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FOREWORD

The structural requirements for air vehicles, which include landing gear, were moved from the
MIL-A-8860 through MIL-A-8870 into Air Force Guide Specification AFGS-87222; then to the
joint service guide specs (JSSG-2002). This AS document is a listing of all the historical
requirements from the original mil specs that pertain to the landing gear and deceleration
systems structural elements. This initial version is generally a direct copy of the original
wording, tables, figures, etc. from the following military specifications: MIL-A-8860B, MIL-A-
8861B, MIL-A-8863C, MIL-A-8865B, MIL-A-8866C, and MIL-A-8867C. The intent is to
document and record all the historical landing gear structural requirements in one place.
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1.

1.1

SCOPE:

Scope:

This specification contains landing gear strength and rigidity requirements, which, in
combination with other applicable specifications, define the structural design, analysis,
test, and data requirements for fixed wing piloted airplanes. These requirements include,
but are not limited to the following:

a. General Specifications

1.

6.
b. Landing and Ground Handling Loads
c. Ground Loads forNavy Acquired Airplanes
d. MiscellaneolisLoads

e. Reliakility Requirements, Repeated Loads, Fatigue and Damage Toleran

trength and rigidity of their control systems and of their carry-throlg
equirements for wheels, tires, and brakes as they affect air vehicle
re also included.

he strength of structures integral with the airplane provided for tran
atapulting forces to the airplanes, and for engagingshipboard and
rresting gear, and barricades.

he strength of anchor-line clamps, and the‘airplane strength for ho
jacking, towing, tie-down, and other ground> or deck-handling condit

Ptructural design, analysis, and testdata.

Laboratory and flight tests performed to obtain information regarding
gidity and loads.

=]

Definitions.

its and the
h structures.
ground loads

smitting
shore-based

sting,
ons.

strength
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2. APLICABLE DOCUMENTS:

2.1

211

Government Documents;

Specifications, Standards, and Handbooks: The following specifications, standards, and
handbooks form a part of this specification to the extent specified herein. Unless
otherwise specified, the issues of these documents shall be those listed in the issue of
the Department of Defense Index of Specifications and Standards (DODISS) and
supplement thereto, cited in the solicitation.

SPECIFICATIONS

FEDERAL

QQ-A-367

MILITARY

MIL-T-6P53

MIL-F-71190

MIL-D-§7086

MIL-D-§708

MIL-A-8860

MIL-A-8861

MIL-A-8863

MIL-A-8865

Aluminum Alloy Forgings (Cancelled) Superseded by A

Test Impact, Shock Absorber, Landing Gear, Aircraft

Forgings, Steel, for Aircraft/Aerospace Equipment and
Ordnance Applications (Cancelled) Superseded by AM

Data and Tests, Engineering, Contract Requirements f
Weapon Systems (Cancelled)

Demonstration-Requirements for Airplanes

Airplane Strength and Rigidity General Specification fo
PilotedvAirplanes

Airplane Strength and Rigidity Flight Loads

Airplane Strength and Rigidity Ground Loads for Navy
Airplanes

MS-QQA-367

Special
S-F-7190

br Aircraft

I Fixed Wing

Procured

Airplane Strength and Rigidity Miscellaneous Loads

MIL-A-8866

MIL-A-8867

MIL-A-8868

MIL-A-8869

Airplane Strength and Rigidity Reliability Requirements, Repeated

Loads, and Fatigue

Airplane Strength and Rigidity VWound Tests

Airplane Strength and Rigidity Data and Reports (Cancelled)

Airplane Strength and Rigidity Special Weapons Effects
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MIL-A-8870 Airplane Strength and Rigidity, Vibration, Flutter and Divergence

MIL-A-18717 Arresting Hook Installations, Aircraft

MIL-L-22589 Launching System, Nose Gear Type, Aircraft

MIL-A-21180 Aluminum Alloy Castings, High Strength (Cancelled) Superseded by
AMS-A-21180

MIL-A-22771 Aluminum Alloy Forgings, Heat Treated (Cancelled) Superseded by
AMS-A-22771

MIL-T-81259 Tie-downs, Airframe Design, Requirements for

MIL-F-83142 Forging, Titanium Alloys, for Aircraft and Aerospace Applications

STANDARDS

MILITARY

MIL-STD-210 Climatic Extremes for Military Equipment (Cancelled) Superseded

by MIL-HDBK-310

MIL-STD-1374 Weight and Balance Data Reporting Forms for Aircraft [(Cancelled)
Superseded by SAVWE-RPS8

MIL-STD-2066 Catapulting and Arresting Gear Forcing Functions for Aircraft
Structural Design (Cancelled) Superseded by MIL-HDBK-2066

MIL-STD-2175 Castings, Classification and Inspection of (Cancelled) $uperseded

by AMS 2175

HANDBPDOKS

MILITARY

MIL-HDBK-5 Aerospace Vehicle Structures, Metallic Materials and Blements for
{Cancelled)

MIL-HDBK-17 Composite Materials Handbook
MIL-HDBK-23 Structural Sandwich Composites (Cancelled)

{The official source for obtaining military documents is the following website:
http://assist.daps.dla.mil/quicksearch/)
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2.1.2 Other Government Documents (Publications): The following other Government
documents (publications) form a part of this specification to the extent specified herein.
Unless otherwise specified, the issues shall be those in effect on the date of the
solicitation.

PUBLICATIONS

NAVAL

SD-24

(Copies

{publications) required by contractors in connection with specific acquisition
should K

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSIY

{Application for copies should be-addressed to the American National Stang

Institute!

{Non government standards and other publications are normally available fi
organizations which prepare or which distribute the documents. These docy

may be

2.2 Order of Precedence;

In the eventof a conflict between the text of this specification and the referen

Other P
extent s
are DOD adopted, shall be those listed in the issue of the \DODISS specifie
solicitation. Unless otherwise specified, the issues of documents not listed i
DODISS shall be the issue of the non-government documents, which is cur
date of {he solicitation.

AIR SYSTEMS COMMAND

General Specification for Design and Construction of Aircraft

Weapoh Systems

of specifications, standards, handbooks, and other Government-do

Liblications: The following documents form a part of this specificatio
ecified herein. Unless otherwise specified, the issties of the docun

10.7 Letter Symbols for‘Aeronautical Sciences

25 West 43rd Street, New York, NY 10036-8002.)

available imor'through libraries or other informational services.)

cuments
functions

e obtained from the contracting activity or as directed by theycontralcting officer.)

N to the
hents, which
d in the

h the

rent on the

ards

om the
ments also

ces cited

herein (except for associated detail specifications, specification sheets or MS standards),
the text of this specification shall take precedence. Nothing in this specification, however,
shall supersede applicable laws and regulations unless a specific exemption has been

obtained.
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3. REQUIREMENTS:

3.1 General Specifications: (MIL-A-8860B)

3141

3.1.1.1

31.1.2

3113

General: The requirements of this specification shall apply to fixed-wing piloted and fixed
wing unpiloted airplanes unless specific deviations are granted by the contracting
activity. These requirements are selected for general usage on the basis of the particular
type of airplane being designed and of the performance of the basic, alternate, and
training missions relative to that design. The construction of the airplane shall conform to
the manufacturing and process requirements of SD-24, as amended, to provide
airplanes, WhICh comply Wlth the de5|gn reqmrements of this specification, MIL-A-8861,

8869, a

d IVIIL A-8870.

), MIL-A-

Limit Loads: The load factors and load formulas that are noted in@ny porfion of this

specif]
unless

Ultim
deline
factor

cation and the referenced specifications of Section 2 reptresent limi
otherwise specified.

te Loads: Except for loading conditions for which'specific ultimate |

t loads,

bads are

ated, the ultimate loads are obtained by multiplying the limit loads by the ultimate
of safety. Failure shall not occur at the desigrn ultimate load. The ullimate factor

of safety to be used for the design of the structure shall be 1.50, except that in certain

cases
additiq

Defor
that rg
loads,

for considerations of added safety, rigidity, quality assurance, and
nal strength or multiplying factors of safety are specified.

mations: The cumulative effects of elastic, permanent, and thermal
sult from application of repeated loads, and from application of des
shall not:

a. Inferfere with the mechanical operation of the airplane

b. Ag
c. Rg
d. Re

versely affect.its-aerodynamic characteristics
quire repaijr

quire‘replacements of parts

fvear,

Heformations
gn limit

This requirement applies both to flight articles and to structural test articles when
loaded statically or dynamically, and when loaded in increments of load or sinking
speed as specified for structural tests. This requirement may be waved with specific
approval by the contracting activity.
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3114

3115

3116

3117

3.1.1.8

Load and Temperature Redistribution: If thermal, elastic and aero elastic
of the structure occur as a result of limit flight and ground loading conditio

deformations
ns, the

external load and temperature distributions shall include the effect of those
deformations. Load redistribution’s and magnitudes shall include those caused by
thermally induced deformations, air load redistribution’s caused by surface
temperature changes, rigidity changes resulting from thermal stresses and other

thermally induced effects, and aero elastically induced deformations.

Superimposed Loads: Residual loads remaining after extending or retract
gear and flaps, or caused by rigging loads of magnitudes specified by the

ing landing
contractor in

the aircraft maintenance instructions, and pre-loads such as those occurring when

manetivers; landings; taxiing; braking wheels in@ir; sudden release of cat
holdback force; catapulting; response to catapult-tow forces; arresting; os
arrest|ng gear deck pendants; slipping of artesting hooks on deck pendan
takeoff-unit loads.

Thermpal Considerations: The design of the airplane shall include provisio
effects of. heating incidental to-eperation of power plants and other heat s
within|the airplane including consideration for engine reheat operation. Al

in ambient atmospheres consistent with both the cold and hot atmosphere

pertinent

he operation
full engine
rest on the
asic and high

ide the

nt or sudden
m abrupt
apult
cillations of
ts; assisted-

h for the
ources from
s0, operation

ed -

udes;
launch
ese effects
] out of
nt. The

design shall include provision for the cumulative effects of the time-tempe

rature-load

histor edservice fife:

Authorized Changes: Government-responsible changes, authorized subsequent to the
establishment of the original contract requirements, shall not increase or decrease the
appropriate structural design gross weights unless specifically stated by the change.
Strength is required in the changed airplane for all loads, load factors, accelerations,
and loading conditions which result from application of the structural design
requirements of the detail specification to the changed airplane at the specified

structural design gross weights.
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3.1.1.9 Fail-Safe: The complete airframe shall be designed such that failure of a single
structural element will neither cause catastrophic failure of the airplane nor prevent
safe continuance of its flight to a planned destination or to an aircraft carrier.
Redundancy, alternate load paths and systems, and other fail-safe principles are
required to achieve this capability. For this fail-safe requirement, the airframe is
defined as including all of the structural elements of major systems and all of the
structural connecting and supporting elements of power plant installations. The failure
of these elements can cause uncontrollable motions of the airplane within the speed
limits for its structural design, prevent the airplane from achieving speeds sufficiently
low to effect a safe landing, and reduce the ultimate factor of safety for flight design
conditions from 1.5 to a value less than 1.0.

