
NON MEASUREMENT SENSITIVE

MIL-M-8856B
22 October 1990

MILITARY SPECIFICATION

--------------

Superseding
MIL-M-8856A
29 October 1969

MISSILES, GUIDED,
STRUCTURAL INTEGRITY

“GENERALSPECIFICATION FOR

Thls specification is approved for use by al1 Departments and Agencies of the
Department of Defense.

1. SCOPE

1.1 W2J&2. This specification establishes the structural performance and
verification requirements for guided missiles. The requirements of this
specification are established to assure that guided missiles delivered .to
operational units have adequate structural integrity to accomplish their
intended purposes.

1.2 ADDliCiIbilitYThis specification is directly applicable to guided
missiles. However, t;e degree of applicability may vary “between types of
guided missile systems. The extent of applicability shal1 be in accordance
with the provisions of 1.3.

1.2.1 Guided missiles. The extent of applicabi1ity of “guided missiles”
includes “cruise” missiles and may also by logical extension include other
unmanned air-vehicles. However, “ballistic” missiles such as the “ICBM” are
specifically excluded.

1.3 Modification and amplification. This specification may be.modified
and amplified in contracts for guided missiles by type, detail, design data,
and test specifications,and addenda thereto.

Beneficial comments (recommendations,additions, deletions) and any Pertinent
data which may be of use in improving this document .shquld be addressed to:
Naval Air Engineering Center, Systems Engineering and StandardizationDepart-
ment .(Code 53), Lakehurst,NJ’ 08733-51,00,by usjng the self-addressedStand-
ardization Document Improvement Proposal (DD Form’1426) appearing at the end
~
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1.4 Deviation> Deviations from contractually established requirements
of this specifica~ion may be granted only by the contracting activity in
written approval. Deviation requests shal1 be submitted to the contracting
activity with sufficient engineering data to substantiate the need for and
applicabi1ity of an alternate

2. APPLICABLE DOCUMENTS

2.1 .~overnmentdocuments.

requirement.

2.1.1 S@ecifications. standards. a d handbooks. The following
speci.fications, standards,<and handbooks fo~m a par-t‘of this document to ‘the
extent specified herein. Unless otherwise specified, the issues of these
documents shal1 be those 1isted in the issue of the Department of Defense
Index of Specifications and Standards (DODISS) and supplement thereto, cited
in the solicitation (see 6.2).

SPECIFICATIONS

MILITARY

MIL-A-8591 -

STANDARDS

MILITARY

-MIL-STD-167 -
MIL-STD-210-
MIL-STD-1587-

MIL-STD-1763-

HAND8COKS

MILITARY

MIL-HDBK-5 -

MIL-HD8K-17 -

.’Airborne Stores, .Suspension “Equipment and Aircraft
Store Interface (Carriage Phase); General Desi9n
Criteria for

Mechanical Vibration of Shipboard Equipment
Climatic Extremes for Mi1itary Equipment
Material and ‘Processes Requirements for Air Force
Weapon Systems
Aircraft/StoresCertification Procedures

Aerospace Vehicle Structures, Metallie.Materials and.
Elements for
Polymer Matrix Composites

(Unless otherwise indicated, copies of federal and mi1itary
specifications, standards, and handbooks are avai1able from the Mi1itary

“ Specifications and Standards, 81dg. 4D, 700 ‘Robbin’sAvenue,.:Philadelphia.’pA
191’11-5094.)

2.1.2 Other Government documents. drawinas. and DubIiCations. The
following other Government documents, drawings, and publications form a part
of this specification to the extent specified herein. Unless otherwise .
specified, the issues are those cited in the solicitation.

2
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NAVALAIR SYSTEMSCOMMANO

SD-24 - General Specificationfor Design
craftWeaponSystems,VolumeI -

and Constructionof Air-
FixedWingAircraft.

(Copiesof otherGovernment documents,drawings,and publicationsrequired
by the contractorsin connectionwith specificacquisitionfunctionsshouldbe
obtained from the contractingactivityor as directedby the contracting
officer.)

2.2 N~ ublications.
thisdocumentto the extentspecified
issuesof the documentswhichare DOD
the DODISScitedin the solicitation.
of documentsnot listedin the OODISS
solicitation.

The followingdocuments form a part of
herein. Unlessotherwisespecified,the
adoptedare thoselistedin the.issueof
Unlessotherwisespecified,the issues
are the issuesof the documentsin the

UNITEDSTATESCOWITTEE ON EXTENSIONTO THE STANDARDATMOSPHERE(COESA)

U.S. StandardAtmosphere

AKEAICANSOCIETYFOR TESTINGAMl MATERIALS(ASTM)

TestMethodE399-83 - Test for PlaneStrainFractureToughnessof Me-
tallic Materials

(Non-Governmentstandards and otherpublicationsare normally available
from the organizationsthat prepareor distributethe documents. These
documentsalsomay be availablein or throughlibrariesor otherinformational
services.)

2.3 0~ ecedene. In the eventof a conflictbetweenthe text of
this’doimaientand the references‘citedherein,the text of this docvmenttakes
precedence.Nofiisigin this document,however,supersedesapplicablelaws and
regulationsunlessa specificexeniptionhas beenobtained.

3. P.EQU1A331ENTS

3.j p o~ oereq. The structural
performancerequirements of’ this specificationreflect operationaland
maintenancerequirementsof the guidedmissile and.are statedin terms”of
parafnetervaluesand conditions(3.2),asi@technicalrequi~nts (3.3through
3.8). The airframeshallhave sufficientstructuralintegrity‘tomeet these
requirements,Separately.and in attairiableco@.nations. Demonstrationof:
compliance.with eachrequirementof this specificationshall,beverifiedW an
integratedprogramconsiktiig,of designenalyses,lhratori md gro~d tes~ i
structuraldemonstrationtestsand data documentationas’specifiedin k.2.

3.1.1 f4issileand launch Platforminteif e c rsatlbll
.. ity. The missile

contractorshall coordinatewith the laun% p%foz?n contractor(s)and
together shall perform analysisand tests necessary to ensurethat the

3
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structural perfornmnceof the missile is compatible with the launchplat-
form(s)throughout theircommon operationalenvelopesas specifiedin the
systemspecification. The required structuralintegrityanalyses and tests
shallbe proposedby the missilecontractorand approvedby the contracting
activitypriorto use in structuraldesign.

The requiredanalyses,tests, and documentationshal1 be consistentwith the
missile and launchplatform(s) interfaceand may include,but are not 1imited
to the followingareas:

a. structuralcaptiveflightloads
b. missilelaunchdynamicresponseloads
c. missiledynamicresponseloadsdue to separationof an adjscentstore
d. stressand fatigue
e. aircrafthissileaeroelasticstability
f. vibrationand.aeroacousticenvironments
g. catapultand arrestedlandingtests
h. fieldlanding,taxiing,and take-offtests
i. aircraft/missilegroundvibrationmodaltests
j. aircraft/missileflightfluttertests
k. aircraft/missileflightloadstests

-For the airbornecarriedmissile,the requirementsof MIL-A-8591 shall;bemet
and the aircraft/storescertificationproceduresof MIL-STD-1763shall be
followed.

3.2 ~ amete d itions. The airframeshallhave sufficient
.structrmalintegrityto meet the requiredoperationaland maintenancecapabil-
-ities reflectedin the general parametersand conditionsof the following
subparagraphsand,attainablecombinationsof theseparametersand conditions.
These parameters and conditions are to be used -in -conjunctionwith the
detailedrequirementscontainedin 3.3 through3.8.

.3.2.1 J&”t load Unlessotherwise specified,load “factorsand load
formulasnotedlin’anys~ortionof this specificationrepresantlii.itloads.

3.2.2 ~ht load facto~ . The free-flight loadfactorsused for
structmal designshallbe.the maximumand minimuniload factorsattainablefor
flight use consnansuratawith the attainablecombinationsof load factors
includingintermediateloadfactors,grossweights”,speeds,altitudes,thrust,
and ratesof displacementsof controlsurfaces.

3.2.3. ~~a f era i
. . The maximum

designtioseweight,flightdesigngross wei~hts,“&ndCG pos%i;ns shallbe as’
spacified by the contractingactivity. In addition,the followingProviSions’
shallapply.

a. The designgrossweightsshail be ali grossweighta, fromthe masimum
designgrossweightto the minimumflyinggrossweight.

b. The weight distributions&hall includeall distributionsthat are
critical as definedby all possiblearrangementsof variable”andremovable

.
-.
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items, for whichprovisions are required, and for all combinationsof
remainingfuel.

C. For air launched missilesduring captive flight,the CG Positions
employedfor designshallbe in accordancewith the provisionsof HIL-A-
8591.

d. For free-flight,the CG positionsemployedfor designshallincludea
tolerancebeyond the actualmaximum-forwardand maximum-aftpaitions for
the gross weightsof 3.2.3a. This tolerance shallbe 1,5 percentof mean
aerodynamicchordor 15 percentof the distancebetweenthe actualmeximum-
forward and actualmaximum-aftCG positions,whicheveris greater. This
toleranceshallbe appliedso”asto move the designCG rangeforwardof the
actualmaximum-forwardpositionand aft of the actualmaximum-aftposition.

3.2.4 Atmosphericcharacteristics.The atmosphericcharacteristicsused
for the determinationof loadsshall be in accordancewith the COESAU.S.
StandardAtmosphere.

3.2.5 Airload distributions.The distributionsof the airloads used in
the structural designshallbe thoee distributionsdetermined-bythe use of
acceptableanalyticalmethods, wind tunneltests,and aerodynamicdata which
are demonstratedto be applicable end approvedby the contractint3aCtivitY.
Thesedata shall includethe effects of Mach number, deformationof the
surfacedue to aeroelasticityend thermoplasticeffects,and nonlineareffects
suchas buffet.

3.2.6 Positions of aerodvnamc surfaces The positionsof aerodynamic
surfacesfor the flightloadingconditionsof”thisspecificationshall be the
end attainableby all adjustments,includingthe maximumallowabletolerances
specified for fabricationand assemblyof the missile,and all critical
intermediatepositions.

3.2.7 &ir speeds. The air speedsemployedfor designshallbe the maximum
speeds specifiedforboth captive flightandfree-flight and SIIYattainable
lesseror intermediateair speeds.

3.2.8 Altitudes. The altitudes used for design shallbe all altitudes
from-sealevel to thosealtitudesat whichlimit-equivalentair speedand MSCh
numberere maximum.

3.2.9 -. The’thrustfor the conditionsof thisspecificationshall
‘beal1 valuesfrcmthe minimumto the m&mum attainablecommansiratewith the
p~pulsive systemused.

3.2.10 Balanceof f~. For conditionsforwhichparameters.or values
of, parametersare not completelyspecified to the.extent.necessaryfor the
missile and ‘its”’componentsto be in completetrtilational “and‘rotational
equilibriinn,additionalforceswhich are”deter?iiinedby a rational
which”“&-eapprovedby the contractingactivityshallba assumed
manner such that the accelerationof the missile’scomponent
balancedby externallyappliedforces.‘

methodend
toact ina
masses are

5
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3.2.11 ~~ critria. The designof the missileshallprovide for the
cumulativeheating effectfromthe internaland externalthermalenvironment
as definedin 3.2.11.1end 3.2.11.2.

3.2.11.1 Jnt rnal thermalenvironment. The designof the missileshall
providefor the ;eatingeffectsfrom internalareasof the missile,suchas
but not 1iinitedto the propulsionand electronicssystemsduringall phasesof
maintenanceend operationaluse.

3.2.11,2 &ternal thermalenvironment. The designof the missileshall
providefor the heatingeffectsfrom externalareasof the missile,such as
but not limitedto aerodynamicheatingend operation in ambientatmospheres
consistentwith both the coldend hot atmosphere-verses-altituderelationship
definedin MIL-STD-21Oextrapolatedto coveroperationalaltitudes.

3.2.12Deformations. The cumulativeaffects of elastic,-permanentor
thermaldefonnations,actingsinglyor together,whichresult fromapplication
of designtemperatures,fatigue:loads,end yieldloadsshall not:

a..Inhibit’or degradethe mechanical operationof the missileor of the
‘aerodynamiccharacteristicsof we launchplatform.

‘.b. Adversely affeet :themissile’saerodyimic characteristicsor the
.aerodynamiccharacteristicsof we launchplatform.

c. Requirerepairor replacementof,parts.

3.2.13 L a~Q . The externalload end
temperaturedistributionsshallincludethe effectsof aeroeleaticend ther-
moplasticstructuraldeformations.

3.2.14 ~ esponse. The magnitudes end:distributionsof loads
shallincludethe effects-ofthe dynamicresponseof.the structureresulting
from the transientor suddenapplicationo.floads.

3.3 pesim loadscrlt~ end 1 eda. . Structural“designloadscriteriaend
loads shallbe establishedfor &e &ructural loadingconditionsof the
‘followingsubparagraphsas well as in conjunctionwith‘thegeneralparameters
end conditionsof 3.2. Specific detail Structuralloading reWireMSnts~
except as otherwise specifiedby the contractingactivity, shallbe as,
proposedby the contractorendapprovedby thecontracting activitypriorto
use”in the design.

3.3.1 &usdlirw loads.Handling loadsfor the usipackagedmissile sbdl
include all loadsrequiredto meet operationaluse and maintenancerequire-
mentsad shallincorporatethe followinglimitload factors:

a. For hoisting,a Iti”tload factorof “2.O actinj tt&otight& center,of ~
gravitywithina 20 degreecone aroundthe hoistingaxis.

b. For jacking,the limitload factorsof 2.0 vertical,0.50 foreend aft,
end 0.50 lateral.

,..
. .
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c. For cradlingand handling the limitload factorshallbe 2.5 in all
directions.

3.3.2 l’ransportationloads. Transportationloadsshallinclude, but not
be limitedto thoseimposed due to railroad transportation,trucktranspor-
tation,air transportation.shoreto ship transfer,and ship to shiptransfer.
Staticand transienttransportationloadsassociatedwith eachtransportation
mode, which shallincludeloads inducedby pressure altitudechangesduring
transportation,shallbe evaluatedand submittedto the contractingactivity
for acceptance.The vibrationenvironmentencounteredby the vehiclein each
transportationmode shallbe evaluated,submittedto the contractingactivity
for acceptance,and includedin the determinationof fatigueloads.

3.3.3 LaunchD1atform interface loads. Launch platforminterfaceloads
shal1 include.s11 loadstransmittedto the missilewhile retained on the
launch“platform.Analysisshall be made by the contractorbased on criteria
acceptableto the contractingactivitywhich definestheselauncher imposed
loadsand shallincludethe following:

3.3.3.1 Groundand shiv launchedmissiles, For groundand shiplaunched
missiles,the followinginterfaceloadsourcesshal1 be evaluated.

a. Steady-statesurfacewind and gust loadsshall be in accordancewith
!!IL-STD-210 for a lifeexpectancyas specifiedby the contractingactivity.
Surface.wind vortexshedding loads end induced oscillationsshall be
defined. Shipboardsteady state-surfacewindsshallbe not lessthan 60
knots in all directions.

b. Shipboardloads shallincludethose imposeddue to shipvibration as
specified in MIL-STD-167and for near-miss shock inputs. The various
shipboardlocationswhere.the missileis normallypositionedduringservice
operationsshallbe includedin determiningthe imposedloads.

3.3.3.2 Bir-launched
. .

mlssllea. For air-launchedmissiles, the following
interfaceload sourcesshallbe evaluated.

,.

a. Captiveflight loadsare to be basedon applicablecarrier-aircraft
taxiing, take-off/catapulting, maneuvering, landinghrres$ad-landing,
separation of adjscent stores,.gun fire, and carrier aircraftengine
inducedaeroacousticloadconditions(includingwhen the carrieraircraft
is. in launchpositionon shipboardcatapultwith the jet blastdeflector
(JBD) raised,aid when behindthe‘raisedJBD in positionfor next launch.

b. Unlessotherwise’s@cified by the con&cactingactivity;missile/c”arrier-
aircraftaerodynamicand inertia interfaceloadsshallbe governed by the
provisions of MIL-A-8591.Aerodynamicand inertia.loads ehallbe deter-
mined from specificallyapplicabledata. If suchdata are not avail~le
dukihg’prelimti~ desigri,MIL-A-8591may be’ used’h. ‘conjunctionwith
aerodynamiccoefficientand inetiiaload factor
aircraft/missilecombinations.“ However,’final
loadsshallbe fromspecificallyapplicabledata.

data of similarcarrier-
aerodynamicand inertia

7
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Launchingloadsare to be basedon tbe most critical flightconditions
the launchaircraft.

