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MILITARY SPECIFICATION

AIRPLANE STRENGTH AND RIGIOITY RELIABILITY
REQUIREMENTS, REPEATED LOADS, FATIGUE AND DAMAGE TOLERANCE

This specification is approved for use within the Naval
Air Systems Command, Department of the Navy, and is
available for use by alI Departments and Agencies of the
Department of Defense.

1. SCOPE

1.1 Scope. This specification defines the strength and rigidity
requirements for repeated loading condition applicable to Navy procured
airplanes.

---
2. APPLICABLE DOCUMENTS ....””K...

2.1 Government documents.

2.1.1 Specifications and Standards: The following specifications 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 Oefense Index of Specifications and Standards (DDDISS) and
supplement thereto, cited in the solicitation.

SPECIFICATIONS

MILITARY

HIL-D-B708 - Demonstration Requirements for Airplanes.
HIL-A-B860 - Airplane Strength and Rigidity, General

Specification for.
NIL-A-8861 - Airplane Strength and Rigidity F1ight Loads.
MIL-A-8863 - Airplane Strength and Rigldity Ground Loads for

Navy Procured Airplanes.
HIL-A-B867 - Airplane Strength and Rigidity Ground Tests.

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
Naval Air Engineering Center, Systems Engineering and Standardization
Department (Code 93), Lakehurst. NJ 08733-5100, by usin9 the self-addressed
Standardization OocurnentImprovement Proposal (DD Form 1426) appearing at the
end of this document, or by letter.

AMSC N/A FSC 1510

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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SPECIFICATIONS

MILITARY (cent’d)

MIL-A-8868‘ -
MIL-A-8870 -

MIL-L-22589 -

STANDARD

MILITARY

MIL-STD-2066 -

,----

Airplane Strength and Rigidlty Data and Reports.
Airplane Strength and Rigidity, V\bratton,
Flutter, and Divergence.
Launching System, Nose Gear Type, Aircraft.

Catapulting and Arresting Gear Forcing Functions for
Aircraft Structural Design.

(Copies of specifications and other Government documents (publications)
required by contractors in connection with specific acquisition functions
should be obtained from the contracting actlvlty or as directed by the
contracting officer.)

2.1.2 Other publications. The fol16wing document forms a part of this
specificationto the extent specifiedh%reln. Unless otherwise specified, the
Issues of the document which are DOD adopted shall be those listed in the issue
of the CXIDISSspecified in the solicitation. Unless otherwise specified, the
Issues of documents not 1isted in the 00DISS shal1 be the issue of the non-
government documents which 1s current on the date of the sollcitatlon.

AMERICAN SOCIETY FOR TESTING AND K4TERIALS (ASTM)

ASTM Test Method E399-83 - Test for Plane Strain Fracture Toughness of
Metalllc Materials.

(Application for copies of ASTM publications should be addressed to the
American Society for Testing and Materials, 1916 Race Street, Philadelphia,
Pennsylvania 19103.)

2.2 Order of precedence. In the event of a conflict between the text of this
specificationand the references cited herein (except for associated detai1
specifications,specification sheets or MS standards), the text of this speci-
fIcation shal1 take precedence. Nothing in this specification, however, shall
supersede applicable laws and regulations unless a specific exemption has been
obtained.

3. REQUIREMENTS

3.1 General. The structural design of the airplane shall be such that
repeated loads shal1 not cause failure or permanent deformation of any part of
the airplane, interfere with it’s mechanical operation, or affect 1ts aerodynamic
characteristics. Further, the design shall not require repair, inspection, or
replacement of components other than as specificallY approved by the contracting
activity. The above requirements apply to the planned service 1Ife‘of the
airplane for the repeated loads environment resultlng from ground and f1lght
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operations. lncludin9 loads and load cqnbinatlons associated w!th maneuvers,
field and carrier arrested landings , gusts, buffeting, dynamic response,
pressurization (fuel and cockpit), aeroacoustlcs, vibration, store Installation
and release, catapulting, taxilng, operation of devices, and exposure to a
chemical or thermal environment.