3.1.2 Design ptrength: For all design conditions, strength shall be provided so-that material
yield allpwable stresses will not be exceeded at limit loads and materiabultimate
allowable stresses will not be exceeded at ultimate loads. For repeated-loadl and fatigue
conditiohs, strength shall be provided so that the fatigue life of the structure will equal or
exceed the specified life, including specified scatter factors.

3.1.2.1 Desigh Data and Allowable Materials Properties: Design data and properlies of
mater{als shall be obtained from MIL-HDBK-5 (Cancelled) and MIL-HDBHK-23
{Cancelled) or from other sources subject to acceptance by the contracting activity.
SD-24 contains requirements on fibrous composites, which shall be used|in lieu of
MIL-HDBK-17, and contains additional requirements for the use of high sirength
steels| Allowable properties based on staticiand fatigue test data other than handbook
data may be used subject to acceptance by the contracting activity. Properties other
than those contained in these handbgoks shall be substantiated and analyzed with
procedures used for corresponding-data in the appropriate handbook, exgept as
other\lrise indicated for fibrous.composites in the applicable requirements|of SD-24.
Wherg it is necessary to develop data and properties for metallic and nonmetallic
materfals and composites, the test materials, processes, and composites|shall be
those fintended for use inproduction airplanes. Minimum guaranteed properties
obtained from the foregbing sources shall be used for design purposes. In MIL-HDBK-
5 (Cancelled), “A” values shall be used in the design of structural components whose
failurel would result’in loss of the airplane or loss of control of the airplane| and shall be
used also forthe design of structural components not subjected to structyral tests. The
“B"” vaJues of MIL-HDBK-5 (Cancelled) may be used, subject to the approyal of the
contrgcting activity, for the design of structural components whose failure |would cause
aloa istributi i i g 1e airplane or
control. Eighty-five percent of the average values or of the “B” values, whichever is
less, shall be used in the design of the composite structural components. For the
substantiation of structural integrity by analytical calculations, the nominal gage of
material shall be the average gage between tolerances.
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31211

3.1.21.2

3122

3.1.2.2.1

31222

31223

Castings: Castings shall be classified and inspected in accordance with MIL-STD-
2175 (Cancelled - superseded by AMS 2175). Aluminum castings in structural
applications shall conform to the requirements of MIL-A-21180 (Cancelled -
superseded by AMS-A-21180) except that design data and allowable material
properties shall be used as specified in 3.1.2.1. Calculated margins of safety using
“A” values from MIL-HDBK-5 (Cancelled) shall be not less than 0.33 for ultimate
calculations. AMS 5343 shall be used for 16-4 PH castings. Castings shall not be
permitted for any structural application unless specified in the detail specification.

Forgings: Structural forgings shall be designed and produced in accordance with
MIL-F-7190 (Cancelled - superseded by AMS-F-7190) for steel, MIL-A-22771

(Ca superseded
by AMS-QQA-367) for aluminum, and MIL-F-83142 for titanium, as applicable. Grain
flow|of the forging material shall be such that no undesirable characterigtics are
inherent in the forging.

Propetties of Material for Design Purposes: The selection of-the physical properties
used in structural design shall include a consideration of all factors, which affect the
allowgble strength. Such factors include, but are not limited to: grain diregtion;
manufacturing processes; nature of static, repeated;.transient, vibratory, and shock
loads;| stress concentration areas; factors or conditiohs that are conducive to stress
corrogion problems; operating environment consistent with overall planned usage; and
effects of operating environment on residual physical properties.

Grain Direction: The allowable stresses Used in the design shall not exgeed those
applicable to the grain directions resulting from fabrication. So far as it i$ practical,
strugtural members shall be so désigned that the directions of the criticgl stresses
are favorably related to the directions of the grain resulting from forging| rolling,

extriiding, and other fabrication processes.

Temperature Effects: (The selection of allowable stresses used for design shall
inclyde consideration/of reductions of material strength, both at expected maximum
elevpted temperatures and at ambient temperatures which follow exposlure to
elevpted temperatures. This includes maximum and minimum exposur
temperatures, duration of exposure including cumulative effects, rates of load
app:F:ation, and magnitude of load. Allowable stresses shall be selected on the basis

of crie€p; thermal expansion, joint-fastener relaxation, and elevated-temperature
fatigue:

Vibration Effects: The effects of sustained vibration and repeated loads upon the
strength of the material shall be considered in selecting allowable strength values for
design.
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Establishment of Criteria: It is intended that structural criteria be established on a

rational basis. Criteria delineated in this specification and the other specifications in the
MIL-A-8860 series shall be used unless other criteria are determined to be more rational,
or unless the criteria are found to be inapplicable because of the peculiarities of the
aircraft under consideration. New criteria or methods which are proposed by the
contractor shall be rational, and shall be submitted to the Naval Air Systems Command
for approval prior to use in structural design computations.

Landplane Landing and Ground Handling Loads: Landplane landing and ground

handling loads for landplanes shall be in accordance with paragraph 3.3. These

paragra

phs were originally developed in MIL-A-8863.

Addition
landplar
originall

These p

Repeatd
damage

MIL-A-8866.

3.1.8 Ground
proof of
develop
3.1.9 Design
shall be

Miscellaneous Loads: Miscellaneous loading conditions shall be. In accorda

al Loads for Carrier-Based Landplanes: The additional loads for-¢a
es shall be in accordance with paragraph 3.4. These paragraphs v
y developed in MIL-A-8863.

aragraphs were originally developed in MIL-A-8865.

d Loads and Fatigue: Requirements for prevention of fatigue and re
shall be in accordance with 3.6. These patragraphs were originally
Tests: The static, dynamic, repeatedload, and other ground tests r

ed in MIL-A-8867.

Requirements for Tie-Downs: Airframe structural requirements for i
in accordance with MIL-T-81259.

3.2 Flight Lo

3.21

Applicability: Except'as otherwise specified, the requirements specified hers
the complete airplane structure. Within the specified ranges of center of gra
strengtH is required for the specified values of the parameters and any less
intermedliate ¥alues which may be critical and which are practicable of attai

ds (Originally in MIL-A-8861B)

rier-based
vere

hce with 3.5.

bpeated load
developed in

bquired for

structural design shall be as specified in 3.7. These paragraphs wefre originally

e-downs

bin apply to
ity position,
BT of

nment.

3211

Gross Weight: The design gross weights for the flight Toads and Toading conditions

specified herein shall be all gross weights from the minimum flying gross weight to the
maximum design gross weight. For weights up to the basic flight design gross weight,
strength shall be provided for all conditions for the values of parameters specified for
the basic flight design gross weights. At higher weight, strength shall be provided for
by maintaining a constant mass times load factor (nz2W) product, except that the load
factor shall be not less than that specified in Table 1 for the maximum design gross
weight.
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32111

TABLE 1 - Symmetrical Flight Parameters (3.2.1.1)

Time for Abrupt
Limit Control
Speed|Displacement ty,
Symmetrical Flight Limit Load Factor] V, second
Basic Flight All
Design Gross| Gross
Weight  |Weights] Maximum Design Gross Weight
Class of Min. at| Min. at Min. at
Airplane [Max. | WVq Ve |Max. Vy
4 2 3 4 5 5 7 3
VF, VA | 750 -3.00 | -1.00 |550( -200 | as 02
VT 750 -3.00 | -1.00 |4.00| -2.00 s 02
VO 6.00 | -3.00 0 3.00| -1.00 | pe 038
VU 400 -2.00 0 250] -1.00 c,l 0,3
VS 3.501( 1.00 0 2.50 0 fie 0.4
VW, VR, [ 3.00| -1.00 0 2.50 0 d 0.4
VP
MISSION SYMBOLS FOR CLASS OF AIRPLANE
A - |Attack
F - [Fighter
O - |Observation
P - [Patrol
R - |Reconnaissance
S - |Antisubmarine
T- |Trainer
U - [Utility
W= |Weather

Heig

ht Distributions: The weight distributions for the basic, high drag, diive recovery,

landing approach, and takeoff configuration shall be all those that are ciitical as a

result of all practicable symmetrical and asymmetrical distributions. It sh

all be
sposable,

and [removable items, including external stores, for which provision is required

strength and aerodynamic controllability limits.
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3.2.1.2 Center of Gravity Positions: The design center of gravity positions at each weight and
each aerodynamic configuration (position of variable geometry surfaces, size and
location of external stores) shall include a tolerance beyond the actual maximum-
forward and actual maximum-aft positions. Included shall be all weights and
aerodynamic configurations which are attainable as a result of all practical symmetrical
and asymmetrical distributions of useful load up to the maximum design weight,
airplane attitudes and accelerations, fuel sequencing, and airplane flexibility. This
tolerance shall be +15% of mean aerodynamic chord (MAC) or 15% of the distance
between the most forward and most aft actual values from the complete center of
gravity (CG) envelope, whichever is greater. This tolerance shall be applied so as to
move the deS|gn centers of graV|ty forward of the actual most fonNard position and aft
of the petuatrmostaftpos . . . 2 e-sweet gsthe reference
MAC haII be that for the Wlngs Iandlng ortake off position. FueI transfer failures
whichl|impact the CG location such that it removes the air craft out ofithe allowable
ground operational envelope shall be considered.

3.2.1.2.1 Ballast Support-Structure: VWhen sufficient ballast support structure strepgth cannot
be identified and located for ballast weight distribution Hecessary to meét the
spegified CG requirements with the specified tolerances, the contractor may use a
finitg element distribution of the ballast weight throughout the forward of aft portions
of the fuselage, as appropriate. When a finite element distribution is usgd, strength
provisions shall be made and appropriately defined for the support-strugture(s) for
ballast weight(s) to allow for a 1.0% MAC- folerance on the maximum forward and
esign CG. This deviation shall apphygfor the design of ballast weight support-
strugture only.

3.2.1.3 Positipns of Landing Gear and Dogrs: Loads on landing gear and doors shall be those
resulting from the loading conditions of this specification for the fully opened,
intermediate positions, and fully' closed positions up to the limit speed for which
operation or holding of these components is required. If the airplane’s aenodynamic
charagteristics are significantly affected by the positions of these items, the loads on
the aitplane shall be those resulting with these items fully opened as welljas fully
closed, considering-each item individually.
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3.2.1.4 Deformation of Internal and External Access Closures: Load carrying and nonload
carrying internal and external access covers (including doors, panels, hatches,
cowlings arid other coverings), locking mechanisms, such as landing gear up locks
and down locks, access closure latches and access closure fasteners shall not deflect
adversely from their intended positions at loads up to the design limit load for each
loading condition for which limit loads are specified. Unlocking, unlatching, or release
of access closures, and unlocking or unfastening of mechanisms shall not occur at
loads up to and including design ultimate for loading conditions for which limit or
ultimate loads are specified, and at loads up to and including maximum design loads
for landing. Access closures shall remain in place under ultimate flight loads if 10% of

the fasteners are unfastened or if one latch or quick release fasteners sel

unfas
loads.