Combinedjet-blast and overdeck windsfor captiveflight on carrier
basedaircraftshallbe not lessthan 100 knotsin all directions.

3.3.4 Launching10ads. An analysisof launchingloads,appropriateto the
type of launchsystemused,shallincludebut not be limitedto the effectsof
ejector impulseand tolerances,rail launchloads,static firingloads,and
propulsionsystemloads.

3,3.5 @ns~ a i~htload , An evaluationshallbe
made of the loadingconditionsfor eventsoccuiringduringthe transitionfrom
the launch phaseto the free-flightphaseof flight. An-analysisof transi-
tion loadsshallinclude,but not be limitedto the effectsof:

a. Flightsurface deploymentincludingotherdeployable surfacessuchas
air scoops.

b. Staging and separation transient loading,including vibration and
shock,occurringduringthe stagingand separatingsequence.

3.3.6 Fre flightloads, An analysisof the loadingconditionsduringthe
free-flightp;~seof flightshallinclude,but not ha limitedto the follow-
ing:

a. Maneuveringloads. The parameters defining the design maneuvering
conditions shallincludeall thosenecessaryto providelimitstrengthfor
khe intendedmissions of the missile. Both steady-stateand dynamic
maneuversfor the prescribed missionshall:beincludedin determiningthe
maneuvering‘loadsincluding the effectsof launching and mid-cotisephase
errors. The effeetof cyclicor repeatedmaneuveringloads and the effect
of loadreversal-dueto missileroll shallbe included. I

b. Gust loads. The gust loadsshall be those applicable”to the -design
operational f1ight plan at appropriatespeeds and altitudes. Unless
otherwise“specifiedby the contractingactivity,the type of gustenalysis,
shal1 be proposed by “thecontractorand shal1 be acceptableto the,con-
tractingactivity.

c. combinedgust and maneuverloads. Strengthshall be providedfor
statisticalccknbinationsof maietiverand gust loads. These combined
conditionsshall.applyto all phases,of missiletrajectory. I

d. Wind shear ‘loads. All miesileshaving verticalor .neailyvertical
flight paths, or portions thereof,shall be providedwith strengthto
sustain ‘windshearloads. @erational typ@missiless@l witis!=d sh?er
loadingsresultingfrom wind profiles’atteirkble1‘percentof the time.
The contractorshall includeshearlayerthicknessescorrespondingto the
critical missilecharacteristics.Gust and wind shear effectsshallact
additivelyin proportionsconsistentwith altitudevariations. ~~

I
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e. Controlsystemloads. The load investigationshallinclude the effects
of weight,inertia,controlstops,accelerations,and dynamicovershoot.

f. Fuel-sloshloads. The load investigationshall includethe pressures
snd dynamicresponseassociatedwith fuel-sloshand fuel-surgeloads.

g. Internalpressures.The pressuresresultingfrom the maximumanticipat-
ed ratesof changeof speedand altitudeshallbe established.

3,3.7 Recoverv10ads. An analysisof the recoveryconditions,if appli-
cable,shal1 be made to determine the recoveryloads. The recovery system
shall pennitrecoveryof the missile or sectionsthereofwithminimumdamage
as requiredin the detailspacification.

3.3.8 Pressurevesselloads. AO analysis of pressurevessels shallbe
made to establish the designnominal operating pressureand the maximum
expectedoperatingpressure(MEOP) loads. Upperand lower noininaloperating
pressurebounds shal1 h establishedin a rationalmanner when a rangeof
pressureis possiblefor a particulars-cture. AM pressurevesselsshall
withstand the maximumpressuresattainableas limitedonlyby pressurerelief
devices or the capacitiesof the pressure systems,whicheven is less, in
combinationwith the conditionsspecifiedin 3.2.11.

3.3.8.1 Nominal ODeratin~ messure. The range of nominal operating
pressures shallbe establishedby takinginto accountapplicablecombinations
of the f01lowingitems:

a. The maximum range of temperatures thatwil1 be encounteredin all
operatingconditions.

b. The critical temperaturelimitsspecifiedfor the particularoperating
conditions.

c. Fuelingand storingconditions.
d. Propellantloading’pressures.
e. The vapor.pressureof the vesselcontents.
f. The effectsof headpressure,staticand dynamic.
g. Atmosphericpressureat altitude.
h. Operatingtoleranceson pressureregulators,valves,instrumentation.
i. Instrumentationerror.

3.3.8.2 Heximumexbected oDeratinzDreseure’(llEOP)-. The MEOP shallbe
establishedas the maximuinnominaloperatingpreseureplus applicable”combina-
tionsof maximumtransient‘pressuresincludinghydraulicshock.

3..3.8.3 Pressurevessel servin~ D lmarv tructuree. Designloading
conditions for pressureves~elsservin~as=pr& structures(sudsas rocket
“motorsandfuel tanks)shallbe.establishedad shallbe ‘themaxi@niforcesor’ .‘’
combinationsof forcesresultingfrom:

a. The static,vibratory,thermal,and r&ated ext&nal loadingconditions
specifiedherein.

9
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b. The minjmumnominaloperatingpressurewhen pressureincreasestie load
carryingcapabilityof the structure.

c. The maxjnwmnominaloperatingpressurewhen pressuredecreasesthe load
carryingcapabilityof the structure.

d. The MEOP.

3.3.9 Ove~ ds. Overpressure,
thermal,and gustr~pmse lo~drequirementsshallbe as specified by the
contractingactivityin the detailedspecification.

3.4 i!ibratiw. Construction,materials,and designshallbe such that
therewill be no ‘airframefatiguefailuresresultingfrom structuraldynamic
responses inducedby aeroacoustic,mechanical, structural,or other oscil-
latoryloadings. The requirementsof 3.4.1through3.4.3shallapply;through-
out the designrange of altitudes,speeds,maneuvers,weights, fuel:content,
thermalconditions,and”otherloadingconditions and configurationvariables
for tie servicelifeof the missile.

3!4.1g!. The designof the missileshallbe
demonstrateblyfree -fromfatigue‘failuresresultingfrom structural:dynamic
responses (vibrations)inducedby the oscillatoryloadingsof 3.b.l.P-.for%he
servicelife of 3.6.1. The design of the missileshall also satiefy the
“designfactorsand fail-saferequirementsof 3.4.1.2and 3.4.1.3respectively.
and the durabilityand damagetolerancerequirementsof 3.6 and 3.7 respec-
tively.

.3.4.1.1Oscillator loam sourcea. Structuraloscillatoryresponsestie
causedby aeroacousticenergyor mechanicalenergytransmittedthrougheither
an air’media (airborne)or solid media [structuralborne). Oscillatory
loadingenvironmentsinclude,but are not limitedto, thoseresulting<from:

.a.All sourcesthatmay be associatedwith the propulsion systemsuchas
-rocket/jetexhaust turbulencenoise, compreiisoror fan noise,combustion
noise, nozzleinstabilitynoise, inletinstabilitynoise,and vectored
thrustpropulsion.

b. All noiseof aerodynamicoriginthat may be associatedwitk.unsteady
flow operation suchas boundarylayer pressurefluctuation,wake noise,
cavity noise, base pressure fluctuation,oscillatingshocks,and shed’
vortices.

c. All
loading
Slosh.

3.’4.1.2

mechanicallyinduced phenomena such as launch.platforminduced
and launching forcee,unbalance of rotary components;and fuel

factors.,The inissileshallmeet the“followingdesign
require~nts:

a. Design”factorsfor oscillatoryloads: The structure and structural
componentsshallbe designed with a designfactorsof 1.S on aeroacoustic
pressuresand on oscillatoryacceleration,G or Gnne. .

10
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b. Damping: The total (aerodynamicPlus structural) damping coefficient,
g, for any significantairframedynamicresponse mode shallbe not less
than threepercent(g = 0.03).

3.4.1.3 F~y , The designof the missileshall
providemultiple loadpath fail-safe featuresto eliminatecritical single
failuresor, as a minimum,the design shallprovidea safe life of critical
elements. In the eventof unexpectedfatigue failureor partialfailureof a
principal structuralelement resultingfrom oscillatoryloadings, at least
limitstrengthrequiredfor f1ight loadsshallremain.

3.h.2 ~ viro ent. Techniquesto mininize excessiveoscilla-
tionsshallbe appliedin the earlydesignstages. Such techniquesinclude,
but are not limitedto relocationof oscillatoryload sources,isolationfrom
the oscillatoryload,changing the structuralstiffnesslocallyto detuneit
from the known frequency spectrumof the oscillatoryloads, avoidanceof
cavitiesand projectionswhich producelocalhigh-intensityturbulence,and
the use of dampingmaterials.

3.b.3 Comoonent suwort structure. The designof missile component
supportstructureshallbe suchas to preventexcessive oscillatoryresponse
of componentsdue to amplificationof structuralresponsesof the support
structure.

3.5 Desirestr n~th. The sticture shallhave sufficientstrengthsuch
thatmaterialyieldeallowablestresseswill not be exceededat yieldloadsand
materialultimateallowablestresses will notbe exceededat ultimateloads.
For repeatedloadand fatigueconditions,strengthshallbe providedsuchthat
the fatiguelife of the structure will equalor exceedthe specified life;
includingspecifiedscatterfactors.

3.5.1 Nissileconstruction. Unlessotherwisespecifiedby the contractiiw
activity;the missileconstructionshallconfonn to the material,nianufaotur-
ing, and processrequirementsof SD-24Volume1.

3.5.2 pr P tl of materials for desien strength.o er “es The selectionof
material physical propertiesused in structuraldesignshal1 include a
consideration of all factors whichaffect the allowablestrength. Such
factorsinclude,but’axe not limitedto the‘following:

a. Manufacturingprocesses.

1. For.metallicmaterials,the allowablestreesesused in the.design
shallnot exceedthose applicableto “thegraindirections.resulting
from fabrication..so far as is practical,structuralmembersshallbe
so designedthat the directionsof the criticalstressesare favorably

,,related to.the directionof the grainresultingfrom forging,rOlliSW,
extruding’,and otherfabricationprocesses.“.

b. The natureof static,transient,fatigue,and shockloadsaswell as the
effectsof sustiinedvibrationand repeatedloads.

c. Stressconcentrationareas.

11
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d. Operatingenvironmentsconsistentwith overallplannedusage.
e. Effectsof operatingenvironmenton residualphysicalproperties.

f. C~n~ideratiOn~ of reductionsof material strength,shall includethe
effectsof expectedlongtfie,short-the, and repeatedexposureto elevated
temperaturesand to chemicalsin combinationwith otherapplicabledesign
loads. Applicableeffects shallalso include creep,thermal expansion,
joint-fastener relaxation,elevated-temperaturefatigue, and moisture
absorption.

3.5.3 Metallicmaterials. The propertiesof metallicmaterials shallbe
commensuratewith the operationalend maintenancecapebility requiredof the
airframe.

3.5.3.1 pesiendata and allowable materialsDroDertieS.‘Design dataand
propertiesof metallicmaterialsshallbe obtainedfromthe followingsources,
or fromothersourcessubjectto acceptanceby the contractingactivity.

a. The “A” and “S” values of MIL-HDBK-5 shall be used in the design of
structural componentswhose failurewould result in the lossof the
missile,whose failure duringcaptiveflightwouldresultin damageto or
in the loss of the launchingvehicle,or in the 10Ssof launchingvehicle
controlwithinthe meaningof 3.2.12. Thesevaluesshallalso be used~for
designof structuralcomponentsnot subjectedto structuraltests. Where
both “A” and “S” valuesexistand differ,the leastvalueshallbe used.

b. The “B”valuesof MIL-HDBK-5may be used,subjectto the approvalof the
contractingactivity, for the design of multipleload path structural
componentswherethe redistributionof loadsdue to failureof a loadpath
does not resultin airframe catastrophicfailure,loss of controlof the
missile,or otherwisean incompletemission.

Minimumguaranteedproperties obtainedfrom the handbookshal1 be used for
designpurposes. For the substantiationof structuralintegrityby analytical
calculations,the.nominal thicknessof materialshal1 be.used, exceptfor
mechanicallY or chemicallY milledpressure vesselswherethe designthickness
shallbe the minhun thickness. The nominalthicknessshall be the average
betweentolerances.

When new materialsare proposedforuse in the design,designdata and proper-
ties otherthan thosecontainedin MIL-HDEK-5shallbe developedas necessary
accordingto a materialcharacterizationend designallowble Plan. This plan
shallbe in accordancewith the guidelinespresentedin Chapter9 of MIL-HDBK-
5 or. as specified by the ~contractingactivity.,Where it is necessaryto
developdata and propertiesfor metallicmaterials,the testmaterials and
:processesshallbe thoseintendedfor use in productionmissiles,

3.5.4 .~s. .Nonmetallicmaterialsshallbe selectedand
used in compliancewith the followingrequirements. Whenevermaterialsare
proposedfor which only a 1imitedamountof data is available,the contractor
shal1 providethe contractingactivitywith sufficientbackgrounddata so that
a determinationof the suitabilityof.the materialcan be made. .

.
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a. Unlessotherwisespecifiedby the contractingactivity,designdataand
properties for plastics and glass fiber reinforcedplastics shall be
obtainedfrom MIL-HDBK-17B (Volume1) or fromothersourcessubjectto the
approvalby the contractingactivity. The materialacquisition,qualifica-
tion,and processspecificationsshallbe in accordancewith the procedures
of MIL-STD-1587(section5.2.1.4.2).

b. Designdata and properties otherthanthose containedin MIL-HDBK-17B
(Volume1) shall be developedas necessaryaccordingto a materialcharac-
terizationand designallowablePlan. This plan shallbe in accordance
with the guidelinesof MIL-HDBK-17B (Volume 1) or as specifiedby the
contractingactivity. Where it is necessaryto developdataend properties
for non-metallicmaterials,the testmaterialsand processesshallbe those
intendedfor use in productionmissiles.

3.5.5 Marginsof safety. Marginsof safetyshallbe positiveand shallbe
determined at yieldand ultimate allowablelevels,when appropriate,at the
temperaturesexpectedfor all criticalconditions.

3.5.5.1 fhnzinsof safetvfor castings.

a. Requirementsfor the use, classification,and inspectionof castingsis
containedin SD-24Volume1.

b. The margins of safety for class 1 castings,consideringS property
values,shallbe not less than+0.33and for class4 castingsshallbe not
less than +2.00 unlessa lower value, acceptableto the contracting
activity,can be substantiatedempirically.

c. Fittingfactors.shallnot be used in conjunctionwith castingmarginsof
safetyeven thougha part of the castingfunctionsas a fitting.

d. At leastone ultimate statictest shall be conductedfor all class1
castings.

3.5,6pesissnstrensthfactQ2Xi.

3.5.6.1 Fact02% of safe&y.

3.5’.6,1.1yield factorsof safety. Except for loading conditionsfor
which specific‘yieldloadsare delineated,the.yield loadsare obtained by
multiplyinglimitloadsby the.yield factorof safety. No Pe=ent deforn=-
,tion shallremain after.application.and removalof ,yield loads. Unless
otherwise specifiedby the contacting activity,the followingyieldfactors
of safetyapply:

a..1..15for.captive’,flight,launching,ejection,jettieon,tid.fixii.alfree
flight conditions. Initialfree flightconditions shallbe definedae
within 5 secondsafterseparationfromthe launchplatfotilauncheror 250
feetclearof the launchplatform/launcher,whicheveryieldsthe greater
distance.

13
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b. 1.00 for free flightconditionsother
conditionof 3.5.6.l.la.

than the initial freeflight

c. 1.15for transportation,handling,and othernon-f1ight conditions.

