, Mhovember 1973.%

Verification Rationale:

The precedures contained in the referenced documents were developed over a
period of several years and included coordination with airframe contractors.
They represent standardized procedures rather than technically exact
procedures. basis for the procedures are results of US Army Corps of Engineers
test of pavement and soil sections. All tests were accomplished at low speeds
with ground carts. The failure criteria for paved airfields is surface
cracking. The failure criteria for unpaved airfields is three inches of
permanent rutting. All tests on unpaved surfaces were accomplished by straight
rolling of an unbraked wheel.

The rigid pavement procedures of ASD-TH-70-43 evaluates concrete stress at
the center of the slab due to a loading at the center of the slab. Air Force
Civil engineering, U.S. Army Corps of kngineers and Federal Aviation Agency
rigid pavement design methods evaluate concrete stress at the edge of the slab
due to a loading at the edge. This approach results in maximum stress up to
25% greater than the method used by ASL-TR-70-43. This increase is somewhat
of{set by assumption of level transfer to adjacent concreate slabs. In the
event that ground f{lotation requirements are closely related to design of a
specific pavement, it may be oest to evaluate the landing gear design by the
exact method of the apprnpriate agency.
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Verification of unpaved airfield flotation by demonstration o test is
eonsidered not practical. The primary. problem is establishment of a safe

U, P H annad find valne Pl

airfield with uniform SLFEHBLH characteristics at the specified vaiue.
test of the alr vehicle on an unpaved airfield may be desirable to develop
flight handbook procedures, and to qualitatively evaluate system suitability.
This test, however, should not be established as a verificatlon method for the

stated flotation regquirement.

Verification of flotation should be accomplished by submitted resulis of
analysis with the original proposal. 1he complete analysls should be

accomplished within 90 days of contract award and updated as necessary, as air
vehicle design changes cause significant changes in flotation characteristics.
Verification Lesso arped:

3.2.1.1 Landing €ear System - Geperal

3.2.1.1 - ¢ "The landing gear shall mee! the requirements of this
specification during and after operation of the air vehicle on surfaces with
the following roughness characteristies: !

Rationale and Guidance: The roughness of the surfaces to be used by the air

vehicle is a major consideration in design of the landing gear. 1In all cases
it provides the input for design of landing gear response to control ground

icads tc a level to provide the required air vehicle life. 1ln the case of
operation on unpaved airfields, it may also establish limits on landing gear
arrangement and tire size to ensure that the air vehicle is not immobllized by

the specified roughness.

Two aspects of roughness need to be specified. The first 1s discrete bump
or dip criteria that establishes the maximum roughness to be encountered. The
The

second is the frequency of occurrences of the various levels of roughness.
air vehicle gross weight condition and operating requirements should also be
stated. 1n the case of paved airfields, this is usually all weights to maximum
gross weight and all ground speeds to the maximum required for takeoff and
landing. 1n the case of air vehicles to be operated from unpaved airfields,
the gross weight is usually limited to that required for missions to be
performed from unpaved airfield.

Figure 3.2.1.1.¢-% Provides criterla for discrete bumps and dips. The
paved airfield curve should be specified for all air vehicles along with a
requirement for negotiation of one inch step bumps. The semi-prepared (matted
soil) airfield curve and a two inch step bump should be specified for most air
vehicles to be operated on unpaved surfaces. The unprepared airfield curve and
a four inch step bump are considered severe and are rarely used.

Performpance Parameters: Ferformance parameters include gross welght, ground

of operation on unpaved airfields.

L A - 2

Background and Source of Criteria: This requirement was previously stated in
MIL-A-008862. 1The criteria is based on airfield roughness surveys conducted by
the Air Force Flight Dynamics Laboratory in the early 1960's.

[p%]
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Lessons Learned:

(Verification (Paragraph 4.2.1.17))

"performance during and after operation on surfaces of specified roughness
shall be evaluated by .

Verification Rationale and Guidance: Performance is a result of a complex
interaction of air vehicle systems and the environment. Consequently, this
requirement is best verified by air vehicle test. Testing can be accomplished
on discrete bumps constructed to duplicate the specified roughness. Testing on
a specified random roughness is usually impossible. An approach used in the
past 1s to conduct %taxi tests on two or three airflelds to validate a dynamic
response analytical model. The requirement I{s then verified by ihe validated

analysis.

Verification Lessons Learned: The significance of airfield roughness to
performance of a given air vehicle is somewhat dependent upon the
characteristics of the air vehicle. Analysis should be used to select most
critical roughness for test. Usually a bump/dip wavelength critical for one
design will not be eritical for another.

Several simulated rough surfaces have been constructed at Edwards AFb for
evaluation of existing air vehicles. These surfaces may not be suitable for
test of a new design because they do not represent ine most critical condition.
Test on these surfaces, however, may be useful for validation of a dynamic
response analysis model.

Portable surfaces tc simulate roughness were constructed for evaluation of
the C-54 air vehicle. These surfaces may be fastened to paved runways for taxi
testing. ‘1lhese surfaces were in storage and avallable for use as of early
1977. The AFPR at the Lockheed-Georgia Company should be contacted concerning
availability of these surfaces.

3.2.1.2 Landing Gear System - Arrangement

3.2.1.2 - a "The landing gear shall be arranged so that the airframe struciure
will not contact the ground during a ground turn producing

= N
1.

Rationale and Guidance: Lateral stability of the air vehicle during ground
operation is a primary factor in positioning of tne landing gear. This
requirement 1s necessary to insure acceptable ground operating characteristics
to counter the natural tendency to use a narrow tread landing gear to minimize
weight. Improvement of lateral stability characteristics after assembly of the

alr vehicle is very difficult and expensive.

gia of garound handling
gis of ground handling

hemilAd hea srmnlat hy = v

wr ERT] W% WwlFle F R UJ i 7
requirements of the proposed air vehic A possible approach is to accomplish
a dynamlc analysis of similar existing air vehicle to determine lateral
acceleration required for overturning. OUperational experience can then be

applied to determine suitability of this limit.

pleted
e le.

1t may be necessary to expand this requirement to adequately define
overturn stability for VIOL aircraft. Side load during landing of VIOL

IAN)
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aircraft may exceed that normally encountered during ground turns. Ground
runup of helicopters may also present an overturn stability problem. 1t is
suggested that the following words be used:  "The landing gear shall also be
arranged to prevent overturn auring ground run-up of engines and during landing
under the following conditions ." The blank should contain the most
adverse condition(s) anticipated for normal operation.

Performance Parameters: The dominant paramsters on this reguirement are

physical arrangement of the landing gear air vehicle, ¢.g. location and
strut-tire dynamic characteristics.

bBackground and Source of Criteria: The concept for this requirement comes from

AFSC Design handbook DH2-1, and is described as turnover angle. Rather than
identify a limit on turnover angle, the requirement is expressed in air vehicle
performance. The 639 turnover angle limit in DH 2-1 was established to provide
approximately a .5g side load turning capability. This requirement was
originated in 1950 or earlier. It should be noted that meeting the 630 limit
does not assure a .5g turn capability due to shock strut and tire deflection.

Lessons Learned: Generally, the criteria applied at .5 g side load is
conservative. It 1s possible that this can pe further studied and general
criteria could be generated for each type or class of air vehicle. The
combination of speed and turning radius which approaches the limits on safe
operation should probably drive this requirement. Safety and operating
restraints should become the driving force.

Figure 3.2.1.2.a-1 relates lateral acceleration to speed and radius of
turn., Flgure 3.2.1.2.a3-2 provide the estimated capability of several current
air vehicles.

Air vehicle turning capability may be degraded by increased gross weight.
During design of new air vehicle, consideration should be given to growth
potential. :

This requirement should be examined during design of growth versions of

existing air vehicles to determine if landing gear changes are requlred to
maintain adequate turning capability.

FIGURE 3.2.7%.2.8-1. Air vehlcgle turpi 114

28




A-T
A-10
A-37

b-52

c-5
c-7
C-123
C-130
C=-135
C-141

F-b
F=5
F=15
F=1b
F=100
F=105
F-106
F-111

T-37
T-38
T-39

Downloaded from http://www.everyspec.com

M1L-L-87139(USAF)
APPENDIX
Acceleration
Gross weight Center of Gravity to Overturn

Figure 3.,2.1.2.a-2
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Verification (Paragraph 4.2.1.2):

"Air vehicle stability during turns shall be evaluated by a ground
handling analysis substantiated by air vehicle taxi test as follows:

Verification hationale:

An analysis supported by limited taxl data, permits exploration of the
operational envelope without incurring risk of tip over and subsequent air
vehicle damage. Since the criteria is based on maximum usage expectation, the
results of the analysis will be used to provide operational limitations. That
is, the limits on turning velocitles, turning radius for various gross weights
and configuration can be logically established.

Verification Lessons Learned:

3.2.1.2 Landing Gear System - Arrangement

3.2.1.2 - b "The landing gears shall be arranged to provide piteh stability
such that safe air vehicle ground control is maintained and no part of the air
vehicle, other than the landing gear contacts the ground under the feollowling
conditions:

Ratinnale and Gupi danpa:* The mnet afit cen
DAV e Saiw MWL YL e fHT Do all VR0

forward of the centrold of the maln gear ground contact area that the ai
vehicle 1is stable statically and will not tip back on the tall., This
requirement includes conditlons during engine run-up and during cargo handling.
In the event the air vehicle design permits c.g. excursions which preclude
meeting this criteria, provisions must be provided to protect the air vehicle
from damage due to uncontrolled ground contact. This is particularly pertinent
with air vehicle utilizing variable sweep wing geometry during engine run-up.
Ground contact is also a possibility due to landing or rotation for takeoff.
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Ferformance Parameters: Air vehicle c.g. location, fore and aft pitch
characteristics, aerodynamic tail power during takeoff rotatien, strut-tire
dynamic characteristics, and aft fuselage design.

r Sourge of Criterig: This requirement is a clarifled statement
of the arbltrary criteria for tip back previously described in AFSC DH 2-Y. In
that criteria the main wheel location was limited in a forward direction to a
position where the angle between the most aft c.g., main wheel contact, and the
vertical must be at least as large as the maximum tail down landing contact
angle, limited by fully extended wheel contact and the tall bumper or aft
fuselage. The intent was to try to insure that the air vehicle would rotate to
a three point attitude upon contact with the ground. It was arbitrary criteria
satisfied by geometric analysis.

ons Learped: Since the F111 was the first production varlable sweep wing

air vehicle, the problems with pitch stability (tip back) were quite critical.
Ground handling was most critical for the F111k, aboard ship.
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& classic example of critical c.g. location was the C-54, which required a
ground handling struti,

As a conservative rule of thumb, consider placing the main gear so that an
angle between a line joining the c.g. and the center of main gear contact with
a vertical line through this contac! is 157 with a most aft c¢.g. eonfiguration.

Verification Paragraph 4.2.1.2)

"pPiteh stability shall be verified by for the
following conditions: L

Verification katiopale:

Analysis of this condition can mast economically pe used to verify fore
amd APt bk ok T e T bha ssrmm e bhe matafammanan o manednal $ha arsTuedio ~an
any al v Jidulidivy 4fl WIS RVYEILL LT pEl i e A2 Mal gllidl; vlIT 4dui@iy2ses Wal

r vehicle

be supplemented by a demonstration of a ¢

r
ri
to increase the credibility and acceptabili

a
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ty of the analys:s.
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3.2.1.3 Landing Gear System - Clearances

3.2.1.3 - "Clearances shall be provided so that the landing gear in the
positio f'\r‘ landing, and during any phase of the air vehicle operation, there

is no contact betueen the landing gear and any other part of the air vehlcle
tnat results in degradation of life or performance of any air vehicle
component. This requirement applies with the following conditions and
restrietions: LY

kationale and Guidance: Lxperience has shown that failure to provide adeguate
clearance between movable parts of the landing gear and fixed structure will
result in operational problems. Design of the aircraft for minioum weight and
frontal area encourages use of minimum clearance. While this may be adequate
for gperation of new equipment under ideal conditions, it may not be sufficient
for operation of a worn system. This requirepent is needed to force
consideration of this problem.

Performance Parameters: hequirement influenced and controlled by: tire growth
characteristics, strut physical dimensions, tire production dimensional
tolerances, and gear kinematies.

background and Source of Criteria: This requirement is intended to replace the
clearance statements and diagrams of AFSC Dh ¢-1, Dk 1-6 and MIL-STD-8TH. It
is intended to expand to cover misserviced hardware and the full range of
dimensional tolerances.

Lessons Learped: 1n past designs, it nas been determined that 1s 1s good

design practice to leave clearance between the wheel, brake, and tire
assemblies and the support structure or falrings. It was found best to leave
clearances particularly around the tire to accommodate growth, maximum
production tolerances, and centrifugal forces for rotating tires. oOpecilal
consideration must be given to installations utilizing a fork. Frime examples
are the F-4 and F-105. Figure 3.2.1.3.a-1 shows a reasonable criteria for
design. Many aircraft have little or minimum clearance for the landing gear.
Prime examples are BS5b, F111, #16, EF11Y and other high density aircraft.

Verification (Faragrapn 4.2.1.3):

*Clearances between the landing gear and other air vehicle components
shall be verifieg by N

Verification hationale: The method of verificatinn will depend on the program.
If a simulator is available, it may be suitable for verification of clearances.
Measurement on the air vehicle will usually be required.

Verificatinn Lessons Learped:

1 7 109 l masmAtng [loes Cunt ome [ ol [P
Qel . 1.7 LalliViig Utdalr oayoulua = Litiardalices
3.2.1.5. - b “"Clearances shall pe provided on retractable landing gears so

that with the landing gear in the retracted position ano during any transition
between the extended and retracted positions, there is no contact between the
landing gear and any other part of the air vehicle, ingluding landing gear
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tairing aoors, tnat results in degradation of life or performance of any air
vehicle component. This requirement applies with the following conditinns or
restrictions: W

ha*ionale and Guidanes: This is a further expansion of 3.2.1.3 -a to insure no
interference petween the landing gear components and the statinnary structure
or adjacent wheel well equipment. The plank should be filled out o reflect
the speed, temperature, altitude, operaiing condition of tires (stationary or
rotating, ete.), aircraft speed, operating mode of the aircraft (lakeoff, touch
and go), aircraft a*titude, ete. 1t should consi an

flat strut, ete.

+

15
-

-

[ I

Ak Vale

P A T T -
Q:.'f iidllUNRC.107S SuUlh 4

c|

Ferformance Parameters: heguirement influenced and controlled by: gear
inematics, component dimensinnal tnlerances, design of surrounding stiructurs,
gear gyroscopic loads and direction of reaction, and air loads.

background and bource nf Criteria: This is a further expansion of the basic
clearance requirements o! 3.2.1'.3-a. There are numerous conditions which

enc b
i

L e S R T TSR T - om e o ety manit o

3 .
poient.ia a New requlrs nd is not generally

-
1iY Causec interfe Den. ang .s noo gener

a I
found in previnus documentatl

Lessons Learned: Gear interference while in transit between fully extendsd and
fully retracted, and vice versa, can be attributea to numerous factors:
oversize components, rotating parts, wear, kinematic stability, and design
clearances. The most uncontrollaple and potentially the most dangerous is a
combination of rotating parts and structural stability In transit causec by
gyroscopic loads. The YF-'6 is the most recen® example.

Part wear or improper servicing can place the gear in the improper
position upon entering the wheel well. 7Tne F'5 is a rcent example which
required aircraft modification.

The C54& Aireraft has experienced clearance problems during inflight
rotation and retraction of the main landing gear strut. These problems were a
result of the rolling of the strut during rotatinn. Fechanical roll positinns
would not stop the roll moment causea by the side wind loads.

A thoraugh evaluatinn on the landing gear simulator can assist in
preventing these incidents {rom occurring.

Verification (Paragraph 4.2.1.3):

»Clesarances between the landing gear and other air vehicle components
shall be verified oy M

Verification Ratinpale: If & simula*or is provided i* may be suitable for
verification nf clearances. Verification on the air vehicle will usually be
required.

Verification Lessons Learned:
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3.2.1.3 Landing Gear System -~ Clearances

3.2.'.3-¢ " wheels shall be stopped from ratating during retraction or
prevented from rotating in the retracted pesition.”

kationale and Guidange: This requirement s to identify the need to stop

rotation of wneels after landing gear retraction. Wheel rotation may adversely
affect air vehicle operation or cause pilet discomfort. Stopping rotatian also
minimizes air venicle damage if the landing gear is retracted with a tire that
has a loose “read. Normally all wheels should be stopped. In some cases It may
be cost effective to stop only the main wneels. Fill the blank with "Al1" or

"main".

Ferformance Parameters: Hotating mass and radius of gyratlon of the wheel,
brake and tire assembly are important parameters in assessing this requirement.

Gear kinematics and retraction rates have an influence on the gyroscopic loads,
wneel well clearances are impacted by tire sizes and dimensional tolerances.

Background angd Source of Criteria: This requiremznt reflects ihe statement

made in AFSC Dh z-'. 1t was originally included in ARUCM b60-1 (HIAL) as a
result of fleet retrofit of the C133 from trouble generated from free-rotatling

design.

Lessons Learned: In addition to the C133 meniioned above, several other zir
vehicle nave had to provide nose gear snubbers on a retroflt basis. As
mentioned in the Rationale, nazards of rotating nose wheels include: excessive
vibration, electronic interference, and stones thrown from the rotating tire
treads. The design solutions have rangsd from fuselage mounted snubbers io
simple cantilevered devices mounted on the doors. There has generally not been
any detrimental effects on the tires. I% is recommended that the rubbing be
accomplished against the tires rather tnan against the wheel which can suffer

defacing damage.

Main gear snubbing {s usually achieved by pre=-braking associated with
gear-up selectlon. This reduces or eliminates ithe gyroscopic loads.
(tenerally, the pressure is relieved with the gear In the stowad position %o
preclude extension and touchdown with brake pressure applied.

Verification (Paragraph 4.2.1.3):

“Lemonstiration, that the wheels do not rotate in the retracted position
shall be shown by Lo

Verification hationale: 1f snubbing of all or some of the wheels is requirec,
this requirement must be completed to provide for verification. The methnd of
verification must be specified. Effectiveness of the proposed snubber s bes:
demonstrated with actual haraware. A landing gear simulator is a convenient
device for this purpose, however, it is usually evaluated on the air vehicle.
On the main gear, it is important to evaluate the sequence and timing between
brake pressure application and cessatlion of wheel rotation.

Verification Lessons lLearped:
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3.2.1.3 Landing GLear System - Clearances
3.2.1.3 - d "in the event of flat tire and flat strut, the lowest part of the

landing gear, door taliring, or air venhicle components, including external
stores shall not M

Kationale and Guidance: The abjective is lo provide a clearance regquirement to
insure that no air vehicle will engage the barrier cable installation when
landing under the most adverse sequonce of landing g°ar failures. by combining
tire and strut failures, It will also insure that neithsp single failure will

cause inaavertant engagement. The recommended ground clearance limit is six
incnes for safety considerations.

Performance Parameters: Air vehicle geomeiry, wheel, brake, and tire sizing,
and landing gear configurations are the controlling parameters in meeting this
requirement.

nonmnainaman

T nd -
FOUYULF TSI U

background and Source of Criteria
[ TCr NU 2.7 #.a d:malas
18 w2 DI g%l [FLU R 144

-+ 3
=

accidents.

Lessons Learned: Wwith the extensive use of arresting systems within the Air
Force, most runways are equipped with arrestment cables at the ends of runways.
Some runways also have midpoint barrier installations. Therefore, it is very
important to not have a rigid member of the air vehicle extending low enough to
engage the barrier cable in the event of a flat tire and/or a flat strut. The
YF16 was designed with a gear member extending low enough to engage the cable -

SlibL A Flnk 3 ]
®ith & flat tires., This resulten in an ineident causing significant damage.

Six inch ground clearance under these circumstances should be a target for
design.

Verification (Paragraph 4.2.1.3):

"Ground clearance after tire failure and strut deflation shall be
determined analytically."”

An analysis is the mnst economic approach to evaluating ground clearances
for all the potential air vehicle configurations. An analysis would be
required to determine the critical combinations if a test were selected for
demonstration.

Verificatinn Lessons Learned:

3.2.1.4 Landing Gear System - Damping

3.2.1.4 - a "All landing gears shall have natural or augmented damping so that
the amplitude of any landing gear nscillations after cycles is reduced
to nr less of the original disturbance, with the following

exceptions The damping requirement applies to all
initial displacements of the Janding gear under the following conditions: .
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kationale and Guidance: Tnis requirement Is necessary to establish an
acceptable level of dynamic stability. The primary concern is the damping »f
steered landing gear Lo prevent shimmy. The same criteria alsc may be applied
to other landing gear osecillations induced by air field roughness or brake
sys.em operation.

t is pegcommended “ha* “he statement be completed by requiring that the
amplitude be reduced to 1/3 of the original amplitude within 3 cyeles. This
has been recognized as z s‘andard by the airframe inaustry for damping of
steered landing gear. Suitability for ather oscillations has not been

verified.

The third blank permits some types of oscillation to be excluded from the
general damping criteria. Examples include brake chatter and squeal and bogle
peam pitching. The blank must include success criteria for each item excluoed
from the general rgquirement.

The fourth blank is used i¢ establish the range of operating conditions ia
be considered in applicaiion of the damping criteria. This should include air
vehicle speed and weight conditions, type of airfield surface, wear surfaces
worn to the operational limit, ete,

Performance Parameters: Gear damping characteristics are controlled by tire

dynamics characteristics, landing gear component stiffnesses and damping

characteristics, individually and "as installed." 1If friction damp*ng is
anmm Qﬂf\h'lln Glﬂ Tn!" 1?\

TERE! A [ 2 *
utilized, wear of the friction surfaces must be assumed and acgounted

the design. Alr vehicle ground speed range defines the range of concern.

Background and Source of {riteria: This is a tailorable statement for shimmy

damping and other vibration, patterned after the requirement of MIL-S-bb12.
This requirement has been improperly placed in the Steering System design
specification for years. t !s a general landing gear reguirement, steerec¢ and
non=steered. It was improperly placed in the steering system specification
because the nose gear shimmy damping is most frequently controlled by
modification to steering system components and most shimmy nccurs on Lhe nose

wolbal da v SeTUN Llip SFon e

gear. C(riginally, the criteria was generated as a result of Dr. w. J.
Moreland's study of shimhy and published in wWADC Tl 55-1 in 1955, and Journal
of Aeronautical Sciences, Vol. 21, No. 12, See. 54. 7Thls was further expanded
and studied by J. Edman of bendix under contract to WADC and the resulls were
published in wADC Th 50-197, dated July 1956.

Lessons Learned: Shimmy and various forms of gear vibration have historically
been a serious landing gear problem. hose gear shimmy has been & problem on
the A37, T3¢, F-5, FT04, F15, CV4%4, and numerocus other air vehicle. Solulinon
of the problems include change of tires, balancing tires, adding friction
dampers, changing nydraulic dampers, improving maintenance and servicing
procedures, changing materials, etc.

There is indusiry evidence tha! main gear shimmy is most likely on dual
wheel installations. A couple of commercial alr vehicle have encountered such
a proplem. The solutions have been to add additional damping to the system.

Prevention of bogle plich I3 generally a design problem of multiple axle
(4 wheel and 6 wheel bogies), and by proper analysis and design, the problen s
avolded.
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brake chatter and squeal are landing gear vibration phenomenon, but the
damping criteria proposed may not necessarily apply. The source of the
vibration is the brake assembly. Therefore, system response and compatibility
is a function of design af tha® conmponent. See YAircraft Landing Gear Erake
Squeal and Strut Chatter, Investigation" by F.A. biehl, The Shock and Vibration
bulletin, January 1969 for an explanation of the phenonenon and a method of
analysis.

Verification {Paragraph U4.Z.1.4):

"Lanaing gear system damping shall be determined analytically and substantiated
by

Verification Rationale:

various component design parameters used in the shimmy analysis are
estimated or calculated because the review is accomplished before the haraware
is delivered on a development program. Therefore, it is necessary to verify
the assumptions or calculations by system and component tests. Then the system
response is verified by the ground vibration test of the installed gear.
Frequently, the results are different from that which was estimatd and the
analysis must pe modified accordingly to establish safety for first actual air
vehicle operation. The blank should be filled with the minimum acceptable
progranm to substantiate the stability analysis.

Verification Lesson Learned:

3.2.2 Structure

3.2.2.1 Structure - Geperal

3.2.2.1 - a "Landing gear structure shall be designed in accordance with
, except as modified by

kationale angd Guidance: Since the structural modes of failure for major
landing gear components are the major modes of failure, the objective of the
requirement is to identify the criteria for aesign. L 1s assumed that a
structural criteria document will be generated for the intended sysiem,
tailored from MIL-S-XXXXX structural design general military specification in
the same manner that the landing gear criteria is generated. The blank should

reflect the selected criteria document for the system at issue.

Perforpance Parameters: Intended operating environment, intended usage and
factors of safety are major concerns. Landing characteristies, taxi responses,
ground handling characteristics are the areas of load generatinn. Stress
analysis and structural tests are methods of technical assessment.

background and Source of Criteria: Unless the Definition portinn of this
specification contains specific items applicable to the system involved; the
definitions of weight, speed, and configuratinns of the Systen Structural
Design criteria shall govern. These definitions came primarily from
MIL-A-BB860. The discrete loading conditions of M1L-A-006B6Z (USAF), MIL-A-8b05
generally compromise the ground lnads criteria. Some of these requirements
date back to ANC-2 and their arigin is not known. Some of ihe more recent

3b
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requirements, such as dynamic loads in terms of discrete bumps or PSD 6riteria,
are the result of the Air Force Flight Dynamics Laboratory research into the

field.

Lessons Learned: Frequently, there are special missions for design of various
systems. The landing gear handware is very sensitive to operational
environments. For example, if bare soil operation is intended, the special
configurations impact the design loads and other gear characteristics.
Therefore, mission definitions and configurations become important
considerations. They may require specific landing gear configuration design
mission definitions.

Runway roughness has a significant impact on landing gear design. Every
effort should be made to resolve this design criteria early in the system
evolution. 1t can impact gear approach and location (articulated versus
cantilever).

Yamand
¥Yer i

Flomnddmm { Damm manmn .o
LiCav10f \raragrapn s.<2.c.

"Review of the structural design critgria and component material and
process selection shall be included in M

Yer tion Rationale:

This review, as pertaining to landing gear design, is achieved early in
the system development and is a continuous process throughout the program.
This interface is probably as important as any in this system. The biank
should reflect the system decisions for the total structure.

Verification Lessons Learnegd:

3.2.2.1 Structure - General

3,2.2.1 - b "Material selection shall be made in accordance with MIL-STD-1567
and corrosion control established in accordance with M1L-STD-1568, except as
modified by M

Rationale and Guidance: Freguently it will be necessary to tailor these
standards for specific applications. The statement should be completed by
reference to the document used to tailor the standards.

Performance Parameters: Alloy selection, manufacturing processing, protective
finishes, surface finlishes, platlng methods, and material properties are
important factors in the success of the landing gear design. The major modes
of fallure for landing gear equipment are frequently structural and this is a
very important consideration.

Background and Source of Criteria: The material selection methods and
corrosion control plans idntified in MIL-STD-1587 and MIL-STD-1568 are a
compllation of experience and lessons learned by the Air Force Materlals
Laboratory and the ASD/lndustry counterparts. They were evolved as AFML 70-7,

"Do's and Don'ts of Materials Application." This unofficlal documentation has
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been directly inserted in several recent development programs System
Specifications. 1t reflects much of the experience of the landing gear
inqustry and lessons learned on landing gear service difficulties. Much of the
criteria were contained in specification MIL-L-8552, Amendment 1. These
reflect ASD/Ugden ALC Task CGroup lessons learned.

Lessons Learned: There have been many lessons learned in landing gear material
and processes. Ugden ALC personnel have contributed significant improvements
and observations in this area.

In addition to guidance provided in M1L-Std-1568 and MIL-STD-1587, the
following items apply to landing gear design and processing as recommended
practices:

- khere steel forgings are used, use only vacuum arc remelt parts.

~ The preferred method of cold strajghtening of steel parts hardened to
tensile strength of 200,000 psi and above would be to temper the parts while in
a gtraightening fixture.

- Magnetic particle inspection should be performed on all finished steel
parts which are heat treated in excess of 200,000 psi ultimate tensile
strength.

-Many paris are received with forging laps, inclusions, etc, that were in
the part at time of manufacture. These defects may not be detrimental to the
service of the part; however, when the part is magnetic particle inspected at
depot after service, inspectors cannot determine that ihese indlcatlons are
forging laps and not fatigue cracks and, therefore, the part may be rejected.

- bushings should be limited to non~ferous materials for the principal
static and dynamic joints. :

- A1l joints should be bushed to facjilitate depot rework.

- Considerable numoer of problems have been experienced where bushing
materials have been made from teflon and phenolic type materials. These should
not be used without verification of wear life expectancy and/or a rework
procedure avallable for refurbishment of the bearing. Consideration should be
given to the need and also to the placement of adequate grooves and their
configuration for providing lubricaticn te all areas of the joint.

- A1l surfaces, except holes under 3/4 inch in diameter, of structural
forgings forged from stress-corrosion susceptible alloys whieh, after final
machining, exhibit transverse grain exposed in the surface, shall be shot
peened or placed in compression by other suitable means.

- Areas of components considered to be critical in fatigue should have a
surface roughness in the finished product not to exceed 63 rhr, as defined by
ASTM B U46.1, or should be shot peened, with a surface roughness prior to
peening of not over 125 rhr. Unmachined aluminum die forgings should be
approximately 250 rhr, except surfaces where flash has been removed.

o
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- Efforts should be made to reduce stress concentrations such as, using

stress relief heat treatments (except aluminum alloys), try to optimize grain
e ke m mmm o o om oo <
A

flow orientation, use “we: installed® inserts and pins and extensive us
surface cold working.

1]
=

- Avoid cross-drilling of joint pims. Urilling operations result in
material surface camagz and siress risers that are gifficult to contrel,

Verification (Paragraph 4.Z.2.1):

L] L]
Fu +

Verification Ratiopale: The landing gear becomes an integral part of the
airframe structure and review of materials and processes in accomplished In the
same manner as the rest of the structure.

Verification lLessons Learped:

3.2.2.7 Structure - General

3.2.2.% = ¢ "ln the event of a flat tire or a depressurized shock absorber,

- L

the gear shall be capable of without structural damage o
the gear or the air vehicle."

hationale and Guidance: The objective of the requirement is io establish
performance capability of the landing gear under the emergency condition for a

selected component failure, which has a reasonably high probability of
occurring. The material inserted into the blank should deserlbe an average
landing condition. Ffor example, a design landing could be a landplane landing
gross weight air venicle landing at 6 feet/second vertical contact velocily.
1% will also be necessary to identify ground handling limits which might be
expected under these conditions, such as, maximum landing weigh® taxi for
26,000 feet at 30 mph and .2 g turns.

Performance Parameters: MAir-oil characteristics of the strut, metering
pin-orifice combination, wheel frangibility, and operating techniques have
significant impact on this requirement.

background and Source of Criteria: This is a new requirement not previously
defined prior %o system development. This emergency capability has been
implied and left in the undefined risk of tne Using Commands. OSome portion of
the criteria has been contained in MIL-A0GBBEZ (USAF) for flat tlre design lnad
conditions., Dating pack to ANC-2, there has been a requirement for design
strength, out only an implied operational capability which has never been

demonstrated.

Lessons Learneg: rrequently, if the gear Is not properly positioned upnn
touchdown, the necessary system actuations can be jeopardized. Landing with a
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flat strul, for example, may result in loss of anti-skid contrel. hithout
warning or prior notice, this type of system malfunction can lead to numerous

difficulties.