3.3 Landing and Ground Handling Loads: (Originally in MIL-A-8862)

3.3.1 Genera

produce

forces

lened. No deflection will occur by which Ram air effects would caus

Requirements: When specified performance parameters are insuff

re to be applied to achieve equilibrium. These additional forces sha

ected at
latches is

cient to

a state of dynamic equilibrium in the aircraft and\its components, aldditional

Il come from

a methdd approved by the procuring activity or by othet rational means. The landing

load conditions specified herein are applicable to @ircraft having convention

gear ar

with single or multiple wheels. When unconyentional landing gear arranger|
single of multiple strut nose gear, multiple\strut main gears, and other auxil
used, rational criteria meeting the requirerments of this specification shall be
approval by the procuring activity.

3.31.1

practi
requir

shall k

config

3.3.1.2 Engin

maxinpum available.

3313

Weigh
positig

ngements where each main, nose, or‘tail gear consists of a single

t Distributions and Center of Gravity (cg) Positions: Weight distribu
ns used for design.shall be all those that are critical and shall inclu
table arrangements) of variable and removable items for which prov
bd. External store configurations as specified in the airplane detail
e included.-SThe possible weapon release configuration of all speci
Lration must be considered for asymmetric landing condition.

e Thrdst: For landing conditions, engine thrust shall be from zero th

al landing
strut gear
nents with
ary gears are
prepared for

tions and cg
e all

sion is
specification
fied store

rust to

Fixed, Removable, and Disposable Mass Items: Load factors shall be those required

at the specified design weights commensurate with the dynamic response of the
structure.

3.3.2 Landing: Strength is required for field landings and for laboratory tests that simulate
these landings, see also 3.7. These paragraphs were originally developed in MIL-A-

8867.
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3.3.2.1

3322

3323

3324

Landing-Loads Analysis: The landing-loads design analysis may be a rational analysis
that is acceptable to the procuring activity. As an alternate, the methods of Section 4,
except for rough terrain, will be acceptable for design analysis. The vertical
component of the ground reaction shall be assumed to develop with time in
accordance with Section 4 unless otherwise substantiated in a manner acceptable to
the procuring activity. The effects of strut friction and rational strut extension shall be
included in the analysis. Conditions to be considered shall be all those critical
throughout the landings and shall include at least the following:

a. Maximum spin-up load in combination with the vertical load occurring at the instant
of maximum spin-up load.

b. Maximum spring-back load in combination with the vertical load oecurring at the
ingtant of maximum spring-back load.

c. Maximum vertical load in combination with the drag load ocelrring at the instant of
maximum vertical load. The drag load shall be not less than one-quarter of the
maximum vertical load.

p and Spring-Back Loads: Spin-up and spring-back loads shall be[those
develgped when the airplane lands on surfaces that'develop a sliding friction
coeffigient of 0.55 between the tire and surface @nd any lesser values of gliding friction
coeffigient that are critical. The touchdown speeds shall be 120% of the minimum
speed for level flight with landing gear and other devices extended or opeh in the
landing position. (Note: For low inflation\pressure may consider 0.8 as maximum
coeffigient of friction for limit load, and_use a ramp function to apply this Igad overa .2
second period. For cross wind considerations may need to use 3 degrees drift angle
in determining these loads.)

Tire Pressure: Tire pressute shall be the maximum recommended in the jnspection
and maintenance instructions.

Strut $ervicing: TFhe air pressure shall be all values between 90 and 110% of the
value recommended in the erection and maintenance instructions. The ofl volume
shall e all yvalues within 90 and 110% of the recommended volume except that if
110%|is notattainable, the maximum attainable value shall apply.
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3.3.2.4.1

3325

3326

3327

Variation in Servicing of Landing Gear and Tail Bumper: For all take-off and landing
conditions the shock-strut air or gas pressure, shock-strut oil level, and tire pressure
shall be all combinations of the following variations:

a. 15% above and 15% below the recommended air or gas pressure with the shock
strut in the fully extended position.

b. 15% above and 15% below the recommended oil volume.

If the 15% above

variation cannot be attained, the maximum attainable variation shall be used.

c. 20% above and 20% below the recommended tire pressure.

The
{colq

Wing

Overlq
reacti

landpl
(apprq

Desig

5e combinations shall include servicing instructions and ambientten
| day to tropical day) effects.

Lift: The wing lift shall be equal to the airplane weight.

ad Landings: The airplane design shall be such that the design lar
bns are not exceeding when the airplane is landed\at a weight of 1.1

ahe landing design weight but with an airplane sinking speed of J
ximately 0.9325 times) the specified maximum design limit sinking

N Limit-Sinking Speed: Combinations«of design weight and sinking s

be in accordance with Table 2. For reserve energy absorption, it shall be

analys
veloci
shall k

is that the landing gear will not fail during a simulated landing at a ¢
y of 125% of design limit sinking speed at landing design weight. T
e performed in accordance with MIL-T-6053.

TABLE 2 - Design Limit-Sinking Speed (3.3.2.7)

Landplane Maximum
Landing Landing
Design Weight Design Weight
Primary and basic 13.0 fps 8.5 fps

trainers
All-other classes 10.0 fps 6.0 fps

nperatures

ding-gear
S times the

1.15 times
speed.

peed shall
shown by
lescent

he analysis
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3.3.2.8 Symmetrical Landings: The airplane shall land in the attitudes shown in Table 3 at the
design limit sinking speed.

TABLE 3 - Symmetrical Landing Attitudes (3.3.2.8)

Number Altitude Description Applicable to
1 Three-point Main and nose wheels in contact with the ground. Nose-wheel types
2 Two-point Main wheels in contact with ground, with nose Nose-wheel types
wheel just clear and not carrying load throughout
the landing.
3 Tail down Main wheels in contact with ground with airplane at |Nose-wheel types
angle of pitch for maximum lift or at maximum angle
permitting ground clearance of all parts of the
airplane, except if fitted with tail bumper, the tail
bumper shall be completely compressed, whichevér
is the lesser angle.
4 Thrde-point Main and tail wheels in contact with the ground Tail-wheel types
] Levgl Longitudinal axis of the airplane level. Tail-wheel types
3.3.2.9 Drift Landing: The airplane shall be in the two point oflevel attitude with ¢nly the main

3.3.3 Ground
specifie

wheels on the ground. The vertical reaction on each:main gear shall be gqual to one-
half of the maximum vertical reaction obtained fronrtwo-peint and level symmetrical
landings. The side load on one main gear shall€onsist of an inward acting load of 0.8
times the specified vertical reaction at that gear. The side load at the othér main gear
shall gonsist of an outward acting load of ©,6 times the specified vertical reaction at
that gear. Both side loads shall act simultaneously at the ground and be fesisted by
inertial of the airplane. Drag loads shall be zero.

Operation: Acceptable funway roughness shall be in accordance with the data
 on Figures 1 and 2,
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FIGURE 1 - Popver Specttal-Density Levels for Paved, Semi-prepared, and Unprepared Airfields
(3.3.3and 3.3.3.4.1)



https://saenorm.com/api/?name=8c1da964b8592221d6e65e161f526637

SAE AS8860A Page 21 of 65

56,00
EGUATIONS FOR CURVES 3 Unprepared
B, = 8¥ + CA D 7/
- - % z
A, % A, = BAY 4 3 4 Bk 4E : /
Losfiicients for Akfield Types L Z2aed 3 ;

A0 Gy
y & s & £ j
”’: otmnm ewt anrtrw?t sxmmmaapt oo - o
'Q‘ ;2 £.958788 ¥ 30F -p3amse ¥ 0P 4 HITRZ B 536 g.178458 1 ot
- B -REE L TR Lunaet gt soang ot pmsMdz i :
= EB.00 N . -
= ] 11 10N
i ; ; O B ;
a _ _ : F
= _ . | i ‘f
E 20,00 bk Lo L L N — i : '
E H ; | ] P g i s ZSewmigrenared
= ] {datief Selll |
& 23 " .
Fad
g ff
@ H,00 wxﬁ’ p=

ot e 11 Bavad
et WMWWMW
Ty
§*§Q§§Q 23 4 s srEY, z 32 4 EGTEY z R L

Wovelength [ATWF

FIGURE 2 - Discrete 1-Cosine Bump Heights or Cosine -1 Dip Depths for Haved,
Semi-prepared, and Unprepated Airfields (3.3.3 and 3.3.3.4.1)

3.3.3.1 Braking: With the landing gear and tires in their static positions and the aifplane
moving in a straight-ahead direction, the maximum drag reaction at each wheel
equipped with brakes in-Contact with the ground shall be 0.8 times the vertical reaction
at eadh wheel. For bare-soil fields, at each unbraked wheel the drag reagtion shall be
0.2 times the vertical reaction while the braked wheel shall remain at 0.8 {imes the
vertical reaction ({Note: For dynamic simulations consider ramping up to 0.8 within .5
seconds. If Brake Torque Control/Limiter is used, apply the rate from the|limiter to the
simulation instead of the ramp time.)

3.3.3.1.1 Tworpoeint Braked Roll: For nose-wheel-type airplanes, the airplane shall be in a
two-point attitude. For tail-wheel types, the airplane reference axis shall be
horizontal. The vertical load factor acting at the airplane cg shall be derived by
rational analysis from applicable runway roughness parameters. Alternately, it shall
be acceptable to use cg load factors of 1.2 at the landplane landing design weight
and 1.0 at the maximum design weight. Drag reactions specified in 3.3.3.1 shall be
combined with the vertical reaction.
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3.3.3.1.2 Three-point Braked Roll: For nose-wheel-type airplanes only, the airplane shall be in
the three-point attitude. The vertical load factor acting at the airplane cg shall be
derived by rational analysis from applicable runway roughness parameters.
Alternately, it shall be acceptable to use cg load factors of 1.2 at the landplane
landing design weight and 1.0 at the maximum design weight. Drag reactions
specified in 3.3.3.1 shall be combined with the vertical reaction.

3.3.3.1.3 Unsymmetrical Braking: For nose-wheel airplanes only, the airplane shall be in the
three-point attitude. The vertical load factor at the airplane cg shall be 1.0. The
main gear on one side of the airplane shall be braked and developing a drag load as
specified in 3.3.3.1. The airplane shall be placed in static equilibrium with side loads
att i i - i f ads at the

imn and nose gear reacting the pitching moment. The forward acting@lbad at the

airplane cg shall be equal to the summation of the main gear drag'loadg. The side

load at the cg shall be zero. The side load at the nose gear shallbe acfing at the

groynd and need not exceed the vertical reaction multiplied by.a coefficjent of friction

3.3.3.1.4 Reverse Braking: For nose-wheel-type airplanes, theairplane shall be |n the two-
point attitude. For tail-wheel type airplanes, the airplane shall be in the three-point
attitdde. The vertical load factor at the cg is 1.0.0A forward acting drag|reaction as
spedgified in 3.3.3.1 shall be combined with the’vertical reactions.