3.5.6.1.2 lt” at~y . Exceptfor loadingconditions for
which specificultimateloadsare delineated,the ultimateloadsare obtained
by multiplyingthe limitloadsby the ultimatefactore of safety. Failure
shal1 not occurat the design ultimateload. Unless otherwisespecifiedby
the contractingactivity,the followingultimatefactorsof safetyapply:

a. 1.50 for captivef1ight,launching,ejection,jettison,and initialfree
flightconditions. Initialfree flightconditionsshall ‘beas definedin
3,5.6.l.la.

b. 1.25 for free flight conditionsother ti,enthe initialfree flight
conditionof 3.5.6.1:la.

c. 1.50for trensyrtation,handling,end othernon-flightconditions.

d. In certain specialcases,an ultimatefactorof safetyof greaterthen
1.50maY be specified for considerationof addedsafety, strength,rigid-
ity,qualityassurance,and wear.

3.5.6.2 I?K&l ev 1 tors.

3.5.6.2.1 EToofmeseurization factor~, Exceptfor conditions forwhich
specificproof pressures are delineated,the proof pressure(at operating
temperature) for pressurevessels shall be determined by multiplyingthe
nominal operating pressure by the proof pressurizationfactor,-PIUS<the
difference betweennominal operatingpressure and the MEOP. For pressure
vessels serving as primary structure,the proof pressure (at operating
temperature) shallbe determinedby multiplying-the MFx3Pby the proofpressur-
izationfactor. Pressurevesselsshall not yield at the designproofpres-
&.ure.Unlessotherwise specifiedby the contractingactivity, the following
proofpressurizationfactorsapply:

a. 1.2 for pneumaticvessels, hermeticallysealed units,end.linesand
fittings.when non-hazardousto personnel.

a. 1.5 for.pneumaticvessels, hermeticallysealed units,and linesend
fittingswhen hazardousto personnel. I

c. 1.1 for solidrocketmotorcasesend gas generators.

Unlessotherwise specifiedby thecontracting activity,hazardous’conditions
exist.when pressurizationocws at qny ti@eup @ ‘and duripg,tieinitial.
free-flightconditionss~cified in 3.5.6.1.la.

3.5.6.2.2 ~ ctor . Exceptfor conditions for which
specific burst pressures are delineated,the burstpressure (atoperating
temperature) shallbe determinedby multiplyingthe nominaloperatingpressure ‘“’
by tie burstpressurizationfactor, plus the difference betweenthe nominal

. .
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workingpressureand the MEOP. Pressurevesselsshallnot failat the design
burstpressure. Unless otherwisespecifiedby the contractingactivity,the
followingburstpressurizationfactorsapply:

I a. 1.33for pneumaticvessels, hermeticallysealedunits, and lines and
fittingswhen non-hazardousto personnel.

I b. 2.0 for pneumaticvessels, hermeticallysealed units,and linesand
fittingswhenhazardousto personnel.

I c. 1.5 for solidrocketmotorcasesand gas generators.

Unlessotherwise specifiedby the contractingactivity,hazardousconditions
exist when pressurizationoccursat’any time up to and during.the initial
free-flightconditionsspecifiedin 3.5.6.1.la.

3.5.6.3 Otherfactors. Otherfactors shall be used to accountfor
structuralanalysis, environmental,and materialuncertaintieswhichare not
amenableto rationalapproaches.

a. Fittingfactor: For each fittingand attachmentwhosestrengthsare not
provenby ltiitand ultimateloadtests, in whichactualstressconditions
are simulatedin the fittingand surroundingstructure,the stressfitting
factorshallbe not lessthan 1.15.

b. Bearing factor: When a bolted jointwith clearance (freefit) is
subjected to relative rotationunder 1imitload or shock and vibration
loads,the stressbearingfactorshallbe not lessthan 2.0.

I c. Bucklingfactor: A bucklingfactorof 1.5 shall be used on all compo-
nentsloadedin a mannerthat can producestructuralinstability.

3.6 Durability.The designand constructionof the airframestructureand
the selectionof materialsto be used shallinclude provisionfor durability.
The repeatedloadsenvironmentshallnot causefailureor permanentdeforma-
tion of any pertof the missile,interferewith itsmechanicaloperation,or
affectits aerodynamiccharacteristics.Further,the designshallnot require
repair.,inspection,,or replacementof components otherthan as specifically
approved by the contractingactivity. The aboverequirementsapplyto the
planned service life of the ‘missilefor the repeatedloads environment
resultingfrainthe requirementsof the followings.ubperagraphs.

3.6.1 ~. The servicelifeshallbe the totallifeexpectamx
of the missile..The,setiicelifestartsat the completionof assembly of the
missileand ‘continuest.hiough,as”applicable,all acceptancetest@, hen:
dling,storage,transportation,captivecarriage(forgroundand shiplaunched
missiles), captiveflight.(for air la~ched missiles), carriersuitability
(for “air‘launched‘missilesrnousitedon c~iei L@ed air.$iaft),latich;: ~‘
ejection,free-flight, and refurbishment,reiesting,‘ad reusethat maY be
requiredor specifiedfor the missile. The setiicelife of the missileshall”
not be lessthan thatspecifiedby the contractingactivity.

,.
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a. Unlessotherwisespecifiedby the contractingactivity,the service1ife
for air-launchedmissilesshallbe not lessthan:

1. 300 hoursof captiveflight.
I

2. 100 catapultlaunchesand arrestedlandingsfor missilesmountedon
carrierbasedaircraft.

3. 100 tekeoffs, landings,and taxiing(powerspectral density(PSD)
taxi analysesshall be performed) includingother groundconditions
suchas braking and turningfor missilesmounted on lendbased air-
craft.

3.6.2 Fatisuesrxctra. The missileusagespectrafor analysisend test
shall include repeated loads from all types of anticipatedoperational
environmentsand shallbe supplemented,as required, to ensure that each
missile componentis designedend testedto the proper repeatedloadings.
Considerationshallbe givento“theeffectsof loadsequence,loadtruncation,
load inducedresidualstress,and otherfactorsas appropriateto assurethat
usage spectrafor analysisand test provide the most conservative.fatigue
life. Ordering and frequency of loads withinthe usage spectra shallbe
ramdom, consistentwith missile operation,load exceedanceand occurrence
rates,end plannedservice1ife values.

3.6.2.1 ComDlience. Compliancewith 3.6.2shallbe demonstratedby the
fatigue analysisof AppendixC end the fatiguetestsof AppendixA utilizing
crack initiationas the primary‘failurecriterion. Specificallythe struc-
tural designofthe missileshallbe suchthat the usagespectra will not
cause structuraldefects (cracks,deformations,lossof modulus,delemina-
tions,disbonds,etc.).or failure,withinfourtimesservice lifebasedupon
analysisand two timesservicelifebasedupon full scaletests. If enY part
of the missile shouldfailto demonstratecompliancewith the aboverequire-
ments,that pert Shallbe redesignedand then shownby analysisand test to be
compliant. No inspectionsshallbe requiredas a function of designwithin

. two”service lifetimes. For both fatigue analysisend tests, the use of
fatigue life-enhancingmechehical processes (suchas shotpaening, roller
burnishing,etc.), otherthen‘splitsleevecoldworkingand interferencefit,
are prohibitedin demonstrationcompliance.

3.6.2.1.1&2JQ. For analysispurposes,substantiationof fatiguelife
shall be in accordancewith predictionmsthodsas approvedby the conti?cting
activ~ty. For approved interferencefit and cold.woiking enhancements,,
.fati~’eanalysis shallindiCate the missile will be free fromstructural
defectfor not lessthen one,servicelifewithoutthe benefitof interference

I
fit or coldworking.

3;6.2.1.2 =. ,Test&g ehall continuebeyondtwo times service life
;untilcatastrophicfailuie, or until fourtiinass&vice.’lifehas been Sus-
tainedby the test article. At test conclusion,the testarticleshall be
subjected to a complete destructiveteerdown inspection,includi.nsfrac-
tographicexamination,to identifyall failures. All repairsmade to the test
articleprior to two times service life,and all repairsfor cracks or
failuresconcluded to have been initiatedprior to two times servicelife, .
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shal1 be incorporatedinto all forward and retrofit productionmissiles,
providedthe repairs have demonstratedcomplianceby analysis and test. For
fatigue1ife certificationof compositestructure by test,accounting for
variabilityand environmentalfactorsshal1 be relatableto and confirmableby
the results of the designdevelopmentpre-productioncomponent and static
testsof AppendixA.

3.6.3 Low freauencvvibratorvloads. The airframeshall be designedso
that low frequency(not greaterthan 60 Hz) dynamic stresses,induced by
vibratoryloadings, are belowthe endurancelimitof the materialused. When
theselow frequency vibratoryloadings are combinedwith the other v’arious
missile loadingconditions,the vibratory loadings shall not cause the
structuralfatiguelifeto be degradedfromthatwhichresultswhen separately
applyingthe othervariousloadingconditionsto the airframestructure.

3.7 pamage tolerance. The design and constructionof the airframe
structure and the selection of materialsto be used shal1 includeprovision
for damagetolerance. Damagetolerantmaterialshallbe chosenon the basis
of available, confidentdata. Damage tolerance shal1 be in addition to,
rather than in 1ieu of provisionfor adequatestructuralfatiguecharacteris-
tics,and shallserveas a meansof preventingcatastrophicstructuralfailure
aftera predefinedlimitof structuraldamagehas occurred.

3.7.1 Analysis. All areasof structuralcomponentsestablishedas primary
or criticalshal1 be analyzedusing the methodsof linearelasticfracture
mechanics, as a minimum,to identifythe characterand dimensionsof defecte
which couldgrow to critical size in time periodsas 1imitedby missile
inspection periods. Theseanalyses shallassumethe presenceof crack-like
defectsand delaminationplaced in the most unfavorableorientationwith
respect to the materialproperties and applied stxessconsistentwith the
missile loadsenvironment,and shallpredict the growthbehavior of the
chemical,thermal,and sustained and repeated-loadsenvironmentto whichthe
componentwill be subjected.

3.7.1.1 Compliance- metals. For all primary or critical structures,
crackgrowth,.sndersustainedand repeatedloadsshallnot OCCUIat a rate such
that initialflawscan reachcriticalsize at the residualstiengthre@.re-
mant load in one lifetime.of expectedserviceusage. For purposesof these
analyses,the initial flawsizeshallbe “notlessthan 0.01 inchin metals,
and at failurenot lessthan O,25inch (surfacelength). Critical fl?w sizes
shallbe determinedusing @e appropriatecriticalfracture toughnessvalues
determinedon a validstatisticalbasis in’accordancewith the proceduresof
the AS!IUTestMethodE399-83, The analysisshallidentifyplanestrain,plane
stress,‘or retiedmode condition’sat the onsetof rapid’.crack ProP?Sation,..~d
shal1 include all tiackgrowthrate’and‘critical.crackletith dateon which
the analysis was based. The effectof sheetthisjknesson fractureresistance
shal1 be proposedby ,tie contractorand submitted for acceptanceby .th~
contracting‘activity.

3.7.1.2 Compliance- composites.Demigeddructure (suchas delamination)
at or below‘tietheshold of beingcleailyvisible,‘shallbe capableof fully
compensatedultimateloadstaticallywith no damagegrowthundersustainedand ;
repeatedloads for not lessthan one service lifetime. Demonstrationof

17

Downloaded from http://www.everyspec.com



MIL-M-8856B

requirementshallbe by test,or as proposedby the contractorand specifical-
lY approved by the contractingactivity, accounting for the effects of
variabilityand environmentas relatableto and confirmableby the resultsof
the designdevelopment,pre-productioncomponent,end statictestsof Appendix

I
A.

3.8 Aeroela
. .

stic Stablllt!z.Construction,materials,and design shallbe
such that therewil1 be no flutter, buzz,divergence,aeroelastic,aero-
thennoelastic,aeroservoelastic,or otherrelatadstaticor dynamicinstabili-
ties, includingsustainedlimitamplitudeinstabilities,of the missileor of
its components.The missilestructureshallmeet the requirementsspecified
in 3.8.1through3.8.6. Theserequirementsshallapply throughoutthe design
rangeof altitudes, speeds,maneuvers,weights,fuel content,thermalcondi-
tions, maneuverswhere losses in stiffness maY occur,and other loading
conditionsand configurationvariablesfor theservicelifeof.the missile.

3.8.1 Aeroelastic stabil”ltv mamins. Analysis,wind tunneland laboratory
tests,and missile*flighttests (UPto designlimitepeeds) shalldemonstrate
that the missilemeets the following aeroelastic<stabilitydesignreWire-
mente:

.a.Speedmargin: Fifteenpercent equivalentairspeed,VE?margin On the
applicable design limitspeed envelope, bothat constant altitudeand
constantMach number,M, (seeFigurek).

b. Damping: The total (aerodynamicplus structural) dampingcoefficient,
g,-foranY criticalfluttermode shallbe at~leastthreepercent(g =0.03)
for all altitudesand flightspeeds up to-design”limit speed (seeFigure
2).

3.8.2 Berosnoelasticstability. Interactionof the controlsystemwith
the missiles&ctural -modesshall be controlledto precluda any:aeroser-
voelasticinstability. The equivalent airspeedmarginand dampingreQuire- 1
ments of 3.8.1shall be mat for all operatingstates and for the rangeof
operating temperaturesofthe control<system. In addition,for any single
flight controlsystem -feedbacklooP, the missile shallhave the stability
margins1isted belowat speedsUP to VL.

a. A gainmarginof at ‘least6dB.
b. And separately,a phasemarginof at.least*45 degrees.

“3.:8.3 Controlsurfaces. Control surfaces shallbe designed to contain
either sufficientstatic and dynamic mass balance,or sufficientbending;
timsional and rotational rigidity,or a combinationof theseMSaIISF to
precludeflutterof all criticalmodesunderall f1ightconditions.

.3.8.3.1 Mass balanc of c ntrolSurfaces. If staticmass balanceor
dyimmic mask bal~ce oreboth %e used on’contkol surfices‘to~‘Prevent*Y
aeroelasticinstability,the followingre@-raments sbIscified in 3.8.3.1.1
through3.8.3.1.4shallbe met:

I
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I~~~~
3.8.3.1.1 ~~ f lance weights. Balance weightsin control

surfaces shallbe locatedso that flutter safetyof both controlsurfaceand
main surfaceare assured. In addition,the followingshallapply:

a. Insofar as is practical,balanceweights shallbe located in regions
wheredeflectionsof criticalmode shapesare “amaximum.

I b. Wheneverpossible, balanceweights shallbe distributed so that each
thirdof the spanof each controlsurfaceshallbe staticallybalanced.

c. Balanceweights shallnot be located externallywith respectto the
planesof the controlsurface.

d. Balanceweights and actuating systemsfor controlsurfaces shallbe
designedto preventcontrolsurfacerotationsresultingfrom inertialoads
actingon the balanceweightsand actuatingsystemsdue to high accelera-
tion environments.

3.8.3.1.2 3i~iditvof balanceweightattachment. The naturalfrequencies
of the balance weights,as installed,shallbe at least twicethe highest
frequencyof the fluttermode forwhichthe balanceweightis -requiredto be
effective.

3.8.3.1.3 ~t. Balanceweightsand
adjscentsupporting structureshal1 be designed,as a minimum,to the follow-
ing conditions.

a. A limitinertialload factorof f100gand repeatedinertialloadfactor
of i60g for 500 kilocycles in a directionnormal to the planeof the
controlsurface.

I “ ““”“ ~~

b. A limitinertialloadfactorof f50gand repeatedinertialloadfactor
of f3Og for 500 kilo~cles in tie o~er two mutually perpendiculardirec-
tionsof the controlsurface.

3.8.3.1.4”Static balancetolerence. The n@nunn allowable staticun-
balanceof each controlsurface and the manufacturingtolerances(in inch-
pounds),as approved by the contracting,activity,shall be es~lished ~d
includedin all controlsurfaceassemblydrawings.