In the even: the condition is unknown to the pilot, no precautions will bs
taken, so a limit on performance is necessary to prevent loss of air vehicle.

Verification (Paragraph 4.2.2.1):

*Landing gear energy absorption performance with a deflated strut or flat
tire shall be verified by "

Verification Kationale: Normally, this can be accommodated during the jig drop

test program. It provides a controlled environment with no risk to an air

vehicle. 1n the event difficulties are encountered when demonstrating this

emergency condition, the laboratory is 2 more suitable environment. 1n the

event that a test program is not planned, an analyis of the condition is the
h#n—-m o

Y. .5 avmant ad

JCQQL« Llidyv Ladll VT TAPTLLTM .

3.2.2.1 tructure - General

3.2.2.1 = d "where joints and wear surfaces are reguired, they shall have
material for rework by .

tion Guidange: Experience has shown that it is essential that a means
be provided to permit rework of landing gear joints and wear surfaces. Failure

st miisbe e d -+ +
1o covcn.u.iou such a reguiremnt rcnu? g in h'ln-h npannfing ragt hecanse nvnnnsige

landing gear forgings must be replaced when contact surfaces are corroded or
worn out of tolerance. Llanding gear functiomnal and structural requirements. do
not insure that parts can be refurbished. 1t 1s usually to the contractors
advantage to provide little if any rework capabllity,

The requirement should usually be completed py the following statement:
"providing a sinimum of 0.060 inch allowance on the diameter of each pinned
joint and a minimum of 0.030 inch allowance on each non circular wear surface.
Allowance means that up to this much material may be removed for insertion of
bushings or other repair." Deletion of this requirement should be considered
for prototype and other limited 1ife air vehicles.

This requirement is primarily intended to present scrapping of wmajor
landing gear forgings due to normal wear and corrosion. JSmall linkage parts
that are more economical to replace than repair should be excluded from the
requirement. & suggested statement is: "This requirement shall not apply to
any component such as small linkage parts that are more economical to replace
than repare.

round and Source of Criteria: This requirement is intended to reflect to
the detail requirements currently documented in AFSC DH 2-1, AFSC DH 1.2,
MIL-L-8552, and lessons learned on recent systems and commercial experience of
airlines.

b2
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Lessons Learped: There are numercus air vehicle whiech have experienced wear in
the joints. Examples would include KC'35 bushed axle and beam, b-52 pistons,
C'41 axle bogie beam fretting, etc. Therefore to save the expense of repair
and/or replacemwent, it is vital to alléow enough material for rework.

Joint designs have proved Lo be extremely critical in maintalning hardware
in the fleet. Lessons learned include use of positive lubrication for all
joints, static and dynamic. All joints should be bushed. Avold all pressed
fit or matched fit joints. These features have contributed to great cost at
the depot level during overhaul. They should be considered in the original
design recognizing the service life commitment of paragraph 3.2.%'.1 a.

Commercial airline usage has made extensive use of lubrication and
replacable bushings to achieve extended us of major landing gear componenis.
1t 1s impossible to legislate against corrosion or wear; you can only design
for minimized detrimental effects.

Extreme difficulty has been encountered in the use of keyways and threaded
parts on the B52. These have been the source of stress concentration and has
resulted in numerous field fallures from fatigue cracking.

Verificatiopn (Paragraph 4.2.2.1):

"Provisions for rework at joints and wear surfaces shall be evaluated by
_____ smd o M

Fi e d Al o d el e I e e me o '} mm = T
AN3PeCLlON VUl CHELIBETLIE Urdwllig3 dlild didlyY3lS.

Verification Rationale: Close englineering monitorship of design details during
the development program is the only effective means of transfer of lessons
learned. The source of these lessons learned come from Using Commands, Ogden

ALC, and ASD engineering monitors.

Verification Lessons Learneg:

3.2.2.1 Structure - General

3.2.2.1 = e "In the event of landing gear structural failure, no landing gear
component shall .

hationale and Guidance

ure modes to minim

: This requirement is to establish limits on structural
ize secondary effects.

e}
o1
-
ot
=

The requirement should be completed by a statement of applicable
prohibited failure modes. It may also be necessary to further define the
conditinns of fajilure. As an example, a statement for a transport alr vehicle
might read "plerce a crew station or passenger seating area, or result in
spillage of enough fuel from any part of the fuel system to constitute a fire
hazard. * shall be assumed that failure occurs during takeoff or landing and
that landing gear loads are acting in the upward and aft directions."
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rerformance Parameters: Gear geomeiry i1s the most significant factor in this
requirement.

Lessons Learned: There are numerous causes.of gear structural failure and
every precaution is taken to avold such events. However, action can be taken
by design te control the modes of failure. Every effort must be Laken Lo kee
tailed landing gear components from the cockpit area, from severing hydraulic
lines, or from penetrating the fuel tank areas. The results of such an
inability are obvious. This occurred with the FB9 and commercially on the T47.
Subsequent redesigns have corrected these modes of failure.

Tnere was an incident with the KC135 in which the bogie beam experienced a
failure and the failed parts pierced the water tank adjacent %0 the wheel well.
with proper enntrol of failure modes, this could have been avoided.

The Mavy has experienced numerous landing gear failures which struck the

fuel tanks and caused fires. however, with proper precautions and cautions
this problem has been minimized.

Verification (Paragraph 4.z.2.1):

"Component performance during landing gear structural failure shall be
evaluated analytically.™

Verification Hationale: By analysis, all conceivable modes of failure can be

.Agsessed. The cost and risk are too high to prmit evaluation by test or

demonstration. Analysis permiis a wide variety of options to be studied and
evaluated.

Verification Lessons Learned:

3.2.2.2 Structure - Shock Absorbers

3.2.2.2 - a "The landing gear system shall absorb sufficient energy of landing
such that is not exceeded under the following conditions:

L
.

Rationale and Guidance: This requirement is to establish shock absorber
performance without any failure, to be identical to structural leoad criteria
defined in the system structural criteria documents. Normally, these
requirements are established as 10 feet/second sink speed at landplance landing
weight and 6 feet/second at maximum landing weight. 1f special system design
conditions exist, they should also be reflected in these performance
requirements as an addition to this criteria. 1n the past, a reserve energy
eriteria of 12.5 feet/second sink speed at landplane landing weight was
imposed, with minor failures permitted. This represents a 50% margin in energy
capacity since the velocity function 1s squared in calculating the absorbed
energy.

by
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bPerformance Farameters: Metering Pin-orifice combinatior and gear mechanical

design to prevent leakage are the most ‘influential narameters Aor\ndvnnm'\r\
Gesign P! age infiuential parameiers. Aaeroegynamic

characteristics controlling rate of sink and air vehicle flare characteristics
control the probability of encountering these design conditions.

background and Source of Criteria: The sink speed or vertical energy

requirements for shock absorber and landing gear design are currently defined
in MIL~A-008862 (USAF). The standard vertical contact velocity has grown from
9 feet/second to 10 feet/second at landplane landing weight. both the contact
velocity and the landing weight are frequent items of deviation and discussion.
They should be established as a direct result of operational analysis of the

intended air vehicle.

Lessons Learped: Recent examples of special consideration of sink speed
included C5A and AMST. The CHA rightfully assessed the operational concept and
reduced the landplane landing weight contact velocity to § feet/second in lieu
of the required 10 feet/second. This better meets the operational usage of the
air vehicle and results in weight saving.

On the AMST, the operational concept of the air vehicle calls for flights
in and out of short bare field runways in a hostile environment. Under these
circumstances, the operational concept is to increase the sink speed to reduce
the stopping distance. A design contact velocity for this condition will be
established by analysis of the landing performance requirements.

Another example of rational criteria is the use of higher sink speeds for
trainer air vehicle. Since the operator is inexperlenced, the probabllity of
high speed contact is significantly increased. Therefore, the normal criteria

is 13 feet/second sink speed.

Verificatjon (Paragraph 4.2.2.2):

“Landing gear shock absorption performance shall be evaluated by

.Verification katiconale: Normally, this requirement is satisfied by

demonstration during a jig drop test. The test not only assess the ability to
absorb the vertical energy, they also serve the purpose of evaluation of
ati

_There are several air vehicles which have flown on calculated metering
pin-orifice combinations with relative success. Most Navy gears have
calculated pins but they are ultimately evaluated by dropping the total
airplane in a fatigue drop test.

Verificatlon Lessons Learpeg:
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3.2.2.2 Structure - Shack Apsnorption

j.2.2.2 - b "The landing gear system shall provide a ride such that the
vertical accelerations at the pilot's station shall not exceed an a
runway under the following conditions: M

Rationale and Guidance: Objective of the requirement is to establish
guantitative ride guality requirements which can be verified. Runway roughness
has long been recognized as impaciing the peak design loads and the fatigue
life of the basic airframe structure. Ride quality relates to pilot comfort
and his ability to function in tne cockpit dynamic environment induced by
ground loads and aircrafti response.

The blanks should be filled by insertion of the acceleration levels
recommended by a¢romedical personnel ané the required runway surface. FRunway
surface roughness must be specified in detail. The third blank should be
filled with air venicle weight and speed conditions or ranges that must be
considered. Detailed trade studies may be required to determine the mast cost
effective combination of requirements.

Performance Parameters:

Fuselage stiffness, strut air-oil characteristics, internal strut damping
and fluid flow, landing gear arrangement, and runway roughness.

Background and Source of Criteria: This is a new requirement., As a minimum,
the criteria should De based on piliol functional capability. 1I1n other words,
criteria should reflect the maximum levels of oscillation at which the pilst
can continue to perform required control funtions. Air crew physical comfort
must also be consideregd.

Lessons Learned: The prime example of problems for which this criteria is
intended is the XB-T0. The location of the cockpit relative to the nose gear
amplifies the vertical travel of the nose gear shock strut. The problems that
the designer is trying to avoid are primarily physiological. The environment
has been known %o be s6 hostile that the pilet was unable to read the
instruments or to provide vocal communication.

There are numerous solutions to the prablem of ride gquality. The most
common of recent times has been to use dual chambered shock struts. This
design solves the ride gquality problem, but introduces severe landing gear
malntainability problems. In the F-4, C-5A and F-15, it has been difficult to
seal the high pressure chamber and there is no way to determine the status aof
the cylinder without disassembly. Development of adequate servicing and
inspectlion techniques has been difficult. The F-11Y uses dual pistons but has

a single alr chamber. 1t has veen a relatively good performer in the field.

Verification (baragraph 4.2.2.2):

"Kide quality performance shall be evaluated analytically and
substantiated by flight test.”
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Verification kationale: An analysis permits evaluation within the full

....... Aol wn o

Opef‘auzuuax spectrum. nuwevel, in order to obtain confidence in this 1 cvl“",
it is necessary to verify discrete points by actual taxi test on the airplane

over a known runway profile.

Verification Lessons lLearned:

3.2.2.2 - ¢ "The landing gear subsystem shall be designed for, and specify the
use of charging agents which will not cause corrosion nor support combustion."

hationale and Guidance: Rather than dictate a charging agent, this requirement
is presented to reflect the desired performance and characteristies. The
industry standard to meet this requirement is nitrogen and it will exclude the

use of air.

rmance Parapeter: Material selectlion, protective finishes and internal
shock absorber design are the parameters which control or influence the ability
to meet this requirement. The available type of servicing equipment will
dictate whether the requirement can be met.

Background and Source of Criterla: There have been sufficient number of

military and commercial shock absorber failures caused by internal corrosion
and explosive failures, whether caused by design or maintenance practices to
direct requirements which will reduce the probability of occurrence. This
requirement does not refiect a current requirement in any Air Force
documentation.

lessopns Learned: In the past, most shock absorbers have been the air-oil type
with the cylinder being charged by high pressure bottled air. The difficulty
which was encountered was the introductlon of moisture and the resultant
corrosion. There always was the threat of oxygen.support for combustion, even
though such incidents were extremely rare.

cent maintenance and design practices have been to use dry nitrogen. The use

e sigr ce ee!
of nitrogen retards corrosion and explosion tendencie The alirlines were
leaders in the use of this charging agent.

!23

Verificatiop (Paragraph 4.2.2.2}: *“Design features shall be evaluated by
inspection.®

Yerification hationale: Hheview of design drawings and continual monitoring of
the development are adequate to determine compliance with this requirement.

v tion Lessons Learn
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3.2.2.2 Strugture - Shack Absorption
3.¢.2.2 = ¢ "The following types of shock absorber servicing shall be

accomplished without removal of the shock absorber from the air vehicle or
jacking of the complete air vehicle: M

Rationale and Guidance: This requirement is to insure that consideration is

4 . + .
9‘1 ven to maintenance requirements in dnt:‘gn nf *he landmg gear installation

and fairing. Designs that reguire air vehicle jacking and strut removal not
only increass maintenance cos® but also increass the possibility of maintenance
accidents.

It is suggested that the following be required as a minimum: “gas
charging, oil replacement and inspection for proper servicing."

Performance Parameters: Internal shock strut design which impedes fluid flow
and location of the drain are the major considerations in meeting this
requlrement.

background and Source of Criteria: This requirement was previously contained
MIL-L-8552, and represents an application of lessons learned and an attempt to
standardize maintenance procedures. This is part of the overall effort to
improve air vehicle maintainability.

Lessons Learned: The maintenance of shoeck absorbers is a very ilmportant factor
in achieving desired performance and 1life. Strut servicing with fluid and
charging agent should be as simple as possible to insure that line maintenance
personnel accomplish the required functions.

Most struts require complete removal or pulling of the piston to drain the
fluid. The hazards of oil spillage should be readily apparent. hecent efforts
have been made to attempt to influence designers to provide drainage capability
without removal. This requirement is intended to continue this pursuit.

Strut filling is another important function which is potentially
compromised on most designs. There is no way of telling fluid level without
complete deflation and refiiling. 1t is unfortunately easier to add nitrogen
and adjust the extension rather Lhan to assess the fluid level. This results
in inadequate fluid for metering during energy absorption. This then can
result in excessive 1nad, and possible structural damage.

Verification (Faragraph 4.2.2.2): "Other performance characteristies of the
shock absorber, such as , shall also be demonstrated.....
Design features shall be evaluated by Inspection.”

Verification katicnale: Initially design features such as servicing will be
reviewed by routine engineering discussions and inspection of drawings. After
the air vehicle {s in flight test status, maintenance function will be
evaluated on a routipe basis.

Verification Lessnns Learneg:
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3.2.2.2 Structure - Shock Absorption
3.2.2.2 - & "The shock absorber shall be capable of perforcing 1ts reguired
function within after positioning for landing."”
Rational Guidance: Unless care is exercised in design, the internal shock

absorber chamber arrangement can impede fluid flow. Assemblies with this
characteristic have difficulty in performing the basic energy absorption
function upon extension if they have been stowed with the centerline above
horizontal and the fluid is required to flow from chamber. The purpose of this
requirement is to establish a time limit consistent with system needs for fluid
flow between chambers to insure proper metering during energy absorption. The
consequences of improper flow are foaming improper metering, cavitation, etc.
All of which result in excessive load and potential structural fallure. 1t is
recommended that the blank have two minutes inserted if no specific system
requirements are identified or are identifiable.

Performance Parameters: Internal strut design with proper drainage routes
control this capatility. Whether or not the strut fluld foams upon extension
controls whether there is sufficient fluid beneath the orifice to insure that

only fluid is metered during the energy absorption siroke.

Lessons Learned: Fluid flow between chambers should be carefully considered in
the internal strut design. The following air vehicles have struts stowed with
the centerline above the horizontal:

Keview of the design details for these applications should give insight to
proper internal design.

Verification (Paragraph 4.2.2.2): "Other performance characterist ics of the
5Tal o b oY Yo Y |
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Ver tiop hationale: The laboratory drop test is the best method of
demonstrating this requirement because the exact condition of installation and
performance can be duplicated and controlled. It is significantly less
expensive than trying to measure the loads and analyze the effects of this
condition on the air vehicle during the flight test program.

Verification Lessons Learped:

3.2.2.2 Structure - Shock Absorption

3.2.2.2 - £ "The shock absorber shall not prevent accomplishment of successive
landings with between landings.”

Rat e G : This requirement 1s intended to define the energy
absorption capablility for touch and go landings. The most severe succession of

consecutive landings which can reasonably be expected in service should be
identified for design. It is recommended that successive design conditions
such as landplane landing at 10 feet/second, level landing attitude, be

identified within a five minute time period.
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Performance Parametiers: trut foaming characteristies, fluid level, and
drainage characteristics are parameters influencing this requirement.

Background and Source of {riteria: This performance characteristic was
previously identified in MIL-T-6053. It represents a condition which can be
developed when the air vehicle is used in training by landing with a series of
touch and go landings. 1f the internal shock absorber design permits foaming
of the fluid during the metering precess, the second landing will encounter a
portion of the energy stroke where gas will be metered through the orifice
instead of oil and the peak loads will be very high.

Lessons Learned: There are various circumstances which affect the metering
characteristiecs of a gas-oil shock absorber. Included among these are: The
ability to recirculate the 0il, rebound characteristics of the strut, and
temperature. BRecirculation and rebound are a function of Internal design and
the temperature impacts the air curve from which the taxi loads are deteralned.
Higher temperature will result in noticeable load increases. The source of
temperature increase can be ambient and internal frictioen.

Verification (Paragraph 4.2.2.2): “(ther performance characteristies of the
shock absorber, such as , 3hall be demonstrated.®

Verification Rationale: The laboratory drop test is the best method of
demonstrating this requiremeni because the exact conditions of installation and
performance can be duplicated and controlled. 1t is significantly less
expensive than trying to measure the loads and analyze the effects of this
condition on the air vehicle during the flight test program.

Verification Lessons Learped:

3.2.2.2 Structure - Shock Absorption

. .
.2.2.2 - g "Friction character

L)

Rationale and Guidance: This requirement is intended to minimize operational
problems due to high mechanical friction of the shock absorber. Mechanical
friction is normally not too critical to meeting of design landing conditions
or dynamic taxl response characteristics. 1t may however cause severe
operational problems in strut servicing and weapons loading. Quantitative
requirements are hot well defined because this characteristic has not been
considered in detail on past designs. 4s a minimum the requirement should say:
wadverse effects in shock absorber servicing, air vehicle landing and taxi, and
mission loading or unloading.™ 1t is suggested that detalled study of a2
proposed air vehicle may result in sultable guantitative requirements. Areas
of study could include strut extension as a function of strut pressure changes
and change in elevation of external stores stations when weapons are loaded.

Performance Parampeters: Air Vehicle arrangement, landing gear arrangement,
shock strut function, external stores reguiremets,
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pagckground and Source of Criteria: This 1s a new requirement. It was
suggested as a result of operationsl problems on A-10 and F-15 alrcraft.

Lessons Learned: Static strut function on the A-10C aircraft created a

hazardous condition for weapons loaders in that at a certain load the strut
would suddenly break away causing a significant change in elevation of the

weapons loading paint.

Luring some landings on early F-15 aircraft, one strut would stroke before
the other due to differences in mechanical friction. The resultant assymmetric
loading presented the other strut from stroking for several seconds. During
this time the aircraft ground rollout was in a skewed attitude adversely

affecting control.

Verification: (Paragraph 4.2.2.2)" Other performance characteristics of the
shoek absorber, such as , Shall be demonstrated.”

Ver at Rationale: This requirement is best met by careful analysis and
design. except for some bearing and seal changes, little can be done with
existing hardware that proves unsultable. Nevertheless, final proof of
suitability is a demonstration on the air vehicle. The blank should include
"friction characteristics". In some cases specific tests such as weapons
loading, fueling or servicing may be specified in detail to verify the function

characteristics.

Verificatiop Lessons pearped:

3.2.2.3 Structure - Tail Bumpers

51 T

3 - a "The tail bumper, if used, shall incorporate the following
€

Rationale and Guldance: There are numberous design features that are pptional
on a tail bumper. Each affects the design cost. 1f the Using lommand has a

preference on these features, they should be expressed before a contracted
development 1s finalized. Special control features include: Retraction,
automatlic extension based on throttle setting and gear position, emergency
extenslon capability, position indication, ete.

identified

[

Performance Parameters: Depending on the characterlstics which are
in the blank, various parameters influence and control this reqguirement.
System design, component design detalls and system interfaces are general areas

which contrel.

Bagkgro S Criteria: This is a new requirement, not previously

documented in design requirements. Since these speclal features impact the
cost, 1t 1s necessary to stale the requirements in the original documentatinn.
Much of the special features are Using Command preferences and they should de
consulted extensively on these requirements. Slnce they are cost drivers, the

dited cXlenalvely LIGCJE uilremenis
{3

user must be appraised and be willing to accept the impact on reliablliity and
maintainability. Tail bumpers are frequently safety features that represent
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protection of more expensive and deliceate airframe hardware which is
jeopardized by extreme %tall down landings, abrupt rotation on takeoff and
ground maneuvering.

lessons Learned: Tall bumper design is a direct function of the protection to
be provided. A simple ground handling protection device can be simply a hard
point to prevent ground contact of the rest of the airframe. It would be
infrequently encountered and usually be a simple manual device. If the
protection desired comes from overrotation on takeoff or high attitude landing,
the device becomes in fact an energy absorber. If the strikes are frequent
enough, a replaceable contact should be considered by the designer.

Another feature which is optional is the ability to position the bumper
from the pilot's station. If aerodynamic degradation occurs from having the
bumper permanently extended, consideraticn should be given to providing a
retractable feature.

1f the bumper Is contacted on takeoff or landing, there is a firm need to
isolate the hydraulic system to prevent spikes of peak pressure being applied
to the system.

The unit should be readily inspectable.

Society Automative Engineers ARP 1107, "Tail Bumpers for Piloted Aircrafi®
s a useful refersnce for recommended practice for design and installation of
1

3

- d
[

Verification (raragraph 4.2.2.3): "“Ground ¢learances and protection by tail
bumper will be evaluated by dynamic analysis of the air vehiele. The tail
bumper operation and controls will be evaluated by air vehicle test."

Verification Rationale: The need for a bumper must be determined before an air
vehicle is produced. Analysis is the only logical means to evaluate the fuli
range of operational capabilities. The effectiveness of the bumper to provide
the intended protectinn should be evaluated on the air vehiele. It can be
accomplished as part of the routine cbservations. Some effort should be made
to record frequency of strike to assist in evaluation of the operational
adequacy.

Yerification Lessons Learned:

3.2.3 brake svstem

3.2.3.1 prake System - General

3.2.3.1 = a "The air vehicle shall be capable of stopping under the following
conditions: WM

Rationale and Guidance: This requirement is a primary performance
characteristic of the air vehicle. It directly determines the runway lengtih

requirement of the air vehicle and can be a major design and coat driver.
Although the primary impact 1s an the design of the landing gear brake systesms,
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it also indirectly influences air vehicle aerodynamic characteristies. It will
also pe the basis for determining need for auxiliary deceleration devices such
as spoilers and deceleration parachutes.

Considerable detail must be provided in definition of the performance

required. The requirement will consist of several stopping conditions to be
met. Each condition must contain essential parameters listed below. Failure
to include these parameters will result in a requirement that cannot be
enforced. The basic stopping performances which are identified should be
related to the primary missions of the air vehicle. Each critical condition,
such as, maximum design gross weight aborted takeoff, shall be included in this
requirement. befinition of additional stopping performance for other purposes
such as efficient training of aircrews may also be necessary, and should be
included in the blank for this requirement.

Performance Pgrgmgtgrs

Each stopping condition requirement must contain at least the following
parameters:

(1) air vehicle gross weight condition
(2) speed condition at the start of the stop
(3) the type of runway surface upon which the stop must be accomplished

(4) environmental extremes that must be considered. This must include
altitude of the runway and temperature extremes as a minimum

(5} maximum stopping distance permitted.
Optional parameters that may apply to Some conditions include:
(1) definition of air vehicle system fallure conditions

(2) maximum elapsed time between subsequent stops and air vehicle
condition between stops

(3) number, order and frequency of stops.

backgr Source of Criteria: This requirement is unique to each air
vehicle. The basis is usually contained in the General Uperating Requirement
(GOk) with additions and modifications as necessary to provide a complete
engineering definition of the stopplng performance.

Lessons Learned: Total system performance is a function of performance of
many subsystems and components. The brake must be capable of producing
adequate torgue and have the heat sink capacity to absorb the energy.

The anti-skid system must function to control In an efficient manner to
permit maximum utilization of all the available coefficient of Criction. The
tire must have sufficient footprint in contact with the ground to generate the
stopping force required to meet this performance guarantee.
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On past air vehicle, sufficient emphasis has been placed on meeting the
dry runway stopping performance that it is possible that wet runway stopping
may have been compromiseda. The anti-skid control adjustment or “tuning®

reqguired for optimized nnnf‘e

equired for cptimized per! mamAs An wat uvarcue Al vavimy enimfAanao

mance on wel Versus dary runway suriaces can vary.

Every effort should be made io clarify this item before the coniraci is
finalized. A decision must be made whether the antj-skid contral system is a
safety device on wei runways or an automatic braking control system for dry
runway performance.

»
H
&

Tire tread design and construetion have been demonstrated to have an
influence on wet runway stopping performance. Care must be taken to insure
that traction is not compromised for life in selection of tire tread compounds.

Several recent aircraft with high power to weight ratios have required
that significant braking be used during taxi to maintain a safe speed. This
not only has a significant impact on brake wear but also can influence stopping
performance during an aborted takeoff. If it is likely that the air vehicle
will have high power to weight ratio, the stopping performance must include
consideration of taxi operations before and after the normal stopping
reguirements.

Ve imantdam [Papagrankh U 2 2 1% HTAbnl

verificatlon (Paragraph 4.2.3.1): Total air vehicle stopping performance and
the ability to hold the air vehicle statie during engine runup shall be

evaluated by air vehicle test as follows: !

Yerification hationale: Since total system stopping performance is the result
of the combinec¢ performance of the various systems and components,
demonstration on the air vehicle is the only reasonable way to evaluate this
requiresent.

The requirement should ngrm_]l define the stopping conditiong to be
demonstrated and the number of times each conditlen should be demonstrated.
Several demonstrations should be included because uncontrollable variables such
as pilet proficiency usually results in large data scatter. Demonstrations at
the exact conditions specified may not be possible. 1In this case, verification
is accomplished by analysis of the actual demonstration conditioens.

This requirement 1s a significant air vehicle test program cost driver and
is normally considered a hazardous test at least during the extreme test
conditions

Yerification Lessons Learned:

3.2.3.1 Bbrake System - General

3.2.3.1 « b "The total system shall provide restraining force to hold the air
vehicle static on a dry paved surface during application of N

Rat le and Guidance: This establishes the need to hold the air vehicle
static for functions such as engine run-up. 1f holding the wheels locked still
does not hold the air vehicle statie, further design refinement will be
required to achieve this tntal system need. It may be determined that this
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operational check will require wheel chocks to achieve this objective, then an
operational assessment can be made on whether such suppori equipment will be
available in the full operational specirum of when this will be required. The
blank should reflect the level of engine run-up during which it is required to
repain statie.

Lrn +
ks torgque chara

¢
static COEfflCienu of frlcti n, tire contact

Background and Source of Criteria: This requirement was not previously stated
in any specification documentation. however, it has always been implied and
understood as desired practice and generally demonstrated during the flight

test program.

nnnnn 1 aarned: De ding on Using Command practices, this requirement may

Lgaauya Leagrned. LUependling On USLT n
vary. Most jet air vehicle do not generally park with brakes locked and run-up

all engines to military power. however, the requirement should be tailored for
the Command reguirements.

The ability to meet these requirements is a function of the size and
design of the rolling components selected. If there is not enough tire contact
area, holding the brakes locked will still result in skidding the tires.

=

e kuna of‘ hralre nsed nn the doedcm the hrak ay or may

Ad - L3
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not remain locked at full actuation pressure. With steel brakes, he statlc
coefficient of friction between the brake disks is much higher than that
generated during braking, and holding wheel locked is relatively easy. With
carbon brake disks and friction material, the static and dynamic coefficients
of friction are very close to one another and more effort would be required to

keep the disks from rotating.

It is not clear whether it is best practice to let the operational
practice drive the hardware design or whether the hardware design should drive

Pracoile aQrive LR daroralt JdesSipgn OF BLDLLS

the operational practice. This hould be a joint engineering-Using Command
decision.

Verifjcation (Paragraph 4.2.3.1'): ™"Total alr vehicle stopping performance and
the ability to hold the air vehicle static during engine run-up shall be
evaluated by air vehicle test as follows: .M

Verification Rationale: Even though the static coefficients of the brake are
evaluated in the ]nhnn:"gru dnwihg devalnnment TQQT‘lnﬂ' 1t is best to evaluate

= S QPR L=yt sGuviviad PLeFCLLPETV YRSV

the system performance on the air vehicle.

r b4 Lesson n

3.2.3.1 brake System - General

3.2.3.t = ¢c " failure of the brake control system shall not
result in a total loss of air vehicle braking capability.”
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hationale and Guigance: Objective is to define whether single or dual failures
will be permitted before lass of contrnl. 1f the redundancy of dual failure
concepts are significant cos*t drivers, the program management will have to

determine vhat laval Af riclk *hoy are willine tn tale Tho noor mietr Aanmmit
......... e WhZo. 1¢vel Ol risy uney are wiiilng Lo tade. ifie u3er musy oommit

their feelings on this matter. The blank should indicate "single" or "dual."

Performance Parameters: brake system design and redundancy, reliability, etec,
are key words in arriving at a declsion for this requirement.

Background and Source of Criteriz: This requirement was previously contained
in AFSC Oh 2+1 and the intent is to clarify what 1s or is not acceptable
performance for the brake system. 1t establishes the degree of redundancy
which is required. There is an obvious price to pay for double redundancy, but
i€ the Using Command desires such features, the airframe manufacturer should be
natified. in advance so that the requirement is clear to all competiitors during
Source Selection. The AFSC Uk Z-1 contains a requirement just for single
fallure, but this "tailorable" requirement presents an option to increase *he
redundancy 1f the system needs the capabllity.

Lessons Learned: The sources of failure which impact the abllity of the systen
to maintain control are numerous. Fallures may occur in the actuation sysiem
(hydraulic, pneumatic, or mechanical), the brake assembly, the pedal linkage,
or the tire.

Figures 3.2.3.1 ¢-1, 3.2.3.1 ¢-2, and 3.2.5.' ¢=3 show accident and incident
statisties for various types of alr vehicle for the hardware mentioned above:

Number of Annual
Alr v Accl 1 nts

Fighter
Cargo
bomber
Trainer
Misc

Figure 3.2.3.7 ¢ - '. JActuation System

Number of Annual
Type Rir vehicle Accidents/Incidents

Fighter
Cargo
bomber
Trainer
Misc

Figure 3.2.3.1 ¢ - 2. Erake Assegbly
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Number of Annual

fccidents/Ipcidents

Iy
O m
e
34}

Bomber
Trainer
Misc
Figure 3.2.3.7 ¢ - 3. Tire
Verification (Paragraph 4.2.%.1): "The effect of component malfunctions shall
be svaluated by .

Verification kationale: Options available for this verification Include

simulator demonstrations, flight test, or analysis. Depending on the
complexity of the 3ystem, the availability of the simulator, and experlence
leve)l of the proposed contractors, the blank should be completed. It is also a
function of economics, since each approach has assoclated costs. Tecnnically,
the simulator in conjunction with an analysis is most desirable because Lhe
interfaces can be evaluated and the conditions can be controlled.

Ver Less L, :

3.2.35.2 brake System - brake Actuation Systen

ndependent emergency braking system shall be

i
I F 'S - n
-apau.¢ vy to with gontrol.

kationale and Guidance: This requirement is necessary to establish performance
requirements for the emergency braking sysiem. An emergency braking system :Is
nearly always required by the using command. Experlence indicates thatl a
system is essential to provide adequate safety and reliability. Life cycle
cost of the emergency system is sirangly dependent upon required operating
characteristics.