3.3.3.2 Turning: The airplane in the three-point attitude shall execute steady turns by the
following means:

a. Unsymmetrical thrust or nose gear steering
b. Unsymmetrical thrust or nose gear steering with symmetrical braking
c. Differential braking

The ratio of side load to vertical load shall be limited to 0.5 on any wheel and the sum
of the [side loads\shall equal 0.5W except that this value need not exceed|a value that
would|resultincoverturning. For braking conditions, the drag load on the braked

wheels shallbe such that the vector sum of the drag load and side load will not exceed
0.8 of|the)vertical load. The vertical load may be devised by a rational analysis of
standard rtunway roughness parameters or alternately by use of an airplane cg load
factor of 1.2 at landplane landing design weight and 1.0 at the maximum design
weight. For bare soil fields, at each unbraked wheel the drag reaction shall be 0.2
times the vertical reaction. The vertical load factor shall be derived by a rational
analysis of the applicable runway roughness data.



https://saenorm.com/api/?name=8c1da964b8592221d6e65e161f526637

SAE

AS8860A

Page 23 of 65

3.3.3.3 Pivoting: With brakes locked on the wheels of the gear unit about which the airplane is

3.3.34

3.3.3.4.1

3.3.34.2

rotating, the airplane shall pivot about one wheel, or in the case of multipl

e wheels,

about the centroid of the contact area of all wheels in the gear unit. The vertical load

factor at the cg shall be 1.0 and the tire coefficient of friction shall be 0.8.

Taxiing: The airplane shall be designed for the loads resulting from a dynamic

analysis of taxiing over runway profiles specified herein. The effects of w

eight, cg

position, mass distribution, ground speed, and landing gear characteristics shall be

included.

Dynamic Taxi: Dynamic taX| analy5|s shall be performed for the airfram

e using both
depressmn

ded

co gid body

modes and all significant symmetric and anti-symmetric flexible modes for the

airframe and landing gear shall be used. The gear's complete nonlinear air spring

and [hydraulic damping simulation for the oleo and tiréshall be included| The aircraft

response to the following inputs shall include all combinations of aircraft velocity (V)

and contour wavelengths (A)

a. Runway profile elevations used in the continuous analysis shall have power
spectral densities (PSD) which equalor exceed the spectra shown gn Figure 1.

b. The terrain roughness contours(used to define the airfield surfaces fior the
discrete input shall be step inputs up to 1 inch for paved, 2 inches fdr semi-
prepared surfaces, step inputs up to 4 inches for unprepared surfaces, and
single and two (1-cosine)-shaped bump and depressions. The maximum
amplitudes for the bump and depression inputs shall be those of theg applicable
surfaces on Figure 2. The aircraft shall approach the contours at all critical
angles from 0% to-90° to the crest line of the contours.

2.0g Taxi: Alternately, with the approval of the procuring activity, the sum of the

gear design, 3.0VV shall be used instead of 2.0VV. No wing Nift shall be considered for

the 2.0W taxiing condition.
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3.3.3.5 Special Tail-gear Conditions: The airplane shall be in the three-point attitude with the
tail gear swiveled 90° from the trailing position, or the maximum angle obtainable,

3.3.36

3.3.37

3.3.4 Handling

3.3.4.1

whichever is less. A side load, acting at the axle of the tail gear, equal to

the

maximum static vertical reaction shall be combined with the maximum static vertical

reaction.

If the tail gear is equipped with a shimmy damper, lock, or steering

mechanism, the side load shall be applied both in the swiveled and trail positions with

the side load acting at the ground for the trail position.

Tail-gear Obstruction: The airplane loads shall be those resulting from dropping the
airplane on its tail gear rotationally through 3 inches while the tail gear is swiveled 180°
from its trail position. The oleo strut of the tail gear shall be compressed to 50% of full

strokeror-statically,-whicheveristess;andrestrained-fromrfirtherextensign but not

restra
inclingd up and aft at a 0.25 slope.

Arresting Gear: The following criteria shall apply to those systems where
procu
ground arrestment system shall be specified by the procuring activity. Th

directions, and distribution of external and internal loads. shall be all those

hed from compression. The surface on which the tail gear is dropped shall be

n the

ing activity has specified the requirement for an arrestihg gear. The type of

e magnitude,
that occur

throughout the arresting operation. These loads shall properly take into gccount the
time histories of the arresting forces and the resultant response of the airplane

struct
and d

ire, with appropriate consideration of the ¢characteristics of tire, sho
amping devices. The arresting loads shall act in the plane of the ar

ck absorbing,
esting cable

and shall act through the center of the hook'point radius at the cable groojve through
points| laterally displaced to the right. And; alternately, to the left of this p¢int a

distangce equal to half the hook point.radius at the cable groove. The side

resulting from the eccentricity shalllact to increase the side load at the ho
attachiment to the fuselage. The design loads shall be based on the aircr
desigm weight at Vg,.

Conditions:

load
bk
aft maximum

the vertical

ipns at the-wheels shall be equal to the weight of the airplane and shall pass

though the cg-~The towing conditions shall be as specified in Table 4. The values of T

obtaining the towing loads specified in Table 4 are those defined
towmg Ioads shaII act paraIIeI to the ground The S|de component

wheel to WhICh the Ioad is applled
be obtained because of the airplane configuration or because of the type

bn Figure 3.
of the tow
fline at the

In cases where the Ioad dlrectlons specified cannot

of auxiliary-

gear swiveling provided, the maximum attainable angle of specified load that will not
result in side load on the auxiliary wheel shall apply. Additional loads necessary for

equilibrium, considering each separately, shall be as follows:
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a.

b.

Inertia of the airplane

If a tow point is at or near a main gear unit, a force acting at the axle of the wheel
nearest the tow point in a direction opposite to the component of the tow load,
parallel to the plane of symmetry, equal in magnitude to this component, or the
vertical reaction at a main gear, (whichever is less), combined with internal loads
required for equilibrium. If a tow point is at the plane of symmetry, a force acting at
the axle of the auxiliary wheel, in a direction opposite to the direction of the tow
load, equal in magnitude to this tow load or the vertical reaction at the auxiliary
wheel, (whichever is less), combined with internal loads necessary for equilibrium.

Al I A
Fap) =] H i B

-
I

- Y (HH L 2 A
UWITIY UTTUTUUTTD W25,

4
I

L A A~
aliu J.=s. 1.

4
17

Towing Load
Direction from Rotation of Auxiliary
Conditio Forward, Magnitud | Wheel Relative to
n degrees e Normal Position Tow Point
1 0 At or near|
2 30 each
3 180 0.75T main
4 +150 gear
5 0
6 180 T 0
/ 0 At
8 180 T 180 auxiliary
9 maximum angle gear or
10 maximum angle 05T maximum angle near
plus 180 plane of
11 maximum angle . symmetry
. maximum angle
12 maximum angle 0.5T olus 180
plus 180
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SAE

3.34.2

3.3.4.3
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.
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o

Jackirn
singly

6O 75

FIGURE 3 - Tow Loads (3.3.4 1and 3.4.10.1)

g. Jacking loads shall be in accordance with Table 5. The vertical
and in combination with the horizohtal load acting in any direction.
horizgntal loads at the jack points shal) be so reacted by internal forces th

be nofchange in the vertical loads at the jack points.

HoistipgHWhen the airplane is in the level attitude, the vertical componer

TABLE 5 - Jacking Loads (3.3.4.2 and 3.4.10.2)

Landing Gear
Component | 3-Point Attitude

Other Jack Points
Level Attitude

Vertical 1.35 F

20F

Hefizontal 04F

05F

Fis the static vertical reaction at the jack

e 125
Alrpline Weight, kips

load shall act
The
at there will

t shall be

2.0Wy.

3.3.5 Miscellaneous:

3.3.5.1

Rebound: With the landing gear fully extended and not in contact with the ground, a
rebound load factor of not less than 20.0 shall act on the unsprung weight of the
landing gear along the line of motion of the strut as it approaches the fully extended
position. If the landing gear design is such that the rebound load factor is expected to

be in excess of 20.0, the anticipated value shall be used.
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3.3.5.2 Extension and Retraction of Landing Gear: The following loads shall act separately
and simultaneously with the landing gear in each critical position between fully
extended and fully retracted:

3.353

3354

3.3.5.4.1

3.354.2

33543

a.
co

nfigurations.

factors specified for flight in the takeoff and landing configurations.

m
sh
re

G

Brakin
the la
airpla
shall k
brakin

Load
throug
wheel

Sy
whe

Une
3.3.1

Il be those resulting from use of maximum available power of théle
raction system.

roscopic loads resulting from wheels rotating at peripheral-speed e
es the stalling speed in the takeoff configuration and retracting or ¢
maximum rates attainable.

g Wheels in Air. The airplane shall be airborne.in the takeoff config
nding gear in any position between fully extended and fully retracteq
ne vertical load factor shall be 1.0. The airspeed and wheel peripheg
e 1.3 times the stalling speed in the takeoff configuration. The may
g torque shall be applied from zero to'the maximum static value in (

Distribution on Multiple Wheels{UThe loading conditions specified in
h 3.3.5.4.5 are applicable té-airplanes with landing gear units havin

=N

metrical Distribution:\"\The wheel loads shall be equally distributed 2
els on the same.axle.

ual Tire Inflation: The wheel loads resulting from the conditions sp
.8, 3.3.2°9,,3.3.3.1.1,3.3.3.1.2, 3.3.3.2, 3.3.3.4, and 3.3.4.1 and frg

sym
mul
on

ple-wheels on the same axle shall be so distributed that the loads ¢

Aerodynamic loads up to the limit speed specified for the takeoff and landing
Inertia loads corresponding to the maximum and minimum symmetrical limit load

Inertia loads resulting from accelerations of those patrts of the landing gear that

erations
xtension and

qual to 1.3
xtending at

uration with
. The

ral speed
imum static
).2 second.

3.3.5.41
g multiple

mong the

ecified in
m the

netrical;unsymmetrical, and drift landings on each landing gear unjt having

n the wheels
he other side

ne-side will be increased by 20%, and the loads on the wheels on t

will be deceased 20%. Except that for driff and turning conditions, the 20%
increased loads need not be applied the inboard wheels with the inward acting side

load

, hor to the outboard wheels with the outboard acting side load.

Flat-tire Landing: The ground reaction resulting from the landing conditions, reduced
to 60% of the specified loads on each axle shall be distributed to the wheels having
inflated tires.
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3.3.5.4.4 Flat-tire Taxiing: The ground reaction resulting from the taxiing conditions, reduced
to 50% of the specified loads on each axle shall be distributed to the wheels having
inflated tires.