3.8.3.2 Bi~iditv and freouencv of c ntrolsurfaes. If bending,tor-.
sional, and rotationalrigiditycriteria”are used ~or~Control surfaCes to
preventany aeroelasticinstability,the followingrequirementsshallapblY:

a. The adequacy of’ control.&rface bendins, toreibrial,and rotational~.
rigidityaboutthe hinge1ine’and fremency of the actuatingsYetemshall
be ,,established.togetherwith the.maximumallowable changes in.inertia
properties(fr~ nominal) of the controlStiface.

b. The
rigidity
elements

bending, torsional,and rotationalrigidity Shallinclude the
of al1 actuating”elements,rigidityof the’structure’to whichthe
are attached;and the rigidityof the controlsurface.
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c. The actuatorsshal1 he located as closeas practicableto the control
surface and hinge to minimize the flegibility causedby comecting el-
ements.

3.8.3.3 Freevlav of control surfaces. Detaildesignshall assurethat
normal wear of components,of controlsurfaces,and actuatingsystemsshal1
not resultin valuesof freeplayexceedingthose specifiedbelowthroughout
the servicelifeof the missile.

a. For an al1-moveablecontrol surface,the totalfreeplayshall be not
greaterthan 0.10 degrees.

b. For a trailing edge controlsurface which extendsoutboard of the 75
percent spanstation of main surface,the total freeplayshall be not
greaterthan 0.13degrees.

c. For a trailingedge control surfacewhichextends outboardof the 50
percentbut inboardof the 75 percentspan stationof main surface,the
totalfreeplayshallbe not greaterthen 0,57degrees.

d. For a trailingedge controlsurfacewhich is inboardof the 50 percent
spanstation of main surface,the totalfreeplayshallbe not greaterthan
1.15degrees.

3.8.3.4 Siride-degree-of-freedom flutterof c ntrol urfaces. Single-
degree-of-freedomflutter,such as controlsurfaceb;zz,sh%l be preventedby
providingadequate controlsurface torsional and rotationalrigidity, or by
use of aerodynamicconfigurationswhichare not susceptibleto thisphenome-
non.

3.8.3.5 .&iraulicdanwers. In the eventthatmass balanceor rigidity
criteria are impracticable,hydraulicdampersmay be used for flutterpreven-
tion of control surfaces. The rigiditiesof the damper elementend the
sup~rting structureto whichthe elementsare attachedshallbe sufficiently
high to precludeloss of dampereffactivenessby structuraldeformationat the
flutterfrequencies. The freeplay of the damper shal1 be not greaterthen
applicablevaluesspecified in 3.8.3.3. The‘dampersshallbe effective to
prevent.flutter throughout the rangeof temperaturesexperiencedduring,
operationalusage.

3.8.3.6 Mnmental effects on mass DI’0~ . The designof. all
controlsurfacee shall.precludedetrimentalchanges in physicalcharacteris-
tics and mass propaities (thatis mass, staticbalance,and mass momentof
inertia) due to any natural or ~“-made environments‘.throughout,the service
lifeof.the missile. Water *sorption and water.entrapmentshallbe prevent-
ed.

3.8.k Fail-safe stability. Detaildesign “’shallprovide multipleload
pathsto eliminatecriticalsinglefailuresor, as a minimum,the designshall
providea‘ safe lifeof criticalelements to preclude”all aeroelastic‘in-
stabilities.In the eventthat a singlefailureof a multipleload design
doesoccur,the stabilitymarginsof 3.8.1shallbe met.
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3.8.5 Panel and chordwisemode flutter. External,inlet,transparencyand
other aerodynamical1y loadedpanelsshal1 be designedto precludeflutterand
sustainedlimitamplitudeinstabilities.The stiffnessand dampingproperties
of skinpanelsand supportingstructureshallbe sufficientlyhigh to preclude
panel and chordwise flutter. The effects of midplane stressescaused by
pressuredifferentialacrossthe panel,temperaturedifferentialbetweenthe
paneland the supportingstructure,~d maneuveringloadsshallbe includedin
determiningthe requiredstiffness. In addition,the localflowaerodynamics
(i.e., Mach number,dynamic pressure,flow angularity,etc) at the panel
surfaceshallbe used to establishpanelstiffnesscriteria.

3.8.6 Ran sonicaeroelasticDhenomens. Liftingsurfacesor othermissile
componentsshallbe designed to meet the equivalentairspeed margin and
damping requirementsof 3.8.1when exposedto shock inducedoscillationsor
other relatedaeroelasticinstabilityphenomenapeculiar to the transonic
flightregime.

\

21

Downloaded from http://www.everyspec.com



XIL-M-8856B

MINIMUM REQuIREDFLuTTER

\

MARGINBOUNOARYOF15PERCENT
INVcATcONSTANTMACHNUMBER

-SEA LEVEL

w\ /-FLuTTfR

]J

/

/ ,’
/

/

/ ‘v ///2=7

.Aw’’’?””VL-TYPICALLIMITSPEEDENVELOpE

0.5 1.0 1.5 2.0

M-MACHNUMBER

FIGURE 1. ~
. .

CRITICALMOOE

go L

:
0 )(1 ~ __.’

------ ----- ----- ---
0

‘,’1.’ ~ ‘..”’.

‘FLUTTER

1,ISVLMAX:REWIREOUA~l,M ‘:“.

\

FIGURE 2. n of rc~.

22

.

. .

Downloaded from http://www.everyspec.com



MIL-M-8856B

4. QUALITYASSURANCEPROVISIONS

4.1 Responsibilitv for inspection. Unless otherwisespecified in the
contract or purchaseorder,the contractoris respansiblefor the Parformance
of al1 inspectionrequirements (examinationsand tests) as specifiedherein.
Exceptas otherwisespecifiedin the contractor purchaseorder,the contrac-
tor may use his own or any other facilitiessuitablefor the performanceof
the inspectionrequirementsspecified herein,@ess disapprovedby the
Government.The Governmentreservesthe rightto perform any of the inspec-
tions set forth in this specificationwhere such inspectionsare deemed
necessaryto ensuresuppliesand servicesconformto prescribedrequirements.

4.1.1 Responkibilitvfor compliance.All itemsshallmeet all require-
mentsof section3 and 5. The inspection set forthin thisspecification
shal1 becomea ‘partof the contractor’soverallinspectionsystemor quality
program. The absenceof any inspectionrequirementsin the specification
shall not relievethe contractorof the responsibilityof assuringthat all
products or suppliessubmittedto the Governmentfor acceptancecomplywith
all requirementsof tie contract. Samplinginspection,as partof manufact-
uring operations,is an acceptable practice to ascertain conformanceto
requirements,however,thisdoes not authorizesubmissionof known defective
material,eitherindicated or actual,and does not consnittbe Governmentto
acceptdefectivematerial.

4.2 Demonstrationof comliance. Demonstrationof compliancewith each
design requirementof this specificationshallbe verified by an integrated
programconsistingof designanalysis,laboratoryand groundtesta,structural
demonstrationtestingand data documentation.

4.2.1 Laboratoryand ground tests. The static,dynamic,repeatedload,
environmental,wind tunnel,and otherlaboratoryand groundtestsrequiredfor
proofof structuraldesignshallbe as spacified in AppandtiA.

4.2.2 Structuraldemonstrationtests. Thelaunch platform captive,free
flight’;and other structuraldemonstrationtestre@iramente for proofof
structuraldesign”shallbe as specifiedin AppendixB.

4.2.3 W lvses.data.and reports. The structuralana~yses, date,and
reportsrequi~edto substantiatethe s~ctural integrity‘ofthe missileshall.
be as’specifiedin AppendixC.

4;2.3.1 Pocumen#&2n AppendixC establishesthe basic inPute and
requmsments for documen&ion of structuralintegrity.&alyses and tests’for
the guided missile.’ The contracting.‘activityacceptanceor ‘disapproval
criteriaof these.documents shallbe basedon legibility,accuracy;correct-
ness, completeness,validation,traceability,and requirementdeviation
approvals. The contracting.activityapproval of contractoranalysest.test ..”
plans”or procedures,tid’.test “’reports that incbrpoiatadeviations from
contractual1y established requirementsdoes not, in itself, constitute
approvalof the deviation.Deviationsshallbe in accordancewith 1.k.

5. PACKAGING. Thisparagraphis not applicable.tothis specification.
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6. NOTES

(Thissectioncontainsinformationof a generalor explanatorynaturethatmay
be helpful,but is not mandatory.)

6.1 Intended use. The requirementsof this specificationare intendedfor
use in esteblishing the structural performanceand verificationof guided
missiles.

6.2 Mmisition reouire. Acquisitiondocuments must specify the
fOllowing:

a. Title,number,and date of the specification.

b. Issueof DODISS to be citedin the solicitation,and if required,the
specificissueof individualdocumentsreferenced(see2.).

6.3 Rata reouirements. The ‘DataItemDescriptions(DID’s) containedin
Append& C -Table I must be listed,as applicable,on the Contract Data
RequirementList (DD Fozm 1423) when this specificationis applied-ona
contract,in orderto obtainthe data,exceptwhereIXJDFAR Supplement277475-
1 exemptsthe requirement for a DD Form 1423. The DID’s listedwere those
cleared as of the date of this soacification. The current issue ofDOD
5010.12-L,AcquisitionManagementS&ms ~d Data Re&irementsControlList
(AMSDL), must-be researchedto ensure that only current, clearedDID’sare
citedon tie DD Fozm lk23.

6.k Refinitionsof terms.
referenceherein.

6,4.1 Pcoustic environmen~.

The followingterms are definedfor use or

The acoustic environmentis the patternof
soundpreseurelevelswithtispecifiedboundaries.

6.k.2 Aeroacoustic load. The aeroacousticload is the acoustic-noise,
turbulentor separatedlmndary layerpressirefluctuations,or oscillating
shockpressuresactingon the surfaceof the structure.

6.k.3 &3r0elastlcltx
. .

. Aeroelasticityis interactionof inertial, elastic
and aerodynamicforces.

6.k.h ~stic’ fli!zhttests. Aeroelasticflight testsare the ex-
perhental meansused to “determinethe aeroelastic,including flutter,safety
of a missile..The dynamic.responsedata fromstrategicallylocatedtransduc-
ers are cwefully analyzedto ensurestabilitythroughoutthe missile1s flight
envelope..

6.b.5. P&.S.&.S.s astici . Aerose~oelasticityis the interactionof
inetiial, elastic’ad aerodjmmic forces‘and the dfiamicsof~‘the control
systemof the missile.

6.b.6 Aeroths2xooelastl
. .
City. Aerothennoelasticityis

inertial,elastic and aerodynamicforces Snd stresses
materialmechanicalpropertiesinducedby high temperature
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6.4.7 A~e. The assembledstructural
missile that support thedifferent systems
vehicle.

6.4.8 Air launch.
launcha missile.”

and aerodynamiccomponentsof a
and subsystemsintegral to the

To launchfrom an aircraft in the air, as to “air

6.4.9 Ballisticmissile. A missile designedto operateprimarily in
accordancewith the laws of ballistics, such as a self-propelledmissile
guided in the ascentof a high-arch trajectoryend freelyfalling in the
descent.

6.4.10 Booster rocket. A rocket motor,eithersolidor liquid,used to
set a vehiclein motionbeforeanotherenginetakesover.

“6.4.11 Br ad-~n . Broad-bendrandomvibrationis random
vibration havingits frequencycomponents distributedover a broadfrequehcy
band.

6.4.12 ~. Buzz is usually evidencedby a purerotationaloscillation
of a controlsurfaceor, when supportrigiditiesare suchas to restrainthe
motionof the surfacenearone end,by a torsioml winduposcillation.Buzz
can lead to damage or destructionof the surfaceeither by fatigueor by
inducinggreaterthenyieldloadswhen the emplitudeis sufficientlylarge.

6.4.13
missileis
flight.

6.&.14
marginsof

6.4.15

Captive flieht. Captiveflight is the conditionin whichthe
attachedto the aircraftand the aircraftis on the surfaceor in

Critical loadinecondition. The designloadingconditionforwhich
safetyindicatethe structuralcomponentis most likelyto fail.

Cruiseuusslle.
. . .

A groundtargetguidedmissiledesignedto operate
most of the timeat a predeterminedspeedand altitudeend derivingits lift
primarilyfromwings.

6.4.16 D~~ The abilityof the airframe to resietfailure
due to the presenceofe flaw;,cracks,or otherdamagefor a specifiedperiod
of ~epaired usage.

6.4.17.“~Pine coefficient ~. Dampingcoefficient;g, is expressed.by
theequation

g =“(1/~) l.n(Al/~):

where: “N. .=(j-i)
~ ‘ amplitudeof‘the.th~h cycle: “’
‘Aj.:amplitude.of @e, ] ,.Cycle. ‘.. .“ ., ,.,,

6.4.18 ~ Divergenceis a static aeroelasticinstabilityof a
lifting surfacethat “occurs when the structuralrestoringmcment of ‘tie
surfaceis exceeded,by the appliedaerodynamicmc+nent.
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6.k.19 Durablll
. .

ty. The ability of the airframeto resist cracking
(includingstresscorrosionand hydrogeninducedcracking), corrosion,thermal
degradation,delamination,wear, and the effectsof foreignobjectdamagefor
a specifiedperiodof tine.

6.4.20 _ive vibr-. Excessive vibrationare thosestructural
oscillatoryaccelerations,displacements,or stressesin structuralor other
components,whichresultin the componentnot beingfullyfunctional.

6.4.21 Failingload. Load at which failureoccurs,

6.4.22 ~il-safe crackerrest Stmcture. Fail-safecrackarreststructure
is structuredesignedand fabricatedsuchthatunstablerapidpropagationwill
be stoppedwithina containedarea of the structurepriorto completefailure.
Safetyis assured throughslow crackgrowthof the remainingstructure and
detectionof the damageat subsequentinspections. Strengthof the remaining
undamagedstructure will not be degradedbelow a specified levelfor the
specifiedperiodof unrepairedserviceusage.

6.4.23 tictor of safety. Factorof safetyis a multiplyingconstantthat
is appliedto the limitloadto arriveat an appropriatedesign-load.

6.4.2~ El@Xex. Flutteris a self-excitedoscillationof am aerodynamic
surfaceand its associated structurecausedby a combinationof the aero-
dynamic, inertia,and elasticcharacteristicsof the componentsinvolved. At
speedsbelowthe flutter speed,oscillationswill be damped;at the flutter
speed,oscillationwill persist with constantamplitude;and at speedsabove
the flutterspeed,oscillationswill,in most cases,diverge and resultin
damage or destructionof the surface. Flutter is a subtopicof aero-
elasticity.

6.4.25 ~cture ~
. .
tlcalstructure. Safety of flight structuralcom-

ponentsor regions.ofsafetyor flight etructtialcomponentswhichare either
sized by the requirementsof this specification(categoryI fracturecritical
parts), or could be sized by the requirementsof this.spacificationif
fracturecontrol proceduresare not employed(categoryII fracturecritical
parts).

6.4.26 ~. Free-flightis the conditionin whichthe missileis
in flightand separatedfromthe launchplatform.

6.k.2’l ed missilq. Broadly, any missile that is subjectto, or
capableof some degreeof guidance or directionafterhaving been launched,
fired, or otherwiseset in motion. ,Specifically,an unmanned,self-propelled
flightvehicle(suchas’a pilotlessaircraft)carryinga destructive‘load.and :
capableof beingdirectedor of directingitselfafterlaunchingor take-off,
responding ei~er to external direction or to direction originatingfrom
devices within the’missile.“itself. Loosely, by eitension,anY steerable”“
projectile.See ballisticmissile.

6.4.28 baunch~. Broadly,a structure,machine,”or device, includingthe
catapult, by means of which missilesare directed, hurled,or sentforth.
Specifically,a structure or device,oftenincorporatinga tube,a groupof .
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tubes,or a set of tracksfromwhich missilesare sent forthand by means of
whichthe missilesusuallY are aimedor impartedinitialguidance- distin-
guishedin this specificsensefroma catapult.

6.4.28.1 Ejection launcher. A launcherwhichprovides an initialsource
of energyto adequatelydisplacethe missilefromthe launchplatformpriorto
the initiationof the missile’sselfpropulsionsystem.