The statement provide for definition of both stopping performance and the
level of contral. WNormally, the stopping performance should be equal to that

provided by the normal system. Differential control of braking is a desirable
feature to permit the pilot to use the brakes for directional control.
Antiskid control should be c¢onsigered but may be optlonal.

Performance Parameters: Hydraulic system design, system capability, and
fallure modes are key words in evaluation of designs suitable to meel this

requirement.

Background and Source of Criteria: This is a reflection of the criteria

previously stated in specification MIL-E-8584, AFSC Dh 2-1, and AFSC Dh 1-6.
It reflects the lessons learned from Wwll air vehicle and has been standard
criteria for over 20 years. The only recent innovation has been the use of
anti-skid control an emergency brake systems and the double redundancy of dual

actuation lines for normal and emergency systems.

-

W
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Lessons Learnad: There are various approaches to emesrgency brake system
design. In the 1950 time priod, 1t was comaon practice to provide emergency
braking from an auxiliary air bottle. These designs had limited capacity,
utility, and effectiveness. They did not operate through the anti-skid control
system and there were often blown tires with the use of this type of emergency
brake system. They had separate lines to 2 shuttle valve at the brake. Since
tnis was a different media than the normal system, extensive system bleeding
was reguired after their use. The following air vehicle utilize this type of
emergency brake system design:

Another disadvantage of the air bottle emergency system is the limited
capacity. 1f the pilot "pumps" the brakes, he will deplete the systew and
could have insufficient capacity to complete the stop.

Another recent design approach to emergency brake design is to provide

dual lines to the brakes from different hydraulic systems. Each system has the

capability to stop the air vehiecle. The r11), B-1, and Fib utilize this
approach.

Verification (Paragraph 4.2.3.2): "Performance and suitability of the
emergency braking system shall be evaluated by flight test."

Verification Hationale: Since the requirement is for a level of performance,
the only suitable demonstration is for the total system. It should be

scheduled in a similar manner teo the demonstration af the normal hr-nl({nc

SeiaTUluWATl Ll 4 =2aiiiidl S

system.

Verificatlion Lessons Learned:

3.2.3.2 BbBrake System - Brake Actuation System
3.2.3.2 - b "brakes shall be applied by the following action: .0

hatjionale and Guidange: Hather than define the classical methold of applying
brakes through the rudder pedals, this requirement is adjustable for the
sltuation. If the Using Command or the state-of~the-art dictate a change in
concept, the blank should reflect the desires. If no preference ls stated, the
classical statement of "foot pressure on the tip of the rudder pedal™ should be
inserted.

Performance Parameters: Cockpit design, rudder pedal design, feel spring
characteristics, and pedal force versus pedal travel are important
considerations in meeting this requirement.

bBackground ang Source of Criteria: This requirement reflects the criteria
previously contalned in specification MIL-B-B584. The intent was to

standardize the brake application methods so that itransition by pllots from one
air vehicle to another will not result in confusion in the event of an
emergency, which requires fast application of brakes. The initial source of
the requirement s not known.
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Lessons lLearpned: Some forelgn air vehicle utilize a hand lever for brake
application.

Pedal position for pllots of varying helights and leg lengths can be a problem.

Yerification (Paragraph 4.2.3.2): "Brake actuation and parking brake
performance shall be evaluated by T

Yerification Rationale: Since brake actuation is not a measurable item, the

evaluation is qualitative and subect to personal preferences. & mock-up or
actual air vehicle must be used for preliminary evaluation. Final review is

aiihdant oA rmaconem Tdomitntbdana
UV Tw i LU Puglall LLiWivdLviViio.

Yerification Lessops Learped:

3.2.3.2 Brake System ~ Brake Actuation Systenm

3.2.3.2 = ¢ *“The brake control shall have the following force and travel
characteristics: "

limits, and response characteristics necessary to Insure controllabllity, pilot
mrmfTamt and mindsmism dnanalbdain tnaldondne Pantamé of fthia abtatsimand 17411 Adamanmd
CUANL VI L AV HAHLUUE Viallod LAV vIadiililig . VUHLGIIE Vil LWILD JSL-AaVCUTIIv Wlll TR

upon the type of control used. The following should be considered:
Maximux breakout force:
Maximum force for full braking:
Maximum travel:
Travel for initlal braking:
Déceleration rate/application force gradient (mean):

Deceleration rates/application rate tolerance:
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Performance Parameters: Seat to pedal relationship, pilot size and qualitative
measures such as "feel" are influential in meeting this requirement.

Background and Source of Criteria: This requirement has previously been
defined in specification MIL-B-8584. Originally, the pedal travel versus pedal
force relationship was developed by an aero-medical study conducted in the 1950
time period for manually operated systems. 1t has been maintained from that
time period, and the power systems were a direct outgrowth of these
requirements in an attempt to maintain similar pedal travel and nfeel” from air

vehicle to air vehicle.

Lessons Learned: There are numerous problems of interface and compatibllity
associated with the brake pedal installation and design. On mechanical systems
which directly link the pedal to the brake metering valve, there are problems
vith preak-out forces and system friction. This is particularly the case where
linear motion linkage, such as that 'used on the F111, is used for this linkage.
On any system, the level of break-out or force required for initial travel is
important. If the break-out is high, the pilot may not be able to restrain
additional force and wiil tend io overpressure the brakes on application. This
can be a problem on landing.

If the break-out forces are too low, the pllot can easily apply brakes
inadvertently during crosswind taxi or takeoff, along with his rudder control.
This may be a much more prevalent problem than is currently realized by
operators.

Most pedal travel versus pedal force relationships have a problem with
hysteresis. The force versus travel will not be the same for return as it is
for application. This can lead to pilot confusion and diminish the level of
control. Freguently, this relationship can be a funetion of the individual
installation as well as the general design of the system, and little or no
control is provided in the general criterila, ete. Usually, each airframe
manufacturers have thelr own internal controls, but they are not necessarily
uniform.

Design of the seat and pedal arrangement to accommodate the various sizes
and shapes of pilots is difficult. Much study has been done on comfort angles,
but the criteria of acceptance is still qualitative. Pedal forces for holding
brakes locked can be a problem, and is a function of the brake static
properties. Therefore, pedal forces must be compatible with dynamic and static
brake characteristics between a new and worn prake. This is particularly true

with steel brakes.

The most recent trend in brake control 1s to use electrical controls. The
range of the assoclated problems are yet to be bared. With the wide-spread use
of power brakes over manual, and now the use of electrical controls, the pilots
cannot tell when brakes are or are not applied. Therefore, most systems
utilize a feel spring to provide some resistance to foot force. FPositlon and
design of this device has a significant impact on forces and hysteresis.

A pedal force limit of 300 pounds applied in the tip of the rudder pedals

for brake application has been specified in the past. the forces required for
brake disc movement and contact has previously been established at 15-20 pounds
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for manual systems and power systems. Many modern aircraft brake sysiems have
limited maximum brake pedal force to 200 pounds to provide more comfortable

operation.

Verification (Paragraph 4.2.3.2): "The brake control force versus control
travel relationship shall be measured on the air vehiele.”

Verification Rationale: Since there is interplay between so many components
and flexibility in the mownting, the only logical place to evaluate this aspect

of the design is on the air vehicle.

Verification Lessons Learned:

3.2.3.2 brake Sysiem - Erake Actuation System

3.2.3.2 - d "& parking brake shall to hold the air vehicle static
under the following conditlons: M

R le and Guida : Frequently, use of a parking brake 1s an optlional
design feature. Therefore, use of such an item 1s a Using Command option to be
identified at the start of a program, since it must be included in the total
system design. With statement of parking brake preference, there pust be a
statement of perforpance when a unit 1s desired. Some measurable performance,
such as allowable pressure drop within a given time period and temperature
drop, 1s recommended. The preferred method of application and release of the
parking brake should also be specified.

Performance Parameter: Operational concept of the air vehicle, maintenance
plans and user preference are controlling considerations under this

requirement.

Background and Sourece of Criteria: The requirements for a parking brake and

the required performance were previously defined in specification MIL-E-8584.
Optional omission was extended to jet powered interceptors or fighters. Une of
the reasons for thls stems from the inherent leakage assoclatea with anti-skid
plumbing and the infrequency of need for such a feature. The requirement was
generally associated with light weight air vehicle equipped with manually
controlled master cylinder systems.

Lessons Learped: Design rellability and internal leakage are the most frequent
problems associated with parking brake designs. On the T-37, the installation
was difficult to bleed, and with a small displacement manual system, erratic
brake performance resulted from the trapped air.

Vepification (Paragraph 4.2.3.2): "brake actuatlion and parking brake
performance shall be evaluated by "

Ver o) : The installation can be evaluated on the simulator or
on the air vehicle. The decislon on which installation to perfarm the
evaluation should be based on economic considerations,
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Verification Lessons learned:

3.2.3.3 Brake System - Anti-5kid Brake Control

3.2.3.3 - a "The anti-skid brake control system shall be tuned for optimum
performance on a surface, considering both braking and cornering
forces throughout the control speed range."

kationale and Guidance: There has been a tendency within the Industry to
attempt to achieve a minlmum stop distance on a dry runway, and then to assume
a factor to be applied to predict wet stop distances (FA&). This is
demonstrated most safely and under more controlled conditions. However, the
real need of the system is to have the skid control system to be tuned on the
surface where the greatest need exists. Therefore, every attempt should be
made to tune the production adjustments of the anti-skid brake control system
for a wet runway, where the performance is most crltical. Stopping distance is
not the only factor to be considered. Cornering power is equally lmportant on
-runways experiencing adverse weather. Crosswinds may dictate that differential
control to assist steering are equally important to stopping performance. This

net ha naneida
WL We LUnolus

e nee P s: Brake actuation system response characteristles,
anti-skid system response, brake torgue characteristics, tire friction and
dynamic characteristics, praking coefficient of friction, cornering power, and
coefficient of friction, all have influences on whether the system provides
"optimum" performance. "Optimum" is defined as the best compromise between
braking and directional control.

background and Source of Criteria: This criteria is generally stated in
specification MIL-B-8075. Difficulty has been encountered on numerous systems
where the anti-skid control system components are adjusted to praovide minimum
stop distance on a dry concrete surface. Then the wet runway performance is
left to chance and 1s frequently less than optimum. The requirement for
consideratlion of wet system adjustment was not introduced into specification
language until 1971. Prior documentation reflected ancient state of the art

design and evaluation.

Lessons Learned: 1n tuning an anti-skid system or adjusting the response
rates, ete. for production, there ls significant risk in talloring the systenm
for dry runway performance. The avallable coefficient is relatively constant
with a dry surface as compared with a wet surface. Therefore, system response
or sensitivity can be lmproperly placed from dry runway testing. This usually
{s the direct result of establishing guaranteed stop distances on dry surfaces,
but not requiring specific performance on wet. 1t 1s extremely difficult to
define a wet surface and to contral it in flight test for demonstration. 1t is
dependent upon the surface (micro-texture), the runway construction (slope,
etc. ), and the rate of water input.

Factors tn be considered in anti-skid tuning and operation are features
such as locked wheel protection and interaction if the brakes are paired,
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touchdown protection ta prevent locke-up or flat spotting upon initial contact
with the runway, ancd the dagree of sophistication desired. Anti-skid sys-ems
vary in performance from anti-locked whesl devices io approaching automatic
braking systems. Some ¢commercial and 1-43 brakes are automatically applied
without pilot effort and function to a pre-selected deceleration rate.

There are several basic design approaches in anti-skid systez in terms of
hyarauiic control. One is paired wheel conirol and another is individual wheel
control, with various c¢ombinations of each. For single wheel gear air venicle
such as used on fighters, etc., more use has been made of paired wheel contirol.
This decision is made primarily for dynamic stability and ground conirol
reasons. If release and reapplication of brakes on one side of the air vshicle
at a time can induce control problems, paired wheel control should be
considered. However, individual wheel control is more efficient from a
stopping efficiency point of view, because each braked wheel is praducing all
the torque that 1s possible. With paired wheel control designs, caution must
be used lo valve selection to insure rstention of differential braking
capability in crosswind situations. Some systems reduce boih wheels <0 a
common threshhoald pressure and offset the differential pressures tha:t the pilot
thinks that he is applying. ther paired wheel control valves operate like
individual wheel coniral systems.

Yeriflcation (Paragraph 4.2.3.3): "The system performance, including

compatibilily with interfacing subsystems, will be evaluated by W

Ver:ficatieon Rational !.‘..‘..-.-.:h‘-‘.'..' bhn Flanl nnndul\"“ﬂn ‘nnina muet he dn
i yltimately, the final production tunin g he done

f

on the alr vehicle, but there are various approaches to prellminary evaluau¢
These include computer simulation and working simulators. The verification
should be tallored to reflect the econdmic coordinated method used for other
systems.

Yerifs sons Learne

3.2.3.3 Brake System - Anti-3kid brake Contraol

3.2.3.3 « b "During air vehicle system power interruption or sysiem
malfunction, the system shall M

Ratd le and Guidance: It is the intention of this requirement io state how

the user wants the system to respond to circumstances of power interrupiion or
gystem malfunction. It indicates the reactlon which is most accepiable to the
Using Command for system design. It 1s not Intended to tell the designer how

to achieve the stated response. Usually, the blank will be filled by stating,
"return to pressure as meiered, with adequate pllot notiflcation.”

r{or r rs: This requirement s a funciion of system circuit
design with the methods of system fallure as the varlables in “he design.

kgr Sourge of (riteria: The source »f this requirement is
specification MIL-E-B075. A requirement similar tn this has been in force
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since the antl-skid systems first were introduced inte USAF air vehicle around
1954-55. The failure response mode has been gquestioned on numerous occasions

toamina ghinkh akaiild ka ameliad
LEPia WhLCn SN0ULG o€ appiitd.

........ Famnnme omRGS e or

and user preicrence dppears 1o be the ¢ i
Lessons Learned: On fighter air vehicle or relatively simple multi-tired gear
designs, most systems revert to manual upon system failure with sultable
notification to the pilet. On complex systems, such as the C5A, the effected
wheel /brake asgembly is isclated and the remainder of the system continues to
function with anti-skid contrel.

VYerific og (Paragraph b,2.3.3): v"Effecis of system malfunctinns shall be

at
evaluated by

Verification Rationale: There are numerous means of evaluation of anti-skid
system malfunction. These include failure mode analysis under the keliability
Program, Simulator studies on the full scale landing gear mock-up, and flight
test evaluation. The flight test portion is normally on a routine monitorship
basis.

Verificatiop Lessons Learned: Often test sets will not detect all types
failures and causes. Generally the using activity observes the test set or

warning light and, if functioning, will assume the unlt is acceptable when in
Ffact those lights only indicate fallures of a specific type. Operation

“instructions, including failure modes and effects, are desirable.
3.2.3.3 brake System - Anti-Skid brake Control

3,2.5.3 = ¢ "The pilot shall be able to engage or disengage the anti-skid
system by the following action: M

hationale and Guidance: This requirement is to provide a method for the pilot
to override anti-skid system operation. Although this 1s a controversial
feature, experlence has indicated that it is usually deslrable. In the event
of faulty normal braking, it permits the piloat to select normal braking without
antiskid as an alternative to emergency braking. This is desirable if the
emergency system has limited capacity or 1s difficult to contrnl. In the past
it has frequently been desirable to shut off antiskld during taxi to prevent
unexpected brake release. The argument against the control 1is that it leads to
inadvertent operation without antiskid. Also if the pilot is given several
alternatives, he may try all of them and overrun the runway. (i.e. direct
selection of an emergency system may provide a shorter total stop distance).

The antiskid override is usually accomplisned by removing power from the
antiskid control box. The control for this can vary from a circuit breaker to
a switch (stick or panel mounted) to a compiex control and warnlng system
(semi-automatic shut down). The control should be as simple as possible but
must accommodate using command requirements. 1f the using command does not
indicate a preference, complete the statement with the following: “"Activation
of a switeh shall disable antiskid control of the normal brake system. braking
force shail be that commanded by the pilot. The pilot shall be provided with a
warning that the antiskid has peen disabled."

Performance Parampeters: System response, available coefficjent, tire
hydroplaning characteristics, crosswind velocity and switch design, and
position are influential parameters.
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Background and Source of Criteria: The criterla for pilot control is a
restatement of reguirements previously stated in specification MIL-b-b0T5 and
AFSC P4 1-b. 1t generally was the expressed desire of the Using Command o
retain such a feature.

Lessons Learped: Most air vehicle utilize an on-off switch for the anti.skid
control system.

Verification {(Paragraph 4.2.3.3): "The operating characteristics of Lhe
anti-skid system and design features of the system shall be evaluated by .

Ver tion Rationale:

Verification Lessons learned:

3.2.4 holling Components
3.2.4.1 BRolling Components - Tires

3.2.4.1 a "The tires shall be capable of performing on the alr vehicle for the
following: WM

is to provide a tire capability

Eationale and Guidange: The objective
compatible with the air vehicle operation and performance for all taxl, turns,

takeoff and landing operations at the critical gross weights and velocities
that do not exceed A/C structural or operational limits. The blank should be
filled with an all inclusive performance requirement such as: conditions of
maximum air vehicle takeoff and landing, including all ground maneuvering
before and after takeoff and landing. Emergency conditions must alsa be
considered, such as aborted takeoffs and maximum landings. If aerodynamic
heating exceeds 1609F during flight, this must be considered.

a. Tire Sizing Parameters

t. Alr vehicle Conflguration - This will tend to dictate the gear
geometry and possibly the decision for a small number of large diameter tires
or a large number of small diameter tires.

2. Flotation - This requirement will tend to dictate tire pressure, gear
configuration and may drive the design of the air vehicle fuselage. If
flotatlion does drive the design, tire service life problems will be nil.

3. 7Tire Load - This requirement will be dependent on 1 and 2 above.

L., Growth Allowances - This requirement will tend to dictate tire size if
not established by flotation.

Lol
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b. Tire Design Parameters

¥. Velocity - This requirement will dictate the tread thickness, and
therefore, wear life.

2. Taxi Distances and Turning Requirements - These requirements will tend
to design the tire carcass, bead step-off area, and the shoulder area due to
internal heating from the flexing of the tlre.

3. Environmental Heating - Aerodynamic heating level, time at high speed,
equipment mass and alr flow may be significant parameters for the design. This
may dictate high temperature compounding.

L, Tire Slippage - Wheel and tire interface shall be designed to present
slippage tha! could cause loss of air with damage to the tire, tube, valve or
wheel .

5. Low temperature - Unless otherwise specifled, the low temperature
requirement for the tire compounds shall be =659 (-547C).

6. burst Pressure - Tires normally are designed to withstand a burst
pressure equal to 3.5 times the maximum operating {rated) inflation pressure.

‘& factor of 4.0 is sometimes used for low pressure (Less than 150 psi) tires.

K nd andg Source of {riteria: This requirement re{iecis lie ¢oncepl
generated in specification MIL-T-504%, AFSC DH 2-1, and AFSC DH 1-6. This is
an Industry accepted practice for military and commercial tire development.

Lessops Learned: Historlcally, except for the B-52, tires operated at
velocities at or above 250 mph and 250 psi have relatively poor service life,
less than 25 landings per tire. Tires operated at or less than 225 mph and 200
psi have good service 1ife, over 100 landings per tire. Tires inflated at 250
psi and greater are more susceptible to cuts due to the high stress in the
tread coompared to a 200 psi tire. Higher inflation pressure also tend to
accelerate groove cracking, resulting in tread failure such as chunking or

stripping a tread.

As the speed rating increases, the tread thickness decreases which results in
less wear 1ife and greater susceptibility to cut removal. The cut depth is
much more critical as the velocity increases,

Therefore, when establishing tire operational parameters, strive to limit
the adverse effects of high rotational velngities and high pressures.
Flotation and growih requirements will aid in a good solution to this problem.
This requirement should not dictate design of a high performance A/C, such as

fighter or interceptor types,

The use of alr to inflate main wheel tires, where thermal fuse plugs are
used, 13 not recommended. kelease of the fuse plug will result in discharge of
the air on to the hot brake increasing the probability of fire. Nitrogen is
used to inflate mnst commercial and some military aircraft tires.

Figures 3.2.4.%.a - 1 through 3.2.4.%.a2 - 13 provides design charac-
teristiecs for tires used an current military alrcraft. Selection of one of
these designs for use »n new air vehicle design may reduce logistics cost.
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Dimensions of Type IIl {Low Pressure) Tires
Wheel A B c D
Type Size Inflated Outeide Inflated Section] Inflated| Inflated
1/ Diameter (Inches) Wwidth (Inches) Shoulder | Shoulder
(Min) (Max) (Min) | (Max) Diameter| Width
{Inches) | (Inchee)
(Max) (Max)
as -.AI\-P phlind .';)'.-.A rre Y 10 £t +an
M J.UU=D 13.02 La. 2y 4,00 472 1i.o0 4,2V
H 5.00+5 13.65 14,55 4,65 5.15 12.85 4,35
M 6.00=6 16.80 17.50 5.90 6,30 15,45 5.35
H 6.00=6 16.80 17.95 6.18 6.55 15.85 5.55
M 6.50-8 = 19,15 19.85 6.55 6.95 17.70 5,90
M 6.50-10 21.35 22.10 6.25 6.65 19,90 5.65
H 6.50-10 21.35 22,60 6.25 6.90 20,50 5.90
M 7.00-6 18.00 18.75 5.90 7.00 16.45 5.95
H 7.00-6 18,00 19.25 6.60 7.30 16.85 6.20
M 7.50=10 23.30 24,15 7.20 7.65 21.60 6.50
H 7.50=-10 23.30 24.70 7.20 7.95 22.05 6.75
M 7.50=14 27.00 271.15 7.20 7.65 25.30 6.50
M 8,00-4 17.15 18.00 7.80 8.30 15.50 7.05
H 8.50-10 25.70 25.65 8.20 R.70 22.80 7.40
R 8.50-10 25.30 .26,30 8,20 2.05 23.25 7.70
T 9.00=6 21.40 22.40 8.70 9.25 19,45 7.85
M 9,50=16 32,50 33,35 9.10 9.70 30.25 8.25
T 10.00-7 24,30 25,45 9.65 | 10.25 22.15 8.70
M 29xi1.00-10  28.10 2$,00 16.40 | 11.00 25.00 9.35
M 11,00-12 31.00 32.20 10,50 § 11,20 28,55 9.50
H 11,00-12 31.00 33.00 10,50 | 11.65 29,25 9.90
M 12,50-16 37.50 38.45 12,00 | 12,75 34.40 10.85
M 15,00-16 41.40 42,40 14,40 | 15.30 37.65 13.00
M 15,50-20 44,30 45,25 15.05 | 16,00 40,70 13.60
M 17.00=16 43,70 45.05 16,35 | 17,40 39.80 14,80
M 17.00-20 47.10 48,75 16,40 | 17.25 43,60 14.65
M 19.00-23 53.15 55.10 18.25 | 19.38 49,30 16,50
M 2G,00~20 54,30 56.00 19,20 | 20.10 49,50 17.10
M 25.00-28 69.30 71.15 24.70 § 25.70 63.40 21.85

1/ T - Tailwheel; M - Main wheel; H - Hellicopter.
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Rim Dimensions for Type VII (Extra High Preesure) Tires

Wheel Type Size Standard No.
[ 16 x 4.4
18 x 4.4
18 x 5.5 MS24370
20 x 4.4 AND10581
22 x 5.5 MS24370
24 x 5,5 MS24370
24 x 7.7 ARD10S76
24 x 7.7 (14 PR)
25 x 6.0
26 x 6.6 AND10573
29 x 7.7
30 x 7.7 AND10573
Main wheel 4 30 x 8.8 M524369
3o x 8.8 AND10573
32 x 6.6
32 x 8.8 (22 PR)
36 x 9.9 ANDIO573
dx11 AND10573
36 x 11 (20 PR)
g x11
¥ x 13
40 x 12 AND10573
44 x 13 AND10573
46 x 9
46 x 16
49 x 17 MS524 368
| 56 x 16 M524368
Tailwheel 10=1/2 x &
12«1/2 x 4=1/2

FIGURE 3.2.4.1.a - 7
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Rim Dimensions for Extra High
Pressure Tires, Type VIII

Size Drawing No,
Wﬂ
18 x 6.5-8 614242
22 x 7.7-12 6103037
22 x 8.,5-11 6334241
24 x 8.0-13 73453
26 x 8.0-14 6103001
28 x 9.0-14 74201
30 x 11.5=14,50 62J4031
31 x 11.50-16 5TF794

FIGURE 3.2.%.1.a - 11

Bead Seating Pressures

Minimum Bead Seat

Normal Rated
Presesure (PSI)

Inflation Pressure

40 or less
40 to 100
Over 100

Maxioum Bead Seat
Pressure (PSI)

In no case shall the maximum bead
the rated tire inflation preasure
the lesser.

seat pressure exceed either
or 200 pai, whichever is

FIGURE 3.2.4.1.a - 12
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1t is sometimes desirable to mnld & ridge in the tire sidewall to deflect
water spray or other debris thrown up the the tire. This ridge is known as a
nohine" and such tires are usually called "chine tires“. The primary use has
peen to prevent water spray from entering engine inlets. Chine tires are
presently used on F-111 and C-9 aircrafi nose landing gears. Chine tires must
be tailored for each application. Flight testing is necessary to confirm

suitability of design.

Verification {Paragrapn 4.2.4.1): “Laboratory tests shall be c¢onducted to
evaluate the following requirements:

a. Takeoff, landing, and taxi performance"

Verification Rationale: The use of a laboratory dynamometer to evaluate the
tire performance characteristics permits evaluation to the limits of the tire
capability with risk. The design conditions are carefully controlled and are
repeatable. The Industry has always utilized this method of evaluation prior
to installation on an air vehicle to determine performance limits and to
establish Safety of Flight. It is significantly more economic than any other
verification method. The tire will also be observed and evaluated during the

routine flight test program.

Verifi jon Lessons r :

3.2.4.1 Rolling components -~ Tires

3.2.4.1 = b "Tires shall have a service life, due to tread wear only, of not
less than _ landings. This shall apply during operation of the air
vehicle as follows:

Kationale ang¢ Guidance: The objective is to provide a satisfactory life.
Mistorically, tires of a conventional design, Types 111, VII, and V1iI, snould
provide 50 to 300 cycles (one takeoff and one landing equals one cyele),
dependent on diameter and velocity requirements. The blank should be filled
with a reference to Figure 3.2.4.1 b-', showing the number of A/C cycles
required for a given tire diameter and speed rating range. The second blank
should describe the operation during which the life requirement is to be

applied.

Perforpance Parapeters: The performance parameters controlling service life
are:

1. Tire diameter Establishes thickness

2. Velocity rating of tread

3. Tire pressure due to load - Stress in tread rubber

4. Installation

Bagckground and Source of Criteria: The source of this criteria is

specification MIL-T-5041 and is supplemented by the AFSC-Ogden ALC LLC prograp.
& similar arrangement is a worthy candidate for future programs.
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Main Tire Average Tire Nose Tire Average Tire
_Size Life __Size Life
-7 26 X 9.00 - 14 66 22 X 5.5 N
: {Not Availabi
A-10 3 K 11 N/& 24 X 7.7 N/A
B-52 56 X 16 202 Tip 32 X 8.8 N/A
C-5 49 X 17 31.0' 49 % 17 317
c-7 11.00 - 12 N/A 7.50 - 10 N/A
C-123 17.00 - 20 N/A 35 N/A '
C-130 20.00 -20 685 12.50 - 16, 596 i
KC-135 49 X 17 440 38 % 1 230 f
C=141 By X 16 501 36 & 11 M
FYy 30.5 X 53 16 % 5.5 51 :
11.5 - 14,5
FSA 22 X 5.5 - 11 - 61 18X 6.5 -8 N/A l
Fi5 25.5 X h/A 22 % 6.6 - 10 N/A
9.75 - 18 :
F16 25.5 X N/A 18 X 5.5 N/A :
8.0 - 14 I
F100 30 X 8.8 29 1B % 4.4 4
F105 36 X 1 68 24 X 7.7 36
F111 47 X 18 - 18 155 21 X 7.25 -~ 10 N/&
T-37 20 X 4.4 N/A 16 X 4.4 N/A
T-38 20 X 4.4 93 18 X 4.4 N/A
1-39 26 X 6.6 83 18 X 4.4 NA

FIGURE 3.2.4.1 b-?
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Lessons Learned: Figure 3.2.4.1 b-' shows the fleet average tire life for
various air vehicle. The data represents lndex Test results from Ogden ALC.
Tire life is frequently affected by the air vehicle installation. If there is
excessive camber or yaw abnormal tread wear can be generated. Early F-15
aircraft are an example of this problem. OUbviously, the tire design cannot be
hela accountable for this performance

Verification (Paragraph 4.2.4.1): “Service life shall be evaluated on the air
vehicle during flight test."

Verification Rationale: The primary factor in tire service life is tread wear.
Laboratory testing does not evaluate this aspect of tire per{ormance.
Therefore, the flight test program is the first opportunity to evaluate this
aspect of the design. The service life evaluation will be continued into lsing
Command evaluation at Squadron level. AFLC will further extend this aspect

Verification Lessons Learned:

3.2.4.1 Rolling components - Tires
3.2.%.7 = ¢ *The tire carcass shall be capable of reireads
without degradation of tire structure performance.™

Ratiopnale and Guidance: The objective is to provide a tire construction that
can be retreaded. 7This has proven to be cost effective in the Alr Force and
particularly on commercial air vehicle where they have retreaded a single tire
as many as nine times. The blank should be filled with a number for repeated
retreads that would be compatible with the tire performance and life. If the
tire life is relatively long on a large diameter slow speed tire, the aging
life of the carcass may limit it to one retread. If the tire is medium in
diameter, 34-4%0 inches and rated in the 225 mph range, it ¢ould be retreaded
four or five times. A high speed fighter tire of 20-34 inch diamster could
also be retreaded five times, providing the carcass could not be subjected to
high working stress due to inflation pressure of 250 psi or greater. In this
case, only one retread may be cost effective.

Performance Parameters: PFerforsance parametes controlling retreadability
include:

i. Tire velocity rating

2. Tire pressure rating

3. Tire construction (special requirements)
a. Environmental heating

b. Excessive deflection
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c. Exotic designs
d. &ge limitations
e. Balancing

background and Source of Criteria: 7This is a new requirement not currently
defined in any general miliiary specification. 1t reflects the current statle
of the art and has been used on all recent systems in the interest of Life

Cycle Cost.

Lessons Learned: Reliable retreading is dependent on a sound carcass and
sufficient material on the crown of the tire to prepare the surface properly
for a new tread. Froviding a sound carcass is dependent on testing the initial
construction through repeated life tests on the dynamometer, stripping the
tread and retreading between cycles, and a good inspection of a used carcass

prior to relreading.

Verifjecation (Paragraph #.2.4.1):; *“lLaboratory tesits shall be conducted lo
evaluate the following requirements:

b. Ketreading capability"

Verification kationale: The retread capability of the carcass, can be verified
by requiring the tire to complete all the dynamic tests of 4.z.4.1 a, then buff
the treag and repeal Lhe cycle without the heat soak cycles upless the soak is

above 300°F for one hour.

Verification Lessons Learned:

3.2.4.1 Rolling Components - Tires

3.2.4.% = d "The electrical conductivity characteristics of tires shall be
such that the tire will not store a static charge which will be detripental to
any other air vehicle system or harmful to personnel."

hationale and Guidange: The objective is to provide a tire material that does
not accumulate or store a static charge which could be detrimental to air
vehicle component operation or harmful to personnel.