3.3.5.4.5 Flat-tire Towing: The ground on each axle resulting from the specified towing
conditions shall be distributed to the wheels having inflated tires.

3.3.5.5 Tail Bumper: The airplane shall be rolling backward at 5 mph and the maximum
braking load shall be suddenly applied. The tail bumper load shall be as determined
by a dynamic analysis of the motion of the airplane. For landings, the attitude at
touchdown shall be attitude number 3 of Table 3. The loads applied to the bumper

shall bethosedetermined-froma—study-of the—airptane’smotion:
3.3.6 SkilLoadls: These loads are applicable to ski loads in snow, mud, and\©n ice.
3.3.6.1 Landing Conditions: The sinking speeds, weights, wing lift, oleo,extensio
speciffed types of design landing conditions of 3.2 shall apply,
3.3.6.1.1 Coefficient of Friction: The coefficient of friction shallbe 0.25.
3.3.6.2 Ground Handling Conditions:
3.3.6.2.1 Takeoff and Landing Run: The airplane shall be in the three-point attitu

vertical load factor at the gear shall be 1,0 at the maximum design weig
linear variation of load factor to 1.2 at-the landplane landing design weig
coefficient of friction shall be 0.40.«Pitching moment shall be balanced
inerjia.

3.36.2.2 Froz
assl

maxjimum engine power or thrust available at -60 °F to the engine(s) on

opp
a.

b.

en Ski: The airplane shall be in the three-point attitude with each s
med fixed. The loads and torques shall be those resulting from app

bsite from the fixed ski. The loads shall be reached as follows:
By main gear ski and nose gear ski.

BY main gear ski.

hs, and

de. The
ht with a
ht. The
by rotational

ki alternately
lication of
the side

3.3.6.2.3 Steering: The nose-gear ski shall resist full steering torque.

3.3.6.3 Load Distribution (all skis):

3.3.6.3.1 Vertical and Side Loads: Vertical and side loads resulting from the conditions of
3.3.6.2.1 and 3.3.6.2.2 shall be distributed as shown on Figure 4. (Side load shall be

appl

ied to either tire or ski where applicable.)
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FIGURE 4 - Tire or Ski Load Distributions (3.3.6.3.1 and 3.4.11.4a,b)
3.36.3.2 Tregd Wise Load: The tread wise load shall be distributed alternately tg the inboard

and joutboard side of the ski@s shown on Figure 5 except that for rolled|attitude
landings, the distribution shall be 3to 1.

FIGURE 5 - Tread Wise Distribution (3.3.6.3.2 and 3.4.11.4b)

3.3.6.3.3 Drag Load: The drag load shall be distributed uniformly along the base|of the ski.
Side load and drag need not be combined.
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3.4 Ground Loads for Navy Acqguired Air Vehicles: (Originally in MIL-A-8863C)

3.41

342

343

Height Distribution and Center of Gravity Positions: Weight distribution and center of
gravity (CG) positions shall be all those that are critical as defined by all possible
arrangements of variable and removable items for which provisions are required
including all combinations of partially and fully loaded multiple bomb racks, internal fuel
tanks, and external fuel tanks. In addition these arrangements shall include:

a. The maximum internal fuel loading that can be attained within the applicable design
weight with all store stations empty of pylons, adapters, launchers, racks, and stores,
and with other useful loadings such as passengers, cargo, guns and ammunition,

etc.,

b. All asymmetrical store loading configurations which result in the lesSer ¢
following rolling moments:

1.

c. Ato
betw

envelope, whichever is greater. This tolerance shall be applied so as tg

desi

]
ICTTIOYVCU.

f the

1.2 times the maximum rolling moment attainable bydoading eachfstore station,

in turn, with all possible combinations of pylons, adapters, launche
and stores specified to be carried by that store-station in the detail
specification. As each store station is loaded\all other store station
empty of adapters, launchers, racks, stores,Jetc.

Maximum attainable by loading only onhe side of the airplane with {
empty of adapters, launchers, racks; stores, etc.

rs, racks,

s shall be

he other side

erance of +15% of the mean aérodynamic chord (MAC) or 15% of the distance

een the most forward and the-most aft actual values from the comp

gn CG forward of the nest forward position and aft of the most aft p

airpl

landing and take-off position.

Limit and Ultimate Loads: With the exception of barricade loads, all loads s

herein

nes with variable sweep wings, the reference MAC shall be for the

re limit loads. The barricade loads are ultimate loads.

lete CG
move the
bsition. For
wings in the

becified

Balance of Forces: For conditions for which parameters or values of parameters are not

completely specified to the extent necessary for the airplane and its compo

hents to be in

complete franslational and rotafional equilibrium, additional Torces, which are determined
by a rational method, shall be assumed to act in a manner such that the acceleration of
the airplane’s component masses are balanced by the externally applied forces. For the
loading conditions specified in 3.4.7 {except 3.4.7.1.6), 3.4.8.1 (except 3.4.8.1.5 and
3.4.81.7),3.411.1,3.4.11.2, and 3.4.11.5, the externally applied forces and airframe

respons

es shall be determined by dynamic/flexible airframe analyses.


https://saenorm.com/api/?name=8c1da964b8592221d6e65e161f526637

SAE

AS8860A

Page 31 of 65

3.4.4 Arresting and Catapulting Forces: For carrier-based airplanes, the horizontal
components of the arresting hook and catapult tow forces shall be derived from MIL-
STD-2066 (Cancelled - superseded by MIL-HDBK-2066) or additional data provided in
the detail specification for all the arresting gears and catapults with which the airplane is
required to operate.

3.45

346

Variation in Servicing of Landing Gear and Tail Bumper: For all take-off and landing
conditions the shock-strut air or gas pressure, shock-strut oil level, and tire pressure

shall be

all combinations of the following variations:

a. 15% above and 15% below the recommended air or gas pressure with the shock

stru

b. 15%

H Al Lo ll b | | 2.
HNT NS TUlly TALCTIVTU PJUSTUVTT.

above and 15% below the recommended oil volume. If the 45% a

cannmot be attained, the maximum attainable variation shall be used.

c. 20%

These ¢

above and 20% below the recommended tire pressure;

ombinations shall include servicing instructions and ambient tempe

day to tjopical day) effects.

Field Rq
sod, cla
runways
shall be
Californ
For both

ughness Requirements: For field take-offs'from, and landings on (3
y, or dirt fields, (b) semi-prepared matted sod, clay, or dirt fields, an
, the roughness or range of terrain gontours and soil-bearing streng
as defined on Figure 6. The soil-bearing strength is given in terms

a Bearing Ratio (CER) and shall be constant up to a depth of at lea

undulati
shape

the take-off and landing rollzeut requirements the ground roughnes

ns shall have all combihations of heights and length specified on R
the undulations inthe lateral direction shall be held constant. The
type of airplane.shall be as follows:

for desi};)n shall be one minus cosing shaped undulations of constant wave

ed runways~CB, LB, LBT, and STOL)

i-prepared fields - CB and STOL.

for each
a. Pav
b. Sem
c. Unp

bove variation

ratures (cold

) unprepared
t (¢) paved
th for design
bf the

st one foot.

s contours
ength. Such
igure 6. The
roughness

Fepared fields - STOL.

d. For SKI airplanes show and ice covered semi-prepared fields shall apply.
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MAXIMUM BUMP HEIGHT, H, INCHES

3.47 Take-off:

3.4.71

34711

bR o
[:.—L——-!-——L—-I

X

H

= X,
z =5 [1-COS2n ()

30

20

10

Catap

accespories for catapult launching shall be in accordance with this section.

Max

<

UNPREPARED FIELDS

SEMI-PREPARED FIELDS
CBR VARIES FROM 10 TO o2

PAVED RUNWAYS CBR

N/

, : WV (VW LAV LA
100 200 300 400 500 600 700 800 900) 1000
WAVE LENGTH, L (EEET)
H,[F0.01765 L + 32.35 H,=0.2067 L +4 H,=0.048 L +2 H,=0p1L
(1p0 <L < 1000) (0 < L<150) (0 <L <1000) (0 <L £ 1000)

Eituuas 72 and 8
oS o —Criia—Or

FIGURE 6 - Ground Roughness for Landing and Take-off (3.4.6)

LIt Take-off: Applicable to carrier based airplanes. The design loads for airplane

mum Deek Reactions: The airplane design shall be such that the maximum

Ian}ng gear vertical load for each landing gear unit separately, which results from

the ¢onditions of 3.4.7.1, shall not exceed the allowable deck reactions
from

Hetermined
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MAXIMUM DECK
PARAMETER C REACTIONS F. KiPS

ron Definitions
- e 220 P = Rated losd of tive, LES
o GBI ] = Dperativaal pressure of tire, P51
o 215 t = Rated prossure of tire, PEL
: P
— S0 2w
. [ P
: o I 152
e 400 e 205 K = i@»?? + B3
F = Magimurn deck reaction from nomogram
Eismple Staple Whisl - Find the maximum permissible
i SO0 fanding pear deck resction F for sn aitplane having
- 184 2 single whes! anding gearwith 2 30w 7.7 the for
whichs
: Fooo= 21,300 LES
- 200 = s = 400 P
r = 360 psl
' . 460 W, .,
350 K = {37 e 3@.@ 8.3% = 1.04
e TEB . 23,300
[ #3044 7. 5%
e 300
iy Bax, Permissible Reaction (KIFG}
. b R0 e s * ?
o BE
it
¥ = 1VR5
G
I S RO Example-Dual Wheels — For dual wheels withiihe same
L. 50 i ) ) " gire tires spaced 14 inches on centers (b)Y divide the
g razition F obteired from this nomogrem byfthe dusl
o 175 whaa! load Tacior K, from Figure 3;
40 B = 147 {Spacing of duzl whesls)
= 30
== 25 L 1725
el
: By =225
e 18 = 171
poo= 25388 . 101 00010

FIGURE 7 - Maximum Allowable Vertical Deck Reaction for a Landing - Catapult Area
(3.4.7.1.1)
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3.4.7.1.2 Holgback Loads: The holdback loads shall be as specified herein.

3.471.21

347122

347123

Max Single Wheel Reaction
K

e

Max Dual Wheel Reaction =

~——

-
— h

-
H
(=]

\-

. i

-

\

DUAL WHEELLQAD FACTOR, K
4
th

in
o
-
-
L
=

10 2 30

(=]

SPACING OF DUAL WHEELS, b1, INCHES,
CENTER TO.CENTER

FIGURE 8 - Dual WheébLoad Factors (3.4.7.1.1)

Byffing: The holdback.bar shall engage the slider of the catapult deck|hardware at
alll critical angles resulting from the spotting requirements of MIL-L-22589. During

the buffer stroke, a-tension load equal to the load H in 3.4.7.1.2.3 shal|l be applied
to [the airplane holdback fitting.