3.2 Service life. The service life of the airplane shall not be less than
that specified by the contractIng actlvlty in terms of the followlng (as
applicable):

a. F1ight hours
b. ~~‘X Ground-air-ground cycle.(flights)

Field taxi runs
:: F1eld takeoffs
e. Catapult launches
f. Landings

(1) Field
(2) FCLP (Field Carrier Landing Practice)
(3) Carrier arrested
(4) Carrier touch-and-go

3.3 Fatigue. ---
...’.L..

3.3.1 Spectra. The airplane usage spectra for analysis and test shall
Include repeated loads from al1 types of ground and f1lght operations as noted in
3.1 and shall be supplemented, as required, to ensure that each airplane compon-
ent is designed and tested to the proper repeated loadings. Consideration shall
be given to the effects of load sequence, load truncation, load induced residual
stress, and other factors as appropriate to assure that usage spectra for
analysis and test provide the most conservative fatigue 1lfe. Ordering and
frequency of loads W1thin the usage spectra shal1 be random, conslstent with
flight-by-flight airplane operation, load exceedance and occurrence rates, and
planned service llfe values.

3.3.2 Compliance. Compliance with 3.1 shal1 be demonstrated by the fatigue
analysls of MIL-A-8868 and the fatjgue tests of MIL-A-8867 utl1izing crack
Initiation as the primary failure crlterlon. Specifically, the structural design
of the airplane shalI be such that the usage spectra will not cause structural
defects (cracks, deformations, loss of modulus, delaminatlons, dlsbonds, etc.) or
failure, within 4 times service life based upon analysis and 2 times service life
based upon full scale tests. If any part of the airplane should fai1 to demon-
strate compliance WIth the above requirements, that part shal1 be redesigned and
then shown by analysis and test to be compliant. No inspections shalI be re-
quired as a function of design within two service lifetimes. For both fatigue
analysis and tests, the use of fatigue 1Ife-enhancing mechanical processes (such
as shot peenlng, roller burnlshlng, etc.), other than split sleeve cold working
and interference fit, are prohiblted 1n demonstrating compliance.

3.3.2.1 Anal.vsis. For analysls purposes, substantiation of fatigue life
shal1 be fn accordance With prediction methods as approved by the contracting
activity. For approved interference fit and/or cold working enhancements, fatigue
analysis shal1 tndlcate the airplane Wi 11 be free from structural defect for at
least 1 service 1ife WIthout the benef1t of Interference fit and/or cold working.

3
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3.3.2.2 ~. Testing shall continue beyond 2 times service life until
catastrophic failure, or until’4 times service life has been sustained by the
test article. At test conclusion, the test article shall be subjected to a
complete destructive teardown inspection, including fractographlc examination, to
tdentlfy all failures. All repairs made to the test article prior to 2 times
service llfe, and alI repairs for cracks or failures concluded to have been
initiated prior to 2 times service Iife, shall be incorporated into all forward-
and retrofit-production airplanes, provided the repairs”have denmstrated
compliance by analysis and test. For fatigue life certification of composite
structure by test, accounting for variability and environmental factors shall be
relatable.to and confirmable by the results of the design development pre-
production component and static tests of MIL-A-8867.

3.3.3 Low frequency vibratory loads. The airframe structure shal1 have
unlImlted 1ife due to low frequency vibratory loadings. When these low frequency
vibratory loadlngs are combined with the other various airplane loadlng condi-
tions (i.e., PU1lUPS, banks, high angle of attack (AOA), gusts, etc.), the
vibratory loadinqs shal1 not cause the stuctural fatique life to be dearaded from
that whl~h resul~s when separately applying the other-various loadlng ~onditlons
to the airframe structure.

{, -.

.-

3.4 Damage tolerance. The design .a@j.constructlon of the alrframe structure,
and the selection of materials to be used shall include provision for damage
tolerance. Damage tolerant material shall be chosen on the basis of available,
confident data. Damage tolerance shall be in addition to, rather than in lleu
of, provision for adequate structural fatigue characterlstlcs, and shall serve as
a means for preventing catastrophic structural failure loss of control of the
aircraft after a predefined 1imit of structural damage has occurred.

3.4.1 Analysis. Al1 areas of structural components established as primary
or critical shall be analyzed using the methods of linear elastic fracture
mechanics, as a mlntmum, to tdentify the character and dimensions of defects
which could grow to critical size in time periods as limited by aircraft
inspection periods or wing required lifetime, as applicable. These analyses
shal1 assume the presence of crack-like defects and/or delamlnations placed In
the most unfavorable orientation WIth respect to the material properties and
applied stress consistent with the aircraft loads environment, and shall predict
the growth behavior of the chemical, thermal, and sustained and repeated-loads
environment to which the component will be subjected.