6.4.28.2 Rail launcher. A launchercontainingrailson whichthe missile
is carried,and along whichthe missiletravels after initiationof the
missile’sself-propulsionsystem.

6.4.29 Limit load. Limitload is the maximumloadwhich the airframeis
expectedto encounter.

6.k.30 Load factox. The ratioof a givenloadto the weight with which
the load is associated.If employed,a subscriptdesignates the directionof
tbe load.

6.4.30.1 @nit loador limitload factoz. A load
tablishesa strengthlevelfor missiledesign.

6.4.30.2 Ultimateloador ultimde loadfactor.
factormultipliedby an ultimatefactorof safety.

or loadfactorwhiches-

Limitloador limitload

6.4.30.3 Load amPlification factor. The ratio of loadwith aereelastic
effectsto that for a rigidstructure.

6.4.31 Marginof safety. The marginof safetyis the relativemeasureof
the materialallowable stressto the maximumworking stress. The working
stressis based on the appropriateload condition,yieldor ultimateload.
The allowablestressis basedon the materialpropertiesincludingtemperature
effects.

6.4:32 Maximumemected o~eratin~cmessure(MEOP). The mezimumexpected
operating pressureis thehighest pressureat which a pree%uie vesselis
expectedto operate, and it includesthe”effecte of temperature,transient
peaks,variationsin pressure,end vehicleacceleration.

6.k.33.~. The spatialdistributionof amplitudeand phasecheracteriz-
.ing the displaceinentpatter-xiof a vibrating body undergoing f~e ~demped.
oscillationend associatedfreaency.

6.k:34 N= ow-b%d random vibrati~. Narrow-bandrandom vibrationis
reidom.vibration having.frequencycomponentsonlywitliina neirow.”band. It
has the appearanceof a sinewavewhoseamplitudevaries.in en unpredictable
manner.,

6.b.35 Nominal”overatin~Diesiwre.‘Themeximiunpressureto which
is #.isbjectedundersteadystateconditions.

6.4.36 Octave. The intervalbetween two soundsor signalshaving
frequencyratioof two. ..
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6.4.37 ~ alvsis. An analysismade with an arrayof filters,
the centerfrequenciesof whichare separatedby one octave and the effective
bandwidthof which is one octave.

6.k.38 One-third octave.
T%+

“nterval betweentwo soundsor signals
havinga basic frequencyratioof 2 (1.26).

6.4.39 Qne-thirdoctaveband analysis. An analysismadewith an arrayof
filters,the centerfrequenciesof which are separatedby one-thirdoctaveand
the effectivebandwidthof which is one-thirdoctave.

6.b.40 wlation. Oscillation is the variation,with time, of the
magnitudeof a quantitywith respect to a specifiedreference when the mag-
nitudeis alternatelygreaterand smallerthan the reference.

6.b.41 Panel Flutter. Panel flutteris a self-excited,aeroelastic
instabilitythatmaY occurwhen a panelis exposedto a supersonicairstream.
Duringflutterthe paneloscillatesin a directionnormalto its planeand”the
amplitudeof motionusuallyincreasesuntillimitedby inplanestresses.

6.k.42 periodic. The recurrence of an oscillationat equalincrementsof
the independentvariable.

6.h.h3 power sPectral density. Power spectraldensity is the limiting
mean-squarevalue (e.g., of acceleration,velocity, displacement,pressure,
stressetc.) of a randomvariableper unitbandwidth(i.e., the limitof the
mean-squarevaluein a rectangularbandwidth dividedby the bandwidth,as the
bandwidthapproacheszero).

6.b.4k m~ s s. Pressurevesselsare definedas containersthat
must sustainan internal pressureand include solidrocket motor cases,
nozzles, thrustchambers,liquidor gas storagebottles,plumbing,tubingand
piping.

.6.k.45 Proofload. ‘lrbitiaryload,appliedto piovidetest substantiation
of strength and rigidity of a magnitudelessthan that“whichwould induce
permanentdeformationor damageto the structure.

6.6.46 vibraw. Randomvibrationis vibrationwhose instan-
taneousmagnitudeis not specifiedfor any giveninstantof time. The instan-
t~eous magnitude of a randomvibration is specifiedonly by probability
distributionfunctionsgivingthe probablefractionof the totaltiinethat“the
magnitude (or some sequenceof magnitudes)lies withina specifiedrange.
Randomvibrationscontainno periodicor quasi-peiiodicconstituents.

6.&.h7’Resbonse. The responseof a systemis the nk.tion(orotheroutput
,quantity)resultingfrom’an excitation(stimulus)underspecifiedconditions..

6.h.68 Sonic fatisue. Sonic fatigueis the material fracturecausedby
the rapidreversalof stressesin the structurewhich in turn is causedby the
fluctuatingpress~es associatedwith the acousticnoise.

-.-.
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6.4.49 Soundvressure level. The soundpressurelevel is 20 timesthe
comnonlogmithm of the ratioof the pressure of the soundto the reference
~xs~-~eN~$ is expressedin decibels,dB. For air,the referencepressureis

6.4.50.Speeds. Speedsare in knotsbasedupon the internationalnautical
mile.

I 6.4,50.1 Levelfli~btmaxiinunepeed (V“1. The &ximum speedattainablein
levelflightwithmaximumavailablethrust.

6,4.50.2 @nit speed (VL~. The maximumattainablespeed of the missile
commensuratewith the operationaluse of the missileconsideringshallowand
steepdive angles,thrust,and inadvertentupsetsfromgusts.

6.4.51 Stationary.A statisticalterm that describesa randomprocess
whosespectrumand amplitudedistributiondo not changewith time.

6.4.52 Structuralintu. Structuralintegrityis the abilityairframs
to meet structuralperformancerequirementswhich includestrength,durabil-
ity,damagetoleranceand aeroelasticstability.

6.4.53 Transducez. A devicecapableof convertingone formof energyto
another. It transducesa mechanical or physicalquantityor movementintoan
analog’signalwhichcan be transmittedto a remotelylocatedrecorder.

I 6.4,54 van sientvibration. A temporaryvibrationof a structuraldynamic
system,causedby an impulse.

6.4.55 Y/n. Vibrationis the oscillationof a body or a particle
about a point of equilibrium, A parameterthat definesthe motionof a
dynamicsystem.

1“ 6.5 Subjectterm (kev word) 1isti~.

Aeroelasticstability Missile”reports
Controlsystemtests Missilestrength
Fatiguecriteria Missile,tests
Fatigue”teste Repeatedloadtests
Groundtests statictests
Load,criteria Vibrationcriteria

!2bmes fromDre‘iousiss e Marginalnotationsare not used in this
rev!;!onto iaentify”,A;ges iithUr&pect ‘totheprevious~.issuedue to .the” .
extenk.ivenessof the changes.

Custodians: prepar~g Activity:
Navy - T@
Army - MI

“ Nati”-”~. .,.,: “ .’.: .,. .,
(PiojectNo. li10-0113)
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APPENDIXA

LABORATORYAND GROUNDTESTS

10. SCOPE

10.1 w. This appendix containsthe requirementswhich definethe
laboratoryand groundtests required for structural evaluation of guided
missiles. The typesof testinginclude,but are not limitedto:

a.
b.
c.
d.
e.
f.
g.

This

Designdevelopmenttests.
Fre-productioncomponenttests.
Statictests-completeairfrime.
Durabilitytests-completeairframe.
Leakagetestsof integralfueltanks.
Structuraldynamictests.
Prooftests for flightarticles.

appendixis a mandatory partof this spacification. The information
containedhereinis intendedfor compliance.

10.2 Pumose. The purposeof this appandtiis to definethe requirements
for laboratoryand groundstructuraltestsfor developmentend proof-of-design
of structuralintegrityof guidedmissiles.

20. APPLICABLEDOCUMENTS. This section is not applicableto this appen-
dix.

30. RXQUIRWENTS

30.1 ~. The;contractorshallftirnishtest specimensfor,performance
of testsspecified herein as modifiedand amplified by the contract or
supporting contractualdocumentation.Repairsor replacementof Partsshall
be made to test specimens as necessaryto pannitperformanceof teststo the
:sp-ecifiedloadsherein. Theserepairsor’replacementsshallbe representative”
of thoseinstalledin the flighttest articlesend productionmissilesunless,
for the convenienceof the Government,the &wernment spacificallydecides
othemise. Such.repairs or replacementsshallbe demonstratedby ‘testor
analysis as specifie.dby the Gove~nt to comply with contracttest objec,-
tives.

30.I.i ~. DSfinitionsend.symbolsare in.accordancewith 6s~.

.30.1.2 Lc.caion of tests The contractwill specifywhether.‘thetestsare
to @e parformadtatGovernmen~facilitiesor at contractorfacilities”.

.30.1.3 %est witnesses. Before.pqformins a requiredtee% the O?ntracti%’
activityrepresentativeshall-be notifiedin sufficient~t’~. SO.that he “mSY
witnessthe tast and certifyresults end observationscontainedin the test
report. men the contractingactivity.representativeis notified~ he sha?1 be
iiformed if ~e test is such that interpretationof ‘tie behaviorof the
sticture under load is likelyto require’engineeringknowledgeind experience
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so that he may provide a mal ified engineerto witnessthe testand certify
the observationsand resultsrecordedduringthe test.

30.1.4 ~ erforme the Gover ent. In the eventstructuraltests
are performedby the Government,the contractorshal1 provide testpersonnel
to act in an advisorycapacityin connectionwith the planningand execution
of the tests. The advisory persomel shall be familiar with the stress
analysisof the test structure.All loadsend analysisdata and drawingsthat
wil1 be required by the Government in the planningand parfonnanceof the
tests are specifiedin AppendtiC of this specification.The responsibility
for stoppinganY tests upon indicationsof prematurefailureand for making
necessary structuralalterationsor reinforcementsto preclude premature
failureshallrest with the contractingactivity. The contractorshall be
responsible for servicesand materialnecessaryto incorporatechangesin the
testarticleto precludeprematurefailure,and for repairsafterfailingload
tests.

30.2 Pesim develocinentand Dre-productiontests. For the initial phase
of the requiredstructuralverificationprogram,the contractorshallconduct
designdevelopmentand pre-productioncomponenttestsas specifiedherein.

30.2.1 Desiredevelopmenttests..These testsare to establish design
concepts,and to providedesign infonnation and early design validation.
Designdevelopment,static,and fatiguetestsincludebut are not limitedto:

a. Elementtestsfor:

1. Materials selection,including crackpropagation,fracturemecha-
nics,and structuralallowebles.
2. Fatiguespectxumvariationeffects.
3. Processevaluation,includingassessmentof finish.
4. Fastenerand bondingevaluation.
5. Manufacturingmethodsevaluation.

b. Structuralconfigurationdevelopmenttestsfor:

1. Splicesand joints.
2. Panels(basicsection).
3. Parielswith cutout.
4. Fittings.
,5. Critical,structural~eas which ~e difficult to an?lYze due ~0
complexityof design.

30,2.,1.1Pes” d v~ si .‘Theeetestsare’used to
establish designallo%bles, verifyanalysis’,and evaluate.’‘design’de%il?..’
Additionally,the design“developmenttestsare a pm’ of the overall struc-
tural certificationprocedure in that the test results are used.in the
interpretationof the full-scaleafiframe staticand fatiguetest results.
Designdevelopmenttestsrangein complexityfrom couvn tas~ that are used
to evaluatematerial and fastener behaviorto full-scalecomponents. Both
staticand fatigue testsare requiredin the designdevelopmenttestprogram.
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The actual numberand types of testsrequired
design. A desiredevelopmenttest Dlan shall–-

will dependupon the missile
be prepared by the contractor

I
and shallrequireapprovalby the contractingactivity.

30.2.1.2 DesiredevelonnentteStku?aDDrOaChfOr comDosites. Composite
materials exhibit a high degree of mechanical properties variability,an
inherentsensitivityto out-of-planeloads, end a multiplicityof potential
failuremodes. Therefore,a buildingblockapproach to design development
tastingis essential for composites+xuctures. The essenceof the building
blockapproachfor compositesis as follows:

Perform designalloweblestestingusing coupentype test specimens.
%ese specimensshallbe takenfroma representativepart fabricatedusing
the same -febricationprocessand similargeometryas the actual.Pert. Tha
purpose of design alloweblestesting is to establishstrength and life
parameters for structural design. In planning a design allowabletest
...progrem.it is important that sufficientnumbersof tests be conductedto
generate maeningful statisticalparameters. In general the numberof
specimens.requireddependson‘thescatterof the date. The higherthe data
scatter,the greaterthe numberof specimensrequired. The designallow-
ebles testsshouldbe plannedto developthe strengthto temperature/mois-
ture enveloparelationshipfortie fullrangeof the servicetemperatureof
the missile. Testsshouldprovidedesignalloweblesfor each failuremode
anticipated.

b. Use the design/analysisof the missile structureto selectcritical
areasfor testverification.Determinethe mast strength-criticalfailure
mode for each area selected,end establishthe test environmentwhichwill
producethis failuremode. Specialattention shouldbe given to matrix
“sensitivefailuremodes, bondlines,end out-of-planeloadings. The sen-
sitivity of compositemetrtidominatedfaihre modes to the temparature/-
moistureenvironmentmakes environmentaltest simulationa key issue An a
designdevelopmentprogrti. The approachfor statictestingshould@ such
thatthe test environmentused is the one that producee tha failuremode
whichgivesthe loweststrength. That is, the worse case environment,or
the temperatureassociatedwith the most criticalload shouldbe used. The
environmentalcomplexity necessaryfor fatiguedesign developmenttasting
will dependon the projectedload-temperatureprofiles in service end the
moisture contentas a functionof the missileusageend composite”laminate
thickness.

I
c. 06sign’and’tasta series“o,fspechiansiepresentiqgtheseareas’,eachone
to simulatea.singlefailuremode. Theseihitial .swcimens,will generally
he low complexityspecimens. Fromthis point,a seriesof specimensshould
b,e designed ~d tested .Aich simulate progressivedesign cW@ex\tY.
Prematvrefaihi’e“’orad unanticipatedfailure“tideare indicationsof flaws
in the design or hlysis end corrective”action ‘must be taken’before
proceedingto the ne~. levelof complexity.If ‘mixedfailwe modes me
obeervedin a certainspecimentype,“more testsare requiredto determine
the mcst criticalfailuramode and the associated~en strength/life.

.
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30.2.2Pre-productioncomponentdesireverificationtests. Thesetestsare
to allowearlyverificationof the static and fatiguestrengthcapabilityof
final or near-final structuraldesigns of critical structuralareas. The
pre-production componenttest programshallbe proposedby the contractorand
conductedas approvedby the contractingactivity. Thesetests shallinclude
but not be limitedto spllcesand joints, fittings,panels,assemblies and
full-scalecomponents.

30.3 Full-scaletests. The contractorshallperformtesta in accordance
with the requirementsspecified herein,as modified and amPlified by the
contractor supportingcontractualdocuments,unlessthe contractspecifies
that testswill be performedby the Government.Not lessthanthreefull-
scalelaboratory testarticlesshallbe used:one for the statictests,one
for the fatiguetests,and one for the dynamicenvfionmentaltests.

30.3.1 Seouenceoftests. The requiredstructuraltestsof thisspecifi-
cationshal1 be performedin suchsequenceand timeliness,thattests to the
minimumloadsrequiredpriorto releasefor flight,releasefor demonstration,
delivery of vehiclesfor preliminaryevaluationand trials, and serviceuse
shal1 be completed at least 30 daysprior to the scheduleddate for such
release or delivery. In particular,the structural testsshall be so se-
quenced that the flight loadssurveyand denmnstrationprogramwill not be
delayed. Test sequencingshall be such as to minimize the possibilityof
failures that would resultin damage and subsequent repairsthat would
significantlydelay completionor influencethe validityof otherrequired
structuraltests. All teststo designultinateload shallbe completedprior
to PSrforming failingloadtestsfor anY condition. In addition,loadsfor
the failingloadtest shallreflectthe data fromthe flight loadsurveysof
AppendixB, as applicable. In all cases, the test sequencingshall be
approvedby the Governmentpriorto startingthe test program. The following
conditionsshallalsoapply:

a. Repeatedloadtestsof integralfueltank structureson the testarticle
shallbe completedpriorto performing testsfor any otherconditionsto
loads whichwouldresultin permanentdeformationof the airframestruc-
ture.

b. Designultimata loadtaste for flight conditionsshall be completed
prior to perfoiming”tests for.otheithan flightconditionsto design
ultimateloadsor to maxiinumdesignloads.

c. ‘Shouldthe test program be delayed such.that fleet operationsare
scheduled.before.’criticaltestingcan M accomplished,the.contractorshall’
revisethe Sequence of testingas directedby the contractingactivityto
ensurethat criticaltestingis accomplishedin a timelymanner.