Ferformance Parameters: Performance parameters controlling are:

1. Tire construction
2. Tire materials

Background and Source of (riteria: This criteria was previously stated in
specification MIL-T-504%. It was based on an industry recommended laboratory
analysis and was in force tor approximately 20 years. The basic criteria was
presented by tne Tire and Him Association.

b
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Lessons Learped: Static charges of electricity have been blamed for numerous
problems on A/C, and in some instances, Were blamed on the tires. This
situation caused an investigation of the materials for conductivity in tne
completed tire. Limits were established based on tire industry evaluation of

the problem.

Uarifinatimn {Oopaorank I 2 0 13- i ahnratary facte ehall he nandnetoed ta
Yol dldbvav iUl Liara apil e 1) . VUV QLU LR oavo SHGld WL LULUdWL LYW WY
evaluate the followling requirements

¢. Electrical conductivity®

Verification Hationale: Verification of tire conductivity is a specimen test

which has been standardized by the Tire and Rip Association.

Verification Lessons Learned:

3.2.4.1 Rolling Components - Tire

3.2.4.1 « e "lIn selecting tire sizes, make an allowance for
growth in air vehicle maximum design weight within the same size tire.”

Ratij Guidance: The objective is to provide a tire with growth
potential within the original clearance envelope. Historically, even in the
1970 years, air vehicle continue Lo grow in gross weight, which would overlead
original tire capabilities. Whereas, by adding plies, the {ire can easily be
changed %o carry the extra load within the same envelope. The blank should be

filled with 25% based on past experience.

ferformance Parameters: Ferformance parameters controlling growth are:
1. Burst pressure

2. bBulk modulous

3. Taxi distances/velocity/temperature

Eackground and Source of Criterja: This requirement was contained in ArSC Dk

i-6 and AFSC DH 2-1. This requirement was originally generated in the mid
1950's based on lessons learned with air vehicle growth. Since change in tire
size impacts stowage area and airframe sizing, it is considered to be an
impertant concern.

Lessons Learned: %ost air vehicle developed in the last 25 years have grown in
gross weight from 10 to 40%. In many of these instances the landing gears
cannot grow accordingly, and therefore are operated as less than "0" margin.
Tires readily lend themselves to easy growth potential within the original
designed envelope by increasing the number of plies. This has been a very
effective method of providing sufficient tire growth on A/C developed in the

late 60's and =arly 70's.
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Verification (Paragraph 4.2.4.7): "An analysis is required to show
growth potential in the selected tire sizes."

Verification Kationale: The requirement for tire growth can be verified by
analysis of actual plies to ply rating, to maximum number of plies and maximum
ply rating allowed.

Verification Lessons Learped:

5.2.4.1 Rolling Components - Tires

3.2.4.1 « £ "For pmultiple tire gear designs, capacity shall be provided to
accommodate tire failure (s) without additional tire failure,
when operating at all gross weights under the following conditions: L

Kationale and Guidapce: The objective is to provide tires with the dynamic
load carrying capability to withstand an overload for a short periecd of time
and not cause a catastrophic failure. Should a tire fail during taxi at
maximum gross weight, the other tire(s) on that strut should have the
capability to support the additional dynamic load while taxiing back to an
apron or repair area. On takeoff, the remaining tire(s) should have the
capability to support the dynamic load for either aborting or completion of
takeoff, followied by a landing at landplane landing gross weight, The first

blank should be filled with a statement such as; "one® or ¥fifty percent of
assembly”. The second blank should describe the minimum operation with the

failed tire(s).

Performance Parameters: Performance parameters controlling include:

1. Load rating

z. Ply rating

3. Air vehicle gross weight

4. Center of gravity locations
5. Tire construction

6. Operating spectrum

Background and Source of Criterja: Criteria for overload capability factors in
tire capacity were previously documented in AFSC Dh 2-1. The requirement, as

expressed, 1s a new requirement defining the conditions of overload from which
the remaining tires are expected to continue to operate. This will allow the
airframe manufacturer to properly develop and demonstrated this overlead
capability.

Lessons Learped: Present specifications do not require testing tires to
dynamic loads greater than the rated static load. Nose Lires are rated with
dynamic load factors ranging from 135% to 150% of the static load rating. The
dynamic loads usually are nnt verified by test.
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Development of a tire to withstand a sustained overload, such as excess load
due to a mating flat tire, requires a tire test program simulating this
condition. For example, if a tire is required to operate safely after a mating

tire has failed, at least investigate the following:

a. Failure of 3 tire during taxi out for takeoff will result in an overload on
the mating tire{s). The mating tire should have capability to endure the
excess lead for taxiing back to a repair area.

b. Tire failure during takeoff run. The mating tire should have the
capability to endure the excess load for an aborted stop.

Verification (Paragraph 4.2.4.1):

YLaboratory tests shall be conducted to evaluate the following
requirements:

A

d. Overload capability®

r katio i Laboratory dynamometer tests provide the opportunity
to conduct a controlled test to the required limits without risk to air vehicle
or personnel. It is the most economic approach from a cost and schedule
viewpoint.

¥ i Les Learned:
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3.2.4.z Roliing Components - Wheels

3.2.4.2 ~ a "Ihe wheel assemblies shall be capable of performing on the air
vehicle for the following: L

hationale and Guidance: The purpose of this requirement is to identify the
aperating conditions which will establish the design envelope for Lhe main,
nose, and auxiliary wheel equipment. The conditions must account for maximum
gross weight usags (taxi and takeoff), design mission takeoff, landing, and
taxi. A spectrum should be generated to simulate the anticipated load
distribution to give the required life. The environment developed by the
wheel~brake-tire combination must be accounted for in the design conditions of
the wheels. 1f high brake temperatures are typically encountered with main
wheels, the design specirum must include this condition. Eccentric loads
induced by installation on the air vehicle or operational usage must be
suitably reflected in the requirements. These will not be known until the
design of the installation i1s complete, but provisions for such eventuallties
rmust be included in the basic requirements. Examples might be: high frequency
pivot, cambered roll, yawed roll, etec.

Performange Parameters: Velocity, wheel material and processing, vertical
versus side load, fatigue characteristies, sustalned stress levels, and
tire-wheel-axle interfaces have an impact on the ability of the wheel to meetl
the required performance requirements.

Backeround and Source of Criteria: This requirement summarizes the various
load discussions previously stated in speclfication MIL-W-5013, AFSC Dh 1-6,
and AFSC DH 2-1. This is the very backbone of the wheel desajign requirements.
It establisheds the static strength and fatigue requirements for the wheel

assemblies.

Lessons Learned: 1in the past the static load capability was established by
arbitrary criteria, and the design conditions were not necessarily associated
with actual operating conditisns. An example of problems associated with
arbitrary criteria in lieu of rational criteria is the C141A main wheel. It
was designed and tested to maximum load MIL specification eriteria with an
arpitrary cambered roll fatigue requirement. On the airplane, with * 807
steering available to the pilet, the landing gear was experiencing numerous
full pivots during routine taxi usage. The result was over 75 wheel flange
failures in service. The wheel was redesigned to accommodate this specific
candition of pivot turn. Singe the revised wheel has been put into service
{approximately 1970}, there have been no further wheel flange failures,

Use of arbitrary criteria does not always drive the designs to structural
inadequacy. A recent example has been the use of .5 g turn for yawed rcll
criteria in design. This particular condition has produced numerous laboratory
failures (F5, F15, B-1, etc.) which drove redesign of the wheel hub area.

There has never been evidence of field difficulties in this area with the
wheels involved. 1t is suspected that the criteria is quite conservative and
is resulting in heavy hub wheels. Research is planned by Flight Dynamics
Laboratory to measure siress in various wheels for straight yawed roll versus
turn techniques on a dynamometer flywheel to try to resolve this lssue.
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Another aspect which is some concern Is the aspect of corrosion effects in
the field as compared with development testing. Corrosion has a sigrnificant
impact on inventory life, but current criteria does not account for this
phenomenon. Recent painting technique improvements will potentially diminish
this disparity.

Verification (Faragraph 4.2.4.2):

"Laboratory tests shall be conducted to evaluate the following
requirements:

a. Takeoff, landing, and taxi performpance"

Verification Rationale: Laboratory tests are recommended because of the
versatility in evaluating performance and the schedule required for
development. The laboratory can explore the load envelope and provide timely
answers to the designers and evaluators.

Verification Lessons Learned:

3.2.4.2 Rolling Components - Wheels

“ h n 1. T 3 ] "
3.2.5.2 ~ & The wheel servige 1ife ghall be .

Rationale and Gujdance: From a logistic consideration, an arbltrary average
service life must be established for wheels, consistent with operational needs.
In the past, an arbitrary laboratory life of 1500 miles at rated load was
selected for design and the service life which achieved was accepted. However,
our needs are actually service life, so average field service life should be
specified. The number selected is a function of the type of air vehicle on
which it will be installed and the overall logistic plan. Some air vehicle
place premium on light weight and the wheel criterla should knowipngly reflect
this priority. Wweight and life are directly related. 10,000 service miles for
cargo air vehicle is consistent with airline criteria. 2000 service miles for
high performance air vehicle wheels seems to reflect the primary concept of

design.

Performance farameters: Maintenance procedures, air vehicle usage, wheel
materlal; and operating technique are major factors in achieving service life.

Background and Scurce of Criteria: Wheel fatigue life requirements were
contained in specification mMIL-W-5013. Generally, the roll life requirements
were straight roll at an arbitrarily established rated load. About 15 years
ago, commercial and military development requirements were modified to include
typical service anaomalities. This has resulted in lmproved service
performance. In most cases where frequent service failures occur, the cause
can be traced to service induced conditions which were not accounted for in the
davelopment criteria and evaluation. Therefore, duplication of operating
environment in development evaluation ls a paramount consideration.
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Lessons Learned: Actual wheel service life is difficult to determine. Ogden
ALC is attempting to initiate a system to track wheel forgings by serial
number. Commercial wheels are traced and tracked. Each major forging is
warranteed for a given life. :

Maintenance has a major role in extending or shortening wheel service
life. bearing and axle nut installation, handling during tire changes, and
tire-wheel inflation technique and diligence contribuie to wheel life.

Being able io predict a realistic usage spectrum and qualifying to this
eriteria represents a major factor in achieving long service life.

Wheel flanges are the most frequent source of service failure. Extra
attention should be placed on this portion of the design.

Verification (Paragraph 4.2.4.2):

“Laboratory tests shall be conducted to evaluate the following
requirements:

b. Service life"
1]
Verification katjonale: Dynamometer roll test is the most economical and
reasonable means of demonstrating service life. The loads and environment are
carefully controlled and permit a more formal analysis of results.

Verification Lessons Learned:

3.2.4.2 Holling Components - Wheels

3.2.4.2 - ¢ "Protection shall be provided to the wheel from brake heat to
prevent after exposure to :
energy.*

Kationale and Guidance: The purpose of this requirement is to establish
performance requirements for heat dissipation. The potential detrimental
effects to wheels and tires include wheel or tire explosinon due to degradation
in strength of either unit, or increase in tire pressure causing overstress.
Solutions to these problems include wheel heat shields, wheel fuse plugs, etc.
The blank should normally reflect the emergency energy level associated with

ant 2 gorv
-]

Performance Parameters: Peak brake heat sink tewmperature, thermal conductivity
properties of material, effectiveness of heat shields, and fuse plug eutectics
are parameters affecting this requirement.

Background and Source of Criteria: Performance requirements similar to this

statement on heat dissipation are contained in specification MIL-W-5013, AFSC

DH 1-6, and AFSC Dh 2-1. Direct requirements for fuse plugs are contained in
ification MIL-w-5013. The requirement reflects design approaches

3
ER I =

= 1)

g2




0

Downloaded from http://www.everyspec.com

M1L-L-B7139{USAF)
APPEND1X

originally developed for commercial air vehicle but currently accepted as
standard design practice for the military brake industry. The first fuse plugs
were introduced around 1957.

Lessons Learped: Caution should be taken in designing the fuse plug
installation to minimize stress risers. If the plug is screwed into the wheel
well, extra precautions must be taken with the threads.

The fuse plugs should be located directly within the heat path from the
brake to insure an environment similar to that being seen at the tire' bead
seat. Since this is the area which suffers degradation due to heat, the fuse
plug must accurately reflect the environment.

lteat shields can cause structural damage to the wheel forging upon
installation by lnfllctlng a scrateh. Care must be taken to insure relatively

simpie installation. Heat shield retention has been a difficult problem to
solve on many wheel designs.

er;{;ga;;gn (Paragraph 4.2.4,2):

“Laboratory tests shall be conducted to evaluate the folloulng
requ1rements.

&heel overheat capability"

!gzi{iéhﬁiﬁh;ﬁﬁiignglg: The laboratory provides the opportunity to explore the
total design envelope. Under laboratory conditions, the energy input and other
important factors can be controlled and will generally provide a better =
evaluation than on the air vehicle. Of course, flight test observations will
also contribute to the overall assessmpent of design adequacy for the assembly.

3.2.4.3 Rolling Components - Brakes

3.2.4.3 - a "Brake assemblies used to provide any portion of the air vehicle
stopping performance specified in 3.2.3.1 - a shall have the following charac-
teristies: .M

Rationale and Guidance: This requirement is to define acceptable performance
of conventional brake assemblies should the contractor elect to use this
approach to provide stopping performance. Requirements should be in the form
of success criteria that are unique to the brake assembly and its installation
when the brake is used to provide any part of the stopping performance.

The requirement will usually be complex in that several aspects of

"guccess" need to be considered. Brake performance criteria may be different
for the different stopping conditions specified in 3.2.3.1. Requirements to be

considered should be selected from the following performance parameters and
modified as necessary to clearly indicate the applicable stopping performance.

3
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The following success criteria should be considered in completion of this
requirement.

i. There shall be no structural failure of the brake assembly during
any single stop within the design envelope. This condition does not
apply for abuse or usage outside of recommended operating limits.

2. The required stopping performance shall be provided at any tlme
during the specified operational life of the brake.

3. After ipitisl installation, it shall not be necessary to perfornm
manual adjustment of the trake to permit the stopping performance to
be met.

4. Brakes shall not sgueal, chatter or cause any vibration during the
stop that results in malfunction or reduces the life of any air
vehicle component.

5. brakes shall not cause healing of any air vehicle component that
causes component malfunction prior to attainment of required life.

6. bBrakes shall reiease upon release of the normal brake control during
and after the stop.

7. No damage to the air vehicle, including rolling components, except
wear of brake friction surfaces and ground contracting elements shall
result from stopping with the following exceptions: .

8. Prevention of structural overload
due to braking shall not be dependent upon pilot proficiency.

Y. Overheating of brake assemblies due to malfunction or abuse shall
be indicated by .

rmpan Parameters:

Background and Source of (riteria: Most of the suggested brake criteria were
previously stated or implied in specification MIL-w=5013,

Lessons Learned: Figure 3.2.4.3 a-! presents a summary of Air Force brake
structural failures between 1970 and 1976. A very large percentage of these
failures were brake disc failures. Moat generally, these failures are not
necessarily design failures, but are induced by improper production processing.
Another potential cause of brake dise failure is excessive heat input. 1f a
brake jis abused by dragging or some other operational input, the structural
integrity can be compromised. However, design assessment under controlled
conditions should give some measure of eapabllity and potentially a2 measure of
tolerable abuse.

Brake chatter is the frictional or mechanical excitation of the landing
gear fore and aft vibrational mode. It is generally caused by negative damping
from the friction pair and usually has a eritical speed range. Examples of
frequencies and spring rates are presented in Figure 3.2.4.3 a-2.
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_ Brake Structural Failures o
hireraft ‘ © " Mugber of Structural Pailures

B-52
B-57
€5

C47
C-130

C-141 '
F4 1
cF=15
. F=100
F-102
- F=105
F=106
F-11
~T-33
T=37
T-38
T-3Y _ o oE
h-3 R . DL X
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Figure 3.2.4.3 a-1
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Type of
Ajreraft _Gear
A-TD - : Single
A-10 Single
B.-52 Twin
B-57 Single
C-130 “Tanden 3ingle
KC-135 Twin Tandem
C-141 _Twin Tandenm
F-} 1 Single
F-5 Single
F-1§ Single
i F-16 Single
' F-100 . Single
l F=101 . Single
i F=-102 \ Single
F-1058 Single
F-106 . Single
F-111 Single
; A/T=37 - Single
i T-38 . Single

Downloaded from http://www.everyspec.com

Fore & Aft Torsional
Natural Frequency Spring Rate
{eps) __  {in-iD/RAD)
g-11 5.9 x 106
1.7 ————
10.0 —
10.0 51.3 x 100
24,0
1.1 3.45 x 106
10.3 1.0 x 0
27.5 .
6.35 1.99 x 106
25.3
14.0 0.56 x 106

Figure 3.2.4.3 a-2

96

Fare & Aft
Spring Rate
£1p/in)

15,000
9,350
14,000

40,000

10,300
5,240
19,430
5,500
13,970

2,120
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Erake squeal is the induced vibration of the stationary parts of the brake

asgsemhlv and its mnnn‘wng It generally has a natural freguency of several

=it HIEREY Dt aaay

nundred cps as compared to chatter frequency of 6-25 ¢ps.

Brake chatter has been 3o severe that gear walk was induced on the F101
and F105 aircraft. There are numerous design changes within the brake which
can control this compatibility. The most effective change is with the lining -
rubbing surface materials. The stiffness of some of the structural members
controls the response to squeal. Squeal has been 3o intense on brakes that it -
has resulted in structural failure. Extensive flight testing was reguired on
the B-52, KC-135, FY00 and F10! to evaluate the gear vibration. Heceni designs
have been "tailored" to the gpplication by establishing response
characteristics of the system prior to finalized hardware design. Testing has
been modified to evaluate the brake-mounting compatlblllty prior to

installatlon on the alrcraft

Peaks in brake torque are generally experienced as a result of various
loading conditions. For instance, with steel brakes there is a high
probability of brake chatter and peak torgue at the low speed end of a normal
energy stop. This is particularly true with a brake which is substantially
worn, Peak torques are also experienced with very high energy stops as the
lining material reaches a point of maximum heat and wear. Most steel brakes
produce very high torque, with maximum pressure applied from 30 to O knots.
This ocecurs whether the assembly is cold or hot. It is experienced during
taxi-out and taxi-in. Figure 3.2.4.3 a-3 shows a typical distribuiion of peak
torque. : N

Temperature distribution within the brake and te the surrounding structure
is & major factor in the success of a given brake design. Ilmproper balance can
produce hot spots in the hydraulic motor section and contribute to seal
deterioration and ultimately to leaks. It can produce excessive disk warpage.
1t can produce damage to the tire bead through the wheel assembly. Ventilation
and elimination of conductive and convective heat is a major concern for
assembly design. The problem of distribution is significantly increased with
introduction of carbon brake discs. They may be lighter, but they do operate
at a significantly higher temperature. beryllium.brake discs operate at
significantly lower temperatures than steel or carbon brakes.

Overheating of brake assemblies may be encountered in operational use due
to malfunction or abuse. A combination of low energy stops or a dragging brake
may result in gradual temperature buildup that will negate normal safety
devices or cause fires. Consideration should be given to detection of this
condition and design to minimize damage caused by inadvertent overheating of
the brake assembly. Several methods of temperature detection have been
conceived and tried without overwhelming success. Wwe have tried "TEMP-STICKS,"
which are heat sensitive devices which melt at a prescribed value. Maintenance
personnel place these units in direct contact with the hot brake to try to
ascertain current temperatures. They read fairly relliably, but it is dangercus
to place personnel in such close proximity to an overheated brake.

Brake temperature sensors and indicators have been used on some aircraft.
Sensors may be mounted either directly in the brake assembly or in the wheel
well. HReliability and maintainability problems may be severe due to the severe
operating environment. Current use of this system in Air Force aircraft is

WO
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X - Typical Slow Speed'Stops '
[1- Norma!l Energy Stops
(- Rejected Takeoff

Gear Limit toad

Peak Torque (_ln-lb)

Pressure

Maximum Application

FIGURE 3.2.4.3.a-3
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limited to the B«1 and C-9A. A system was installed onlC-133 aireraft but
removed in operational use due to maintginability problem. brake temperature
monitoring system have been developed and used in several commercial aircraft.

Load deflection characteristies have an impact on design and service
performance. If the assembly is too flexible, the torque radius drops and
uneven wear and higher operating pressures result. Excessive deflection can
also introduce eccentric or non-uniform loading into the brake structural
members. The potential results of this can be premature failure in the field.-

Often the source of field failure is warpage and dimensional instability.
Slots open-up or close depending on the type service experienced or the
temperature-time history of the part. This is why the development cycle should
contain as many evaluations of actual service as possible.

Carbon brake discs have a much lower tclerance to abnormal loading. For
example, they are incapable of supporting axial loads inadvertantly transmitted
through wheel deflections. The torsional leoads must be properly directed to
avold localized structural failure. Axial deflections of the heat sink must be
minimized to prevent degradation since the individual discs have low rigidity
in response to loads in that direction. !

- Ferformance of some wheel brake systems with antiskid control is severely
degraded as the brake wears. This is because of the inecrease in volume of

brake actuation fluid that must be moved for cach skid cycle, Manual

adjustment can be used to compensate for brake wear, however, most present day
high performance aircraft use automatic brake adjusters.

Figure 3.2.4.3 a-§ is a tabular summary of the types of adjusters used on some
current aircraft. It is also noted whether the aircraft utilizes anti-skid
brake control. The significance of the information is that only the C-141 has

manual adjustment and employs anti-skid control.
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Summary of Brake Adjustment and Anti-Skid Control
' : . A ’ Technology, of
Air_vehiele ‘ Type _of Adijuster ' Antji-Skid Installed
A-7 Automatic Intermediate
A-10 Automatic " New
b-52 ‘Automatic Cld
b-57 Automatic hone
C-5 butomatic New
C-7 Automatic None
C-130 Automatic Interaediate
€-135 None - Intermediate |
C=141 Manual Old |
F-4 Automatic hew
F<5 Automatic “hone
F=-15 Automatic New . ..
F-16 futomatic . Intermediate
F=100" S ’ Old . '
F-102 hone
F-105 . 0ld. .
F~106 tione
F=111% Automatic Intermpediate
AfT-37 Manual None. .
T-34 hanual None .
[-3 Automatic Intermediate .

_ FIGURE 3.2.4.3 a-4
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Present tires, wheels and brakes are subject to damage when subjected to
greater than maximum design landing energy. - it is an accepted practice to
replace these components after a refused take off stop with greater than
maximum landing energy. Replacement of other landing gear components after any
refused take-off stop (up to design RIC energy) is unacceptable due to the high
cost of components.

Normally the landing gear is designed to withstand a limit drag load
resulting from an effective peak brake coefficient of 0.8. In some cases,
particularly in growth versions of an air vehicle, this coefficient is reduced.
if less than 0.8 is used, a test should be accomplished to verify that peak
brake torque does not result in excessive drag load. 1t may be necessary to
limit brake torque to provide a compatible landing gear system. If maximum
torque is limited, refused take-off{ stopping performanbe is degraded.
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characteristics and compat ib111ty wlth interfacing’ subsystem such as

shall be evaluated by N

Verification Rationale and Guidance: Brake evaluation will normally consist of
laboratory and flight testing. In so far as possible, verification should be

by air vehicle stopping tests. Performance is likely to be highly dependent
upon characteristics of the air vehicle and environment that are difficult to
simulate simultaneously in the laboratory. Some extreme conditions such as

maximum and minimun temperature can be duplicated cnly in the lsboratory. Some

extreme operating condltiona may also be too hazardous for air vehicle test.
The requirement should clearly indicate characteristics to be evaluated by air
vehicle test because this can be significant cost and schedule driver.

Verification lLessons Learned: Brake failure modes experienced in the

laboratory may have little correlation with failure modes on the air vehicle
because of poor simulation of air vehicle operation. Modification of the brake
to eliminate laberatory fallure modes may induce additional falilure modes on
the air vehicle. An example is that large drive key clearances may result in
severe battering damage to brake disc keyways. Reduction of the clearance to
eliminate the problem can lead to severe dragging brake problems on the air
vehicle. This is primarily due to the faet that the actual loading cycle on
the alreraft is quite different than the accelerated life test usually used in
the laboratory. Verification requirements must be structured to insure that
performance on the air vehicle is the final success criterion. Laboratory test
failures should not be ignored, however, laboratory successes are of no value
to the operational Air Force,

3.2.4.3 Rolling Components - brakes

3.2.4.3 - b "Brake assembly heat sink members shall be capable of producing
______ operational landings and the brake structural members shall be
capable of produclng operational landings without fallure or wear
beyond limits. The spectrum of operational landings is defined as

Rationale and Guidance: Brake heat sink components are the consumable portions
of the brake assembly. Rate of replacement directly impacts the logistic cost

and support of the equipment. There are numerous design techniques and
materials available which meet the design conditions but vary the average
service life. Therefore, the objective of this requirement is to express the
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logistic needs of the system in a manner which will influence the design and
material selected to produce the desired life. Some of the techniques
available to extend life have adverse effects on other characteristics such as
dynamic stability, peak torques, added weight, and temperature transmittal.
So, establishing unrealistic life requirements may induce severe performance
penalities. Caution must be exercised in this regard. It is recommended that
minimum values such as "500" landings be established for minimum requirements.

Usually it is desirable to establish different requirements for the brake
heat sink and the brake structural members (torque tube, actuation system,
mounting hardware, etc...). In the past the structural components have been
very expensive compared to the heat sink. This may not be true for more recent
designs that use carbon composite or berylliam brake discs. In the case of
steel disc brakes it was customary to require the brake structural members to
have a life four times greater than that of the heat sink. Often this requires
some refurbishment to attain. Brake structural member life may be somewhat

less than overall a1r vehlcle service life because the brake operafes in a very
severe environment.

Refurbishment of steel brake discs was normally not required.
Refurbishment of carbon composite or berylliam dises should be carerully
con31dered as & means to reduce operat.mg cost.

rfo r t :

‘Heat sink mass, lining or rubbing surface power loadings, peak tempera-
tures, operating techniques and engine idle speed have significant impact on
the average operating life of the brake heat sink members. Material selection,
stress levels, bolting techniques, housing and back plate stiffness and
housing-torque tube design are parameters limiting brake structural life.

Lessons Learned: Figure 3.2.4.3 b-) presents the average heat sink 1life of
several current Air Force aircraft, and the type of brake lining/rotor
combination in use o¢n the design. This provides a basis for estimation of heat
sink life for new design.

Figure 3.2.4.3 b-2 presents a summary of AFLC data on air vehicle and
brake structural failures, including bolts, in the 1970-1976 time period.

Yerification (Paragraph 4.2.4.3):

"Brake durability, operating characteristics and compatibility with
interfacing subsystems, such as shall be evaluated by

1w

Yerification Ratiopale:

Utilization of laboratory, flight tests and squadron service tests covers
the total usage spectrum. All facets contribute to the knowledge of perform-
ance for determining the life of brake equipment. Each contract should define
limits, where they are known.
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Verification Lessons Learned: Laboratory and flight test may predict brake

life much higher or lower than that experienced in operational use. The
primary variable is the test mission spectrum compared to the operational
mission spectrum.

o Average Number Type of
Air yehicle —of Landings Lining/Core
A-T : Sintered Metallic/Steel
A=10 : Sintered Metallic/Steel
B-52 ) . ~ Ceramic-hetal/Steel
b«57 ' -
C-5 o . - Sintered Metallic/beryllium
Cc-7 '
c-130 Sintered Metallic/Steel
C=-13% . Ceramic-Metal/Steel
c-14r .. Sintered Metallic/Steel.
F-~l4 - S ' Sintered Metallic/Steel
F=5 . Sintered Metallic/Steel
F=-15 ’ : Carbon/Carbon
F-16 . C Carbon/Carben
F-100 . ' Sintered Metallic/Steel
F=102 R , Ceramic-Metal/Steel
F~10% : Sintered Metallic/Steel
F-106 - - - . : Ceramic-Metal/Steel
F-111 . ’ Sintered Metallic/Steel
A/T~-37 o Sintered Metallic/Steel
T-38 e Sintered Metallic/Steel
T-3% C Sintered Metallic/Steel

Figure 3.2.4.3 b-1. Average Number of Landings/Heat Sink
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3.2.4.3 kKolling Components - Brakes

3.2.4.3 - ¢ "Means shall be provided to determiﬁe eufreht status of brake wear
without disassembly or the use of special tools.*

Rationale and Guidance: This is an expression of an operational need to be
able to determine status of brake wear during a pre-flight inspection or after
any given flight. Rather than dictate wear pins for measurement, the designer
is free to develop any means which will provide this inspection capability,. .
consistent with his overall maintainability plan.

Performance Parameters: Mechanical design of the brake, friction wear
characteristics of the discs or lining material, and maximum permissible wear
have marked influence on the ability to accurately display current wear status
of the brake assembly

gggggggung gng Sogrgg gf Criteria: This item was previously expressed in
specification MIL-wW~5013, calling specifically for "“brake lining wear
indicators." This requirement has been establisheqd for over 10 years and stems

fron operauonal lessons J.ear'neu. and gener‘auy expresaes the desires of -most
031ng Commands. L

”ngggng_gggnngg The details of attachment of wear indicators generally |
" control the adequacy of the design. The problems encountered include improper

use of frictional :mechanical devices, which do not "pull through" to give an ( .
accurate assessment of brake disk wear. Other mechanical designs have -

encountered eccentric loadings and resulted in broken parts. There have been

deaigns which utilize the mechanism of the automatic brake loadings.

Frequently, design reliability is low due to exposure to this hostile

eI va AT f waammw -] i

env1ronment

Kear 1ndlcators should be readlly observed and generally s;mple in design
to provide a reliable indication of wear. Little or no interpretation should

be required tc assess the state of disk wear. Some degree of protection should
be provided if the indicator extends beyond a reading surface to prevent damage

due to foreign object impact.
Verification (Paragraph 4.2.4.3):

“"Brake durability, operating characteristics and compatibility with
interfacing subsystems, such as shall be evaluated by

Yerification Rationale and Guidance: Brake evaluation will normally consist of

laboratory and (light testing. 1In so far as possible, verification should be

by air vehicle stopping tests. Performance is likely to be highly dependent

upon characteristics of the air vehicle and environment that are difficult to

simulate simultanecusly in the laboratory. Some extreme conditions such as

maxisum and minimum temperature can be duplicated only in the laboratory. 3Some
extreme operating conditions may alsé be too hazardous for air vehicle test.
The requirement should clearly indicate characteristics to be evaluated by air
vehicle test because this can be a significant cost and schedule driver.
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Verification Lessons Learned: Brake failure modes experienced in the
laboratory may have little correlation with failure modes on the air vehicle
because of poor simulation of air vehicle operation. Modificalion of the brake
to eliminate laboratory failure modes may induce additional failure modes on
the air vehicle. An example is that large drive Key clearances may result in
severe battering damage to brake disc keyways. Reduction of the clearance to
eliminate the problem can lead to severe dragging brake problems on the air
vehicle. This is primarily due to the fact that the actual loading cycle on
the aircraft is quite different than-the accelerated life test usually used in
the laboratory. Verification requirements must be structured to insure that
performance on th air vehicle is the final success criterion. Laboratory test
failures should not be ignored, however, laboratory successes are of no value
to the operational Air Force,
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3.2.4.3 Rolling Components - Brakes

3.2.4.3 - d *“Structural failure of the brake heat sink shall not result in
-“ n)’
d’

ion ng Guidan The intention of the requlrement“ié'to define the

unacceptable modes of fallure for the brake assembly. If the design can
tolerate minor discrepancies, strict adherence to no crack philosophy may be an
unnecessary cost driver. It ig our intention to define unacceptable results.
The blank should reflect unacceptable consequences of heat sink failure, such
as locking, piston over-extension, pieces of disc inducing a locked wheel or

structural failure of the wheel, ete.