3.4.2 Compliance.

3.4.2.1 Metals. For all primary or critical structures, crack growth under
sustained and repeated loads shall not occur at a rate such that initial flaws
can reach critical size at the residual strength requirement load in one lifetime
of expected service usage. For purposes of these analyses, the lnitlal flaw size
shall be .010 inches minimum in metals. and at failure not smaller than 0.25
inches (surface length). Critical flaw sizes shall be determined using the
appropriate critical fracture toughness values determined on a ‘valid statistical
basls in accordance with the procedures of the American Society for Testing and
Materials Test Method E399-83 entltied “Test for Plane Strain Fracture Toughness

{
\L
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of Metallic Materials.” The analysls shall identify plane strain, plane
stress, or mixed mode conditions at the onset of rapid crack propagation, and
shall include all crack growth rate and critical crack length data on which
the analysis was based. The effect of sheet thickness on fracture resistance
shall be proposed by the contractor and accepted by the contracting activity.

3.4.2.2 Composites. Damaged (e.g., delamination) structure, at or below
the threshold of being clearly visible, shall be capable of fully compensated
ultimate load statically with no damage growth under sustained and repeated
loads for one’service 1ifetime . Demonstration of requirement shalI be by
test, or as proposed by the contractor and speclfically approved by the
contracting activity, accounting for the effects of variability and
environment as relatable to and confirmable by the results of the design
development, pre-production component and static tests of MIL-A-8867.

3.5 Maneuver loads. For determination of loads, the airplane shall be at
the critical speed and altitude which results in the minimum life on the
component being considered. The spectrum of loads shall include symmetric
pull-ups and push-overs, and asymetrlc rol1ing pull-outs, rolI reversals, and
level rolls. Except for level rolls, the maneuvers shal1 have the number of
positive and negative exceedances .ofvertical load factor as specified by the
contracting activity. The percentage of asymmetric maneuvers at each load
level as well as the total numbe~ “6f level rol1s shal1 be proposed by the
contractor and approved by the contracting activlty.

3.6 Gust loads. The gust ,loadspectra shall encompass the anticipated
mlsslon usage of the airplane and be approved by the contracting activity.
The usage shall include at least 4 percent of the airplane’s life at V. at
sea level. The fatique analysis shalI include at least the dynamic response
in the rigid-body modes of pitch and translation, for elastic modes as
appropriate to the structural character stlcs and configuration, and the modes
of any autopilot or artificial stabiIIty devices. .The dynamic response shall
be determined for the power spectral density of atmospheric turbulence in
accordance WIth MIL-A-8861,continuous turbulence aproach of 3.5.2.

3.7 Ground loads.

3.7.1 Catapult takeoff. The weight shall be the maximum design gross
weight. The off-center spotting eccentricity of the airplane at release shall
be half of that resulting from the criteria of MIL-L-22589. Half of the
takeoffs shal1 be to the right and half to the left. For each takeoff the
sequence and magnttude of load application shal1 be as follows:

a. Two cycles of buffing load. Each cycle shalI be from zero to 80
percent of the release load of MIL-A-8863. At the end of each cycle
the load shal1 drop to zero.

b. Tenslonlng load of MIL-A-8863.
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c. Release load lncludlng the effects off-center spotting.

d. External and Internal loads that result during the catapult run, Includlng
bending moments that result from eccentricities of the launch bar with
respect to the shuttle as welI as loads due to tire and steering friction
in off-center takeoffs. The applied tow force shal1 be the maximum
catapult tow force of MIL-A-8863, except that for ten percent of the
takeoffs the tow force shal1 be equal to the upper 90-90 envelope boundary
of MIL-STO-2066.

3.7.2 Landings. For all landings the applicable design gross weight shall
apply.

3.7.2.1 Landing impact loads. The alrplane
rational combination of sinking speeds of Table
attitudes (pitch and roll) and engaging speeds,
landinq loads. For loads on the nose sears for

loads shall be determined by a
I with variations in landing
includinq arrestina and drift
carrier ~rrested l~ndings,

tenth ;f all landings at each sinking ~peed shall be considered free-flight
one

engagements unless it can be shown by analysis that free-fIight engagements
cannot occur within the specified distribution of land~ng conditions.

I
.!-

3.7.2.2 Arresting loads. The horizdntai component of the arresting hook
force shall be equal to the limit load’%;’ 90 percent of the arrestments. For 10
percent of the arrestments it shal1 be equai to the force corresponding to the
upper 90-90 probabi1ity envelope of MIL-sTO+?066. The side force shall be 0.6W
for 90 percent of the arrestments and 1.OW for 10 percent of the arrestments,
where W is the carrier loading design gross weight. The resultant P, of the
arresting hook force shall be applied through a point located at a distance equal
to half of the radius of the cable groove from the centerline of the hmk shank.
The resultant P shall be applied as follows:

o-p+.5p-p 4.5p -p+ o

3.7.3 Ground maneuvering loads. The loads shall include vertical, drag and
lateral loads resulting from braking turning pivoting and taxiing. Hard braking
with maximum braking effect (0.8 coefficient of friction) shall occur twice per
taxi run and medium braking with half maximum effect shall occur an additional
five times per run. Turning with total side loads of 0.4 times the airplane
weight applied as inboard and alternately as outboard loads shall occur five
times per taxi run. Pivoting with 1/2 limit torque load shall occur once per
three taxi runs. The vertical response resulting from runway roughness shall be
as specified in Table II.