Tgnsioning: The airplane shall be secured to the catapult shuttle by the launch bar
and te-the deck through the deck ramp structure by the holdback bar,|in all critical
atfitudes, which occur during the tensioning operation. The horizontal component
of the tensioning force applied by the catapult shuttle shall be 5,500 pounds and
shall be reacted by the holdback assembly.

Release: The airplane shall be in all attitudes resulting from the release operation.
The deflection of tires and shock struts shall correspond to the forces acting. The
tension load H, in pounds, at the airplane holdback Fitting shall be:

H=1.65[(T + 5500 + 0.2W)/(COS THETA)(R) (Eq. 1)
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where:

T = maximum thrust, with thrust-augmentation devices operating, if airplane is
so equipped, including surge effects from ignition, at sea level on a cold day,

LB.
W= maximum design weight, LB.
THETA = angle between holdback axis and deck at release.

The load in the launch bar shall be that required for equilibrium.

R = minimum release element load, LB.

3.4.7.1.2.4 Minimum Release Load: The minimum release load R, impounds, for

device shall be:

R =1.35[(T + 5500 + 0.2W) /(COS THETA)]

THe symbols are defined in 3.4.7.1.2.3. Theallowable tolerance is plu
minus 0% of the load R.

3.4.7.1.3 Maxjmum Catapult Tow Force: For weights ranging from the maximum

3471.4

34715

uired to operate. For lesser weights, the tow force shall be reduce

dynamic analysis.

The side

—foads shattbethose Tesuttimg frommthe maximunT possible misatignment of the

launch system resulting from the off-center positions of MIL-L=22%889.

the release

(Eq. 2)

s 6 and

Hesign weight

weight required for the primary mission, the catapult tow force shall be the
maxjimum attainable at capacity operation from all catapults from which
is re

the airplane
i to that

esponding to the maximum load factor of 3.4.7.1.4. The mean valugs of the tow
forces of 3.4.4 shall be-used to determine limit tow force.

orizontal
le tow force
al

ipn. For

igontal load
he flexible

Catapult Run: The catapulting loads resulting from all attainable attitudes throughout
the catapult run and the off-center positions of MIL-L-22589 shall be determined for
all catapulting forces. The engine thrust shall be: (1) the maximum thrust with thrust
augmentation devices operating if the airplane is so equipped; (2) intermediate
thrust; and (3) maximum continuous thrust. The effects of pretension loads, holdback
release catapult stroke run, deck run, shuttle release, weight and CG variations shall
be included.
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3.4.7.1.6 Loading Conditions Prior to Catapulting: The loads of this paragraph shall apply to
the complete airplane while aft of the jet blast deflector (JBD) and while maneuvering
or waiting to be catapulted.

Loads: The forces acting on the airplane shall be those resulting from the

maximum attainable pressure in the hydraulic folding system, or maximum
attainable system force If other than a hydraulic system is used, in combination
with the following:

Inertial forces, directed downward normal to the deck that result in a load factor
equal to 1.5.

3.4.7.1.6.1
a.
b.
3.47.2 Field]
specif]

bump

Inertial forces, directed downward normal to the deck, that resultdn
equal to 1.5, and alternately 0.5, combined with aerodynamicforcs
result from a steady wind over the deck having velocities from zer
from all horizontal directions, plus the superposition of engine exh
thrust environment aft of the JBD defined as follows:

1.

[ake-off: Applicable to all types of airplanes. The ground roughneg
ed in 3.4:6:During each take-off, the airplane shall accelerate, usin
and alternately>maximum take-off power, to take-off speed over all combi
heights and wavelengths and soil bearing strength.

heading of directly into the JBD to +90° of this heading and at

a load factor
es which

b to 60 knots
aust and/or

Il positions

The airplane positioned at all angles relativeto the catapult tr?:k froma

aft of the JBD such that the nearest portion of the airplane is a
laterally along the JBD. It's also positioned so that all horizonts
aft of JBD of 8 feet and greater, as\smeasured from a vertical p
the hinge line of the JBD.

Another airplane positione’d on the catapult in battery position
center’ positions of MIL{L-22589, with all engines running at m
power (afterburners-and/or other thrust augmentation devices
This other airplane ‘shall be the present airplane or shall be se
the current inventory of carrier-based airplanes, whichever pro|
most critical velocity and temperature effects on the airplane a

all points
| distances
ane through

at all off-
AaxXimum
pperating).
ected from
duces the

ft of the JBD.

s shall be as
g MIL power
hations of

3.4.8 Landing

- Strength 1S required for landing Impact and landing roll-out on paved runways,
semi prepared fields, unprepared fields and carrier decks and for arrested landings on
carriers and on expeditionary airfields.
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3.4.8.1 Landing Conditions:

3.4.8.1.1 Multivariate Distribution of Landing Impact Conditions: The design envelope of initial
landing conditions shall include the variables defined in Table 6 for each type of
airplane and landing. Such design envelopes shall be determined by combinations of
the variables of Table 6 in the form of a multivariate distribution. The distributions of
each variable, independently, shall be defined by the normal or Gaussian distribution
function for all variables except sinking speed. The sinking speed distribution shall
be defined by the Pearson Type lll distribution function. The mean and standard
deviation define the normal distribution function. The Pearson Type Il distribution
function is defined by the mean, standard deviation, and skewness coefficient. (For a
ske fei - i normal
distibution function.) In Table 6, a bar denotes the mean over the parameter symbol,
the standard deviation by the symbol o, and the skewness coefficient'by the symbol
ts. Extreme conditions for each envelope are defined by those‘combinations of
variables having a joint likelihood of occurrence equal to a constant as determined
by the following equation:

PT= P(VTD >< Vrp )P(VE >< Vg, )P(VV >< Wy, )P(GP ><Bg ) (Eq. 3)

P(GR >< 0 )P(GR >< O )P(GY >< By )P(d >

where:

a. The symbols > and < denote greater than and, alternately, less than.

b. \/TD‘ ,VE‘ ,VVI,GPI,GR‘ ,OR, ,GY‘ »d;, and d; are the initial conditions for each variable.

c. P is the probability-that the value of the variable under consideration is greater
than and, alternately, less than the given or i" value of that variable.

d. The equation-has the constraint that the symbol > shall be used with the i" values
f the variable which is equal to or greater than the mean value and| alternately,
e symbol < shall be used with the i values of the variable which is less than

e ean value.

e. The initial conditions for each variable shall be all values between the extreme
minimum and extreme maximum.

f. Extreme values for each variable, independently, are those values corresponding
to a probability PO of being greater than the maximum value or less than the
minimum value. PT is the product of the probabilities P and is equal to a constant
times Po. Values of PO and PT shall be as given in Table 6.
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TABLE 6 - Variation of Landing Impact Conditions

I'ype See nates See nates See nates
. Landing |see notes (e1) (e2,e3) see notes (e4) |(e5,e6) (e?) see notes (e8)
Symbol [Variable Type CB. LB SKI.
Airplane |CB CB CB STOL LBT STOL
v Approach | Vo 1.05Vp, 1.05Vp, 1.05Vp, | 1.05Vos | 1.05Ves | 1.05Ve,
A Speed (KN
peed (N 65, 40 5.0 50 50 50 50
Engaging or [— — — — — — —
vV horizontal VE VTO'20 VTO VTO VTO VTO VTO
E ground
speed, (KN) | Ove 5.0 8.0 8.0 8.0 8.0 8.0
ﬂ_‘i’)l‘.!\.l‘E but n_nnggft bt _
V. |oits not<i1s | 112ve-s32 [ C 52 fdoaave+75
Y, Sinking —
Y | Speed, (FPS) 0.128v¢ + 1.667 50 _ _
G, but not<3.0 ' 007V +1.097 1.33 28 0l006Ve +2.6
o 0 0 0] 0.5 0] 0]
g Airplafe Pitch| 0= See note (@) See note (a) Seencte (a) |See note(a) |See note (a) |Jee note (a)
P anglg (DEG)
Gy, 2.25 2.25 225 225 2.25 225
g Airplane Roll |8r 2.0 2.0 2.0 2.0 2.0 2.0
R
angqCES) 5 25 25 25 25 25 25
Airplane Roll O, 0 0 0 0 0 0
Q*R rate *
(DEG/SEC) 3.0 3.0 3.0 3.0 3.0 3.0
GBR
o Airplahe Yaw|6y 0 0 0 0 0 0
e
anglq(DES) fe5 3.0 3.0 3.0 25 25 3.0
Off-Center |4 0 o 1 - | -l | -----
d engagement
distanice (FT| Oy 8 6 | -— | — | -— || -—
Po 1)0DE-03 1.00E-03 1.00E-03] 1.00E-04]  1.00E-03 1.00E-03
Pr 78125E-06|  7.8125E-05| 1.5625E-05| 1.5625E-06| 1.5625E-05| | 1.5625E-05

NOTES:

(@) 0, shall cgrrespond to V., to a mean wing-lift-to-weight ratio of 1.1, and to each of the
following values of speeds. Separately: Vpa and V. The mean pitch angle & ghall be
determinedTrom that trimmed (it curve for the power approach contiguration In free air at
sea level on a tropical day.

{(b) For flared field landings at the maximum landing design weight for all types of airplanes
except LBT (land based trainer), the values of © shall be reduced by 50% and the mean
pitch attitude for the condition of the touchdown speed of V.

{(c) The airplane pitching velocity © (radians per second) shall be determined as follows (hose

up positive).
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(d)

(e)

where:

g =9 L_']
P 169V, | W

g =32.2 FPS?

L = airplane lift, LB

W = airplane weight, LB

For CB airplanes the arresting hook shall engage the first arresting cable. Init

gear contact with the deck shall occur at all distances from a distance of 604
first arresfing cable to that distance forward of the first arresting cable suchth

hook eng

shall be a

specified

Types of landings

(1)
)
3
4
©)
6)
()
G

Touch-and-go carrier arrested landing

Touch-and-go and field arrested landing on ptepared and semi-prepared

Field

Field

Flare
Flare
Train

Verti¢gal and short field landings on prepared, semi-prepared, and unpreq

gement and lending gear touch down are simultaneous. Thearrest
| those forces from the upper to lower boundaries as derived from 3
bngaging speeds.

carrier landing practice on preparedrunways

landing and arrested landing or prepared runways

f field landing on prepated runways

f field landing on show and ice-covered semi-prepared fields

er-field landing.on prepared runways

(Eg. 4

ial landing
et air of the
at arresting
ing force
.4.4 for the

fields

ared fields
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3.4.8.1.2 Three and Tail-down Drop Test Conditions: Applicable to all types of airplanes. The
wing lift shall be equal to the weight of the airplane. The sinking speed shall be equal
to the maximum value, and the touchdown speed shall be all speeds specified in
Table 6. The airplane roll angle shall be zero and, alternately, 2.0 degrees. For the
three-point landing, the airplane pitch angle shall correspond to that angle for
simultaneous contact of all landing gear wheels with shock struts fully extended and
tires un-deflected. For the tail-down landing, the airplane pitch angle shall be that
angle corresponding to 90% of the maximum lift coefficient (C. MAX) in level flight
using the trimmed lift curve for the power approach configuration in free air at sea
level on a tropical day.