Engg:mangg_ﬁgggmgggg_: Maximum surface and heat sink temperature, heat sink
materials, lug loadings, peak torques, and running clearances provide technical
influence in meeting this requirement.

Background ang Source of Criteria: Specification MIL-W-5013 contains a very

superficial discussion of brake disc failure in Section 4, which is inadequate
to evaluate performance in the field. Therefore, this requirement is basically
a new requirement to reflect all the lessons learned in maintenance and safety.

Lessons Learped: Brake disintegration can be the cause of serious accidents
and patential fires, Figure 3.2.4.3a-! summarizes the Air Foree experience of
failures of this nature for the period 1970 - 1976.

A design approach which has been used successfully to prevent fires as a
result of brake disc failure is to use actuation piston stops. The stops
prevent the pistons from being pushed from the housing and subsequent flooding
of the brake with hydraulic fluid from the open ports.

Carbon disk brakes are more suaceptible to disk disintegration than ateel
discs due to the lack of strength when loaded axially. Extra precaution should
be taken with this type of design to insure piston retention and fire
prevention. Carbon brake discs generally are operated at higher temperatures
than jts steel brake counterparts,

Yerification (Paragraph 4.2.4.3):
#Structural capacity of brake components shall be evaluated by test and

analysis and the wheel lock-up range at various speeds on different surfaces
shall be evaluated by analysis."

Verificati Rationale: Theoretical response to numerous modes of failure can
be considerably more comprehensive than that which could be evaluated by test.
Limited testing can be used to evaluate and validate the failure mode analysis.

XYerification Lessons Learpeq:
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3.2.5 Directional Control Systems
3.2.5.1 Directional Control System - Geperal

3.2.5.1 ~ a "Directional control of the air vehicle for operation on the
ground shall be provided as follows: M

Rationale and Guidance: This is a statement of the total system ground
directional control reguirements. It establishes overall constraints from
which the contractor allocates specific performance to the landing gear
steering, braking, propulsion and flight control systems. Two major .
requirements to be defined are: the expected performance during takeoff and
landing, and ground maneuvering of the air vehicle for other reasons. Both
pust be defined because the allocation to the landing gear steering stysten
will be different for each case. The requirement to meet .both is usually a
steering system design driver. ~ :

Performance Parameters:

Air vehicle Geometry

- Landing Gear Geometry
width of Runways and Taxiways
Type of Airfield Surface
Parking Area Restrictions
Cargo Handling (Loading Dock Compatibility)
Takeof{ and Landing Speeds
Thrust Reversal

r rce of ria: This is a new requirement, which was not
previously identified in any criteria document. Since it is a full systenm
requirement, the capability of the steering system is combined with various
other techniques to identify the directional control capability desired for the
total air vehicle. This type of performance has frequently been confused for
purely steering system capability.

L 3 Lear

(1) A method frequently used to specify the ground maneuvering
requirements is to establish the maximum width permitted for the air vehicle to
make a 100 degree turn on a dry pavement without use of differential braking.
This characteristic is usually presented in the flight handbook for each
current air vehicle. Figure 3.2.5.1 a - } is a summary of this characteristic
for some current air vehicle.

(2) In some cases, obstacle clearance by the air vehicle may be more
restrictive than pavement width available for ground turning. The flight

- handbook also normally provides characteristic data for current air vehicle.

(3) Excessive reliance should not be placed on use of differential
braking for ground maneuvering. Minimum radius turns using this approach are
difficult to accomplish with precision. Also, this condition frequently result
in the most critical landing gear loads. If used extensively, this will result
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in landing gear reliability problems. Diresctional contrel by differential
braking is very unsuitable for air vehicle operation on - soft surface airfields
because if causes exireme surface damage. Turnaround requirements should not
be so resirictive that they can be mei only by a pivol turn.

(4) 1If it is expected that the air vehicle will have a reverse thrust
capahility, it may be disirable to establish a direction reversal requirement
more severe than can be accomplished by a normal 180 degree continuous turn.
Operation of C-130, YC-14 and YC-15 air vehicle has shown that direction
reversal by several movements of the air vehicle, including backing of the air
vehicle, iz a practical operation. Pilot experience has shown that the number
of movements should be restricted to three.

(5) Air vehicle ground directional control is usually severly degraded if
the airfield surface is icy, wet or soft. This should not be ignored.

However, establishment of a requirement for ground maneuvering on anything
other than a dry concrete surface should be avoided. Experience has shown that
verification of compliance on any other surface is impossible due to difficulty
of accurate control of the many test variables.

(6) Airfield geometry for standard construction is controlled by the
following manuals. These may be useful in establishment of requirements:

(a) AFM 86-3 Planning and Design of Theater of Operations Air Base

(b) AFM 86-8 Airfield and Airspace Criteria

a>»
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Air vehicle Pavement Wwidth

Type 180 Turp ¥

C-123
C-130
C-135
c-1

Fed
F<5
F-15
F-16
F-100
F-105
F-106
F-111

1-37
T-38
T-39

Figure 3.2.5.1 a-I

®Source: Air vehicle Flight Handbooks

Verification (Paragraph 4.2.5.1):

"Directional control performance requirements of the total system shall be
evaluated on the air vehicle during the flight test."

Verification Rationale: Due to the many variables involved in the air vehicle
ground directional control characteristics, the only suitable verification
method is test of the complete air vehicle. This normally is accomplished in
three stages. The first is an evaluation for typical operation. This is a
continuous process throughout the flight test program. The second is a planned
evaluation for minimum radius turns on a dry paved surface. This is
accomplished not only to evaluate the minimum radius turns that can be achieved
by various pilot techniques, but alsc to measure resultant structural loads.
The third phase, which will vary between air vehicle programs, is evaluation of
directional control under adverse conditions. Adverse conditions can include

Yerifi Les
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3.2.5.1 Dbirectional Control System - General

3.2.5.1 = b "Ground directional control characteristics shall permit the pilot

to precisely control the air vehicle under the following crosswind conditiops:
"

kationale and Guidance: Crosswind limitations on precise directional control
can severely limit operational utility of the air vehicle. The air vehicle
characteristics depend upon performance of propulsion flight control and
braking system characteristics, as well as the steering system. The crosswind
limit, however, can significantly influence the steering system design both
directly and indirectly. An example of indirect influence is that it may
dictate main landing gear tread and landing gear wheel base. Two flight
regimes should be considered. The first is the takeoff and landing case
wherein the aerodynamic characteristics are predominant. The second is the
ground maneuvering limit where the landing gear geometry and steering system
performance become predominant.

Performance Parameters:
Aerodynamic Performance
Airfield Geometry
Airfield Surface Type
Airfield Surface Strength
Landing Gear Geometry

kgro S of Criteria: This is a new requirement. It states the
performance which has been implied or left to chance in various systems
documents.

Lessons ar :

(1) Operational crosswind limits for several existing air vehicle are
shown in Figure 3.2.5.1 b =~ 1. Information was derived from air vehicle flight
handbooks. )

{2) Overall landing gear arrangement and basic ground stability are
significant factors in crosswind operating performance. This requirement must
be compatible with the ground stability requirement.

(3) Flight test experience has revealed that shock strut characteristics
can influence crosswind landing response. High breakout loads of the strut
combined with aerodynamic characteristics of the air vehicle may result in
failure of the air vehicle to attain a wings-level attitude during rollout.
This may appear to the pilot as poor directional control.
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(4) This requirement should apply to operation on dry concrete airfield
surfaces only. Crosswind performance is degraded on low coefficient of
friction surfaces. However, verification of a stated requiremeni on such
surfaces is difficult. Flight test evaluation on adverse surfaces should be
accomplished for flight handbock data.

“~ (5) Systems to preposition landing gear for crosswind takeoffs and
landings have been used on some air vehicle to improve crosswind operating
characteristics. Recent examples are the B-52 and C-5A. These systems are
recommended only when justified by analysis of air vehicle handling qualities
and pilot workload for crosswind operation. Requirements for crosswind

Uy

positioning should be developed

Mo mmmdlam VA N
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Air vehicle

—Iype

A-7

A=10

B-52

B-57

1-37
T-38

T-39

¢ Depends upon Gross Weight and

Downloaded from http://www.everyspec.com

Air Vehicle Crosswind Operating Limits

Maximum Crosswind Component (Knots)

Takeoff Landing Taxi
30
30 to 40 40

---------- Fal

Figure 3.2.5.1 b ~
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Verification (Paragraph 4.2.5.1):

"Crosswind control limits will be determined by analysis, substantiated by
flight test.m ’

Verificatjon Rationale: Due to the complex interaction of flight control,
propulsion and landing gear systems, verification of the crossweind control

limits must be accomplished by flight test. Prior to availability of flight
test hardware, crosswind characteristics of the proposed design should be
evaluated by analysis. This is normally accomplished as a part of the overall
analysis of air vehicle stability and control characteristics.

on 2 :

3.2.5.1 Directicnal Control System - General

3.2.5.1 = ¢ "Emergency directional control shall be provided with the
following characteristics: a

Bationale and Gujdance:

Some type of emergency directional control system should be provided to permit
completion of the design mission or safe recovery of the alr vehicle afier
failure of the normal directicnal control system. The design approach to
provide an acceptable capabllity is highly dependent upon success criteria
established by this requirement. It may be possible to meet the requirement
with existing normal systems, or it may be necessary Lo provide secondary or
redundant steering systems. In many cases, differential braking may qualify as
the emergency directional control system. The following statements are
possible performance requirements for the emergency directional control systex:

"The emergency directional control system shall permit the air vehicle to
complete the mission after failure of the normal directional
control syatems. Completion includes recovery of the air vehicle tc the base
of origination without damage due to failure of the normal directional control
system." ‘

"After failure of the normal directional control system, it shall be
possible for the air vehicle to maintain a path along the center line of the
runway (+10 feet) after landing {Sea level, Standard day).*

"The emergency directional control system shall permit the air vehicle to
paneuver from the soft surface runway without assistance from external power or
equipment. Maneuver includes the ability to turn 180° in a maximum width of
100 feet."
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Performance Parameters: The following parameters should be considered:
Air Vehicle Weight
Air Vehicle Speed
Type of runway surface {Hard/Soft)
Control Precision

Verification {Paragraph 4.2.

"Emergency directional control characteristics shall be evaluated as follows:
. " P -

lUanifimatinn RBatimmnala med Middnmane
LAl iCAVION Nnavithidrg Ang uuiGance!:

Emergency directional control should be evaluated by air vehicle test.
Performance is the result of the complex interaction of the air vehicle and its
environment that cannot be accurately simulated or analyzed. Since some

. emergency directional control tests could be hazardous, the evaluation should

consist of a series of tests designed to gradually approach the specified
condition.

=lriaas

Yerifiecation Leasong Learned:
A ks aBial Yoo DIS MOl e

-

3.2.5.2 Directional Control System - Nose Gear Steering System

"~ 3.2.5.2 -2 "The steering system used to profide any portion of the

directional’ control shall have the following charaeteristicS' .

hatj Guidange: Usually some form of nose gear steering will be
required to provide adequate directional control. If this should be the case,
it may be desirable to specify some characteristics of the system such as
method of contrel and type of indication. It may also be mecessary to
establish maximum control forces and response characteristics, This is
required to standardize controls and insure that aircrew procedure is similar
to previous air vehicles to minimize aircrew transition training. In the case
of a large complex air vehicle, this requirement should establish self-test or
built in test requirements.

Performance Parameters:
Takeoff an& Landing Speed
Operating Environment
Landing Gear Arrangement
Airfield Surface Type and Strength
Steering Control Force

Steering Hate
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Ability to Track a Straight Line
Steering Deadband
Method of Control (Rudder Pedals or Wheel)
Indicators (Strut Marking, Warning Lights)
Self-Test Provisions
Shimmy Damping
r 7 Sourge of Crit : This requirement is to provide a method of

including specific design characteristies that have previously been directed by
MIL-S-8812, MIL-STD-203, and AFSC Design handbook 2-1. System rate and
response characteristics have not been quantitatively stated in the past, but
rather have been controlled by test pilot concensus. In the future, it may be
desirable to establish quantified requirements to permit more orderly
development of the system. The type of control (rudder pedal or wheel) has
been dictated in the past by MIL-STD-203. Steering indication systems and
‘built-in test have been given little consideration in the past.

L' o) r
(1) Past aircraft have generally been designed to the following criteria:
‘"The‘steering system shall be designed withk sufficient output torque to
permit turning the steered wheels through the full range without the aid of
motion of the aircraft or engine thrust or auxiliary power. The steering
capability shall be available throughout the design ‘temperature range of the
aircraft, and with the most critical combination of weight and center of
gravity at ‘engine idle thrust and a design coefficlient of friction of 0.80 at
the tire ground interface. The tires shall be inflated in accordance with

applicable servicing instructions, and all brakes may be assumed to be released
unless normal engine idle thrust is sufficiently high to cause motion."

Testing has indicated that the actual maxium tire to ground friction
coefficient may be less than 0.8. Aircraft that have little or no capability
to turn the nose gear with the aircraft static have generally been unacceptable
and required redesign to increase steering torque.

{2) Flight and laboratory tests indicate that excessive nose gear steer angle
during takeoff and landing, particularly on slippery surfaces, is likely to
result in overcontrol by the pilot. If excessive steering angle is used, the
turning force may be less than the maximum available. This has caused several
aircraft accidents. Consideration should be given to restriction of steer
angle during takeoff and landing to preclude this problem.

(3) Development of suitable steering rate and control force have been problem
areas on several recent aircraft developments (C-141, F-15). Frequently the
problem involves excessive deadband in the control, control hysteresis, or poor
pedal geometry. Careful analysis of initial flight test results is recommended
to insure timely detection and correction of problems. Quantitative control
criteria to avoid problems by good design are desirable but not available.
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(4) Deflection of cables, pulleys, pulley mounts, and pulley mount back up
structure is a frequent cause of poor response in systems with mechanical
control.

{5) MIL-STD=203 required use of hand wheel steering in cargo airecraft. This
is desired because it permits smoother operation during taxi, providing a
better ride for passengers. Recent work with prototype aireraft indicates that
perhaps the advantages of the steering wheel are not clear cut for tactical
cargo aircraft, At the present time it is probably best to leave the type of
steering control unspecified.

{6) Some aircraft steering systems have a method to show the piloi the nose
gear steering angle. One evaluation reveals that such indicators are seidom
used and may be of little value. On some aireraft it may be desirable to

indicate that landing gear are not centered. Indicators on the landing gear

showing steering angle are useful for rigging of the steering system.

Yerification: (Paragraph 4.2.5.2):

"System performance and control characteristics shall be evaluated by an
analysis and flight test. A formal demonstration of the steering system
operation wi th the statie airoraft shall be aceomplished to detem1ne

compliance with factors that can not be verified by flight test. Configuration
design requirements, including s shall be verified by inspection
of engineering drawings and hardware."

Nerification Rationale: Performance of the steéring syslem is the result of
the complex interaction of aireraft subsystems and geometry. Flight test of

- the complete aircraft is considered the only valid verification method.

bsually this can be accomplished concurrently with flight performance testing.
However, it may be necessary to augment testing by formal test or demonstration
of the adverse steering conditjons. Engineering analysis during development is
desirable to insure successful test. however, it is not required for

verification.

rifi j 5 r H

3.2.5.2 Directional Control System - Nose Gear Steering System

3.2.5.2 - b *The probability of occurrence of a single failure that results in
total loss of steering shall not exceed per mission."

Rationale and Guidance: This requirement is to establish a limit on eritical
failure frequency (loss of steering) of the steering system. This in turn is
expected to influence the contractor in selection of the type of steering
system to be used and the degree of redundancy to be provided. It should be
tailored to recognize the importance of steering to the particular air vehicle.
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Operating Environment

Performance of Similar Air vehicle

Background and Source of Criterja: This item reflects criteria previously

identified in specification MIL-S-8812. Requirements on failure mode and
effect were introduced into this document in 1975 and they represent input from
Industry. It is more specific than previous criteria in that it establishes a
numerical value to be achieved. Previous requirements were qualitative.

Lessons Learnegd:

(1) Figure 3.2.5.2b - 1 is
several air vehicle. These data were obtained from accident/incident reports,
It is suspected that actual failure rates are much higher, because not all
failures result in accidents/incidents. The failure rate for the F-4 air
vehicle is considered accurate for a limited operating period. The rate is

considered unacceptable for this air vehicle.

a list of demcnstrated fa

(2) Some air vehicle incorporate dual sources of steering power. This
should be considered for air vehicle that must have operable steering to
maintain control for takeoff and landing. It may alsc be desirable for air
vehicle that can not be taxied by use of differential brakes and thrust.
Secondary systems should be pilot selectable after the air vehicle is on the
ground and should not degrade braking performance.
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Air vehicle Steering System Failure Rates .

Loss of Steering
Air vehicle Failure Rate QObservation
Period

A-7

B-52

B-57

C=7
C-123
v C=130

o135 | . ‘

N

c-1

F-4

T-37
T-38

T-39

Figure 3.2.5.2 b - 1
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Yerification (Paragraph 4.2.5.2):

A "Probability of system failure shéll béﬁassessed by a failure mode
analysis and historical failure rate data. Critiecal failure modes shall be
further evaluated by M

= O E =71 *41 PR -

Verification Ratjonale: This reguirement usually will be.such & low rate of
occurrence that demonstration by flight test is not practlcal Verification

should be by use of a failure mode analysis combined with historical failure -
rates of similar equipment. In some cases, it may be difficult or impossible
to determine the result of some component fajilures. The effects of such
failures should be invastlgated by simulation on a laboratory simulation of the
system or on the air vehicle. R

Yerification Lessons Learned:

3.2.5.2 Directional Control System - Nose Gear Steering System

3.2.5.2 = ¢ "The prdbability of occurrence of a single failure that results in
"hardover' steering response shall not exceed per mission.®

Rationale and Guidance: This requirement is to establish a iimit on critical
failure frequency (steering hardover) of the steering system. This is usually
a more dangerocus failure mode than loss of steering and generally eagier to
prevent. It should, therefore, be established in addition to the failure rate

established by 3.2.5.2 b. This should influence the contractor in selection of
a basic design and provision of an adequate level of fail-safe fcatures

N e Fe - =LTLHEEYE ATYERS

Perforgmance Parapeters:
Air vehicle Controllabiity with a Steering Hardover

Operating Environment

Performance of Similar Air vehicle
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Lessons Learneq:

(1) Figure 3.2.5.2 c~1 is a list of steering "hardover" failure rates
experienced on some current air vehicle. These data were derived from air
vehicle accident/incident records. Failure rates are considered acceptable
with the exception of that shown for F-4 air vehicle,. :

{2) The acceptable fajlure rates generally result from structural failure
of mechanical components only. Hardover failures due to malfunction of
hydraulic and electrical components must be fully ellmlnated. This requires
careful de31gn practice to 1nsure rall-safe de31gn : .

(3) Accident reports generally indicate that hardover steering failures

" are much less serious on-large air vehicle as compared to small.air vehicle.:
Apparently the large mass reduces response time and permits the pilot to regain
control by other means.

Air vehicle Steering System Failure Rates
W . 7. - 7 "hHardover Steering -

Air vehicle % . . Failure Rate S : Observation
Period oL . .o ’

AT T
CA=10 - ST Gt
.- . S Eae - i . - -
‘B-52 A ,7 )
B-5T S L

C-5
C-7
C-123
C-130
C-135
C-141

F-4
F-5
F-15
F-1b

v_1nn
P ALV

F-105
F-11
T-37
T-38
T-39

Figure 3.2.5.2 ¢ - 1
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Verification ({(Paragraph 4.2.5.2):

"Probability of system failure shall be assessed by a failure mode
analysis and historical failure rate data. Critical failure modes shall be

further evaluated by ____ ."

Verificatiop hationale: Acceptable failure rates are so low that verification
by flight test is not practical. A failure mode analysis combined with failure
rate data for similar components usually will provide adequate verification of
the requirement. In some cases, it may be necessary to induce simulated
failures in a laboratory simulator or on the air vehicle to verify failure
modes and effects. This is recommended in the case of unique or complex
designs. Component testing may alsoc be required to develop suitable failure
rate data for new:design components. S _

rifi jon Lessons Learned:

3.2.5.2 Directional Control System - Nose Gear Steering System

, 3.2.5.2 = d "In the event of failure of the primary steering system, emergency °
P steering shall be provided with the following characteristics: .n

Rationale and Guidance: If a nose gear steering system is required to provide
normal directional control, consideration must be given to directional control
in the event of failure of the system. This requirement is to define unique
requirements, Possible characteristics include: pilot or automatic selection
of an alternate power system, indication of primary failure, type and amount of
steering to be accomplished, emergency steering shall not degrade normal or
emergency brake system performance.

p r r rs: Gear locations, tire sizing, rudder control, and
nydraulic system design influence the need for emergency steering capability.

r Sour Criteria: A requirement for emergency steering
capability has been a requirement of specification MIL-S-8812 since 1969.
However, most military air vehicles achieve emergency directional control with
differential brakes or rudder control.

Lessons Learned:

(1) Emergency systems that operate by providing a second source of
hydraulic pressure must be designed with care to prevent creation of additional
eritical failure modes. Emergency steering should be designed so that it does
not degrade normal or emergency braking.

. (2) The question of automatic or pilot selected emergency steering should
be carefully considered. Automatic selection reduces pilot workload and
provides minimum transfer time. Pilot selection, on the othr hand, reduces the
possibility of depletion of the emergency system before the critical operating
period. All hydraulic selector valves should be designed so that fracture of
the valve body will not result in loss of both steering systems.

13-\ 12/
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{3) Steering systems that use two sources of power for normal operation
have been used to fulfill this requirement. Consideration must be given to

whether operation with one system failed will provide sufficient steering
torque for emergency operation.

(4) Use of differential braking for directional control is eften
considered a suitable substitute for an emergency steering system. This may
not be a suitable approach for air vehicle with complex landing gear
arrangements, narrow landing gear tread or unpaved airfield operating
requirements.

" Nerification (Paragraph 4.2.5.2):

»System perforpance and control characteristies shall be evaluated by an
analysis and a flight test.”

Yerification Rationale: Performance of the emergency steering system is the
result of a complex interaction of air vehicle subsystems and configuration.
Suitability can be determined only by test of the complete air vehicle.

ti Less Lear :

3.2.6 Lgnding Gear Actuation

.3.2.6.1 landing .gg,_AsLug__gn_:_BsLzas&;ggzgxtgn_ign_,xzzzm

3.2.6.1 = a "The landing gear retraction and extension'ahall be actuated by
crew members by M

Rationale and Guidance: The intent of this requirement is to 1dentify the
technique required for landing gear actuation. Normally the gear actuation is
accomplished by actuation of a standard gear handle, located in a prescribed
position on the instrument panel (STANAG 3220). However, an option is needed
to accommodate other than the standard installation without requiring a
specification deviation. The need for standardization is to reduce aircrew
training required for transition from one air vehicle to another. The blank
should reflect the desired arrangement. The using command should have a
positive input into this requirement. Another option would be to not specify
the controls or include this requirement.

Performance Parameters: Gear handle design and placement, cockplt arrangement
and standard operating procedures control this requirement.

Background and Source of Criteria: This requirement was previously stated in
specification M1L-STD-203 and AFSC Design Handbook &-2 in a form that could not

be tailored. Previous requirements inciude International standardization
agreement (STANAG 3220, Location, Actuation and Shape ‘of Airframe Controls for
Fixed Wing Air vehicle).
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Lessons Learped: The following criteria has been used in the past for location
and actuation of the landing gear control:

"Install the landing-gear control lever so that it is forward of the power
controls when they are in the full-open position (STANAG 3220, Location,
Actuation, and Shape of Airframe Controls for Fixed Wing Air vehicle). Ensure
that the landing-gear control is UP for wheels up, and DOWN for wheels down,
and that it is so marked. In single- or tandem-pilot air vehicle, install the
landing-gear control lever on the left side of the pilot's cockpit. In
side-by=-side air vehicle, install the landing-gear control lever where it is
conveniently accessible to both the pilot and copilot (STANAG 3220, Location,
Actuation, and Shape of Airframe Controls for Fixed Wing Air vehicle). In the
case of exceptionally wide cockpits (where compromise of accessibility by both
the pilots is required) locate the control lever 3o as to favor operation by
the copilot.*®

G

Some air vehicle have a three position landing gear control that requires
the pilot to use two movements during the la ndlng gear retraction. The first
applies pressure to the retraction system. The second depressurizes the system.
after the landing gear is retracted. A two position control with automatic
removal of pressure is considered desirable because it reduces pilot workload.

The method of actuation should be given careful consideration. Usually,
the control handle actuates several electrical switeches or 1s mechanieally
connected to the selector valve. Both approaches have been used successfully.
Equipment should be designed with minimum dependence on proper rigging. Figure
3.2.6.1 a-1 is a 1list of the types of control systems used on various air
vehicle.

A solenoid operated mechanical lock is used on most air vehicle to prevent
F on while t

.
he air vehicle is on

nA- 2 ..

-l-. + -
inaaver bt:“b DU.LL‘-L-L’J.U“ Ul J.GHUJ.N& BCG! Ib’t

L 3N

1%
the ground. The lock is unlocked by an electrlcal signal from landing gear
mounted switches that detect that the air vehicle is in flight. Usually, an
override switch is provided to enable the pilot to retract the landing gear
while on the ground, or in the event of failure of the lock to unlock. An
alternate approach is to interrupt the retraction command electrical cireuit
directly. This approach has been successfully used on a recent air vehicle

(F=15).
Yerification (Paragraph 4.2.6.1):

"Retraction-extension system operation and operating characteristics shall
be demonstrated by .

Uami finatian Dﬁﬁ\ﬁ-}n‘ . IIUI .I.LJ, blll‘.‘. aultabll '.,. Uf I-I. .a.....'... 1

operation of the landing gear control can be evaluated by 1nspectlon of
engineering drawings, crew station mock-ups or actual hardware. Unusual
designs may require pilot evaluation during flight test or formal demonstration
to verify suitability.

L g L :
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Retraction/Extension Controls

Air vehicle Type of Failure

—JIype Control _kate
A~T Mechanical
4-10
B-52
B-57 | Electrical
B-66 Electrical
-5
c-1
C-123 , Electrical
A. Cc-130
C-135 . Mechanical (
C-141 Electrical-Multivalve
F=l Electrical
F-5 . Electrical
F-15 Electrical-Multivalve
F-16 Electrical
F-100 Electrical
F-105 | Mechanical
F-106 Electrical
F=-111 . Electrical
T—éf : Mechanical
T-38 Electrical
T-39 Electrical

Figure 3.2.6.1 a-1
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3.2.6.1 Landing Gear Actuation - Retraction-Extension System
3.2.6.1 = b *“If used, fairing door actuation and locking shall be

Rationale and Guidance: The objective of the requirement is to establish the
relationship and mechanical interface of the gear and door actuation and
locking system. Usually, this statement will be completed by the phrase:
"automatically sequenced with the landing gear actuation.” The intent here is
to minimize aircrew workload and to standardize aircrew procedures. 1ln some
special cases, however, it may be desirable to provide controls for separate
operation of the fairing doors. An example would be to open doors that are
normally closed for ground operation.

Performance Paragpeters: Door sequencing, normal operating positions, power

sources sequence control, switch designs and functions, emergency controls, and
maintenance procedures all impact the meeting of this requirement

Background and Source of Criteria: This itenm was previously con;ained in AFSC

DH 2-1 and AFSC DH 1-6. The requirement dates back to AKRDCM 80-1 or HIAD in
the 1955 time period.

leasons Learned:

1. Landing gear and door sequencing is frequently a major source of
problems in development of a new air vehicle. The best approach is to minimize
or eliminate sequencing by elimination of landing gear fairing doors, or by
connecting the doors directly to the landing gear. Serious consideration
should be given to statement of this design approach as a part of this

requirement.

2. Current air vehicle use one or more of the three basic types of
sequencing: mechanical, hydraulie, or electrical. Mechanical consists of use
of links, bellecranks, torque tubes, etc. to transfer landing gear motion to
door drive motion. Hydraulic includes use of priority valves, sctuator
internal porting, or mechanically actuated valves to operate door actuators at
a proper time in the landing gear operation. Electrical consists of detection
of landing gear and door positions by electrical switches to enable control of
relays or solenoid operated hydraulic valves to apply power in the proper
sequence, Figure 3.2.6.1 b-1 is a listing of the types of sequenc1ng used on
w» uahinla

wamiAne A "s“e“ -9 v
’
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3. F-5, F15, and T-38 type air vehicle include separate door controls so
that doors can be opened for ground maintenance. This introduces several
design problems. The first is that it may present operational problems if
doors are not returned to proper position before flight. The actuation
sequence and in-flight performance should not be degraded by this maintenance
error. As an alternative, the error should be correctable by the pilot while

the air vehicle is in flight. Separate operation of doors also results in a
need for door ground locks to prevent inadvertent nrnund nnpr‘atlgn while

personnel are in the wheel wells. Control switches should be located so that
the operator is clear of the door operation, but so that he can readily

determine that all persaonnel are clear of the doors.
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4, Proper operation of some sequencing methods is very dependent upon
hydraulic pressure, hydraulic flow, dynamic loads, and aerodynamic loads. It
is essential that it be possible to check the system for proper operation wWith
the air vehicle on jacks. Ground checkout set up and test procedures must be
developed that adequately simulate the in-flight operation. If this is not
possible with the proposed design, the desigh must be changed to provide a
practical operational air vehicle.

5. Proper timing of landing gear door locks to the door drive system is a
ent problem area, Usually, some type of time delay is used to insure door
unlocking is complete before doors are powered open. Time delay systems are
not fail safe and sometimes will not perform properly at extreme temperatures,
Door unlock detection systems avoid these problems, but add significantly to

control circuit complexity.

6. The effect of landing gear and door actuation dynamics on proper
sequencing of door locks is fregquently overlooked. Rebound of th door from the
closed position may prevent proper locking. Oscillations may gombine with
control circuit characteristics to cause buzz or chatter of doors and locks.
This can be avoided by decelerating the door near the closed position and by
use of a time delay to insure that door closed and locked foree is maintained
for seven to ten seconds after initial indication of loecking.

Yerifjcation (Paragraph 4.2.6.1):

. tRetraction-extension system operation and operating characteristics shall
be demonstrated by .

Yerification Ratiopale: Proper operation of the landing gear and doors 1ls the
result of a complex interaction of air vehicle subsystems, dynamic and

" aerodynamic loading. It can be evaluated only by flight test of the air

vehicle. Preliminary verification by analysis, laboratory test of a simulated
syatem, and with the air vehicle on jJacks, is highly recommended to minimize
flight test time and cost.

]! .[. I.' l ! r [:
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Landing Gear Actuation System
Landing Gear/Fairing Door Sequence Method

Nose ngqiné Gear Main Landing
Mechanicai Mechanical
Hydromechaniecal Hydromechanical
hydromechanical Hydromechanical
Electricﬁi Electrieal
Hydromechanical Hydromechanical
Electrical Electrical
Electrical Electrical
Electrical Electrical
Hydromechanical hydromechanical
Electrical Electrical
Mechanical Hydromechaniecal
Mechanical Electrical
Electrical Electrical
Mechanical Electrical
Figure 3.2.6.1.b-1
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3.2.6.1 Landing Gear Actuation - Retraction-Extension System
3.2.6.1 - ¢ "The probability of occurrence of a single failure that results in

failure of any landing gear assembly to extend and lock in the position for
landing shall not exceed per mission."

|« P U L] 3 0~ o

Rat i G e: This requirement is needed to establish an acceptable
level of failure rate for the extension system. It indirectly establishes
component reliability and system redundancy requirements. Experience has
indicated that it is impractical to eliminate all critical single failures.
This requires full system redundancy that not only increase cost but also
results in compiex systems that are difficult to maintain. This requirement
recognizes this fact, and should reduce the possibility of development delays
and cost that result from trying to design a "perfect"™ system.