3.7.4 Miscellaneous ground loads.

,

3.7.4.1 Sudden extension. The number of applied cycles shall be equal to the
number of touch-and-go landings and catapult takeoffs. The applied loads shall
be determined for the conditions-of MIL-A-8863.
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3.7.4.2 Extension and retraction and braking wheels in atr. The number of
applied cycles shall be equal to the number of ground-air-ground cycles. The
applied load for each phase of operation shall be determined as specified in
MIL-A-8863. The sequence of each cycle shall be as follows:

a. Landing gears in the extended and locked position

b. 8raking wheels in air

c. Full retraction of landing gears in the locked position

d. Extension of landing gears in the locked position. Actuation shall be
by a normal power system.

TABLE I

DISTRIBUTION OF SINKING SPEEOS PER 1000 LANDINGS

CARRIER LANOINGS, i
LANDINGS (NON.

SINKING SPEEOS

v,

v“ * 0.31C7

ii.= 0.62a

v. * 0.930

v, * 1.240

v, * 1.550

,Vv * 1.86U

~v z 2.17u

~v = 2.48a

~, * 2.790

v, * 3.IOU

.P,ANO FIELD

.AREO)
----

FREQU.ENCY

122*

116’ ‘

101

80

58

38

23

13

5

3

2

FIELD LANOINGS
(FLAREI

SINK SPEEO (FPS)

10

9

8

7

-6

5

4

3

2

1

FREQUENCY

0.5

1.5

7

22

66

153

252*

271

170

57

Notes:

1. The value of o for each type of landing shall be as defined
in MIL-A-8863
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2. The landings lndlcated by an asterisk
loads for which the following apply:

shall include drift landing

a. The side load shall be 0.4 times the maximum vertical load for
the main ,gearand 0.2 times the maximum load for the nose gear.

b. The side load shaIl act in combination with the maximum
vertical load.

c. The shock strut stroke and the drag load shall correspond
to those occurring at the instant of maximum vertical load.

TABLE II. Number of times per thousand runway landinqs that load
factor nz is experienced.

nz Number of applications

1 z 0.05 300,000
.-~

1 *0.15 .. ... 165,000

1 t 0.25 27,000

1 * 0.35 ‘ 2,000

1 * 0.45 90

1 * 0.55 4

1 = 0.65 0.15

1 * 0.75 0.005

3.8 Cockpit or cabin pressurization. Pressurized cabins of land-based
transport, cargo, AEH, and other large airplanes similar to those of
comnerclal airline transports shall be pressurized 20,000 times. Other types
shall be pressurized a number of times equal to twice the number of landings
specified in 3.2. The pressure to be applted shall be the maximum value
obtained from tests of at least 10 relief valves of the type to be used, or
the value obtained by adding the maximum relief valve setting governing
acceptance of the valve in its acquisition specification to the maximum
permissible tolerance on this valve. The flight loads to be applied shall
include those resulting from gust penetrations and maneuvers consistent with
the missions.

(
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3.9 Aeroacoustics and vibration. Structural design requirements to
preclude fatigue cracking initiation or delamination or any other fatigue
failure of the airframe structure or structural components induced by
vibrations, aeroacoustlcs and other oscillatory loads for the service life of
the airplane shall be in accordance with MIL-A-8870.

3.10 Repeated operation of devices. Particular attention shaii be given
to the impact loads as well as the operational and residual loads that may
occur when doors, landing gear, controls, wing folds, and other devices (which
open, ciose, extend, retract, or rotate) are operated consistent with planned
usage of the airplane. Under normal operating conditions, repeated actuation
shall not adversely affect the mechanical operation of any part of the
atrplane and shall not fail or deform any part or element of any device,
system, or structure.

3.11 Integral fuel tanks. Integral fuel tanks shall not leak under
repeated loads resuiting from taxiing, takeoff, fllght (including buffeting),
and landings. This requirement shall be aptly demonstrated by laboratory
tests which simulate these repeated loadlngs for an extended period of
operation and for several periods of operation. For design purposes, fighters
and attack airplanes shall have two periods of operations in their service
life; other classes shall have .~h~ee”periods.