3.481.3 Fre

: engage the
arregting cable under the following conditions:

he sinking speeds of the airplane CG shall be all those sinking speeds specified
3.4.8.1.1 that are less than the mean sinking speed.

b. Fortouchdown-speeds less than Vg, the engagingspeeds shall be(all values up
I) Ve, and for touchdown speeds greater than \/p,.the engaging speeds shall be
Il values greater than V.

c. The wing lift shall be 1.0 and, alternately, 1’3 times the weight of thq airplane.
For the latter value of 1.3, the obstruction run-over requirements need not apply

d. The touchdown speeds shall be all\speeds between Vps and Vrp + 12 KN

e. The pitch attitude shall be consistent with the sinking speed, airspegd, and wing
Ijft.

f. The roll attitude shall.be 0° and alternately 2.0°.

g. Mrresting forces'shall be all forces from the upper to the lower boundglaries as
derived frorn3:4.4 for the specified engaging speeds.

wite-pickup with the hook in the full-down trail position, to wire pickup with the
ook rotated so that the main landing gear wheels touch down simultaneously
with wire pickup.

h. The hgight of the airplane CG above the deck shall be all values coc}r(esponding

i. The airplane pitching velocity Op shall be determined as follows:

8, =(g/1.69Vp)(L/Pi-1) (Eq. 5)
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34814

34815

34816

where:
g=32.2 FPS?
L = airplane lift, LB
w = airplane weight, LB

Taxi-in Engagement: Applicable to CB airplanes. The airplane shall taxi into the
arresting gear at all engaging speeds specified in 3.4.8.1.1. The arresting forces
shall be all those resulting from the specified engaging speeds applicable to

arresgti i ' red: ' ' ' 3 shall be the
-point attitude, and, alternately, the maximum tail-down attitude-specified in
1.1, or that maximum tail-down attitude that can be attained abthe|specified
engaging speeds for a lift-to-weight ratio of 1.0, whichever is le$s, The head wind
velopity shall be zero.

Drift| Landing: Applicable to all types of airplanes. The shock strut compressed
positions shall be all those from 15 to 90% of the maximum stroke of the strut. For
auxiliary gears, the vertical ground reaction shall be one half of the maxjmum vertical
load resulting from all specified symmetrical landing impact conditions, excluding
obstruction run-over loads, and shall act in combination with a side load of 40% of
that vertical load. The side load shall act to the right and, alternately, to the left. If the
auxiliary gear is designed to swivel or to-be steerable, the specified sidg load shall
be reacted by the swiveling, shimmy damper, or steering mechanism sd as to
prevent the auxiliary gear from swiveling or turning. In lieu thereof, a mdre rational
method of reacting the specified side load on auxiliary gears through the damper or
steefing mechanism, as proposed by the contractor in the ground loads|criteria
repdrt and accepted by the contracting activity, may be used. For the main gear, the
vertical ground reaction.shall be one half of the maximum vertical load resulting from
all specified symmetrical landing impact conditions, excluding obstructign - run-over
load. It shall act outwardly and inwardly, in combination with a side load of 60% and
80% respectively; of that vertical load.

Maxjimum Beck Reactions: The design of the airplane shall be such that the
maximumdanding gear vertical ground loads for each landing gear unit separately,
ighCresult from all the conditions of 3.4.8.1.1 through 3.4.8.1.5 shall npt exceed the
allowable decK reactions determined from Figures 8 and 91or CB and ST1OL
airplanes, and Figures 10 and 11 for STOL airplanes.
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MAXIMUM DECK

PARAMETER C REACTIONS F. KIPS
— 700
L~ 600 :gi;.s Detinitions
E P = Rated load of tire, LBS
2125
— 500 L 510 p = Operational pressure of tire, P51
r = Rated pressure of tire, PSI
L 400 — 205 & = x—:
L 200 K = (0.7{-’- « 03172
— 300 F = Maximum deck reaction from nomogram
— 195 Example-Single Wheel — Find the maximum permissible
tardimg geardeckreactiomFforar -;rph'ﬂ'l having
a single wheel landing gear with a 30 x 7:7 fire for
— 20p L 190 which:
P = 21,300 LBS
| 15 1835 p = 400 PSI
’ s r = 360 PSI
i _ 400 2 _
K = (l).7x360 + 0,3) = 1.04
- 1825 . 21,300.)
L 10 C = 1.04x 300 55
— 9 From the noprogram to the laft for Cu55
— 8 — 180 the meximifn deck rsaction of 177 Kips
. 7 Is obtalngd.
:_5 e __- 177.5 Exaffiple-Dual Wheels — For dual wheels witl} the same
size tires spaced 14 inches on centers (b") divide the
— 5 reaction F obtained from this nomogram by the dual
wheel load factor K, from Figure 3:
s 4 — 175 -
Ke = .925
— 3 F 2 177
" 925 Kips = 191.3 Kips
j 172.5
— 20
-~ 15
=170
FIGURE p“~Maximum Allowable Vertical Deck Reaction for a Single Landing Gear -

Landing Area on Aircraft Carriers (3.4.56.1.0)
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MAXIMUM DECK
PARAMETERC REACTIONS F.KIPS

700 =
N 80 Definitions
600 — — 75 TP = Rated load of tire, LBS
500 = p = Operational pressure of tire, PSI
—~70 r = Rated pressure of tire, PSI
400 — c - K P
— 55 P
300 K =@72+031/2
F = Maximum deck reaction from nomogram
200 — 60 Example-Single Wheel — Find the maximum permissible
_5539 Janding gear deck reaction F for an airplane Raving
a single wheel landing gear with a 30 x 7,7 fire/for
150 — — 57 which:
36 P =21300LBS
— 55 p = 400 PS5l
%~ r = 360PSI
80— — 54 K = 072220, 03)1R-1.04
360
_ 21,300
60 — — 53 C = 1.04lw-55
T F = 52500 L8S
b 52
40 —
Ezample-Dial Wheels — For dual wheels with thie same
30 = b 51 sizedices, spaced 16 inches on centers (b") divide the
reaction F obtained from this nomogram by thie dual
wheel load factor K, from Figure 7:
20 - b’ = 16" (Spacing of dual wheels)
N Ke = 0.65
15— @ 50 52,500
;; F' = 0.65 = B0,B0O0 LBS
o~
L
10— Py
&
8 — =~
(]
2
& — Qo
T
-
(-9
-
4 @
@
3o ot
o
X
=]
2 o
0
o
—
o
o
-
a.
ot

FIGURE 10 - Maximum Landing Reaction for Single Landing Gear With Single and Dual
Wheels for Amphibious Warfare Ships (3.4.8.1.6)
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Max Single Wheel Reattion
Ke

Max Dual Reaction =

1.00,

82t

. / LPH - 2 & LPD <7 Classes

TG

_ Dual Wheel Load Factor, Kg

.68. | - \

52

3 t 1 1 } i ]
0 8 16 24 32 40 48

Spacing of Dual Wheels, b', Inches
Ceriter to Center

FIGURE 11 - Dual Wheel Factors for Use With Figure 10 (3.4.8.1.6 and Figure 10)
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3.4.8.1.7 Arresting: The maximum aft-acting horizontal component of the arresting force shall
be the upper boundary of the arresting force specified in 3.4.4 for the most critical
arresting gear for which strength is required. The engaging speed shall be the
maximum specified in 3.4.8.1.1. The axial arresting hook force shall act in the plane
of the arresting cable through the cable groove of hook point. The point of application
of this force shall be at all lateral positions from the centerline of the hook point to the
left, and alternately to the right, equal to one half the radius of the hook point. The
side load resulting from these laterally displaced loads shall act to increase the side
load at the hook attachment to the fuselage.

3.4.8.1.7.1 Arrested Run With Side Load: The airplane pitch attitudes shall be all those
specifiecHr 34814 i j e deck. A
side load of 1.0 times the airplane weight shall act in combination witH all aft-acting
harizontal components of arresting hook forces in excess of 2.0 times|the airplane
weight. The direction of the side load shall be to the right andGlternately, to the

3.4.81.7.2 Arfested Run With Brakes: The airplane shall be in the three-point attitude in a
braked roll. The sum of the vertical components of-the deck reactions|shall be 2.0
es the airplane weight. Drag loads produced.by‘braking at each main wheel
shall be equal to 0.8 times the vertical reaction.onh each main wheel but the sum of
these drag loads need not exceed the airplane weight. The side load at the hook
paint shall be zero.

3.4.9 Ground[Maneuvering:
3.4.91 Braking: Applicable to all types of airplanes equipped with wheels and bragkes. The
landing gear and tire deflections.shall be those corresponding to the applied loads.

3.4.91.1 Twotrpoint Braked Roll:The airplane attitude shall be that corresponding to the
auxiliary wheel just clear of the ground. The vertical load factor acting at the CG shall
be 1[.2 at the landplane landing design gross weight and 1.0 at the maximum design
gross weight. A-drag reaction, at each wheel in contact with the ground/ shall be
assymed acting-at the ground equal to 0.8 of the vertical reaction and shall be
combined, with the vertical reaction.

3.4.91.2 Thrge-peint Braked Roll: The airplane shall be in the three-point attitudg. The vertical
load factor acting at the CG shall be T.2at the fandplane landing design gross weight
and 1.0 at the maximum design gross weight. A drag reaction, at each wheel
equipped with brakes, shall be assumed acting at the ground equal to 0.8 of the
vertical reaction and shall be combined with the vertical reaction.
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34913

34914

3.492

3.493

3494

3.495

3496

Unsymmetrical Braking: The airplane shall be in the three-point attitude. One main
gear shall be assumed braked and developing a drag load at the ground equal to 0.8
of the vertical reaction at that gear. The airplane shall be placed in static equilibrium,
with side loads at the main and nose gears reacting the yawing moment, and with
vertical loads at the main and nose gears reacting the pitching moment. The forward
acting load at the CG shall be 0.8 of the vertical reaction at that main gear which is
braked. The side load at the nose gear shall be acting at the ground, and need not
exceed the vertical reaction multiplied by a coefficient of friction of 0.8. The nose
gear shall be aligned in a fore and aft direction.

Reverse Braklng The alrplane shall be in the two-point attltude with the nose gear
fullyre ton, acting at
the ground equal to 0.8 of the vertical reactlon shaII be combined with'the vertical
reagtion for each gear that is equipped with brakes.

Turning: Applicable to all types of airplanes. The airplane shallbg’in the static three-
point attitude. The drag loads shall be zero. The side loads on.each landing gear shall
act in the ground plane and in combination with the landing gear vertical Ipads, such
that the total resultant load passes through the airplane CG. The ratio of the side load
to the|vertical load shall be the same at each landing gear. The sum of the side loads
shall be 0.5 times the weight of the airplane, excepbthat this sum need ngt exceed a
value that would result in overturning.