Perforamnce Parameters. System redundancy, power sources, lock designs,
actuator reliabllity, and linkage stress levels all have an influence on
meeting this requirement. - -

kgrou Sour riteria: This is essentially a new requirement in
that a quantitative statement of performance has not been used in the past.
The past approach was to specify a general level of redundancy and to prohibit

.or require certain design features. Requirements were contained in AFSC Design
~ Handbook 2-1.

Lessons Learned: . ‘

1. Figure 3.2.6.1.c-1 is a list of landing gear extension failure rates
experienced on several current air vehicle. These should be used as a basis
for establishment of rates for new air vehicle.

2. Consideration should be given to the fact that air vehicle with
multiple landing gears may be able to land with one landing gear retracted.
This may require modification of this requirement statement, Landing with one
assembly retracted will impose some weight limit and may require special
techniques. Operating limits should be evaluated by analysis to insure that
they provide a useful emergency capability. Flight test to evaluate technique
should be accomplished. This approach was successfully used in development of

]

the C-5A4 air vehicle.

VYerification (Paragraph %.2.6.1):

"Retraction-extension system operation and cperating characteristics shall
be demonstrated by "

Yerification Rationale: The mcceptable level of failure is normally so low
that verification by test is not practical. The requirement should.be verified
by failure mode and effects analysis of the extension system combined with
historical failuyre rate data for similar components. In some cases, it may be
necesasary to accomplish laboratory testing to verify failure modes and effects,
and to establish failure rate data for new design components.

ti 8 Learned:
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Landing Gear Extension Failure Rates

Air vehicle Failures Per Failures Per Observation Period

_Yvpe Flying Hour Landing Hours Landings

A=T7
A-10

b-52
B-57
B-66

(]

C-7

c-123

C=130 .8 x 10-6 1.0 x 10=6 6.1 x 106 4,9 x 106

C-135 :
C-141 .8 x 10-6 1.7 x 10~b 4.9 x 106 2.3 x 106

F-4
F-5
F-15
F-16
F-100
F-105

P_1nk
U=ivw

F-111

1-37
T-38

T-20
7

-

- Figure 3.2.6.1.¢-1

3.2.6.) Landing Gear Actuation - Retraction-Extension System

.6.1 ~ d "Reversal of the landing gear control during actuation shall
result in the landing gear going to the last position selected.*

Rationale and Gujdance: This requirement is to insure that consideration is

given to system operation if the command is changed before the system completes
an earlier command. In some cases, however, it may be necessary to use some
other scheme to avoid system design problems. Then the requirement should be
changed accordingly.

Perforpance Parapeters: Hydraulic or electrical system design, gear sequencing

and methods of control are significant parameters.

kgr S f Criteria: This requirement is from the AFSC Design
Handbook 2-1. It is believed that all current operational air vehicle comply.

Lessons Learped: It may not be poasible to meet this requirement with a system
using mechanically actuated hydraulic valves to sequence landing gear and
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fairing door actuation. F-15 experience indicates that this is the case for a
design that requires that fairing doors be closed after. extension of the
landing gear.

A1l systems should be analyzed in the design stage to determine if there
is any critical time periods that a control reversal will create a problem.
Consideration of dynamic loads and time delay functions of the system may be
required for an accurate analysis,

Control reversal characteristics after single component failures in
complex electrical control and indication systems should also be reviewed.
Failure of a single swiltecn may not only give an indication that the landing
gear is not in the position selected, but also disrupt normal sequencing.

It may be proposed that this reqguirement be modified to establish a time
limit on reversal or that the landing gear immediately go to the last position
selected. The cohcern is that a3 landing gear that must go fully to the first
position selected will take excessive time to reach the last pesition.
Modification of the requirement in this form should be resisted because it may
complicate the design and increase cost excessively.

Verifjcation (Paragraph 4.2.6.1):

“"Retraction-extension system operation and operating characteristies shall
be demonstrated by _ N

Yerification Ratjonale: Control reversal characteristics of the actuation
system may be very dependent upon system dynamic, hydraulic supply
characteristics and aercdynamic loads. Verification of the characteristics
must, therefore, be accomplished by flight test of the air vehicle.’

Verification of the control reversal characteristics should be
accomplished on & landing gear simulator and on the first air vehicle prior to
first flight. Usually, this is accomplished as a part of the subsystem
functional test after initial assembly. & retest of control reversal
characteristics should also be accomplished with the air vehicle on jacks
whenever test air vehicle are modified by components that affect the retraction
or extension sequence.

Verifi ion Les L :

3.2.6.1 Landing Gear Actuation - ketraction-Extension System

3.2.6.1 - e "Retractable landing gear shall retract into an aerodymanically
falred enclosure and the fairing doors if used, shall close and lock without
damage at all airspeeds from to for flight at M

Rationale and Guidance: This requirement is to establish the range of airspeed
for retraction of the landing gear and to define the flight conditions at which
the limits apply. Usually, minimum airspeed for retraction is not a problem.
Landing geara usually retract with the air vehicle static on jacks. In special
cases, such a3 use of an air turbine to power gear retraction, it may be

130
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desirable to specify a minimum airspeed for operation. A possible selection is
"pinipum flying speed." The maximum airspeed is frequently a design driver in
sizing of retraction or door closing actuators. The value selected usually
will depend upon the type and performance of the air vehicle. It may also be
established indirectly to be compatible with landing gear extended limit speed
or landing gear extension limit speed. A possible approach is to specify that
the maximum airspeed must be compatible with air vehicle performance and
mission requirements. Iln some cases, the Using Command may specify a minimum
value based on operational experience. Conditions for application of limit
speeds must be defined. This should include temperature (usually 59°F),
altitude (usually sea level), air vehicle attitude (side slip, yaw, piteh,
roll) and possibly configuration.

Performance Parameters: Minimum flying speed, landing gear extended and
extension limit speeds, takeoff performance, air vehicle maximum and minimum

weights, landing gear complexity and operating time are factors that influence
the design need.

r f Crf ria:

1. Landing gear retraction limit airspeed for several current air vehicle:
are shown in Figure 3.2.6.1.e-1.

2. Aerodynamic loads on the landing gear and doors are frequently
difficult to predict. Errors to 100% have been experienced. This may result

: : :
wmat ta tha nlanmad
in gevere restriction of the landing gear limit speed cogparcd to the planned

value. The retraction system should be instrumented for load and air load
surveys accomplished early in the flight test program.

3. External stores on some air vehicle may significantly change
aerodynamic loads on landing gear doors. Performance should be evaluated with
various external stores configurations.

VYerifi i s Lear !

Yerification (Paragraph 4.2.6.1):

"Limits of speed for retraction and extension shall be determined by
analysis of flight test results.®

Yerification hationale: Normally, the suitability of the retraction system to
function properly can be determined by direct observation of flight test
results. Loads instrumentation may reveal, however, that although the function
is proper, retraction mechanism stresses are too high for reliable operation.

Verification Lessons lLearned:
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Landing Gear Actuation Systems

Airspeed Limits

Air wvehicle Airspeed Limits
—lype Gear Down Retract Extend Emergency Extend
8T 2484 knots 220 knots 220 knots 180 knots
A-10 200 200 200 200
B-52 305 220 305 305
B-57 200 200 200 200
B~6b 250 250 250 250
F=4 250 250 250 250
F-54/B 240 240 240 240
F-SE 260 260 260 260
F-15 300 300 300 250
F-16 300 300 300 300
F=100 230 230 230 , 230
F=105 275 240 275 275
F=106 z80 280 280 250
- F=t11 295 295 295 295
T-37 150 150 50 150
T-38 240 240 240 240 (
T-39 180 180 180 180 ~

Figure 3.2.6.1.e-1
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3.2.6.1 Landing Gear Actuation - Retraction-Extension System

3.2.6.1 - ¢ "Retractable landing gears shall extend and lock and the fairing
doors if used, shall be positioned as required for landlng without damage at

all airspeeds from to for flight at !
Rationale and Ggigaggg: This requirement is to establish the minimum
acceptable range of a peeds for extension of the landing gear and to define

the flight conditions at uhlch the limits apply. Raticnale for statement
completion include:

The minimum air speed should usually be "0" to avoid excessive design reliance
on air loads to extend the landing gear. This also enables checkoul .of the
landing gear with the air vehicle on jacks. Fro# a practical operational
limit, this block could also state: "minimum flying speed.”

Background and Source of Criteria: Previous requirements were based on
structural design criteria of MIL-A-8862. This contained four conditions to be
considered to determine actuation speed for the landing gear. Usually, this
was discussed with the contractors prior to contract award and a general
agreement reached on a specific airspeed for design. Frequently, the actual
basis for the design criteria was comparison with similar type of air vehicle
or previous experience of the contractor.

The maxigum airspeed for landing gear extension should be the minimum

This block should be completed as necessary to define the flight condition
at which the limit speed applies. This should inelude temperature (usually 59
F), altitude (usually sea level), and possibly flight attitude (roll, pitch,

yaw).

FPerformance Parameters: Maximum and minimum landing weights, gear placard
speeds, actuator power, and strength, and fairing door designs are limiting

factors for this requirement.

Lessons Learned:

1. Figure 3.2.6.1.e-1 is a list of extension limit speeds used on various
current air vehicle. These values are pilot handbook recommendations and may

not represent original design requirements.

2. Application of the criteria contained in MIL-A-B862 may not result in
adequate or reasonable landing gear limit speeds.

3. Although it is desirable to have the landing gear operate in a
direction that enables the air load to assist extension, normal and emergency
extension should not depend on this air load for proper operation. Use of &
landing gear that requires some minimum airspeed for operation should be
avoided because it presents maintenance difficulties (hard to functional test
and adjust), and may be sensitive to lubrication, wear and air vehicle

maneuvering.

4. Mmany factors other than normal landing gear operation may be
31gn1f1cant in selection of the maximum landing gear limit speed. Examples
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include: use of the landing gear as a high speed air brake and air traffic .
control rules for operation near airports. The limit should be set only after

careful analysis of the total mission of the new system.
Verification (Paragraph 4.2.6.1):

"Limits of speed for retraction and extension shall be determined by
analysis of flight test results.®

Yerification Rationale: This requirement can be verified only by flight test
because proper operation is the result of complex interaction of the air
vehicle aerodynamics, dynamics, and system design.

Yerification Lessons Learned:

3.2.6.1 Landing Gear Actuation - Retraction - Extension System

3.2.6.1 = g *"Loss of any landing gear fairing door used shall not result in

.Batiopale and Guidance: This requirement is to insure that the design approach
ninimizes the effect of loss of a fairing door. U0Usually the statement should
" be completed by the phase: #loas of the actuation power system,® The primary
intent here is to discourage routing of hydraulic lines and wires on the doors. ( .
Alternate design approaches that have been used, include use of hydraulic fuses
on lines that are routed on doors., Expansion of the requirement statement to
inelude consideration of door loss detection may be desirable.

Performance Parameters: - Retraction - extension system power designs, line
routing, door designs, lock positions, and position indication systems have
significant influence on meeting this requirement.

kgro Souree of Criteria: This is a new requirement which reflects
lessons learned in the area of safety.

Lessons Learned:

1. Routing of hydraulic lines and electrical wires on fairing doors can
cause severe problem with landing gear operation if the doors are lost in
flight. \Usually the landing gear remains operable after door loss if drive
power to the actuator and control logic is maintained. Problems were
experienced during flight test of C-54 air vehicle, because both elecirical and
hydraulic lines are mounted on the landing gear doors. '

2. Mechanical linkages and cables should not be located on fairing doors
because they are subject to binding due to deflections of the door caused by
aerodynamic and inertia loading. Rigging of door locks with complex mechanisms
mounted on the doors may be very difficult because the inflight dimensions
cannot be duplicated on the ground. Problems with door mounted mechanisms were .
encountered on the b-57 air vehicle.
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3. Control logic with the lost door should be reviewed to confirm that it
does not prevent landing gear extension. Normal extension is preferred,
however, emergency extension after door loss is acceptable.

Verification (Paragraph 4.2.6.1): Retraction - extension system operation and
operating characteristics shall be demonstrated by .

Verification Rationale: If a door loss operating requirement is imposed, it
should be verified by analysis. The intent is to insure consideration of safty
aspects rather than positive demonstration of a mission capability. Flight
demonstration is not worth while because of the many possibilities of the mode
of door loss. In some cases it may be desirable to cycle the landing gear with
the air vehicle on jacks and the doors removed or disconnected to confira
proper control logic.

ificatio s S rned:

3.2.6.1 Landing Gear Actuation - Retraction - Extension System

3.2.6.1 = h “A separate emergency extension system shall be provided with the
capability to : W

Rationale and Guidance: The intent of this requirement is to indicate that an
emergency extension system is required and to define characteristics of the
system. Usually it will be desirable to provide an expanded statement of
characteristics such as: "shall be independent of the normal system except for

components stressed by ground loads. "It shall extend the loading gear in not

more than seconds at all airspeeds from to "
Performance Parampeters: System and linkage design details, lock designs,

method of emergency extension, redundancy of system with power sources
influence this requirement.

Background and Source of Criteria: This item reflects the criteria previously
stated in AFSC DH 1-6 and AFSC Dh 2-1. It has been a standard input for over

20 years.

1. Figure 3.2.6.%.e-1 is a list of limit speeds for emergency extension
of landing gear on several current air vehicle. The limit airspeed for
emergency extension should be the same as the normal extension limit speed to
simplify emergency procedures. During a C-5A air vehicle accident, the landing
gear did not fully extend because the emergency extention gear limit speed was
exceaded. At the time, the C-5A emergency extension limit speed was
gsignificantly lower than the present limit.

2. Figure 3.2.6.1.h-1 is a tabulation of the type of emergency extension
system used on current air vehicle. Experience indicates that the most
desirable design is one that provides for free fall of the landing gear after
manual release of the uplocks and door locks. Frequently, this approach cannot
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Air vehicle

c-123
C-130
C-135
C-141

F-l
F=5
F=-15
F-16
F-100
F=105

F-10b
F~111

T-37
T-38
T-39
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Emergency Extension
Main

Hydraulic Accumulator
Mechanical

Alternate Hydraulic

Hydraulic Accumulator/
electric

Pneumatic

Mechanical

Hydraulic Accumulator

Pneumatic/Free Fall

Mechanical '

Hydraulie Accumulator/
Free Fall

‘Pneumatic

Pneumatic
Pnéumatic
Mechanical
Mechanical

Figure 3.2.6.1.h-1
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Emergency Extension
Nose

Hydraulic Accumulator

Alternate Hydraulic

Hydraulic Accumulator/
electric

Pneumatic
Mechanical
hydraulic Accumulator
Pneumatic
Hydraulic Accumulator
Hydraulic Accumulator

Pneumatic
Pneumatic

Pneumatic
Mechanical .
Mechanical
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be used due to the geometry of the landing gear and doors. Alternate power
systems of various types are in current use but all have some inherent problems

as discussed below.

3. Mmanual uplock release - free fall systems. 4 major problem with these
systems is degradation of performance due to inadequate lubrication and
corrosion. It should be possible to functionally test such systems on the
ground. As in the case af normal system operation, excessive reliance should
not be placed on assisting airloads. Actuation forces should be carefully
considered to be sure that they remain within capability of the airerew.

Proper rigging and resetting of the aystem after use frequently presents a
maintenance problem. Complex resetting procedure may seem acceptable for use
after real emergencies but normally become intolerable because of the need for
periodic checkout of the system. Consideration should be given to the effect

of normal retraction after use of the emergency extension system.

Verification (Paragraph 4.2.6.1}

PEffectiveness and limits of the emergency extension systenm shall be evaluated
on the air vehicle during flight test.®

Verification Kationale: Verification of emergency extension system

characterisites must be accomplished during flight because air loads and the
interface with other air vehicle systems cannot be accurately simulated.

""‘""’"""‘t""ﬂ Loooana [ anmmad:

The flight test used to verify performance of the emergency extension system
must accurately reflect the most critical probable failure conditions. For
example, depreasurization of the hydraulic system may not accurately simulate
failure of a landing gear sequence valve. Hydraulic flow with a blocked valve
may cause much higher extension loads than experienced with a depressurized
hydraulic system. Critical failure modes must be accurately simulated '
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3.2.6.2 Landing Gear Actuation - Actuation System Indication

3.2.6.2 a "An indicator shall be provided to show "
Rationale and Guidange: This requirement is to define characteristics of the

system to be provided to indicate to the airecrew the position and status of the
landing gear. This is required on air vehicle with retractable landing gear to
enable the pilot to know that the landing gear is in the position required for
the intended operation Also the system may warn the pilot of unsafe conditions

and permit him to select the proper corrective action.

Performance Parapeters: Landing gear complexity, aircrew size and mission
requirements are primary considerations in establishment of this requirement.

Bagkground and Sourge of Criteria: ™ This requirement was formerly contained in
e

"R TN_2N2 alar Aanntainad mamayd Py -t bl
AFSC D sign Handbook 1-6 MIL-STD-203 alsc contained a requirement that the

indicator(s) be located on the instrument panel or adjacent to the landing gear
control lever visible to the pilot(s) in his (their) normal position(s). The
general requirement for an indicator has existed in some form for at least 25
years.

Lessons Learned:

Normally an indicator should be provided for each separate landing

.
nnauh'lu 'l"ha n-| 1A+ panal 'I:Tr moandae s baau uhinakh Toamdldeus manm $6 mat 4w

__________ AT R Sl A ALlAwal ‘“"u"“b Syl e ik Ldi

the position selected to properly plan the corrective action.

2. Landing gear indicators are usually lights or electromechanical
devices. Usually a green light is used for each landing gear to indicate that
it is down and locked. Red lights are sometimes used to indicate that landing
gear or doors are not up and locked. 1In some cases, no indicator is provided
for up and locked, however, and unsafe upleck condition is indicated by the
warning system (red light in gear handle plus an aural warning).

Electromechanical indicatoaras have heen ueed in manv air wvshicle These u

- VW VL W wa iR e AAM A VT W R Y W Wl WO Akl iy Tohbavds

show green vheels for gear down, a barber pole design for in-transit and ®
for landing gear up and locked.

3. Indicator systems that use lights should include two bulbs in each
indicateor with a light test function either as an integral part of the
indicator or as a part of the air vehicle lighting system. When two bulbs are
used, be sure that it is possible to detect that one bulb is burned out. F-15

air vehicle experience indicates that bulbs should be separated under the
common lens Lo insure that failed bulbs can be detected.

4. Indicator lights and panel lighting must be designed with replaceable
bulbs. A sealed lighting system used on the C-5A air vehicle proved
troublesome. Bulb replacement required removal of the entire landing gear
control. Heplacement of the landing gear control required a complete
functional check of the landing gear retraction system. The functional check
required that the air vehicle be jacked. What seemed like a good idea at
component level had a major impact on system maintenance manhours.

5. Indicators should function from a positive signal rather than lack of
a signal. WNegative logic can, for example, result in a broken wire giving a
false down and locked indication.
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6. Landing gear control circuits and the indicator circuits should be
separate insofar as possible. This minimizes the possibility that a single
switeh failure will not only prevent landing gear operation but also falsely

RN ot
indicate the malfunction. Separation of-the-circuits also usually peraits

proper indication of landing gear position after emergency extension.
Frequently, it is necessary to deactivate normal system control circuits to
insure proper operation of the emergency system. Use of commen components
would result in simultaneous deactivation of the indication systems.

7. Indicator operation after a single failure of the normal extension
system Should be carefully considered. An incident was experienced on the
initial F-15 design wherein a single failure resulted in a down and locked

indication was given with the landing gear up and locked. & switch failed

causing the landing gear to try to extend while still uplocked. Deflection
caused by the force against the uplock caused an indicator switch to make
contact. The combination of failed switeh plus the false actuation of the
second switch resulted in a false indicatiom. :

B. If at all possible, some type of backup system of indication should be
provided. Usually viewing windows can be provided on cargo air vehicle so that
uplocks and downlocks can be inspected directly. Some type of simple marking

system should be used for the downlock locked indication. . ¥Frequently a diagram

of proper position is placed near the viewing window so that the aircrew can
quickly judge the position. On some air vehicle it is also desirable to mark
the downlock so that it can be observed from a chase air vehicle. Other
devices such as mechanical indicators and mirrors have been used on air vehicle
to permit the pilot to check gear position if he suspects indjeator sysnem

malfunction.

9. The original nose landing gear position indicator used on C-1414
aireraft was actusted by a switch in the over center drag brace link. Slight

s e pEa R O . W Faaw S e Vs

movement of the landing gear in the retracted position could result in a false
indication that the landing gear was extended and locked. This feature
resulted in an aircraft accident. The defic1ency vwas eliminated by
installation of a switch to detect that the landing gear is extended.

Yerification (Paragraph 4.2.6.2): "The gear position indicator system and
warning system shall be evaluated during the flight test.
Verification Rationale: Proper operation and suitability af the indicator

system can best be determined by normal use during the flight test program. In
some cases it may be desirable to perform a specific demonstration of operation
when specific malfunctions fo the landing gear are simulated. If a landing
gear retraction simulator is available, it is highly recommended that the
various failure wmodes be investigated on the simulator.

Yerification [essons lLearned:
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3.2.6.2 Landing Gear Actuation - Actuation System Indication

3.2.6.2 -~ b "A warning system shall be provided to K

Ratiopale Guidance: This requirement is to define characteristics of the
yystem required to warn the pilot of unsafe landing gear conditions. RNormally
it covers two conditions. The first is to warn the pilot that the landing gear
is not in the position he has selected. The second is that the air vehicle is
in a configuration or flight condition required for landing approach but the
landing gear is not extended. The warning system is intended to improve safety
by reducing the possibility of landing with the landing gear retracted. It
also reduces the pﬁs:‘ilul.u.r.y that the pilot Will exceed the 1anamg gear limit
speed during landing gear retraction.

Performance Parageters: Gear position monitoring system & design, throttle
interconnect, warning system design and controls all impact the effective
meeting of this operational need.

background and Source of Criteria: This requirement was formerly stated in
AFSC Design Handbook 2-2. The requirement specifies that a wheel shaped
-control knob with an internal red warning light and a Type MA-1 audio warning
signal (complying with MIL-5-9320) shall be used.. Most current air vehicle
comply with this approach since the requirement has existed for at least 20

years.

Leggons Learped: ‘The.following detailed requirements have been applied to most
current air vehicle. The results are generally satisfactory. Use of a similar
requirement and approach aids aircrew transition to a new air vehicle design.

"Provide a Type MA-! audio warning signal (complying with MIL-S5-9320) that
automatlcally actuates when the following condit exist simultaneously:

a. The air vehicle is below a preset altitude.
b. The IAS of the air vehicle is less than a preset value.

¢. In turbine engine air vehicle, the throttle is less than a
predeternined power setting In reelprocatlng engine air vehicle, the throttle

je 1oaoa *han narmal Annie
45 2835 wiadl HUSdal O

d. The landing gear is not down and locked.

Provide a radially mounted wheel-shaped landing-gear control knob. Ensure
that the internal red warning light automatically lights when any gear is not
exactly consistent with the position selected for the landing-gear control, or
if any of the gear is retracted. Additionally, ensure that this light
illuminates when the audio signal occurs. Install the red warning llght n an

atamatie dimming cireuit Dmu'u'ln a test awi

AN AU W e WA el L U Vriuw oo

audio and warning light circuit.®

Recently, difficulty was experienced with the F-10%-contrel handle. The
detent had worn to such a state that adequate warning was not provided. This
indicated that periodic inspection is required.

—
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Verification (Paragraph 4.2.6.2): *"The gear position indicator system and
warning system shall be evaluated during the flight test.

Verificatjon Ratjonale: Suitability of operation of the warning system can be
determined only by flight test of the air vehicle. Rormally no special test is
required. The warning system is evaluated as a part of general flight test
evaluation of the air vehicle.

Verification Lessons Learned:

3.2.6.2. Landing Gear Actuation -~ Actuation System Indication

3.2.6.2 < ¢ "An override shall be provided for aural waraing system.”

Batiopale and Guidance: Frequently, an audible warning is provided to the
pilot for gear positioning. This has been known to interfere with radio

communication with the ground. Therefore, most using commands desire the
ability to override the warning for better pilot control.

Performance Parageters: Warning system design, radio system, and pilot
responsiveness impact this requirement.

Background and Source of Criterja: This requirement was formerly stated in
AFSC Design Handbook 2-2. Most current air vehicle comply with the '

requirement.
s_Legr

1. The recommended position for the aural warning signal silencing switch
is adjacent to the landing-gear actuating lever.

2. The aural warning override switch should include a reset system. Gear
up landings have occurred because the warning was silenced during landing
approach practice only to be forgotten during the final landing. The warning
should sound each time the unsafe condition occurs.

3. Override and reset logic sometimes becomes a complex problem for cargo
air vehicle. Frequently the air drop conditions are similar to landing
approach conditions. A landing closely following an airdrop operation may
result in failure of the warning to sound during the landing approach.

VYerification (Paragraph 4.2.6.2): "The gear position indicator system and
warning system shall be evaluated during the flight test.

Yerification Rationale: Suitability of the design appgoach can be determined
only as a part of overall air vehicle evaluation. Evaluation should be

accomplished as part of the normal flight test program. Specific
demonstrations may be required to verify satisfactory operation of the override

reset function.

L Lear
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3.2.6.3 Landing Gear Actuation - Retraction - Extension time

- a "“The time from selection of landing gear retraction or extension
11 landing gear are retracted and locked and all fairing doora where

used, are closed and locked or gear is extended and locked shall be compatible
with air vehicle performance.”

302-6-
until

Rationale and Guidance: This requirement is necessary to prevent compromise of
the air vehicle performance by a slow operating landing gear. Several air
vehicle in the past have been restricted during take off and climb because the
air vehicle acceleration rate would result in landing gear limit speeds being
exceeded before the landing gear is fully retracted. The restriction is very
safety hazard created by the increase in pilot workload and the possibility of
landing gear damage. The requirement also covers the possibility that the time
of landing gear operation may be eritical for the landing approach phase.

Performance Parameters: Temperature engine thrust, gear placard speeds,
required maneuvers, air vehicle acceleration rates from various maneuvers,
retraction - extension sequence, power source and limits, and lock designs are
infuential in meeting this reguirement.

r riteria: This requirement is a new approach compared to
former statements of landing gear operating time requirements. Formerly AFSC
Design Handbook 2-1 established maximum time limits dependent upon the type of
actuation system (manual or powered) and system operating temperature (twice
normal time permitied for iow temperature). It also required that the
landing-gear be fully retracted prior to reaching 75% of the limit airspeed
when a maximum acceleration take-off was performed. DH 2-1 requirements
originated from ARDC Manual 80-1 (HIAD)}. HIAD requirements were generated in
the early 1950 time period and generally were the result of lessons learned.

This requirement is more general and is intended to permit the air vehicle
designer to trade landing gear limit speed for operating time.

Lessons Learned:

1. Figure 3.2.6.3.a-1 is a listing of design operating times for several
current air vehicle. These times are considered compatible with the
performance and original design mission requirements of these air vehicle.

2. Using commands may want to specify some maximum operating times based
on missjon requirements or experience with current air vehicle. Such requests
should be fully analyzed to insure that the design constraint 1s necessary.
Absolute maximum limits can be accommodated by addition of the statement to
this paragraph.

3. Low temperature frequently severely degrades operating time due to
increased viscosity of hydraulic filuid and lubricants. Rotary drive systems
seen wore susceptable to this problem than linear actuators. Examination of
asysten performance after cold soaking is very important because maximum air
vehicle take-off performance occurs at low temperature.
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4, Loss of an engine or hydraulic system may severely degrade operating
time. This should be examined by analysis and flight test to confirm that it
does not create a hazardous flight condition.

5. Very short operating time usually result in severe dynamic loads on
the actuation mechanism and points of attachment to the landing gear and doors.
Mechanism acceleration and deceleration loads may greatly exceed aerodynamic
and inertia loads determined by analysis. Failure to conzider this fact has
resuueu 1n ear‘.r.y Iauure OI ﬁeenamsms on Illgﬂt LESL alir veu;c;e obr‘&iﬁ
gage instrumentation of the mechanism during initial checkout and flight test

is recommended to confirm that dynamic loading is acceptable.

Yerification (Paragraph 4.2.6.3): Retraction and extension times shall be
evaluated by M

Yeri i Ratio : The general suitability of the operating times can be
determined only by flight test because the time is a result of the air vehicle

fligh £3 o a3 :
flight configuaration, airspeed, performance and specific mission requirements.

Suitability of the times for operation at abnmormal conditions, such as a cold

soak, may be easier to accomplish on a laboratory simulator. If the operating
time is very dependent upon airloads, it will be necessary tc simulate airloads
in the laboratory. Accurate simulation of airloads and airload distribution is

generally difficult.

Yerificatjon Lessons learped:

T T-T- T Y Vel ]
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LANDING GEAR ACTUATION SYSTEMS
OPERATING TIMES
Air vehiecle : ’ mergency
Ivpe Retract Extend end
A=T ~ sec - sec sec
A-10 6 -9 6 -9
bk-52 B - 10 10 - 12
B-52 - - -
B-66 W o}
C-5 20 20 180
c-7 - - -
C-123 9 6
C-130 19 19
C=135% 10 10
C=141 - -
F=4
F-5 6 6
F-15
F-16
-F=100 6 -8 6 -8
- F=105 L 5-9
F=1%i 8 20
T-37 10 &
T-38 6 6
139 - -
Figure 3.2.6.3.a-1

1y




Downloaded from http://www.everyspec.com

MIL-L-87139(USAF)
APPENDIX

3.2.6.3 Landing Gear Actuation-Retraction-Extension Time

3.2.6.3 - b "The time from selection of landing gear extension by the
emergency actuation system until all landing gears are extended and locked and

all necessary fairing doors are in position required for landing shall
(1]

Rationale and Guidance: Emergency extension system operating time is more
arbitrary than normal operating time. It is not as closely related to air
vehicle performance but rather is driven by the need to minimize aircrew
workload and attention requird for this phase of emergency landing. Some form
of an absolute limit should be established based on operational experience

nenEy [ An nha mbamsob S Al £ ke
because this uca.x.5u characteristic is Yyery difficult and wnpeHSl'v’e te Chaﬂge

once the design has been frozen. This requirement may be made somewhat
flexible by completing the blank with a phrase such as "not exceed twice the
normal extension time.% .

Performance Parameters: Emergency power versus normal power, control system
designs, gear placard speeds or limitations, and temperature impact meeting
this need.

Background and Source of Criteria: These requirements were previousy described
in AFSC DH 2-1 and originally were presented in ARDCM 80-1 (HIAD).

4 B2 oz - n kbl
la I'J.EUJU J C-U-J-d- .La a vdauvulida

» +
J’ [ %]
operating times for several current air vehlcle. These times are considered
acceptable for the original design mission of the air vehicle.

2. The actual time for emergency extension of the landing gear ineludes
the time required to confirm that the landing gear is down and locked. Air
vehicle accidents have occurred because aircrew attention was directed for long
periods of time trying to confirm that the emergency system has operated
properly.

3. Operating time for manual emergency extension systems that include a
set of controls for each landing gear assembly should be based on the
assumption that landing gear will be ‘extended in sequence (one at a time)
rather than simultanecusly.

4. Emergency extension system operating time may be significantly
degraded by operation at low temperature. Performance at low temperature,
including cold soak of the mechanism, should be investigated.