30.3.2 strenkth-teststructUres.

a. Itemssuch as fixedequipmentand usefulload and theirSUPPOrt”S.~c-
turesmaY be omittedfrom the test structtieprovidedthe omissionof these
partsdoes not significantlyaffeetthe load,stress,the-l distiibu-

33

Downloaded from http://www.everyspec.com



MIL-M-8856B

APPENDIXA

tions,or deflectionof the structureto be tested,end provided the
omittedparts wouldnot be criticallyloaded in the tests if they were
installed. All attachment holes for equipment,brackets,end otheritems
must be included.

b. Substitute parts may be used provided specific priorapproval is
obtainedfromthe contractingactivity,theyreproducethe effects of the
partsfor which they are substituted,and the structtial integrityof the
partsfor which substitutionsare made are demonstratedby supplementary
testsin a mannersatisfactoryto the contractingactivity.

c. The powerplantend accessoriesmaY be replacedby a fabricated test
:fixture that properly‘transmitsthe pewerplant loadsto the powerplant
vibrationisolators or the enginemounts, or “both, as applicable. we
means-for applyingthe loadsto this fixture(suchas, loadingrods.through
the body or enginesupportstructure)shall be determinedby the contrac-
tor. All structuralmodifications.necessa?w to acconsnodatethe loading
devices shallbe designedto assurethat the strengthand:rigiditycharac-
teristicsof the modified structurewill be equivalent to those of the
actualstructure. All suchmodificationsend test fixturedesignsshallbe
as approvedby the contractingactivity prior to fabdication. Engine
accessand servicedoorsshallbe installedand secured.

d. Paintor otherfiniehesthat do not affeet strength end rigidityor
fatiguestructural,integritymay be omitted.

e. Priorto any tests,or priorto shipping the test structuresto Govern-
ment facilitiesfor testing, a nusnberof buttock1ines, water lines,~~o
stations,and wing stationsshallbe paintedon the test“structure.
should be clearly identified and of sufficient number to facilitate
determiningall desiredreferencepoints on the airframe.

f. All mechanicalportionsof the flightcontrolsystemmust “,be ,intactand
al1 hydraulic actuatorsfor the control systemsshal1 be OPer*le. men
testsare ‘conductedat Government facilitiesend, if required, special
provisionsshallbe made to the actuatorsto pezmit externallycontrolled
operation.When externalpoweris to be utilized,any unnecessaryportions
of the normalinternalpowersystemsmay be omitted.

.g.All other actuatingsystemsshallbe externallyoperablefor teetsat
Governmentfacilities. Air-actuatedsystemsmaY be replaced by hydraulic
systems in orderto simplify testi~ procedures. The externalactua~on
;capebility may be utilizedfor testsconductedby the contractor‘iftest
operationscan be simplified.

.30.3.2.1 Use of testedDaits. Unless only proof-loadteiteare’requi~d “
end specificallY approvedby the coniractinsactivitY,Partsof the strength--

testsshallnot be “used’test~tructurewhi_chhave been subjectedto-sticttial
on a flightarticle.
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30.3.2.2 S~ ad ~. All parts of the structure,except
noncriticalparts (the loading of which has no significantinfluence on
critical parts), shal1 be loaded duringa required structuraltestprogram.
In each test condition,all parts of the structurecriticalfor the pertinent
design conditionshallbe tested and loadedsimultaneously.
formers,

@itical ribs,
end frames of each typicaldesignshall be subjected to critical

design loadingduring testingof the component in whichthese membersare
incorporated.ClassI castingswhich formPartof the primarystructureshall
have been substantiatedby prior teststo failure, and contractingactivity
approvalobtained,priorto PSrfoting the structuraltestsoutlined in this
specificat.ion.

30.3.2.3 P “t’onsoosI I f controlsvstems and controlsurfaces. Control
systemsand controlsurfacesshallbe displacedto the positionscorresponding
to the designconditions,or the most criticalpositionfor whichthe parts
are beingtested.

30.3.2.4 ~n.

30.3.2.4.1 @neral. l!hecontractorshalldeterminethe kindand amountof
test instrumentationnecessaryto comply with the test requirementsof this
specification. All required instrumentationshall be furnishedby the
contractor as contractor-furnishedequipment (CFE). The methodof data
acquisitionend the nunberand typeof recordingdevicesfor eachtest shal1
be proposedby the contractorfor approvalby the contractingactivity.

30.3.2.4.2 ~stallation. calibrath. end maintenance. The contractor
shallinstalland calibrateall missileinstrumentationused in performingthe
tests. All instrumentsand instrumentsystems shallbe installed in accor-
dance with the highest standardsof mechanical,electrical and electronic
installationpractices. All. transducersand gage installationsshall be
properlylocated,be properly damped,have flat frequencyresponse charac-
teristicscommensuratewith the fre@enciesof.excitationof the variableto
be measured, and be properlymountedto assurevalidmeasurementsand freedom
fromextraneousexcitations. For dynamictests,“themaximumtime lag between
any two or more channels,requiringtime co~elation shallbe not greaterthan
ihe time’constantcorresponding’to the channelhavirigthe lowestflat freq-
uencyresponserequirement.,.Straingagesaid otherinstxumentationassociated
with on-boardfatigue.monitoringeqiipmant shallbe @stalled on the static
and fatiguearticlesin the same locationand in the same.manner as that
pioposedfor the productionmissile. Calibrationof each transduceror gage
installationshall be, made’throughthe signal-conditioningequi~ent as
installed”in the laboratoryto”at .“least the maxinium’rangeOf excitation
expectedduringthe courseof the tests. CalOrationtistmeasurementsshall ~
be obtainedand’recordedduring bathincreasingand decreasingvalues ofMe
pertinent.parans@er”which ~the inshinsnt “isintended to meastie”’to ass~e
repeatabilityand freedom fromhysteresis.All strain-gageinstallationson
simplead coinplexstructuresshall‘beinstalledto minimize interactionsor
“cioss-talkitduringcombinedloadings;such interactionsas do existshallbe
properlyaccountedfor duringthe calibration.Installationof strain-gages
whichare impossibleor impracticalto calibrateshallbe resorted to only if
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it can be shown,priorto such installation,that the computedloadsfrom such
installationsare meaningful and useful. The instrumentationshall he ,
operatedand maintainedby the contractorduringthe testprogram. A detailed
descriptionof all instrumentsand recordingdevices,methods of calibration,
locationsof instrumentsand calibrationdatafor eachtest and testarticle
shallbe documentedin accordancewith the applicableprovisions of Appendix
c.

30.3.2.k.3 Governmenttest$. If and when testsby the governmentare
requiredunderterms of the contract, the contractor shallconsultwith the
~designatedtest activityto determinethe kindand amount of instrumentation
required. All suchrequired instrumentationshall be installedby the
contractoras contractorfurnishedequipmentand calibratedin accordancewith
the requirementsof 30.3.2.4.2.A detaileddescriptionof all instrumentsand
recording devices, methods of calibration,location of instruments,and
-calibrationdata for “thesetestsshall be documentedin accordancewith the
provisionsof AppendixC.

30.3.2.5 !Jiapositionof strength-teststructures. The dispositionof
strength test structures,aftercompletionof authorizedtesta, shallbe in
accordancewith instructionsissuedby the contractingactivity. -Prior to
:receiptof such instructions,strength-teststructuresshallnot be intention-
Z1lYdamagedor mutilated. The structuraltestarticlesshallbe preparedfor
longterm storageto avoidcorrosionand degradation.

30.3.3 ~uDportduring teti Subjectto the qualificationsof 30.3.4.3,
the actualinteractionbetweenhe compenentbeingtested and ita adjscent
componentsshallbe existentor sinulatedto the satisfactionof the contract-
ing activity. Structural componentsmay be testedin a jig and loadedby
dummystructureonly when thereis no possibilityof interferenceor deflec-
tionthat wouldresultin improperloadingof the componentunder test,or
adjscent components,and only when the loads and reactionsthat act on the
component beingtested are statically determinantor the reactions .maY.be
renderedstaticallydeterminantby neglectingred~dant reactionsthat do not
have a significanteffeeton loadsin the componentbeingtested.

30.3.3.1”Safetvd Lceq When loadsare applied in’sucha mannerthat
theyare not relieved%en he rate of deformationof the. specimenincreases
rapidly,as when failure occurs,safety devices suchas shear links or
pressure blow-off valvesshallbe employed to precludeexcessivedeformation
or.overloadingof otherpartsof the s@ucture, or excessive damage“to,test
articles.

30.3.3.2 $UDNti of control svst.&ma. All control systems shallbe
staticallytestedwhile installedin the strength-teststructure,except that
proof loadtests requir6dprior to flight shallbe performedon ‘aflight
article.

30.3.4 ~rem ents.
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30.3.14.1~d. Initialstatic testing shallbe performed
using analyticallyderived loads and available wind tunneldata. Loads
measuredin the f1ightload surveysprogram shal1 be incorporatedinto the
static test program at a suitable time if these loads are higher than the
analytical loadsto the degreespecifiedby the contracting activity.

30.3.4.2 Distribution of loads. The distribution of loadsduringthe test
shall duplicatethe actual distribution as closely as possible, exceptas
providedin 30.3.&.3.

30.3.4.3 Sirmlification and combination of loadiw. If sufficiently
justified and if prior approvalof the contractingactivity is obtained,
loadingconditionsmay be simplifiedfor staticend repeatedloadtests. This
may be accomplishedby modifyingthe distributionof the loads appliedto
regions of a structurethat (I) are not criticalin the loadingcondition
being simulated in the test or (2) are identical in constructionto other
regionsof the structurethat are more highlystressedduring the same or
another test condition. However, simplificationof the method of loading
shal1 not be suchthat unrepresentativepermanentdeformations or failures
will occur. Where feasible,more thenone loadingcondition may be applied
simultaneouslyto differentportions of the structure* provided that the
interactionof the separateloading conditionsdoes not affectthe critical
designloadingon any portionof the structure.

30.3.4.4 Load a~ ests. Tbe firstconsiderationfor load
applicationshal1 be the factor of time. If complete flight condition
sjmulation is required for structuralverification,suchas, if thermal
stressesbecomesignificent,then true time-loadprofilesmust be appliedto
the strength-teststructure. If time is not a factor,the testmsY thenbe
considereda statictest end the load shallbe appliedin discreteincrements.
Up to limitload,theseincrementsshallbe not more than 20 percentof limit
load. Test loadsbetween limitloadand ultimateload shall consistof load
incrementsnot greaterthen 10 percentof limitload.

30.3.4.5 En i onmentaleffects Oth r then load. All environinentaleffects
whichmay produ~ersignificantredu,ctio;sin strengthof the structureor which
~Y producesignificantinducedstresses shallbe simulated in appropriate
tests. Theseshallincludeelevatedand lowerthen ambientcryogenictenwxsra-
ture effects. Thermaleffects suchas produced‘byhigh temparatufesfrom
aerodynamicheating,eng~e heat,”deicingsystems, or otherinternalsources
of heat, and low temperatures,such as, thoseproducedby coldor cryogenic
fuels; shallbe simulated.on a real.timebasis in order.to produce true
thermal gradients. Testingon any other basis,such as, room-temp.imature
increased-load compensationfor thermal effectsor thermalsimulationon a :
non-realtimebasis shallbe accomplishedonly as approvedby the contracting
activity.

30.3.4.5.1Statictestin~of comr.osite,a.To accountfor the degradation
of materialpropertiesdue to combinedtemperatureand moisture ‘effects,one
of the followingshallbe appliedto the testingof composites:
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a. EnvironmentallY preconditionthe test article for the worst case
combinationtemperature-moistureconditionand test undertheseconditions.

b. Selectthe critical test conditionsbasedupon considerationof poten-
tial failure modesand quantitative“compensation”or “knockdown”factors
derivedfromthe environmentalcompensationdesignallowable and develop-
ment test results.

If the latteris chosen, the actualfailure load shallbe the appliedload
adjustedby the appropriateenvironmentaland statisticalWnock down”factors
derived fromthe design allowabledevelopmenttest resultsfor the same
<failuremode. Additionally,at ultimateload all measuredstrainsmust benot
greaterthan allowible strainlevels developedfor the worstexpected load
environmentaldegradationcombinations.

30.3.k.6 ‘Effectsof internalme ssurization. Critical loadsresulting
fromthe pressuredifferentialson pressurizedportionsof.the structure,such
as fueltanksor cells,shal1 be sjmulated.

30.3.4.7
~. . .

~ v o tes. Dvxing
structural tests for flight conditions,the deflection,deformationand
operationof movableand removablefairingsand covers,<andmovablemechanical
equipment shallbe determinedwith respectto retentionin theirintended
positionswithoutgaping,and operateas intended.

30.3.4.8 Bovablesurfaceoperationaltests. Movablesurfaces, including
control eurfacesand wing pivots, shallbe tested to determinesatisfactory
functioningwithindesignoperatinglimits. Thesetests shallbe performed
with the associatedload induceddeflectionin the movablesurfaceandmissile
structureto whichthe movable surfaceis attached. These testsmay be
performedon suitablecomponentsup to 1.25limitload includingdeflections
to 1.25 limitload factor, subjectto the approvalof the contractingac-
tivity.

30.3.5“~. All measurementsrecorded duringstatic and
fatiguetestsshall ~e consistentwith the testprogram objectives.Strain,
deflection,temperature,and applied loaddata are generallythe required
measurements,exceptfor specificdeviationsrequeetedby the contractorand
approvedby the contractingactivity. Measurementsshallbe made at represen-
tativepointsand of sufficientquantityand accuracyto verify the assumed
loaddistributione,stress analysis,thermalanalysis,aid deflections. For

.-statictestsconducted‘h’discreteload increments(see30.3.4.4),measure- :
menteshallbe made at each increment.For truetine flightprofiletesting,
tie testdatawillbe recordedon a time basisand with a data sampling rate
suff.icientto .acoomplish’the aboverequired~asurement obje.ctiyes.

30.3.6 ~.

30.3.6.1 Determnatlonof de@ioa!&n load.
. .

loadrequirementsof this specificationfor each
demonstratedduringeach testof that component.
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30.3.6.2 Failingloadtests. Failingload testsshallbe conductedas
required for specificpurposes,such as fleetinspectionsand growthpoten-
tial. The contractaddendawill specifyrequiredfailingloadtests.

30.3.6.3 Test-correctionf zacto . Test-correctionfactors shall be
determined and the testresults shallbe corrected to representa structure
havingmechanicalpropertiesin accordancewith this specification,and having
minimumdimensions.

30.3.6.4
and fatigue
fatigue in
ties.

30.3.6.5
the failure

MetallurKicalanalvsis. Analyses of the failurein each static
test shallbe made to assurethat the failure was mechanicalor
nature,and not due to manufacturingor metallurgicalpeculiari-

~emature failures. If prematurefailures occur,the causeof
shal1 be determinedpriorto continuingwith or rexating the test

and priorto correctiveactionon testor flightarticles.