Pivoting: Applicable to all types of airplangsiexcept SKI airplanes. With brakes locked

(: Applicable to all types-of airplanes. The airplane shall be in the th
. The drag loads and side loads at each gear shall be zero. The s|
be equal to three times the weight of the airplane.

Frozen Ski., Applicable to SKI airplanes. The airplane shall be in the three)
attitude with.each ski alternately assumed fixed. The loads and torques s

hall pivot
contact area

ree-point
im of the
round, shall

Fpoint
nall be those

resulting-from application of maximum engine power or thrust available at -60 °F to the

engine(sy on the side opposite from the fixed sKi.

Steering: Applicable to all types of airplanes. The airplane shall be in the static three-
point attitude with the nose gear swiveled in all possible positions. A torque equal to
the maximum available steering torque shall be applied to the nose gear.
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3.4.10 Ground

Handling Conditions:

3.4.10.1 Towing: The airplane shall be in the three-point attitude. The towing conditions are
specified in Table 4. The values of T are defined in Figure 3. The tow loads shall act
parallel to the ground. The side component of the tow load at the main gear shall be
reacted by a side force at the static ground line of the main gear to which load is
applied. In cases where, because of the airplane configuration or the type of auxiliary
gear swiveling, which is provided, the specified load directions cannot be attained, the
maximum attainable angle of the specified load which will not result in side load on the
auxiliary wheel shall apply. Additional loads necessary for equilibrium shall be as
follows, considering each separately:

a. Ing

b. Fg

parallel to the plane of symmetry shall be reacted at the axle or the bg

sk
sh

ap

3.4.10.2 Jackin
singly
longit
by ine

3.4.10.3 Hoisting:

3.4.10.3.1 Norgnal Hoisting: For normal-haisting, the following shall apply:

a.

b.

3.4103.2 Emd
follo

The airplane shall belin the level attitude.

The vertical camponent of the hoisting force shall be 2.0 times the w
airplane.

ertia of the airplane.
r tow points located at or near a main gear unit, the tow forge comp

, as applicable. For tow points located at the plane of symmetry, th
all be reacted at the axle of the auxiliary wheel or the bottom of the
plicable.

g:. Jacking loads shall be those specified iniFable 5. The vertical lo
and in combination with the longitudinal l6ad, the lateral load, and |
dinal and lateral loads. The horizontal leads at the jack points shall
tial forces as to cause no change inthe vertical loads at the jack pd

rgency:Hoisting: For hoisting from carrier-deck catwalks and ditche
wing,shall apply:

onent

ttom of the
e tow load
ski, as

ad shall act
voth

be reacted
bints.

eight of the

5, the

a.

horizontal.

b. The airplane axis shall be oriented at all angles in azimuth.

he landing gears shall be resting on a plane having an inclination of 45° to the

c. All landing gear wheels shall be assumed locked and there shall be sufficient
friction to keep the wheels from rolling or skidding.
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d. The airplane vettical load factor shall be 2.0.

e. The direction of the hoisting cable shall be normal to the horizontal.

3.4.10.4 Securing: Securing loads shall be as specified in MIL-T-81259. The maximum load In
each cable shall not exceed 10,000 Ib.

3.4.11 Supplemental Loads:

3.4.11.1 Landing-gear Extension and Retraction: Applicable to all types of airplanes.

3.411.1.1 Sud

gear after

rebdund at landing, rolling over obstructions and passing over the deck’ledge

subgequent to touch-and-go landings and catapulting, the following sha
a.

b.

3.4.11.1.2 Extgnsion and Retraction: The following loads shall act separately and

The landing gear servicing requirements of 3.4.5 shall apgly.

The condition of the hydraulic fluid (foaming) in the-shock strut shall
vhich results from touch-and-go landings or catapulting, as applical

For CB airplanes, the deck edge shall be considered as a step.
The landing gear strut extension and tire-compression shall be in all

from fully compressed to fully extended

the unsprung mass of the landing gear shall be not less than 20.0.

| apply:

be that
le.

positions

To prevent failures resulting frore’ possible malfunctions, the load fagtor acting on

simyltaneously with theslanding gear in all positions between fully extended and fully

retrgcted:

a.

b.

C.

Rerodynamic loads up to the limit speed specified for the take-off an
¢onfigurations.

Inertiavloads corresponding to the maximum and minimum symmetr
lgctors specified for flight in the take-off and landing configurations.

Inertia loads resulting from accelerations of those patrts of the landin

d landing

cal limit load

g gear that

move relative to the airplane during extension or retraction. The accelerations
shall be those resulting from use of maximum available power of the extension

and retraction system.
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d. Gyroscopic loads, as applicable, resulting from wheels rotating at peripheral
speed equal to 1.3 times the stalling speed In the take-off configuration and

retracting or extending at the maximum rates attainable.

3.4.11.2 Arresting Hook Dynamic Loads: Applicable to CB airplanes.

3.4.11.2.1 Hook Impact and Bounce: The hook impact and bounce loads shall be those

resulting from the conditions of 3.4.8.1.1, 3.4.8.1.3 in combination with |
3.4.8.1.7.

oads of

3.4.11.2.2 Sudden Extension of the Arrestlng Hook The arrestlng hook shall suddenly extend

341123

Hook Shock Absorber: The arresting hook shall be in all positiong,Withir
travel as determined by the stops. The axial force in the hook shock abs
be as specified in MIL-A-18717 and that resulting from the requirements

3.4.11.3 Load Distribution on Dual Wheels: Applicable to airplanes«with landing ge|
having dual wheels, For landing gear units having wheels in tandem or m

wheelg

specifjcation.

3.4.11.3.1

3.411.3.2

341133

341134

3.411.35

Symmetrical Distribution: The landing gear leads shall be equally distrib)
the ywheels at each landing gear unit.

Unepual Tire Inflation: The landing.gear loads resulting from the conditi
in34.7, 3.4.8, 3.4.9, and 3.4.10:0n each landing gear unit shall be distr
that 60% of the total wheel load is on one wheel and 40% on the other

outboard acting side-load.
Flat[Tire Landing®The wheel loads resulting from the landing conditions

3.4.8 reducedto 45% of the specified loads for carrier landings and to §
spegified |loads for all other landings shall be applied to each wheel sep

deck edge.

its limits of
orber shall
of 3.4.8.1.

ar units
ultiple

, other than dual, the load distribution shall be. as specified in the detail

uted among

bns specified
buted such
vheel, except

ied to the

with

specified in
0% of the
arately.

reduced to

Flat[Tie' Taxiing: The wheel loads resulting from the taxiing conditions,

50% of the specified loads, shall be applied to each wheel separately.

Flat Tire Towing: The wheel loads resulting from the towing conditions shall be

applied to each wheel separately.
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3.4.11.4 Load Distribution on Skis: The longitudinal and tread wise distributions of the specified
loads on skis shall be as follows:

a. The longitudinal distribution for vertical drag and side loads shall be as shown on
Figure 4. For skis having tines, the side load distribution shall be applied to either
tine where applicable.

b. Except for rolled landings, the tread wise distribution for vertical, drag and side
loads shall be as shown on Figure 4 and apply to the Inboard and, alternately, to
the outboard direction. For rolled landings, the distribution shown on Figure 5 shall
be 3 to 1 from edge to edge of the ski.

3.4.11.5 Tail Bumpers: Applicable to all types of airplanes. A side load of 0.2 timeg the vertical
groungd load shall act in combination with the vertical and drag load: Ibthe|tail bumper
is equipped with a skid or pad in lieu of a wheel, the drag coefficient of frigtion shall be
constant at 0.4. In addition, the following criteria shall be usedd4¢-determihe the
aircraft rotational characteristics during take-off and landing to-show no deck contact if
a tail bumper is not part of the aircraft configuration.

3.4.11.5.1 Loads for Landing: The tail bumper loads are those which result from thg
reguirements of 3.4.8.

3.4.11.5.2 Loads for Over-rotation on Take-off: The taikbumper loads are those which result
from the motion of the airplane for whichsthe following shall apply:

a. Ground speeds shall be all speéds up to the take-off speed.

b. Airplane pitch attitudes and pitch velocities shall be all those that cap be attained
by application of full elevator control power with full aft stick force applied
:Lﬂstantaneously, except that the pitch attitude corresponding to 0.9 CL MAX need
ot be exceeded.

c. Apirplane weights shall be all those from the minimum flying weight to the
maximunt design weight.

3.4.11.5.3 Load for.Tip Back: The tail bumper loads are those which result from the motion of
the airplane for which the following shall apply:

a. The airplane shall be rolling backwards at a constant speed of 5 knots.

b. The ground or deck inclination shall be plus and, alternately, minus 5° with
respect to the fore-and-aft axis of the airplane.

¢. The motion of the airplane shall be stopped by application of brakes.
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35

The coefficient of friction between the tire and deck shall be applied
instantaneously and held constant at 0.95.

The weight and weight distribution, airplane configuration, and thrust shall be
those that are critical.

Miscellaneous Loads (MIL-A-8865B):

Most of the loads in this section where deemed inapplicable to this document and omitted.
However, if the panel should deem a section necessary, its inclusion will be considered.

3.5.1 Loads:

Assisted

loading
the rate

combina

352

3.6 Repeated

3.6.1 Genera

cause fz
mechaniical operation, oraffect 1ts aerodynamic characteristics. Further, th

shall no
specific

Fhetoadspecified375.2 s am ultimate toad:

Takeoff: The loads specified in this paragraph shall be considered
conditions rather than local loading conditions. A forward acting loa
H thrust at 60 °F shall act separately and in combination with all criti

rnately to the left, in which W is the weight of the)fully loaded unit.

rd load of 3.0V, an upward load of 1.5\, and a lateral load of 1.5
rnately to the left, in which W isithe weight of the fully loaded unit.

Loads, Fatigue, and Damage Tolerance: (MIL-A-8866C)

. The structural designh of the airplane shall be such that repeated Iq
ilure or permanent’deformation of any part of the airplane, interfere

as airplane
H of 2.5 times
cal

tions of the following inertial loads acting at the attachments of each unit: A
rd load of 3.0V, an upward load of 1.5WV, and a lateral load of 1.5W to the right

| as airplane
H of 2.5 times
cal

h unit; A

/ to the right

ads shall not
with its
e design

require repair, inspection, or replacement of components other th

n as

lly approved by the contracting activity. The above requirements apply to the

planned service-life of the airplane for the repeated loads environment resulting from
ground and-light operations. Including loads and load combinations associated with
rs; field and carrier arrested landings, gusts, buffeting, dynamic response,

maneu

pressurization (fueland cockpit), aero acousfics, vibration, store installation and release,
catapulting, taxiing, operation of devices, and exposure to a chemical or thermal
environment.
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