5. Performance of emergency extension systems is sometimes severely
degraded by certain hydraulic system configurations. Measurements should be
made using hydraulic return pressures and hydraulic porting typlcal of that
expected for actual emergencies. Do not assume that the normal hydraulic
actuation system is devoid of fluid. Many landing gear emergency extensions
are accomplished as a precautionary measure rather than due to a confirmed
fluid loss failure in the landing gear hydraulic system.

Verification {(P4ragraph 4.2.6.3): "Retraction and extension times shall be

evajuated by
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Verification hationale: Emergency extension operating time is normally a
factor of the air loads. It usually will be necessary to determine suitability
by flight test. In the event that emergency extension time is very close to
normal operating time or is not influenced by air loads it may be acceptable to
perform the test with the air vehicle on jacks. A&n alternative is to use a
laboratory simulation. This may be the best approach for investigation of
performance under adverse conditions such as low temperature,

Verification Lessons Learned:

5.2.6.4 Landing Gear Actuation - Position Restraint

3.2.6.4 - a "A means shall be provided to maintain each landing gear in the
selected position."”

fiati € Gui ! The objective of the requirement is to establish
performance for gear positioning. Generally, "locks™ are the solution to the
positioning problem.

Per nce Parameters: Details of the lock design, system dynamics, impact on
the latch, actuation and controls, lock positioning, gear kinematics system
redundancy, gear and lock flexibility and deflections have individual
influences on this operational need.

r our ri ja: The requirement for automatic operating
positive mechanical locks was formerly stated by AFSC Design Handbooks 1-6 and
2-1. These requirements were based on ARDCM 80-1 (HIAD) that were generated
primarily on lessons learned.

Lessons Learned:

1. Use of actuation force or blocking of the actuation pressure to retain
the landing gear in tne retracted or extended position is considered an
unacceptable approach. Such designs are subject to failure due to power
failure, leakage or excessive deflection. Inadvertent gear extension at high
speed has caused major air vehicle accident. 7This requirement should specify
that positive mechanical locks be used to maintain the landing gear in the
extended or retracted position.

2. Landing gear and door locks should be designed for proper rigging
while on the ground. Some designs have heen used in the past that require

compensation for the fact that alignment of parts of the lock are dependent

upon the amount of airload applied. These designs require considerable flight
test effort to develop suitable rigging procedure. Frequently, the problem is
not recognized and severe flight test delays result. In most cases, the
problem can be avoided by mounting major lock components on fixed structure and
providing guides to direct moving parts to the proper position.
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3. Landing gear uplocks should not be mounted in a manner that requires
that the shock absorber be properly serviced for the lock to operate correctly.
A recent incident with a fighter air vehicle revealed that not only will the
lock not lock but also the lock parts may jam and prevent landing gear
extension.

4, Landing gear downlocks should be designed so that they are not
stressed by ground loads. Downlocks subjected to ground loads are exposed to a
severe fatigue stress environment that may be highly dependent upon lock
rigging. Durability testing on a single landing gear may nol accurately
reflect operational design life. If the design dictates that the downlock must
carry ground loads, it is recommended that the lock be non-adjustable.

5. hydraulic pressure variations due to surges or themal expansion have
caused locks to unlock. Locks sometimes work properly for normal operation but
malfunction when used for emergency extension because subjecting both sides of
the actuator to return pressure results in a tendency to unlock. 7The actuators
should be installed so that if both sides of the piston are pressurized, the
resultant force tends to lock the actuator.

6. Locks should be designed so that if actuation force is applied with
the lock engaged, the lock does not unlock and neither the lock nor the
actuating mechanism is damaged.

7. Some ground load conditions may result in deflections that tend to
unlock downlocks. An analysis should be performed to determine if limit load
conditions will result in excessive deflection. The analysis should includs
unusual loading conditions such as extreme landing attitudes and reverse
braking.

8. Electrically operated locks should be designed so that no single
electrical failure will result in the lock unlocking.

9. Locks should be designed with no water traps. lce build-up should not
eration. Testing may be required to verify that actuator force or

10. Uplocks should be designed so that flight inertia loads of the
landing gear do not load the actuation mechanism.

t1. Landing gear systems should be designed so that small errors in
servicing will not cause gear malfunctions.

Slight (5-7%) over inflation of the F-111 gear struts will prevent the
main gear from locking in the retract position.

The F-111 landing gear strut servicing procedure uses air pressure in
conjunction with strut extension for proper inflation of the shock atruts. The
strut extension is measured in one-eight inch increments and the air pressure
is held to plus or minus twenty-five pounds per square inch. The gage used for
this procedure has a range of 0-4000 pounds and the dial faoce is marked in 100
pounds increments which makes accurate air servicing very difficul!t and almost
impossible to meet the plus or minus 25 pound requirement.
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Verification (Paragraph 4.2.6.4}: "The adequacy of the landing gear restraint
provisinns shall be evaluated by . Failure mode and effect will be
determined analytically and further evaluated by . :

flight testi. Evaluation of preformance under extreme conditinns such as

load or low temperature may require that a laboratory test be performed. In
some cases, design analysis may be sufficient to show that the lock performance
is not adversely affected by the specified conditions,

Verification Lessons Learned:

3.2.6.4 Landing Gear Actuation ~ Position Restraint

3.2.6.4 ~ b "Where doors are used in conjunction with landing gear, the method
used to restrain the landing gear in the selected position shall have the
following characteristics: M

Ratj and Guidance: Experience has indicated that it is undesirable to
retain the landing gear in the uplocked position by linkage to the doors or
doorlocks. Loss of doors in flight is not unusual and not too hazardous. If
linked to the landing gear, however, inadvertent extension of the landing gear
will result and a major accident may occur. The following is suggested:
BGapping or loss of a landing gear door due to atructural overlpad shall not
result in extension of the landing gear."

Performance Parameters: Gear detail design, lock detail design, controls,
power sources and sequences impact meeting this operaticnal need.

Background and Source of Criteria: This is a reflection of AFSC DH 2-1 and 1-6
criteria previously contained in those documents and are based on lessons
learned.

Lessons Learned:

Y. This requirement should not prohibit use of systems that depend on the
landing gear uplocks to keep doors closed. These systems have been used on
fighter air vehiele, Fo4 for example, with considerable success. 4n inherent
disadvantage of this approach is that door linkage must be rigged to provide
proper preload of the door. The preload must be enough to prevent door gapping
due to air loads but not so high as to cause structural damage. The major
advantage of this approach is that it simplifies the actuation sequence and
mechanism.

2. The number of actuators required to operate door and landing gear
locks should be minimized. Failure of an actuator normally disables the

actuation system and may cause severe damage. This can be avolded only by
electrical or hydraulic interlocks. Experience has indicated that these
interlocks frequently cause more failures and maintenance problems than the
basic system. Use of a small number of actuators often results in a complex
mechanism. OUnce developed, however, such systems provide better operational
service,
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Yerification (Paragraph 4.2.6.4): "The adequacy of the landing gear restraint
provisions shall be evaluated by . Failure modes and effect will be
determined analytically and further evaluated by LY

rification hati e: Characteristics of the landing gear uplocking and the
door locking can be determined by inspection of the hardware and engineering
drawings.

Verification Lessons Learned:

3.2.6.4 Landing Gear Actuation - Position Restraint

3.2.6.4 - ¢ "Ground safety provisions shall be provided to prevent retraction
under of the following conditions: . Provide indicators to
alert ground crews to assure removal of safety devices prior to flight."

e angd Guj e: There have been numerous incidents of inadvertent or
uncoodinated gear retractions during landing gear maintenance which have
resulted in peracnnel injury. Therefore, operational needs exist to provide a
design which precludes this characteristic. Inadvertant gear handle actuation,
transient hydraulic or electrical signals, EMI, physical impact of gear
linkages, flight maneuvers or other shall be included in the blank.

Performance Parameters: Lock and gear detail design maintenance procedures,
and lock accessibility are important considerations in meeting this need.

§ S ja: Previously, ground lock requirements were
contained in AFSC DH 201 and 1-6. These documents ldentified the need for
inclusion of such a device in the design but they did not attempt to identify
the conditions under which the lock would continue to provide safety. This
will be a new requirement.

Lessons Learped:

1. Landing gear lock should be designed so that they may be installed and
removed regardless of the load on the landing gear. This is required so that )
locks can be used for normal operation to maximum weight and with the air
vehicle on jacks.

2. Landing gear locks used on cargo air vehicle should be designed so
that they may be installed by the aircrew with the air vehiecle in flight. This
provides added assurance that landing gear are downlocked after emergency
extension.

3. Doors that are power activated for ground maintenance access should be
provided with separate ground locks for installation with doors open. 1t may
not be necessary to use these locks for normal flight operations.

4. Permanently attach a red warning streamer to the safety lock or pin as
an indication that it is in place. If required, provide a small flexible cable
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(approximately one-sixteenth inch diameter) as an extension between the safety
lock or streamer to insure a minimum visible streamer protrusion of 24 inches
from the air vehicle.

5. Pins used to hold a ground lock in place should be permanently
attached to the lock to wminimize the possibility of the pin being improperly
installed.

Yerification (Paragraph 4.2.6.4): "The effectiveness and adequacy of the
ground safety locks shall be evaluated during flight test.®

Verification hationale: Design aspects of the ground lock can be evaluated by
inspection of the hardware. Functional suitability can be evaluated as a part
of the overall flight test evaluation of the air vehicle.

Verification Lessons Learned:

3.2.6.4 Landing Gear Actuation - Position Restraint

3.2.6.4 - ¢ "The air vehicle, actuation system, or ground safety provision

shall not be damaged in the event that .
lﬁggigng;g_gng_gg;ggngg: Normally this requirement should be completed with the
plirase; *retraclion is selected with the safety lock instailed.® This

requirement is needed not only to verify that the lock will perform the
required function, but also that the system will not be damaged if the ground
locks are inadvertly left installed for flight. Experience indicates that the
ground locks sometimes are forgotten. This error should not cause major system
problems.

Performance Parameters: Lock designs, hydraulic system pressure and
characteristics, maintenance procedures and functions all impact meeting this
requirement.

Background and Source of Criteria: This reflects a requirement previously
presented in AFSC DH 2-1. '

Lessons Learped:
Yerification (Paragraph 4.2.6.4) "... The effectiveness and adequacy of the

safety locks shall be evaluated during flight test."

Yerification Rationale: Compliance with this requirement should be determined
by a demonstration with the air vehicle on jacks. The actuation mechanism and

the ground locks should be carefully inspected for damage after the
demonstration. .

Yerification Lessons Learned:
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3.2.7 Auxiliary Deceleratio

5.2.7.1 Auxiliary Deceleratjon Devices - Arresting Hook Systems

3.2.7.1 - a "The arresting hook system shall be capable of decelerating

air vehicle to a stop by engaging arrestpent system at
"

tionale and Guidance: This is a performance statement for the emergency
arresting hook system. The maximum weight or configuration of the air vehicle
to be arrested should be defined. The intended arresting system belongs in the
second blank. If this value is not known, use the BAK-13, which produces the
highest hook load. The speed of engagement is inserted in the last blank and
defines the energy to be absorbed. If the total energy of the system exceeds
the barrier capability, the limit speed at the design gross weight selected
shall be used.

Performance Parameters: Barrier system design and limits, hook compatibility,
air vehicle configuration and engaging speeds control this requirement.

r Sour iterig: This requirement was previously implied by
Figure 1 of specification MIL-A~83136 (USAF). The verification aspects are
defined in AFSC DH 2-1. The original emergency tail hooks were retrofitted on
USAF air vehicle in the 1958-1959¢ time period, and modified criteria from the
Navy specification MIL-A-18717, was used to establish criteria. Through the
efforts and cooperation of Industry, specification MIL-A-83136 was published in
Augusi 1968. HRecently, errors were found in the load data used {or design
compatibility with the BAK 12 barrier system, and efforts were being made to
update the criteria. :

Lessons Learpned: The spring type book shanks have exhibited numerous problems
both during testing and operation in the field. If a spring type shank is used
consideration should be given to its bending mode after contacting a protrusion
on the runway or at barrier engagement, as missed engagements are common place
because of hook bounce when the vertical load at the attach point is very high.

Figure 3.2.7.) a=1 is a summary of the air vehicle which utilize arresting
hooks and the t{ype employed:

ir yehicle of Arresti 00K
F-100 Cantilever Spring
F=-101 Cantilever Spring
F-102 Full Shank

F~104 Cantilever Spring
F-105 Cantilever Spring
F=106 Full Shank

F=-11 Full Shank

A-T7D ‘ Operatlonal-Full Shank
F-4 Operational-Full Shank
F=15 Tubular Shank

F-16 Tubular Shank

F-5 Tubular Shank

Figure 3.2.7.1 a=1
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Verification (Paragraph 4.2.7.1): "Performance limits for arresting hook
systems shall be evaluated by alr vehicle test with the specified arrestment
system."

Verification Rationale: Since the performance is basically a function of
interface and compatibility with the arrestment system, the most logical
demonstration is on the air vehicle with the intended barrier system. Much of
the performance is demensional and dynamic response as a system.

Verification Lessons Learned:

3.2.7.1 Auxiliary Deceleration Devices - Arresting Hook Systems

3.2.7.1 = b "Arresting hook system and attachment shall withstand loads of
fly-in engagement."

Ratiopale and Guidance: If the Using Command intends to arrest the air vehicle
during emergency by fly-in engagement, this statement should reflect the )
requirement. If the user does not intend to operate in this manner, the
requirement should be deleted. The blank should show the gross weight
condition for fly-in engagement.

Performance Parameters: Barrier system energy capacity, hook design loads,
Jiook point design, alr vehicle configuaration, and weight all impact and
control meeting this operational need.

Background and Sourge of Criterja: This is a new reqguirement. The loads
should be the same as taxi engagement for the same gross weight-velocity
engagement. Specification MIL-A-83136 previcusly excluded fiy-in engagements,
but this requirement establishes performance for such a maneuver, since the
user needs this option in case of emergency.

Lessons Learned: The fly-in engagement loads are significantly higher than
those encountered when taxiing into the barrier. Therefore, the weight of air
vehicle which can be recovered within the design load envelope is reduced. The
impact dynamic loads are high, as well as the loads due to higher energy
transmission. 1t would be anticipated that local damage to the underside of
the air vehicle could be expected due to fly-in engagement.

Verification (Paragraph 4.2.7.1): “Performance limits for emergency arresting
hook systems shall be evaluated by air vehicle flight test with the specified
arrestment system."

Verjification Ratiopale: Since the performance is basically a function of
interface and compatibility with the arrestment system, the most logical
demonstration is on the air vehiele with the intended barrier system. The
dynamic effects play a major part in the ability to arrest the intended air
vehicle.

Verification Lessons Learned:
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3.2.7.1 Auxiliary Deceleration Devices - Arresting Hook Systems

3.2.7.1 « ¢ "The probability of successful engagement 6f the arresting systen
shall be not less than for all air vehicle landing attitudes.™

hationale and Guidance: This requirement is to establish an acceptable level
of reliability of the arresting hook system. It is primarily intended to

insure consideration of proper positioning of the hook and prevention of hook
bounce. The blank should be filled with an appropriate value based on
operational experience with existing systems on air vehicles with similar
mission requirements. In some cases it may be desirable to further define the
conditions applicable to this success probability. This could include such
factors as type of runway surface, type of arrestment system, and maxisum
lateral or angular misalignment of the air vehicle and arrestment cable.

Performance Parameters: Kunway roughness, damping characteristics, diserete
bump characteristics, and hold-down force are parameters influencing the

ability to meet this reguirement.

Background apnd Source of (riteria: Design criteria were previously furnished

in specification MIL-A-63136 and AFSC DH 2-1.

Lessons Learned:
1. Figure 3,2.7.1 ¢-1 provides rates of successful engagement with some
current arresting hook systems. It can be used as a guide to establish a

rformance requiremeont,

Attempted Arrestment Successful

ﬁ! ] .‘!e mni; | o PO Y Amemmnnbmamt Data

¥-100

F=-101

F-102

F-104

F=105

F-106

F-111

A-TD

F=b

F-5

F=15

F-16

Figure 3.2.7.7 c-%. s ‘ ent Rates
¢. Prevention of hook bounce prior to arrestment cable engagement is a

major factor in the probability of success., Previously it was specified that

hook bounce shall not exceed 2 1/4 inches before arrestwent. This has been
found to be one way to improve the probability of success and should be
atrongly considered by the designer. hook bounce is limited by using a damper.
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Damping is usually provided by a hydraulic or mechanical damping device.
Figure 3.2.7.1 c-2 summarizes the type of damper provided on the various
emergency arresting hook systems currently in our inventory.

Alreraft Ivpe of Dagper
F=i00 : None
F-101 None
E~102 hydraulie
F-104 None
F-10% kydraulic
F-106 None
F-111 : Hydraulic
A-TD : Hydraulic
Fal Hydraulic
F-15 Hydraulic
F-16 Spring
F-5 : _ Hydraulic

Figure 3.2.7.%1 ¢-2. Avajlable Damping Methods

Yerification (Paragraph 4.2.7.1): "The probability successful engagement shall
be determined by anlysis of flight test results.® '

Yerification Rationale: Theée requirement musl be verilled by apnalysis because
the high probability of success would require too much testing to establish a
significant sample size. Arrestment fallures experienced during flight test
must be considered. I1f the design or procedures that caused the arrestment
failure are not corrected, probability of recurrence of the condition must be
considered in the analysis.

Yerifipation Lessons Learped:
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3.2.7.1 Auxiliary Deceleration Devices - Arresting Hook Systems
3.2.7.1 = ¢ "Hook instzllation shall have lateral freedom for

Rationale and Guidance: Frequently, air vehicle will contact the ground
off-center on the runway and in a drift landing attitude, which would make
engagement other than straight into the center of the cable span. Therefore,
limits on off-center and alignment engagement should be established for
operational requirements. 1In the past, 203 off-center and 20° misalignment
have been selected for design purposes.

Performance Parameters: Lateral hook
+ »

[ + + g A 43 3
characteristics, crosswind, direc

impacted by this reguirement.

kgr Sour riteria: This requirement was previously stated in
specification MIL-A-B3136. A portion was in the Performance Section and a
portion was previously in the Verification or Quality Assurance Section. It is
expected that this requirement originally stemmed from the Navy requirement as
expressed in MIL-A-18717.

Lessons Learned: Since many of the previous reguirements on Air Force

arresting hook design stemmed from Navy experience, most of the lessons learned

are from this operational regime.

The biggest problems associated with off-center engagement are eccentric

loads, control, and air vehicle clearance. If there zre any protuberances

uithln the envelope of arresting hook movement, they are in jeopardy of damage
due to hook contact. The bottom of the air vehicle should be clear in the
envelope of hook movement. A suitable protected fairing is needed for most
arresting hook installations.

The attachment of the hook should be designed to take off-~center loading
to the limit of the design envelope. Cable bounce and dynamics are as
important a consideration as the hook movement itself. Therefore, knowledge of
anticipated cable dynamies is an important task of proper design and
installation.

Most hook installations have had difficulty in maintaining directional

control during barrier runout. This is particularly true for off-center

misaligned engagements. On the F1'! and F5, it was found to be best to

maintain control with the use of rudder rather than steering. HKollback after
completion of the runout is also a problem. If the brakes are applied too
abruptly, air vehicle with aft c.g. situations will sit back on the tail and
suffer structural damage. Each air vehicle must develop the proper technique
for the design for steering and handling of rollback. Another problem with
rollback is catching the hook point on runway irregularities. This can
accentuate the tendency to tip back.

A method should be provided to keep the shank on the aircraft centerline
prior to engagement but permit movement after engagement.
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Verification (Paragraph 4.2.7.'}: rPerformance limits for emergency arresting
hook systems shall be evaluated by air vehicle flight test with the specified
arrestment systems, The dynamic and design characteristices will be evaluated
by inspection.”

Verification Rationale: Compatibility with the arrestment system is best
demonstrated by the air vehicle with the intended system. Dynamic response of

the system can be predicted to a limited degree, but the fingl proof is an
actual demonstration.

Verification Lessons Learned:

3.2.7.1 Auxiliary Deceleration Devices - Arresting Hook Systems

3.2.7.1 = e "Service life of the arresting hook shall be
without replacement of components except: .

Ratj e Gui : This requirement is to establish the minimum service
life of the arresting hook system. The requirement should recognize that the
hook point or shoe is subject it severe wear and may need to be replaced at
some interval less than the life of the system. Design life should be
determined by analysis of the air vehicle mission and arrestment concepts. If
no study results are available, it is suggested that a service life of 1000
landing engagements without replacment of components except that ground ,
contacting elements may be replaced after each 15 landing engagements be used.

Performance Parameters: Hook paint wear characteristies, attachment fatique
characteristics, shank design and load levels, and hook materials, are

&+ 1 Ehan abki &+
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lity to meet this requirement.
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Background and Source.of Criteria: This is a new requirement. MIL-A-83136

required a replaceable hook point.

Lessons Learned: "Weak link" theory must be considered in design of an
arresting hook system. Inadvertant overload is frequently a possibility due to
the hostile enviromment in which the hook is loaded. Frequently, the most
severe loads are dynamically applied, and these are the most difficult to
calculate, Therefore, attachment structure is extremely critical for capacity
and life. Attachment is usually integral with the structure or bulkhead of the
fuselage.

Obviously, the hook life will be very low if the hock shank and hook point
are integral. 1f life over 15 landings is desired, the hook point should be
separate from the shank to minimize replacement cost.

The F-111/FB-111 hook shank and point were integral. During Category 11
testing, the average life for FE-111 hook was 6 or 7 landings. The F-111A
average life was 10-12 landings. These are considered to be economically high.
The replacement hook cost was $3,200.00 in 1966.

Yerification (Paragraph 4.2.7.1): "Service life of the hook will be evaluated
by laboratory tests for fatigue life and air vehicle tests for durability."
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Verification Rationale: The environment, load level, and load orientation can
best be controlled in a laboratory. Therefore, lab tests with airplane
certified loads produces the best combination for accurate verification. The
cost of a laboratory test is significantly lower than airplane tests.

erif] i s30n rped:

3.2.7.1 Auxiliary Deceleration Devices - Arresting hook Systems

3.2.7.1 « f "The retracted hook shall preclude .
Rationale and Guidance: The objective of this requirement is to establish a

safely requirement for landings where hook engagement is not desired. Rather
than define a prescribed ground clearance at maximum tail down attitude,
ineluding compressed tires and struts, this requirement is a statement that the
stowed hook shall not inadvertently engage the barrier or arresting system
while in the most eritical condition.

Performance Parameters: Physical details of the hook design, aft fuselage
detail design, and high angle of attack flying characteristics impact meeting
this design requirement.

Background and Sourge of Criterig: This requirement was previcusly contalned

in apecification MIL-A-83136.

Lessons Learned: Generally, tail hooks have provided a minimum ground
clearance of 4 inches in the stowed position at maximum tail down attitude.
This rule of thump has been to insure ground clearance for the cable which is
rebounding from the main tires running over it. It may be conservative, but it
represents lessons learned by the Ravy after years of experience in arresting
hook design and installation.

If such clearance cannot be provided, a fairing can provide su_table
protection to preclude inadvertent hook-cable engagement. Considerable damage

to the fairing was experienced on the F1'1 during Category 11 testing at
kdwards Air Force Base. This occurred on routine engagement after the hook
picked up the cable and rebounded against the bottom of the air vehicle.

PR .

ralrmg 08815!’) should be 1nexpen31ve or easuy r'eplaceam.e or both.

Verification ({Faragraph H.2.7.1): "The dynamic and design characteristies
shall be evaluated by inspection."

Yerification kationale: HNo special tests can be concelved to evaluate

inadvertent hook engagement on routine landings. This will become readily
apparent by observaticn.

Yarifimatinn acaenna anhnnd:
RATE WA 11X AT R LI AT DA A1 P
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3.2.7.1 Auxiliary Deceleration Devices ~ Arresting Hook Systems

3.2.7.1 - g "Current position of the hook shall be indicated in the cockpit.®
Rationale Guidance: In order for the pilot to maintain control of the air
vehicle in emergency or normal operation, it is vital to be able to know
whether the hook has been deliberately or inadvertently extended and whether
the hook has in fact been extended when such action was initiated. Therefore,
indication is deemed necessary to provide this status information to the pilot.

Performance Parameters: Cockpit design, arresting hook position display,
position sensing eircuit, redundancy of circuit, power sources, and switch
design and location impact the ability to meet this operational need.

Background and Source of Criteria: This is a new requirement not previously
contained in prior documentation.

Lessons Learped: Experience on recent air vehicle indicates that location of
the arresting hook release lever is important. On the F1114 and the F154, the
arresting hook release handle is located in the near proximity to the parking
brake control handle. Iln each case, the handle shapes are similar and there
have been incidents with each air vehicle where the wrong handle has been
inadvertently actuated. The direct result has been blown tires and a missed
barrier. Fortunately, no serious damage resulted in either occurrence.

Therefore, judicious placement of the release handle and some method of
position indication are reasonable expectations for new designs.

¥Yerification (Paragraph 4.2.7.1): "The dynamic and design characteristics
shall be evaluated by inspection."j

Yerification Rationale: Observation from drawings, mock-up, or actual air
vehicle confirm the adequacy of the arresting Hook controls.

Verification Lessons Learned:

3.2.7.1 Auxiliary Deceleration Devices - Arresting Hook Systems

3.2.7.1 = h "For maintenance activity, the hook installation shall have

"
.

hationale and Guijdange: Numerous features are available for arresting hook
system designs. Each adds complexity and are cost drivers. If such features
are known to be desired by the intended user, this requirement should reflect

such choice.

r rageters: Detail hook design, user's needs and maintenance
procedures are influenced by this requirement.
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ro Sourge of Criteria: This requirement contains some previous
requirements of specification M1L-A-§3136 and has the potential of adding new
requirements. The retraction/extension features were previously defined. AFSC
DH 1-6 also contained a discussion of this item.

Lessons Learned: If the arresting hook extension is designed to be used only
under emergency conditions, ‘no retracting mechanism has been required in the
past. However, a positive latching device, which prevenis inadvertent
extension in flight or on the ground, should be provided. If the systenm is
electrically actuated, the controls from the cockpit to the uplock release -
mechanism should be totally redundant. In the past, extension time has been
limited to two seconds or less. With electrically actuated release mechanisms,
the ground safety pin should interrupt the electrical power to the release
mechanism. This will prevent release mechanism damage if the cockpit switech is
actuated with the ground safety pin installed.

In the interest of personnel safety, the release mechanism should prevent
installation or removal of the ground safety pin with the arresting hook in any
position other than fully up and locked.

Yerification (Paragraph 4.2.7.1): "The dynamic and design characteristics

uated by inspection.®

shall be ev

Yerification Rationale: Design features are best reviewed by inspection of
drawings and actual air vehicle installations.

Yerificatjon Lessons Learned:

3.2.7.1% Auxiliary Deceleration Devices - Arresting Hook Systenms

3.2.7.1 = i "The hook shall be positioned by the following action:

tionale idanece: This reguirement is to establish the design and
performance requirements for the arresting hook control. Factors include
location, actuation and design of the control switch. The following has been
specified in the past by MIL-3TD-203:

us =

e
Actuation - Direction of motion shall correspond to hook movement. Design -
wWhen an indicator light is used, it shall be located in the control handle, and

(Normal system operation) Single pilot/tandem pilot/ operable by pilot.
o

. shall be "ON" when the arresting hook is inconsistent with control position.

Emergency arresting hook control (ground use only). Single pilot/tandem
pilot/side-by-side pilot: Location - Accessible to the pilot's shaped switch -
Down or aft for hook "down". Design - A recessed, guarded pushbutton switch or
a guarded hook-shaped, coded toggle switch.

Perforpance Parameters: Type of arresting hook (normal or emergencyl), type of
aircraft and number of crew influence this requirement.

Sour riteria: This requirement was formerly included in
MIL-3TD-203.
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Lessons Learned:

Verification (Paragraph 4.2.7.1): "The dynamic and design characteristics
shall be evaluated by inspection.”

Verifigcation Rationale: The characteristics established by this requirement
can usually be determined by review of the hardware and engineering drawings.

Formal demonstrations or tests may be necessary for sSome complex control
systems such as automatic deployment. Revise the verification requirement to
be compatiple with the design requirements.

erification Lessons L [

3.2.7.2 Auxiliary Deceleration Deviges - Drag Chutes
3.2.7.2 "For drag chute requirements, see MIL-"

Batiopale and Guidance: Rather than duplicate the requirements expressed in
the Parachute Systems Prime Document, reference is made to this document. It
is intended to recognize the function that parachutes serve in this basic
gubsystem to assist in achieving air vehicle retardation.

Perforpance Parageters See MIL-___.

Background and Source of Criteria: MIL-D-9056, ete.
Lessons Learned: See MIL- _ .

Merification: See MIL- ___.

¥ jeation Ration : N/A

3.2.8.1 Ground Handling - Jacking

3.2.8.1 - a "Jacking provisions shall be provided by ..

R ale and Guj e: Jacking is classically achieved by jacking at the
fuselage or on landing gear axles. This is a simple statement reflecting the
desire for such accommodations.

Performance Parapeters: Maintenance procedures and functions, jack attachment

details and avallable jack equipment are influenced or are influential in
meeting this operational need.
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Background angd Source of Criteria: A statement such as that proposed cannot be

found specifically in any prior documentation. Each mention of jacks assumes
Jacking needs, but none specifically establish these needs. Generally, most
air vehicle have fuselage and axle jacking capability, but design capacity is
frequently inconsistent between air vehicle. MIL-STD-809 and MIL-A-8862 have
Jacking criteria for load factor. MIL-A-8860 requires axle jacking at maximum
design gross weight and fuselage jacking at the same weight if they are used to
change wheels and tires. The load factor criteria, tied to "design gross
weight," dates back to ANC-2, dated 15 Oct 1941, It was carried in subsequent
Air Force and Navy documentation until the present. The first notation of axle
jacking for maximum design gross weight came in MIL-A-B860, dated 18 May 1960.
The fuselage jacking was mentioned in 1960 as applicable at maximum design
gross weight if this technique was used for changing tires or wheels. However,
there are few air vehicle which utilize this technique. Therefore, for most
air vehicle, the fuselage jJacking design gross weight remains undefined.

Lessons Learned: "It has become Industry practice to design each gear for
individual jacking provisions. The installations permit each wheel to clear
the ground and allow removal of the wheel or wheels for repair or replacement,
without the necessity of removing the struts or any other part of the landing
gear structure. The jacking pads are located so that there can be no
interference between jacks and the operation of the landing gear system. It
has been found that cradle jacks provide greater stability and versatility.

Figure 3.2.8.) a-' is a listing of jacking criteria as a function of air
vehicle paximum design gross weight for axle and fuselage Jacking.

Landing gear jacking pads should be located to preclude the contact of the
Jack head with any eritical part of the landing gear. The jacking pads should
be evident and easy to use. C-130 aireraft main landing gear torque struts
have been destroyed by incorrect use as a jacking point. Low clearance of the
aircraft with a flat tire requires that a special fixture be used for jacking.
1t may not be evident to maintenance personnel that special procedures are
required.
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Air vehicle Axle Jacks Fuselage Jacks (/

b-52
B-57

€-5
C-1
C-123
C-130
KC-135
C-11

F-4
F-5
F-100
F-102
F~-104
F=-105
F-106
F-111
F=-15
F-16

A/T=37
7-38
T-39 (

Figure 3.2.68.1 a-1. ing W t Functi F M : . Welght
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Verification (Paragraph 4.2.8.1): "Jacking capability and provisions shall be
evaluated on the air vehicle during the flight test program to the specified
limits of the system.®

Verification katiopale: Since there is considerable interface between the AGE,
the air vehicle and the technique, this requirement is best verified with all
parts operating as a system on the air vehicle.