30.3.6.6 Structuralfailure definition. A test failure-shall be con-
sideredthe occurrenceof one or more of the followingeventsduringtesting:

a. Inabilityto sustainthe appliedultimatetest load.

b. Evidenceof yieldingand/orpermanentset of metal structureat or below
115 percentljmitloadand no yieldof compasitestructuresat 150 percent
limitload.

c. Partial or full separationof a bonded or mechanicallyfastened ccm-
positestructuraljoint.

d. Initiationof a crackin metallicstructureor delaminationof composite
structurein a primaryloadcarryingstnscturalcomponent.

e. Any unpredictedstrainredistributionin or nonlinearitywithin the
compositestructureat or belowultimateload.

f. Measurementof strainswhichexceedthe environmentallyand statistical-
ly reduceddesignultimateallowable.

g. Any event whichcreates’a condition whichwill not satisfyfatigue,
crackgrowth,or stiffnessre~irementsof 3.6.

h.; Any structuralanomaly”thatduring’a normalsefiiceoperatingcondition~~~‘
wouldneces’sitatea structuralrepair to “criticalsafety of flight COM- ,

.,ponents.

The actualfailureloadof the compositestructure.shallbe the appliedload
adjustedby the appropriateenvironmentaland statistical%Itibkdownnfactor
derivedfromdesignallowable develo~nt testresultsfor the same failure
mode.’
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30.4 Static tests.

30.4.1 lest conditio~. Statictests shallbe performed in accordance
withTable 1.

TABLE 1. Statictests.

?St Component Loadingcondition Magnitudeof load and
specialrequirements

1. wing Host criticalbanding Failure:+g
with associatedtorsion

).. wing Most criticalbending Designultimate:-g
with associatedtorsion (forcruisemissiles)

1. Wing deploying Most critical. Failure
mechanismand suP-
.pmting structure

k. .Tailfin and.sup- Most critical Failure
-portingstructure

5. Tail fin and suP- Nextmost critical Designultimate
portingstructure

6. Tail fin deploying Most critical Failure
mechanismand sup-
porting.structure’

7, Canardand SUp- Most critical *Failure
portingstructure

8. : Canardand SUP- Next most critical Designultimate
- portingstructure

9. Canarddeploying Most critical Failure
mechani~mand cup-.
portingstructure

10. Controlsystem Most critical .Failura:Test each
“controlsubsystem,

11. Controlsystem ultimate Demonstratethat each
.controlsubsystem
willoperateunder
ultimateload

12, Body Most criticalvertical Body failure
bandingincl.torsion

-“
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TABLE1. Statictests - Continued.

est Component Loadingcondition Magnitudeof loadand
special~requirements

13. Body Most criticalvertical Designultimate
bendingincl.torsion
in OPP. directionto 13

14. Body Most criticallateral DesignUltimate
bendingincl.torsion

15. Body Criticalwing support Body failure
structureflightload

16. Body’ Maximumtotaltail load Designultimate

17. Body Most criticallauncher Deeignultimate
imposedload

18. Msl launchplatform Most critical Failure
interfacestructure

19. llsllaunchplatform Next mat critical Designultimate
interfacestructure

20. Body fueltanks Most critical Designultinate

21., EngineinstallationMost critical Mount failure

22. EngineinstallationNext most critical Designultimate

23. EngineinstallationCriticalnonflight Designultimate

2fk. wets, ramps,inlets Critical Failure

25. Elements Test to failure,each structuralelementfor
which.the allowablestressesare”not knownand’
cannotbe calculatedwithreasonableaccuracy..

26. Fittings Test to failure,eachprincipalfittingfor
which the”designultimatestrengthis not known
And cannotbe talc.with reasonableaccuraci.

27. Miscellaneous Test to failure,misce~leneousasse@ies. for
which the allowable.loade,are not kn~ ~d:
cannotbe idnulated’withreasonableaccuracy.

28. Hoistingpoints Critical Designultimeti

29. Jackingpoints Critical ‘ Designultimate
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Overtwessure. thermal.and mst response. The contractor shall
substantiateoverpressure,thermal,and gust response ltiitson critical
componentsby laboratorytests.

30.4.3 Prooftests.

30.4.3.1 m~. o te Designlimitloadshall be
appliedto each controlsubsystem up to the controlsurface attachpoints.
Each control subsystem shallbe operated through its full travel while
supporting design-limithingemoment. These testsshallbe conductedon the
firstflight article. The prtia.ryflightcontrolsurfacesshallbe testedto
designlimitloadand maY be conductedon a flightarticle,on the statictest
;aiticle,or on appropriatetest jigs. Yielding shallnot be permittedfor
captivef1ightarticles.

30.5 piscellaneoustests.

30.5.1 Integral fueltank ‘test. Slosh, pressure,temperature,and
vibration testsshall be performed on representativetest-box specimensto
.,substantiatethat the sealingcharacteristics.of.the tank are satisfactoryfor
-al1 criticalenvironmentalconditionsof the missile.

30.5.2 Air 1oads mode1 wind tunn 1e t.ests. Air loadsmodelwind tunnel
tests shallbe perform-adearly in the designstage to determineexternal
component loadswithin the missilemaneuvering envelope. Loads (shears,
bending moments,and torques), hingemoments,and pressureehallbe measured.
-Wind tunneltestsshall alsobe performedto investigatethe characteristics
of the oscillatorypressures on critical parts of the missilewhich will
experienceaeroacousticloads.

30.6 Fatime tests.

30.6.1 Eatime tests. Unless otherwise specifiedby the contracting
activity,all fatiguetestsshallbe performedon the fatiguearticle. Tests
shallbe continueduntilthe servicelife with a scatter factorof two is
demonstrated,and thenceuntilmajor,nonrepairablefailuraoccurs,or untila
scatter factorof four ie demonstrated.The loads shallbe increasedduring
the fourth lifetime,if,required,to bringon a major failure. Inspections
shallbe made to detectcracks and to.track crackprogression. Any crack,
delaminationor similardefect,occurringduringthe firsttwo lifetimesshall
be considereda failureand shallrequireredesignand retest.

30.6.1.1 Test J&u. The testrig and associated equipnientshall be
capable of applyingnot lessthan 150 percent’of design1imit loadplus
environmentalfactorsfor the maximum ‘wingdeflectioncondition.This is to.
provide’for possibleincreases‘ininitialloadingrequirementsand for failing
loadtest capability.

30.6.1.2 -k DrOD~ and safe tes~. tiy fail-safe or crack
propagationtesting conductedon a fatigue test articleshall not in anY

.
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manner interferewith the fatigue1ife evaluationtesting
conductedwithoutthe approvalof the contractingactivity.

30.6.1.3 Instrumentation. Straingagesshallbe used on
at controlpointsselectedto monitorthoseregionsshownby
to be critical forrepeated loads. Thesegages will be

and shal1 not be

the testarticles
fatigueanalysis
read at frequent

intervals,consistentwith test programobjectives.Straingageswill also be
used to verifycritical assumedload distributionsnot verified by other
testing(e.g., staticstrengthtesting), In addition,instrumentationshall
be used to monitorappliedtest loads. Crack-detectioninstrumentationshall
be installedwhere appropriate.

30.6.1.4 Temperatureeffects. Environmentaleffects whichmay produce
creep end/orsignificantreductionsin fatiguestrengthof the structureor
which may producesignificantinducedstresses shall be simulated in ap-
propriatetests.

30.6.1.5 Wing and bodv tests. The wing,body, end wing-carry-through
structuresshallbe testedfor captiveend flightloadsin accordancewith the
fatiguespectraof 3.6.2. Loadsshallbe applied to the tail fins,body,and
canardsto balancethe wing loads. The spectrashallbe appliedin a flight--
by-flightsequence. The ground-air-groundcycleshallbe accountedfor in as
realistica manneras possible. The test loadingsfor flightconditionsshall
be thosewhich resultin the greatestwing root bending momentsand shall
includea realistic combinationof synsnatricand rollingpull-outconditions
subjectto the approvalof the contractingactivity.

30.6.1.6 Controlfins,canards. and bodv tests. Additionalcyclesover
and abovethoseappliedto balancethe wing loadsof 30.6.1.5shallbe applied
to the controlfins,canards,and body,as necessary,to producea spectrumof
controlfins, canard,end aft body loadsforwhich the missileis designed.
The CG positionshall be thatwhich will producecritical loadsin control
fins,canard,end bedy.

30.6.1.7 controlsystemteste..The lateral,directional,end longitudinal
control systemswhichare subject to aerodynamic.loads shallbe repeat-load
tested; An approvedrational loadingschedule shallbe .susteinedwitbout
failure. Particularattentionshall.bepaid to the provisionaof 30.3during
thesetests.

30.6.1.8 ControlS“vstemrelishilitv.testS Controlsurfacecomponentsand
controlsshallbe fatiguetestedto assures~ctural reliability.

30.6.1.9 Intesral fuel tank test. For missiles *are a fatigue.test
article has been provided,‘fueltank tests shal1 @ conductedon me article
dwging the ,fatiguetesting‘or.alternatively.on,full-ecale‘representative
section(s).. Ubereno fatigue test article has been provided, a full-scale
fully representativesection(s).of the proposed integraltank(s) shallbe
subjectedt.otest, This @icle (s) shallbe subjectedto repeatedloadings
simulatingf1ight conditions,carrierand ground loadings,temperatures,end
pressures.
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30.6.1.9.1 Leekage insDectlontests. The contractor shallpropose,for
contractingactivity approval,leakage,repair, end inspectioncriteria. A
methodfor readily detectingleaks,such as, the use of special dyes in the
test fluid, shal1 be used and accuraterecordsof all leakage,repairs,and
inspectionsshallbe kept. The use of a test fluidotherthanthe standard
missile fuel shallbe contingentupon the results of investigationsmade by
the contractorrelative to the deterioratingeffects of actualfuel end the
test fluidupon the tanksealant. The test fluidshallsimulatethe viscosity
and surface tensionof the standardfuel. For purposes of qualification,one
service 1ife of fatigue spectrumof 30..6.1.5 shallbe sustained without
disqualifyingleakageor disqualifyingrepair. No scatterfactoris required
for this test. If the leekageexceeds the ltiitsspecifiedin the approved
criteriaor if othernormalservicingproceduresand repairs:becomenecessary,
the qualificationportionof the test shallbe repeatedafterredesignof the
criticalleakagearea.

30.6.1.10 Teerdowninspection. A completedetailedteardown inspection,
includingfractographicexamination,of test article(s) of 30.6.1.5through
30.6.1.9 end 30.8.2 shallbe accomplishedfor occurrence.of the following
events:

a. Followingcatastrophicfailurewithintwo lifetimestestingof the test
article(s)thusrequiringrepairend requalification.

b. Followingcompletionof four lifetimestestingof the test Srticle(s).
and with concurrenceof the contractingactivity. Inspectend locateareas
of the structure which are sensitive to fatiguefor determinationof
periodicinspectionsthroughout the service lifeof the missile. Areas
determinedto have initiated defectspriorto two lifetimes shallrequire
fleetforwardend retrofitrepairs,which shallhave been certifiedfor two
lifetimes.

30.7.1 Fluttermodelwind tunneltestz. Fluttermodelwind tunneltests
shallbe performedearlyin the’design stageto substantiatethe specified
flutter margisisor to substantiatefluttereialysisused to performparameter
variation investigations.Trensonicmodels shallbe ueed when limitspeed,
VL, is greater then 0.7 Mach number. Thesetests shallbe perfomned for a
sufficient.range.of designvariablesto includethe designflightenvelop?,a
completerange”of weights,end the reductionof stiffnessdue to maneuversand
.thermelenvironments.~ As a m$ninnnn,the investigationehall.include.-the.
fluttercharacteristics,ofthe wing,body,con~ol fins,and conwol s~f aces.
Wherethe, flutter.speedsare sensitive to variationsin one or more.pereme-
tare,me criticalpiremetersshallbe varied”@ coverthe expe@ed re!ue. It
shallbe.demonstratedby suitableanalysis”andteststhat the ~d61 dynamical-:
ly simulates the full-scalemiseile. If“itis determinedby tialysis,static
tests,or groundvibration’testathat eignificantdiscrepanciesexistbetween
the flutter parametersof the model and the missile; additionaltests on
modifiedmodelsshallbe perfomed. fkefore the flutter.modelsare installed
inthewind tunnel,the followingtestsshallbe perforinedtovalidatethe models:
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a. Staticload-deflectionteststo verifythe calculated stiffnessdis-
tributions.

b. Sectionmass properties (weight,CG location, and mass moments of
inertia) teststo verifythe calculatedvalues.

c. Vibrationmodaltestson the completefluttermodel to determinemodal
frequencies,mode shapesand node lines,and modaldampingcoefficientsto
correlatewith analyticalmodal parameters.

30.7.2 f20mDliancetests. Thesetests shallbe made on a flightarticle
priorto firstf1ightof any article. .~en a changeis made that.islikelyto
affeetthe flutter characteristicsof the missile,the testsshallbe per-
formed on a flight articleincorporatingthe changepriorto flightof any
changedarticle. Testsof 30.7.2.1through30.7.2.3shallbe repeatedon the
lastfull-scaledevelopment(FSD) or firstproductionmissile.

30,7.2.1 Mass measurements0f controlsurfaces. The totalweight,static
unbalance,and massmoment of inertia of all controlsurfaces abouttheir
hingelinesshallbe accuratelymeasuredend recorded.

30.7.2.2 Free playmeasurementsof controlsurfaceq. The contractorshall
demonstratethat the free play for controlsurfacesare withinthe limits
specified in 3.8.3,3by makingmeasurements. Incrementalloads shallbe
appliedfirst in one direction,normalto the mean planeof the surface,and
then in the oppositedirection. Correspondingdeflectionmeasurementsshall
be taken. -Thetotalfreeplay shallbe determinedfroma plot of appliedload
vs measureddeflectionfor both directionsof loading. The loadsused in the
testsshallnot causeappreciablestietural deformations. Theseshall be
performedprior.to or duringthe groundvibrationmodaltests..

30.7.2.3 Rigiditytests for controlsurfaces. Rotational rigiditytests
shall,..’be perfonned on all.“controlsurfaces to ‘determinethe rigid-body~
rotationof the surfaceas a ,functionof appliedtorque. These”tests may.be.
combinedwith the freeplay testsspacified in 30.7.2.2. The data obtained,
togetherwi~ the measuredmass momentof fiertia,shall@ usedto calculate .
the uncoupled control surfacerotational frequency. BOtb clockwiseand
counterclockwise,mcmentisshall be applied to”deteimine.ro~tional.rigidity
data. Both.synsn6tricaland” antisynsnatrical,loading conditionsshall be
employedif the actuatingsystem is suchthat the frequenciesfor the s~-
metricalend antis-trical rotationalmalesdiffe”r,as in the casewherethe
left-handand right-hand elevators”are,conhectedby ~a torque,tub4. Applied
momentsto all,contiolsurfacesshall be & largeas practicable,but shall
not causestructuraldeformations;for horizontal.surfaces,the appliedmament ~
shall,beat least.lmge ,enoughtoovercome gravitational.effects.

30.7.2.k Balanceweightattachmenttests. Testsehallbe perfozmedon
balance weights,”attachments,1inkages,“ind supportingstrhctuia to demon-
strate that theseccmippnentscti withstand,“withoutfAilure, the staticand”
repeatedinertialoadfactorsspecified in 3.8.3.1.3.
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30.7.2.5.DSMDertests. If dampersare used,testsshallbe perfonnedon
the damperand supportingstructureto assurethat componentswill not fail
understaticor repeatedloads,that the damperswil1 operateat high tempera-
tures,and that propermaintenanceand inspectionunder serviceconditionscan
be readilyaccomplished. In addition,freeplaymeasurementsshallbe per-
foimed to substantiatethatthe freeelayis withinthe prescribedlimits.
Testsshallbe performedto obtain the dampingcharacteristicsas a function
of frequency up to at least twicethe frequencyrange thatthe damper is
designedto be effective.

30.7.2.6 Actuatorstiffness tests. Unlessspecifiedin thecontractor’s
procurementspecificationfor the actuator’s,tests shallbe performedto
determinethe following:

a. Staticstiffnessand freeplayof the actuator(s)priorto and subsequent
to lifecycletesting.

b. ,Actuators(s)‘dynamicstiffnessover the rangeof frequenciesfor all
operatingmodes,includingfailuremodes,of the system.