3.12 Loads on balance weight attachments. Refer to MIL-A-8870 paragraph
3.2.1.2.1.3 for design load requirements.

4. @JALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or Durchase order. the contractor is responsible for the Performance
of all inspe~tion requirements as specified herein. Also unless specified in
the contract or purchase order, the contractor may use his own or any other
facilit-
ies suitable for the performance of the Inspection requirements specified
herein, unless disapproved by the Government. The Government reserves the
right to perform any of the inspections set forth in the specification where
such inspections are deemed necessary to assure supplies and services conform
to prescribed requirements.

4.1.1 Responsibility for ccwmliance. All items must meet all
requirements of section 3. The inspection set forth in this specification
shall become a part of the contractor’s overail inspection system or quality
program. The absence of any inspection requirements in the specification
shall not relieve the contractor of the responsibility of assuring that all
products or supplies submitted to the Government for acceptance comply with
all requirements of the contract. Sampling in quality conformance does not
authorize submission of known defective material, either indicated or actual,
and does not comnit the Government to accept defective material.

4.2 Methods of inspection.

9
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4.2.1 Desfgn data. Structural design and analyses data shall be tn
accordance wtth t4,1L-A-8868.

4.2.2 Laboratory tests. Laboratory tests shall be in accordance with
MIL-A-8867.

4.2.3 Flight tests. Navy flight test denmsstrations shall be in
accordance with MIL-D-8708.

5.

6.

6.1
use in

6.2

6.3

PACKAGING

This section is not applicable to this specification.

NOTES

Intended use. The requirements of this specification are intended for
the structural design and substantiation of airplanes.

Ordering data.

This paragraph is not applicable~o this Specification.

Definitions. For definitions”’of”termsused in this specification see
section 6 of MIL-A-8860.

6.4 Supersession data. See sup.ersessiondata in section 6 of MIL-A-8860.
This specification supersedes MIL-A-8866(ASG). It also supersedes, in part,
MIL-A-0088668(usAF), although MIL-A-0088668(USAF) will remain in effect until
cancelled by the Air Force.

6.5 Subject term (key word) Iistinq.

Airplane
Arresting
Cabin pressurization
Carrier-based airplanes
Catapulting
Fatigue -
Flight maneuver loads
Flight tests
Gust loads
Loads
Reliability requirements
Repeated loads
Rigidity
Service life
Sinking speeds
Strength
Taxi ground loads
Trainers
Turbulence
Vibration
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6.6 Changes from previous Issue.
this revlslon to ldentlfy changes
the extensiveness of the changes.

Asterisks or vertical lines are not used
with respect to the previous issue due

Preparing actlvlty:
Navy - AS

(Project 151O-NO25)

I

--

-.<.
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Index

Aeroacoustlcs and vlbratlon
Applicable documents
Arresting loads
Catapult takeoff
Changes from previous issue
Cockpit or cabin pressurization
Composites
Damage tolerance
Analysis
compliance

Design data
Definitions
Extension and retraction and braking wheels in air
Fatigue .-.
Analysis
Compliance

...”.....

Fliaht tests
Gov~rnment documents
Ground loads
Ground maneuvering loads
Gust loads
Integral fuel tanks
Intended use
Laboratory tests
Landing impact loads
Landinqs

I Loads & balance weight attachments
Low frequency vjbratory loads
Maneuver loads
Metals
Methods of Inspection
Miscellaneous ground loads
Notes
Ordering data
Order of precedence
Other publications
Quality assurance provisions
Repeated operatton of devices
Requirements
Responsibility for compliance
Responsibility for inspection

: “,

Paragraph

3.9
2
3.7.2.2
3.7.1
6.6

:::.2.2
3.4
3.4.I
3.4.2
4.2.1
6.3
3.7.4.2
3.3
3.3.2.1
3.3.2
4.2.3
2.1
3.1
3.1.3
3.6
3.11
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3.12
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3.5
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3.7.4
6
6.2
2.2
2.1.2
4
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4.1
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9

:
5
11
8
5
4
4
4

1
7
3
3
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10
10
6
6
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4
5
5
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10
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9
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Index - Continued

Paragraph Page

Scope
Service life
Specifications
Spectra
Standards
Subject term (key word) listing
Sudden extension ..

Supersession data
Table I - Distribution of stnklng speeds Per

1000 land!ngs
Table II - Number of times

Iandlngs that
Test

1.1

;

H.1 1

3.3.1 3
2.1.1 1
6.5 10
3.7.4.1 6
6.4 10

7

per thousand runway
load factor n, 1s experienced

3.3.2.2
---

.....L.. ..
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