Verifination Leswanae lLearnad:
yeritioatlon LesS3ong lLearnel:

3.2.8B.1 Ground Handling - Jacking

3.2.8.t « b "Axle jacking system shall be capable of raising
weight air vehicle high enough to perform required maintenance while exposed to
___ crosgwind from any direction.”

Hatiopnale and Guidance: This requirement establishes axle jacking capability.
Usually, the maintenance operations of the air vehicle dictate the need to jack
a maxigpum design gross weight air vehicle. The crosswind limit is arbitrarily
set at a value which can realistically be expected in service usage and when
the user would expect to still be performing maintenance functions requiring
Jacking. Arbitrarily, this value should be 15 knots to be consistent with
structural design criterlia. The structural load factors will be defined by the

applicable structures eriteria document.

LIP3 A =

Pertormance Parageters: Air vehicle gross weight, c.g. location, strength of

the jack pad and attachment are influences on meeting this operational need.

BRackeround and Seourece of Criteria: Thia rqu_i__rggep_t is gxp&_gign' of MIL-A=-B860
eriteria to include crosswind limits.

Lessons Learned: Figure 3.2.8.1 b-1 summarizes the prescribed jack capacity
for current inventory air vehicle.

Figure 3.2.8.1. b-2 summarizes the crosswind limits for axle jacking on various
inventory air vehicle.
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35 ton

40 ton

Figure 3.2.8.1 b-1. Jack Capacities
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Crosswind Limit

Figure 3.2.6.1 b-2. Axle Jacking Crosswind Limits
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Verification (Paragraph 4.2.8.1): *“Jacking capability and provisions shall be
evaluated on the air vehicle during the flight test program to the specified
limits of the system. Crosswind compatibility shall be verified by analysis.®

Verification Rationale: The risk and time assocjated with exposing valuable
test air vehicle to high crosswinds during flight test is too high. Therefore,
analysis of crosswind capability is satisfactory. However, it is important to
demonstrate the basic axle jacking capability on the aireraft to evaluate
component compatibility and design capability.

rificati egsons lLearned:

3.2.8.1 Ground Handling - Jacking

3.2.8.1 - ¢ "Fuselage jacking system shall be capable of raising
weight air vehicle high enough to perform required maintenance while exposed to
crosewind from any direction,."

Eatiopale and Guidance: This requirement establishes the system fuselage
Jacking capability. PFrequently, the maintenance operations of the air vehicle
dictate the need to jack a maximum design gross weight air vehicle. However,
Using Command needs drive this requirement. The crosswind limit is arbitrarily
set at a value which can be realistically expected in service usage and when
the user would expect to 5till be performing maintenanee functions requiring
fuselage jacking. Arbitrarily, this value should be 15 knots to be consistent
with structural design criteria, which shall contain the reguired load factors
for design.

Performance Parageters: Air vehicle gross weight, c.g. location, strength of
the jack pad and attachment are influences on meeting this operational need.

bBackground and Source of Criteria: This requirement is an expansion of

MIL-4-8860 eriteria to include crosswind limits.

Lessons Learped: Figure 3.2.8.1 ¢~1 summarizes the prescribed fuselage jack
capacities for current inventory air vehicle.

Figure 3.2.8.1 c-2 summarizes the crosswind limits for fuselage jacking on
current inventory air vehicle.

166

-



e—

B-52
B-57

C=5
C-1
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Fuselage Jack Capacities

20 ton

60/30 ton

30/40 ton

20 ton
5 ton

20 ton
20 ton

Figure 3.2.8.%1 e-1. s e k ities
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Air vehicle Crpsswind Limit -

A-T
4-10

B-52
B-57

c-5
c-7
c-123
C-130
KC-135
c-11

F-4
F-5
F-100
F-102
F-104
F=105
F-106
F-111
F-15
F-16

A/T=37
T-38
T-3%

Figure 3.2.9.1 c-2. Fuselage ing Croaswi Limits
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Verification (Paragraph 4.2.8.%}: “Jacking capability and provisions shall be
evaluated on the air vehicle during the flight test program to the specified
limits of the gystem. Crosswind compatibility shal) be verified by analysis.®

Yerification Rationale: The risk and time associated with exposing valuable
test air vehicle to high crosswinds during flight test is toc high. Therefore,
analysis of crosswind capability is satisfactory. However, it is important to
demonstrate the basic fuselage jacking capability on th air vehicle to evaluate
component compatibility and design capability.

erificati Lessaons Learned:

3.2.8.2 Ground handling - Towing

3.2.8.2 - a "Theé air vehicle shall be capable of being pushed or towed at
gross weight up or down a slope on a surface."

Rationale and Guidange: This is a maximum performance requirement for the
towing system. Therefore, the blanks should reflect maximum design gross

weight usage. The required slope is arbitrary and 3° is recommended. Towing
under maximum conditions should probably be limited to dry concrete surfaces,
but any special case can be reflected in this requirement. Towing at other
angles than straight ahead is implied by the operational concept of the
requirement .

Performance Parameters: Details of the towbar and towbar attachment, strength
of the landing gears for horizontal loads, runway surface conditions, available
coefficient of friction, and angle of load application have influence on
meeting the requirements stated above. The detail characteristies of the
towing vehicle also impacts meeting the requirement.

Background apd Source of Criteria: This requirement is clarification of

criteria which has been implied in MIL-STD-805 and MIL-A-8862. As stated, it
is a new requirement even though a similar requirement has been individually
applied to numerous air vehicle.

Lessons Learned: Compatibility with the nose gear steering system is a serious
consideration. On some gears, towing is permitted to the limits of the powered
system, but any additional input can result in damage to the steering systen.
This interface is very ilmportant.

Several gears have been damaged because the towing vehicle exceeded the
limit drag force, sheared the safety pin, replaced the pin with a stronger
material, then repeated the high drag force pull. Instead of shearing the pin,
the excessive load is reacted by the nose gear and structural fallure occurs.
This recently occurred on the F-5.

Depending on the airbase, frequent use of the towbar is a poasibility.
Therefore, simple and reliable installation is a clear requirement.

Yerification (Paragraph 4.2.8.2): “Performance of the towing system shall be
demonstrated on the air vehicle during the flight test prograsz.®
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Yerification Rationale: Since there is considerable interface with the AGE and
the air vehiele, this requirement is best verlfled with all the parts operating
as a SYSUEE on the air vehicle.

Uerlflgaulon Lessons_Learped:

3.2.8.2 Ground Handling - Towing

3.2.8.2 - b "The main gear shall have the following provisions for emergency
towing: .

e Gui e: There are options available for emergency towing of
the main and nose landing gear. Each is a cost driver and the Using Command
should state thelr preference in sufficient time for inclusion in the Type I
specification. MNormally, this requirement is used for identifying towing lugs.

r P ters: Details of the tow vehicle attachment, tow ring design
details, strength of the gear, and operating terrain control meeting this
operational need.

r riteria: This requirement reflects the eriteria of
MIL-8TD~805 and the implieq performance of MIL-A-8862. It is a clarification.

Lesseng learned: Some recent large air vehicle have received a deviation to
- equipping each main gear with emergency towing lugs. However, provisions for
installation are provided. The risk that is taken by this sction is the
availability of the lugs when the need arises. If the need for emergency
towing arises in & relatively remote area, the probability of having tow lugs
located in the proximity is low.

The probability of needing emergency towing capability is very high for
each off-runway situation. If the air vehicle is remotely dispersed or an
emergency is inadvertently encountered due to an incident, ete., the use of
lugs is very likely. This is assuming that the air vehicle is in an
environment for which it is not normally intended to operate.

Yerification (Paragraph 4.2.8.2): "Performance of the towing system shall be
demonstrated on the air vehicle during the flight test program."

erificati n Lessons L

3.2.8.2 Ground Handling - Towing

3.2.8.2 - ¢ "The interface between the air vehicle and tow vehicle shall be as
follows: .

Rationale and Guidance: This requirement is to define configuration or
performance requirements to insure compatibility of the air vehicle towing
fittings and the tow bar or tow vehicle. Gther areas to be considered include
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steering of the air vehicle during towing and communications between the towing
crew members. Figure 3.2.8.2 - ¢-1 and ¢-2 provides dimensions of towing
fittings that are the subject of an international agreement. Air vehicles
intended for world-wide operation should comply to insure compatibility with
towing equipment in foreign countries. Consider requiring that the tow
fittings be compatible with the appropriate standard towbar. This requirement
must be coordinated with ground equipment specification requirements. -

Normally it should be required that the air vehicle be designed to permit
the air vehicle to be steered by the tow vehicle, it may be desirable to
require that this be done without disconnect of the air vehicle steering
system. Communication between the tow vehicle operator and the tow crew member

1A L —mlcdmd o Avvmins a11 +mrrd

at the air vepicle crew station should be maintained during ali to wing
operations.

Performance Parameters: Air vehicle size and weight, quantity of air vehicles
to be built and type of operation {world-wide or local) are primary factors to
be considered in establishment of this requirement.

r Sour iteria: Most of the items covered by this
requirement were included in MIL-STD-805 and Design Handbook 2-1.

Lessons Learped:

(1) Most existing air vehicle can be towed without disconnecting the
steering, provided that the normal steering range is not exceeded. Tow bar

emaed Ao d Ao s Ammmm e Swm b mene bha atasan amsla ja

Snear plll-‘i are [_JI‘DV.LUBU to Pr event Udildgc in the event tbe stser aliplT 413
inadvertently exceeded. Experience indicates that these pins are sometimes
replaced by high strength pins and nose gear damage results from exceeding the
steering limit. The steering limit must be clearly marked on the air vehicle
because it is too difficult for the tow operator to detect angle limits or see
markings on the nose gear strut. Air vehicle markings should be at least five
degrees inside of absolute mechanical limits.

(2) It is possible on most current air vehicle to disconnect the steering
during towing so that the tow angle may exceed the normal sieering angle.
After disconnect of the steering system, it should be possible to turn the gear
up to * 180 degrees from the straight forward position. A lesser angle (} 120
degrees) may be sufficient for towing, but again could result in structural
damage if exceeded.

{3) The method used to disconnect the steering is very critical. If
frequently used, the resultant wear may increase free play to the point that
nose gear shimmy becomes a problem. Failure to reconnect the steering or
incorrect connection have been problems on some past designs. Automatic
disconnect methods avoid most of these problems, but must also include a method
to detect that the landing gear is out of the normal steering range and return
it to the proper position for taxi. Particular attention should be given to
proper detection of the 1800 position because most landing gears are unstable
if driven in reverse at high apeeds.

(4) Nose gear designs, such as the T-37, which require peculiar AGE, such
as "stiff knees” during towing to preclude collapse of the gear have

encountered difficulty. Such a d931gn approach is currently considered to be
,,,,, AL1'L A ™F /A A A P - d

undesirable. This was ﬂlgﬂl g ed y .F‘ll'L.\.’IHI'HL.U in their Lessons Learned.
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ATRCRAFT WEIGHT DIAMETER OF DIAMETER OF WIDTH OF RADIUS AT (
POMDS (lbs) SPOOL IN FLANGE IN SPOOL BETWEEN SPOOL FLARGE .
(kg converaions in INCHES IRCHES FLANGES IN IRTERSECTION
brackets) {aa comversions | (mm conversione | INCHES IN INCHES (mm

in brackets) in brackets) (mm conversions | conversions
in brackets) in brackets)
A B C R
0-195, 000 0.875 1.500 1.000 0.125
(0-88,450) (22.23) (38.10) (25.40) {1.18)
195,000 - 495,000 1.500 : :
{88,450 - 224,521 (38.10) NOT YET DETERMINED
|
FIGURE 3.2.8.2.¢c-1 \
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T .
]
]
]
{
|
b

1
: A
R +_L

Alreraft Weight

Pounds {1bs}

(kg in brackets)

Axle inside diameter

{inchee)
(mm in brackets)

A

Minimum depth of
Hollow Axle (inches)
(oth in brackets)

B

0-195,000
(0-88,450)

0.750 - 0.000
* + 0.016
(19.05 - 0.00)
+ 0.40

1.000 (25.40)

195’000 - 495.000
(BB8,450 - 224,527)

1.250 - 0.000
+ 0.031

(31.75 - 0.000)
+0.79

1.500 (38.10)

FIGURE 3.2.8.2.¢-2
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Verifigation (Paragraph 4.2.8.2) "Performance of the towing system shall be

demonstrated on the air vehicle during the flight test prograsm.

Verifjcation Rationsle: Due to the complex interaction of the air vehicle and
support equipment verification must be accomplished by demonstration.

Verifjcation lLessons Learned:

3.2.6.3 Ground Handling - Mooring
3.2.8.3 - a "Mooring arrangement shall be compatible with : M
Rationale and Guidance: Air vehicle mooring compatibility with the standard

mooring pattern is described in MIL-T-81259 and notification is the objective
of this requirement. Since the airfields are equipped with mooring attachments
in a standard pattern, the intended air vehicle should be compatible.

Performance Parameters: Moorine ent details

ng.p
c

methods, and attachment strength

Background and Sourge of Criteria: This requirement has always existed as
piecemeal inputs from various documents. This should clarify the intended
installation. ) ‘

atterns, mooring attac

te hin
ontrol this requirement.

Lessons Learned: Several recent air vehicle have waived the mooring
requirements. But this basically is a Using Command decision. If the mooring
is not to be used to survive in adverse weather, it may be more expedient to
dispateh te air wvehicle to other bases rather than to take the risk of weather
damage.

Generally, the gear design uses the same attachment for mooring and
emergency towing. The towing lug makes a convenient attachment for a mooring
cable.

Yerification (Paragraph 4.2.8.3): "The air vehicle shall be moored to
during the flight test program. Design characteristics and
component compatibility will be evaluated."

Merificatiopn Ratiopale: AGE - Air vehicle interface is best demonstrated on

the actual air vehicle. Analysis cannot adequately evaluate this
characteristic.

Yerificgtion Lessons Learped:

3.2.8.3 Ground Handling - Mooring

3.2.8.3 - b "The mooring arrangement shall be capable of withstanding
with all surfaces locked, at gross weight.®
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Rationale and Gujdance: This is a performance requirement for the landing gear
with mooring equipment attached. The amount of crosswind identified should be
the same as that selected for structural design. KNominally, the value is 70

knots and it applies Lo any gross weight.

Performance Parameters: Mooring fitting strength and mooring loads control

weeting this requirement.

Background and Source of Criteria: The strength requirement is derived from

specification MIL-A-00B865A. This indicates mooring in a 70 knot crosswind.
The MIL-A-008865A requirement is a direct derivative of ANC-2, dated October
1952, ghich requires mooring in a 75 mph wind.

Lessons Learned: If at all possible, the same attachment for emergency towing
and mooring should be used on main gears to minimize the weight to accommodate
this capability.

Caution should be used in nose gear mooring arrangements to avold damaging
control equipment when the mooring cables are installed,.

Yerification (Paragraph 4.2.8.3): "The air vehicle shall be moored to
during the flight test program. Design characteristics and component
compatibllity will be evaluated."

Nerification Rationale: Interface between AGE and landing gear are best
demonstratsed on the alr vehicle. Analysis does not lend itself to ovelustion
of this type of arrangement. ‘

3.2.9 gSpecialized Subsystems
3.2.9.1 gSpecialized Subsystems - Genergl

3.2.9.1 ®The air vehicle shall have special subsystems or characteristics as
followa: "

Bationale gnd Gujidance: This requirement is to provide definite requirements

for specialized subsvstems, ' The blank is filled with te pame of any

AV G CwaRsadive

apecialized subsystem desired from the development program. Examples are:
skis, croswind positioning systems, kneeling systems, etc.

Perforpance Parameters: Variable depending on the aystem in question.

Backeround and Source of Criteria:

Lessons Learned:

Yerification (Paragraph 4.2.9.1); *The system shall be evaluated
n

Yerification Rationale: This requirement cannot be defined until the equipment
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!gniﬂjgétign Lessons lLearned:

3.3 Reliability

"The landing gear system reliability requirments shall be as follows:
n

Rationale e: The landing gear ststem reliability is an integral
part of the reliability requiremenits for the total Air Vehicle. Therefore,
proper allocation of reliability with the associated confidence level should be
generated for the system. This then must be further distributed to the major

companents or subsystems as described by the basic prime specification (Section
3.1). In order to achieve high overall aystem performance, the alioctted
reliabiity of each system must be proportionately higher. It is conceivable
that landing gear component reliability could be better expressed in desired
Mean Cycle Between Failure (MCBF). The overall system Reliability Monitor
should assist in establishing these reguirements. For details of the overall

Reliability Program consult MIL-STD-T785.

Performance Parameters: Mean Cycle Between Failure

previously included in the overall program of MIL-SID-785. Most landing gear
component specifications implied that completion of the qualification testing
described in the individual specifications represented satisfactory completion
of the keliability requirements.

Laolkaround and Source of Criteria: Prior Reliahility requirements were

Lessons Learned: Component or subsystem performance, in terms of reliability,
is impacted by many factora. Examples include basic design, material
selection, production processing, installed environment, subsystem or component
interfaces, accuracy of predicted load, and maintenance. Therefore, all modes
of failure must be anticipated and analyzed. Figure 3.3-1 shows the
distribution of accidents and incidents for the C5& during FY72 through FY75.
This illustrates the distribution of failures which can contribute to the
overall reliability of the system. Figure 3.3-2 1llustrates the same
information for the KC-135 and Figure 3.3-3 illustrates the information from
the C-1414,
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Minor Ma jor
. Component Incidents Accidents .  Accidents
Struts 2 0 0
Tires 2 0 0
Brakes i 0 1
Actuators 9 0 0
Electrical 1 i} 0
Hydraulic 1 0 0
Kheels g 0 0
Steering 1 0 0
Anti-Skid 3 0 0
Crosswind Computer 1 0 0
Structure 10 0 0
Undetermined’ 2 0 0
Figure 3.3~1. j G A ent 3 Y12~
: Minor Ma jor
Lomponent Incidents Accidents Accidents
Struts -3 0 2
Tires 26 0 0
Brakes 5 0 0
4 Anti-Skid i5 o o
Q!Il’ Hydraulic 20 0 0
Gear handle Mech. 1 0 0
Electrical i 0 0
Actuator 1 0. 0
Wheel 6 o 0
Structure ] 0 0
Undetermined ki 0 0

Figure 3.3-2. KC-135 Landing Gear Accident & Incident Summarv (FYT2-FY75)

Minor Ma jor
Component incidents Accidents Accidents
Struts 2 0 1
Tires C 16 0 0
Brakes b 0 0
Actuators 10 0 0
Wheels 14 0 0
Steering 2 0 0
Hydraulie 3 0 0
Anti-Skid i 0 0
Structure 9 0 0
Undetermined 3 0 h

Figure 3.3-3. (-141A Landing Gear Accident & Incident Summary (FY72-FY75)
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1. Additional Reliability data can be obtined from monthly reports produced by
AFLC. Examples of suitable data are the RCS:LOG-MMO{AR)T170 entitled
"Maintenance Actions, Manhours, and Aborts by Work Unit Code," which provides
historical information pertaining to each assigned WUC. You have to identify
the air vehicle and 13000 series Work Unit Codes for Landing Gear. The most
pertinent data produced is the monthly MIBF and MTEM for each item,
RCS:LOG-MMO(AK) 7220 entitled "Maintainability Reliability Summary," which
provides 12 months summary by air vehicle and includes "on" equipment
maintenance action occurrences and manhours and "off" equipment units and
manhours as reported on AFTO Form 349. These reports are obtainable from
AFLC/MMOME upon reguest.

2. The following reports provide a summary of Air Force aircraft landing gear
failures and problems for the period: 1970 - 1976. The summary is much more
detailed than data presented in this handbook.

"Aireraft Landing Gear Failure and Problem Analysis,® ldell S Albrechtsen,
AFLC, Ogden Air Logistics Center, Hill AFB, Utah, 1976. (Covers 1970 - 1973).

"fAirgraft Landing Gear Failure and Problem Analysis™, Udell S.
Albrechtsen, AFLC, Ogden Air Logisties Center, Hill AFB, Utah, May 1977.
{Covers 1974 -~ 1976).

Yerification (Paragraph 4.3): "The reliability requirements of paragraph 3.3
are verified as follows: L

e: Most landing gear components are tested in a variety
of environments during the development program. Individual components are
exposed to a series of qualification tests to vendor specifications as
installed, the various componenta are tested in the system simulator and on the
air vehicle during various phases of flight testing. The composite of all
testing constitutes the total reliability testing.

Verjfication Lessons Learned:

3.4 Maintainability: "The landing gear system maintainability requirements
shall be as follows: W

Ratjopale and Guidance: The landing gear system maintainability is an integral
part of the maintainability requirements for the total Air Vehicle. Thereflore,
limits on waintainability tasks and the associated t{imes to accomplish should
be generated for the landing gear system and its components, In order to
achieve low overall system maintainability, the allotted taskes must be
individuaily considered. The overail System Maintainability monitor should
assist in establishing these requirements. For detalls of the overall
Maintainability Program consult MIL-STANDARDw=-.

Performance Parapeters:

Maintenance Tasks

Sourge of Criteria: Prior Maintainability requirements were
described in MIL-STD-#70 and MIL-STD-d47%. The landing gear was included in
those times and tasks allotted to the overall Air Vehicle.
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jessons Learned:

1. Component or subsystem performance in terms of maintainability is
influenced and impacted by many factors, including, complexity of design,
intended AGE, design life, servicing requirements, and bulk of the hardware.

2. Maintainability performance data can be obtained from monthly reports
produced by AFLC. Examples include: RCS:LOG-MMO(AR}-7170 entitled
"Maintenance Actions, Manhours, and Aborts by Work Unit Code.® This report
produces monthly MTBF and MTEM for each component or WUC. Another report is
RCS:LOG-MMO{AR)=7220 entitled *Maintainability Reliability Summary,® which
provides 12 months summary by air vehicle and includes %on" equipment
maintenance action, occurrences, and manhours. It also includes “of" equipment
and manhours as reported on AFTO Form 349. These reports are obtainable from
AFLC/MMOMA upon request.

3. Components that require frequent removal should be attached to the primary
structure with easily removable hardware.

The hydraulic swivel assembly for the nose gear actuator on the A-10 is
fastened to the aircraft structure with "Hi-Lock" fasteners. The "Hi-Lock"
fastener, by design, is semi-permanent and must be removed by drilling or
splitting the retaining collar. Time repair would be significantly reduced by
use of a fastener that is easier to remove and install.

4. Landing gear system maintainability is significantly enhanced by desxgnlng

fGl" m.lﬂum m:—es uﬁﬁﬂé‘s&b;l& 1% u! uvﬂpcnenta- i 80 :a“ as .’J-"act...-.-u, “"3-‘-&“

the landing gear units for installation at any position (left or right, fore or
aft) as built-up units. Where this is not practical, provide a minimum number
of designated parts for installation at the reguired position.

5. Components should be designed for adjustment and repair at the lowest level
of maintenance as so far as is practical. Adequate technical data is vital to
efficient performance of all required adjustment and repair. Technical data
distribution must be consistent with the intended level of repair.

6. A void adjustment or repair on the air vehicle if such action is difficult
to accomplish due to access or environment. Consider use of replaceable
modules or components that can be adjusted or repaired in a field shop as an
alternative. '

Yerification (Paragraph 4.4): "The maintainability requirements of paragraph
3.4 are verified as follows: M
Yerification Ratiopale: Maintenance of landing gear equipment is accomplished

at various levels. Depending on the units, the LRU will vary depending on the
subsystem. The task allocation should reflect the overall logistic plan and be
consistent with the intended inventory practices.

Yerification lessons Learped:
3.5 Systen Safety: "The landing gear system safety requirements shall be as
follows: .
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Rationale and Guidance: System Safety requirements for the landing gear system

should be consistent with these requirements for the total Air Vehicle. The
subsystem and component designs must take into consideration the hazards
generated by various modes of failure and insure redundancy within the systems
to avold those modes which potentially can create Class III and IV hazards.
Class 1 and Class Il hazards, although qualitalively of less consequence than
Class 111 or Class IV, may impact the design because of their anticipated
frequency of occurrence. The safety analysis and design change process
involves identification of all potential hazards, hazard reduction and
minimization techniques, and a closed loop procedure established to assure
design change, as appropriate.

. Background and Source of Criteria: System Safety for the landing gear system

tie directly to MIL-3TD-882 and the subsequent system generated by that
program. Specific designations related %o systep safety were also included in
AFSC Design Handbooks 2-1 and 1-6,

Lessons Learned: Figure 3.5-1 illustrates the safety record for landing gear
systems over the last five years in terms of accidents and incidents:

Total Number Total LG Total LG Major
Air vehjcle of lLandings Ancidents & Minor Accidents
A-T

A-10

b-52
B-57

C-5
c-7
c-123
C-130
C-135
C-141

F-4
F-5
F-15
F-16
F-100
- F~102
F=105
F-106
F-111

A/T-37

T-38
T-39

Figure 3.5-1. idents & Ingident S r
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Verification (Paragraph 4.5): “The system safety requirements of Paragraph
3.5 are verified as follows: "

Verificatj Ratij e: System safety assessment is an integral part of the
system safety program for the total air vehicle.

Safety is generally verified by analytical methods, which involve
preliminary hazard analysis, subsystem hazard analysis, system hazard analysis,
and operating hazard analysis. Fault bazard analysis is an inductive tool and
fault tree analysis is a deductive tool to identify hazards. Finally,
recognition should be made of the fact that if hazards, especially catastrophic
or critical, cannot be controlled to an acceptable level, then ground or flight
test should include measures to verify the safety of the landing gear system.

Yerification Lessons Learned:

3.6 Enviropmental Conditions: "The landing gear system equipment shall be
capable of withstanding or operating under the following conditions:

Environment Reguirement

Temperature

Humidity

Fungus

Vibration

Dust

Salt Fog

Explosion Proof

Acceleration

Shock

Electromagnetic
Ratiopale and Guidance: The intent of this requirement is to provide a
suitable definition of environmental conditons from which the various landing
gear components must operate periodically and continuously. Some components
are sensitive to environmental considerations and some are not. With the
environment defined, this judgment can be logically made on a component by
component basis. If a certain environmental characteristic varies from one

location on the airplane to another, the variation should be noted in the blank
and the equipment evaluated accordingly.

Performance Parameters:

r r r ia: Environmental requirements were contained
in the various subsystem and component specifications. Each usually assumes
the most adverse environment and much of the development efforts have been
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expanded trying to satisfy arbitrary conservative eriteria. With the
environment defined, the development cycle can be tailored to meet the
application. The risk is the ability to accurately assess the true
environment.

Lessons Learned

e Typically, the most critical environmental factors for
landing gear are tem
r

perature, vibration, and acceleration. The other factors

_____ PO 1 TP ;..!-_1
1Ll1CHl.

e
he components but are not universally e

[ 3
wil

te
affect some o -]

Some of the temperature problems are generated by the landing gear in
various means of energy absorption. But temperature in the wheel well
generated by high speed flight can be critical to all components.

The landing gear also creates vibratory problems as well as being critical:
to external sources such as sonie input.

The most eritical accelerations are self-generated but certain fiight
maneuvers to load locks and other eritical components,

"The landing gear and associated structure should be designed to eliminate
or minimize the ingress of water or fluids, from the runway or aircraft washing
operations with special attention to gear boxes and other drive mechanisms.®

Yerification (Paragraph 4.6): "Environmental testing shall be conducted to

verify the requirements of paragraph 3.6 as follows: .n
Verification Ratiopale: Depending on the component, the environmental tests

should be tailored to evaluate the critical characteristics of the component.
The classical methods of environmental testing are presented in MIL-STD-810.
These should be utilized whenever they can be determined to be applicable or
near the operational duplication. The following standard methods are
applicable: :

nviropment Method
Temperature 501,502
Humidity 507
Fungus 508
Vibration 514
Dust 510
Salt Fog 509
Explosion Proof 511
Acceleration 513
Shock 516
Electromaghetic
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Verification Lessons Learped:

3.7 Interface Reguirements

3.7.1 Related Systems: "The landing gear system shall interface with other
air vehicle systems as follows: .

Rationale and Guidange: The landing gear system must interface with several
other air vehicle systems. As a minimum the interface with the air vehicle

structure and secondary power systems must be defined. Norpally this is
accomplished by the air vehicle contractor as part of the air vehicle
integration task. In some cases 1t may be desirable for the government to
define some interface characteristics. An example might be the fitting of a
modified landing gear system to an existing air vehicle. In this case, the
blank would contain a reference to documents that deseribe characteristicsof
the air vehicle that must be considered in design of the neéw landing gear
system. In the case of an entirely new development, it may be desirable to
include a statement such as: "The landing gear system shall provide the
performance required herein without degradation of other air wvehicle systems
performance below their specified performance requirements. The landing gear
system shall provide the performance specified herein while installed in the
air vehicle and operated with interfacing systems as required by all missions

defined for the air vehicle.®

Performance Paragpeters:

r Cr : This is a new requirement in that it is

applied to the total landing gear system. In the past some landing gear
component military specifications provided general interface requirements with
air vehicle structure and secondary power subsystems.

Lessons Learned: Detailed interface requirements for new air vehicles should
be minimized. Very frequently the detailed requirements must be changed after
contract award as a result of contractor design studles and development test.
Ir the contractural interface definition is minimized the contract changes and

related cost will be minimized.

Yerification (Paragraph 4.7.1): *Characteristics of the landing gear system
interface with other air vehicles systems shall be verified by .

Verification Ratiopale: Verification of interface requirements can be

accomplished only be installation of the landing gear system, functinal test
and flight test. The final proof is flight test of the air vehicle to the

required missions.

3.7.2 Ground Support Equipment: "The landing gear system shall interface with

the following ground support equipment as follows: .
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Hationale and Guidance"™ Usually it is desired that the landing gear system be
compatible with common ground support equipment or facilities. Examples
include nitrogen servicing equipment, tow bars, jJacks, tie down fixtures, and
test stands. It may be necessary to define permissible modification of
standard ground support equipment. This paragraph should provide necessary
contractual coordination between air vehicle development and ground equipment
modification. It may also be desirable to identify specific ground equipment
to be defined and/or developed by the contractor.

Lessons Learned:

Verification {paragraph 4.7.2): "The interface of the landing gear system with

specified ground support equipment shall be evaluated by WM
Yerification Rationale: Usually the only suitable method is demonstratlon of

the compatibility of ground support equipment with the air vehicle during the
flight test program. In some cases, demonstration may be supplemented by
analysis to adequately determine suitability under the most adverse conditions.
The blank should identify the specific verification method for each item of
ground support equipment,

erifi i ¢) ear

3.7.3 "“International standardization: Where applicable, utilize standard
parts from international standardization lists, including NATQ and ISO
documentation.”

Rationale and Guidence: Since considerable effort has been expended on
developing NATO and 150 standards and participating countries have agreed to
utilize these configurations, the Air Force is obligated to conform in all
instances where the system is not significantly penalized. Standard valve caps

,,,,, £ __

and cores, jack pads, towbar, etc¢. should be utilized wherever possible.
Performance Parameters:

Background and Source of Criteria: The use of standard components is defined
in AFSC DH 2-1.

Lessops pearped:

UYanflankdmn {(Davcmamarnks 8 7 27, Hlilene ~F WATD Aem TON abtandAsamd mambta ahanld ke
w \Ltl.id.al AL "t e Q) VatT Ul 1itRLIW Ul Attt I QULIUGLE U Pﬂl W FUUMLGY WO
verified by .

Verification Rationale: Verification of the use of NATO and IS0 standard parts

are best achieved by observation and discussion with the airframe manufacturer.

earneg:
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