30.7.3 Missile mound vibration modaltests. ,Missileground vibration
modalteste shall.beperformad on the first FSD missileprior.itoits ffi”st
flightand on the FSD missileto be used for aeroelasticstability flight
tests priorto ita firstflight. Thesetestsshalldeterminemodal frequen-
cies, mode shapes end node linesand modal damping coefficientfor the
assembled missileand main missilecomponents. The objectiveof the‘test
shall be to obtainmodaldatato verify,and updateif required,the analyti-
cal modal data whichwere used in the structuraldynamicanalyses ,(flutter
analyses, dynamicanalyses, fIuttermodels). Where”applicable,thesetests
shal1 be used to demonstratethat resonantvibrations of the missile:com-
ponentshave”been avoidedwhen actualmissileperiodic vibratoryexcitation
loadinghas been applied. In additionto the ‘conventionalgroundvibration
modal testson the missile and main missile components,componentvibration
medal testsfor controlsurfaces,actuatingsystems,and linkagesfor balance
weightsshallalsobe perfonned. The pitchingand yawingfrequenciesand mode
shapes of the powerplantsystem, including propeller, rotor, or fan if
applicable,shallbe measured for use in whirl -fluttercalculations.These
testsshall be repeated on tbe last FSD or firstProductionmissileo The.
contractorshallnotifythe contractingactivityat‘leastthreeweekspriorto
,coirmancemantof these.tests,so that “thecontractingactivityrepresentative
can yitneesthe tests.

.30.7.3.1Yibration test aDParatua.

30.7.3.1.1~ euuimnent. The missileshallbe vibrated by meansof
an exciter(s)‘attachSdat one or more”places’on the.structure.The““exciter(s)
shallbe designedto produce siipleharmonic or randc@motion, have stable
outputfrequencycharacteristics,end have a forceoutputrelativelyindepen-
dent of the vibrationamplitudeof the structurebeingexcited.

.
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30.7.3.1.2 Measuringeauimnent. Accelerometersand associatedelectronic
equipment shal1 be usedto monitorand recordvibrationasnplitudeand phase.
Forcegagesshallbe installedin the driveconnectionbetweenthe exciter(s)
and the missilestructureto monitorend recordthe excitationforce.

30.7.3.2
itemshaving
tanksshall
for several
D05Sibleand

Missileconfiguration. The missileshall be equippedwith all
appreciablemass. Wheneverpracticable,fuel in partiallyfull
be simulatedby a non-flammableliquid. Testsshallbe performed
weightconfigurationsif variablegross weightconditions are
if they cause significantchanges in the vibrationmodes end

frequenciesof the missile. -

30.7.3.3 !%~. The missileshallbe eupportedso that the
rigidbody frequenciesof the missile on its supportare lessthanone-half
the frequencyof the lowestelasticwing or body mode to be excited.

30.7.3.4 ~ rocedurq. A vibrationpickupshallbe
placedat an appropriatelocationand an amplitude-frequencyrespcmse curve
shall be obtained to determine the natural frequencies.-The frequency
increments selectedshallbe sufficientlysmallso thatno importantresonant
peeksare overlooked.The frequencyz!angecoveredduring the vibrationtests
shall include all modesthat may be important with respect to flutter.
Alternate pickupand vibratorlocationsshall be employedas a checksince
node lines may have passedthrough the first selectedvibratorand pickup
locations.At eachresonantfrequency,amplitudeend phasemeasurementsshall
be carefullytakenat a sufficientnumber of positionsto definethe mode of
vibration. A completemissile modal survey shall be made. At least 6
spenwise stations end 3 chordwise stations shall be selectedin making
amplitude measurementsperpendicularto ,tie plane of the wing,fin, or
stabilizer.Additional chordwiselocations will probably be necessary for
low-aspect-ratiosurfaces. At least six fore-and-aftstations shall be
selectedin makingamplitudemeasurementsin the planeof the wing,fin, or
st~ilizer. The mode shapemeasurementsobtained shallbe plottedas.tests
progress so that the vibration modes can be.evaluated. In addition,“tie
relative orthogonalityof the modal data shall be determinedae each succes-
sivemode is obtained, The single”ormultiplepointrandomtestmethodmay be
used to measurethe missilevibrationmodes.

30.7.3.k.l ~ *al modu . Analysis
Shallbe performedto”validateor modifythe dynemicmathematicalmodel such’
‘thatcorrelationis.achieved betweenanalyticalmodalparameter (frequencies
and modeshapes)and the experimentalmodal parameters.In addition,ortho-
gonalitychecks.”shallbe performed’toindicati’acceptablenormalniodeswhereby’
the generalizedmass matrixobtainedfrom,an integrated.triplematrixproduct
of me experimental o@honormalized mode shapes.end the theoretiel”or.
.niodifiedmassmatiix of”the systemhave’Off-di’egonal”elementslessthan”.10
percentof the unit diagonalelements.

30.7.3.S H-s “ e~Q . Themodesexcited
‘during groundvibration tests depend”on “tietype of configuration.being
tested. The vibration modesof a missilethat carries heavymasseson the
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wing,has the stabilizerlocated near the top of the fin, or in general
carriesheavy masseson the outerspan locationsof itsmain components,will
be highlycoupled and generallycannotbe describedexcept by diagramswhich
show the vibratorydeflection shapesand relative motionand phaseof each
part of the missile. Missilesthat do not carrythese massesusuallyhave
relativelyuncoupledvibrationmodeswhich can be describedby namingthe type
of motionwhich is predominant,such as, wing bending,wing torsion, stabil-
izer bending,or someother uncoupledmode. In general,the predominant
vibrationmodes of 30.7.3.5.1through30.7.3.5.9shallbe obtained.

30.7.3.5.1 !JinK~rOUP.

30.7.3.5.1.1W.

a. Uins vertical banding, symmetricand antisymnetric,fundamentaland
highermodes.

b. Wing torsion,symmetricand antisynznetric.
c. Wing fore-and-aftbending,syznnetricand antisymeetric.

d. Wing pitching for missiles havingall-movabledeployablewings, SYM-
metric-~d anti~ymmatric.

30.7.3.5.1.2 Wing mountedcontrolsurfaces.
wings:

a. Rotationaboutthe hingeaxis,symnatricand

For all control

antisynsnetric.

surfaceson

b. Bending(including rib bending) and torsion of the contiolsurface,
fundamentaland highermodes.

30.7.3.5.1.3 M mounteda cesscrks.c For deviceslocatedon the leading
or trailingedgesof wings,includingbut not limitedto, coupli”uprobesend
hka~ pitot tubes, the vibration modes of ‘thesedevices,j.ncludingthe
resp6nseof the structures,‘towhichtheyare ‘attachedshallbe obtained.

30.7.3.5.2 wl mode ~ When applicable.to the propulsive system
used, the enginewith,propelle~/fan bladesshall be mqznted to a rigid
structure. With the exciting ecniipmentattachedto the hub, Propeller/fen
planenaturalfrequenciesin pitchand yaw ehallbe obtained.~Peller /f-
bandingand torsionmodesshallbe obtained.

30.7.3.5.”3~.

a. Ec@ torsionand%ody side.banding;fundementaland highermodes.

b. Bodyverticalbending;fundamentaland highermodes.

c. “Stabilizersymmetricaridantisynseatricbanding, fundamentaland higher
modes.
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d. Stabilizertorsion,synunetricend antisynnnetricmodes.

e. Stabilizerpitching,symmetricand antisymmatricmodes. For all movable
stabilizersthe symmetric rotational modesmay be highlycoupled with
stabilizersytmnetricbendingand torsion,and withbody verticalbanding.

f. Stabilizerrockingaboutits attachmentto thebody or fin.

g. Stabilizeryawing. Generally a very hwortant mode for stabilizers
locatedat the outerspanstationsof the fin.-

h. Stabilizerfore-and-aftbending,synsnetricand antisynmetric.
i. Elevatorrotationaboutits hinge line,synsnatricend antisymnetric.

j. Elevatorbending (includingrib bending) and torsion,fundamental
highermodes.

k. Fin bending(synsnetricand antisymnetricformultitail,tissiles).
bendingin phaseand out of phasewith stabilizerbendingshall be
eluded.

and

Fin
in-

1. Fin torsion(generallyhighlycoupledwith stabilizeryawingif stabili-
zer is locatedat the outerspan stationsof the fin).

m. Fin yawingand rockingif fin is all-movable.

n. Rudderrotationaboutits hingeaxis (svnmatric and antisvnueetricfor
multitailmissiles).

o. Rudderspanwiseand chordwisebendingand torsion.

30.7.3.5,4 Canards.

a. Canard symmetricand antisynsnetiicbending,.fundamental
modes.

b. Canard”torsion,sywmetricand “~tis~tric Wales.

c. Canardpitching, svnmmtricand antisvnsaetricmodes. For

end higher

all-movable
canards.,the s=tric. rotationalmay- be”~ghly coupledwith can~
sinsnetric.&ndi.ngand torsion,and with‘body”verticalbending.

a.C~ard iocki.hgabout,~ts Attachment‘tothe tidy. .
e. Canard:yawing.
f. C~~d fore-and-aft.banding,s“-’tric ad .antis~tric tides.

30.”7.3.5.5 Vibration tests shaU be p&formed“to
determinethe dyiamic characteristicsof actuatingsystemk, suchas, ser+o
boost,fullypoweredservocontrol,closed-loopmissileflightcontrolsys~
and other related.poweredcontrolsystems. The testsshallbe performedwith
the actuatingsysteminstalledin the missile. The hpadance of the control
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systems shallbe determinedboth from the input and output sidesof the
controlsurfaces. In addition,testsshallbe performedto determineparame-
ters for servo-flutterstabilityanalyses.

30.7.3.5.6 Concentratedbalance weightsand attachments.The frequencies
of mass balance assembliesshall be obtainedin both lateral end vertical
missiledirections.

30.7.3.5.7ffissiletii~r. Missile
rigidbody modes shallinclude:

a. Vertical,side,end fore-and-afttranslations.
b. Pitching,rolling,and Yawing.

30.7.3.5.8 Accessories. The frequenciesof accessoriesinstalled on the
missile, includingbut not limited:to,pitottubes,antemae, end instruments
shall be determined if they affectthe vibration modesof structuralcom-
ponentswhich are importantwith respectto flutter.

30.7.3.5.9 Wn DaOels. l!he modes end frequenciesof skinpanelswhich
have been determinedto be fluttercritical by analysisshallbe measuredon
the missileor :inlaboratorytestsfor,flutter~safetyevaluationrequired.by
3.7. The effectsof inplane stresses.onpanelmodesend frequenciesdue to
maneuveringloadsor aerodynamicheatingshallbe detsoxninedwhen they are of
sufficientmagnitude to affect panelflutter speeds. Laboratoryvibration
testsshallaccuratelysimulatethe edge conditions,substructure,end cavity
depthof the panelas mountedin the missile.

30.7.h Jdlu we coeffdamt end
. .

e
. . .

struct!,ualrlgldltvtests. Structural
rigidityor influence coefficienttests shallbe performedto substantiate
stiffnesscharacteristicsbeingemployedin the flutter analysesend those
used in designingfluttermodels. Missilecomponents shallbe loadedste-
tically at those loadi~”conditionswhichresultin reductionof structural
stiffness which in turn causes flutteimargins to be lowered. Missile
componentsshallbe staticallytestedat’variousloadingconditionsup to and
including1.2 timesltiitload. At each loadincrement,staticdeflectionsat
selectedlocationson the componentsshall be recorded. Thesetestsshallbe
performed.onthe statictest article.

30.7.5 tic tes@ . Thermoplastictests shall be performed on
missilecomponentsfabricatedfrom fibrouscomposites.l!hermoelastictestsof
components f- material othertian fibrouscompositesshall be performed
unlessthe results”of analysisrequiredby 30.6of AppendixC indicatethat.a
criticalproblemdoes not exist. Etsll-scalecoinponente“ofthe m.@sileshall
.beheatedand cooledin a mannerto simulate.the most criticalheating end
coolitiratesand ti?mperatures’to be encounteredin.“flight.The corneonenti
shallbe vibratedin theirnatural’modesas the heat is appliedand removed,so
thattime historiesof the changesin naturalfrequenciesare obtained.’These
tests shallbe performedon fullyirdrumented componentsor partialcom-
ponents of a test articlehaving restraint or boundary conditions as if
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installedon the missile. The test articlesshall not havebeen subjectedto
yieldloadsat any timepriorto thesetests.

30.7.6 ~. Componentlifting surface
free-free or cantileveredvibrationmodaltestsshallbe performedto verify,
end updateif required,the dynamicmathmodelingof each component.The test
articles shall include control surfaces, all-movablecontrol surfaces,
horizontalstabilizer(noelevator),.verticalstabilizer(norudder), and wing
(nocontrolsurfaces). Thesetestsshall~ performedon the firstcomponent
fabricatedearlyin thedevelopmentphase.

30.8 Dvnemicfatiguetests.

30.8.1 Sonicfatime comoonenttests. Sonicfatiguecomponenttestsshall
be performedon missilesstructuralcomponentsto establishtheirprospective
service1ives and to substantiatethe analysisof the sonicfatigueprevention
program. Thesetestsshallbe completedduringthe designand analysisphase
of the sonicfatigueprevention programand as far in advance of the final
design releaseas possibleto allowsufficienttime for the redesign and
retestingof componentsthatmay be foundto have inadequatefatiguelives.

30.8.1.1 $~ ctural comDonents to be tested. Candidate structural
compenent assembliesand subassemblies,both internalend external,for sonic
fatiguetestsshallbe selectedfromeach zonedareaof the missilesand ehall
include,but not be limitedto, any one of the following:

a. Structuralcomponentswhosefatiguelivescannotbe adequatelypredicted
(such as structural components composedof untested or new materials,
unusualdesignconfiguration;lightweightstructures).

b. Structural componentssubjected to predicted soundpressure levels
greaterthan 140dB.

. .

c. Structuralcomponentswhosepredictedlivesare lessthanthatrequired
to survivesoundpressurelevels3.5dB greaterthanthe predictedenviron-
ment for the service1ife of the missilewith a scatterfactorof four.

30.8.1,.2 gest environmnt Sonicfatigue teetsshallbe perfonnaduntil
the servicelife with a sc%~r’ factorof two is demonstrated’with applied
sound pressurelevels 3.5dB greaterthan simulatedpredicted environment.
l!hereafter, testingshall be continued untila scatterfactor of four is
achieved‘ora majornonrepairablefailureoccurs. Othersimulated8nvi.ron-
ments (suchas temperatureand pressuiedifferential)combinedwith the sonic
environmentshallbe imposedwhen applicable.

30.6.’1.3bile ationreoui t~. Microphonesshall
be used to controleand%ti?ously monitorthe
the test.

acousticenvironmentduring
Straingages,vibrationtransducers,or otherinstrumentationshall

be ‘placedon tlie specimenin sucha manner that the dynamicresponse of the
structure can be measuredend the etrain distributionscan be detemnined.
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Continuous recordingand monitoringof the dynamicresponse is necessaryto
detectchangeswhichmay be indicativeof fatiguefailuresin the structure.

30.8.1.4 Fatigue-detectionmethods. The failurecriterionshallbe based
on the detectionof cracksby unmagnifiedvisualmeans. The fatiguedetection
methodsshal1 not alter the natural response of the structure to sonic
excitatio~ or otherwise influence the fatigue life of the test article.
Changes m dynanuc responses of complex structural parts couldindicate
out-of-sightfailures. These changesincludeshifts in resonantfrequencies
and amplitudechangesin vibrationor stress.

30.8.2 mm ic environmental tests. Vibrationenvironmentalgroundtest
and aeroacousticenvironmentalgroundtest or a combinationof both shallbe
performed to demonstratethat the structuralintegrityand operationof the
missileis not impairedwhen excitedby the simulatedservicelife vibration
and aeroacousticenvironmentallevelsand associateddurations.

30.8.2.1 Test article. The test articleshallbe a fullscalefunctional
missilerepresentativeof productionmissilesin al1 structuralaspects.

30.8.2.2 Suspensionof test article. .Thetest ar-titleshallbe suspended
by suitablemeans to assure that therigid body frequenciesof the test
articleon its suspensionare as low as possiblebut shallbe not greaterthan
one-halfthe frequencyof the lowestelasticmode of the teet article.

30.8.2.3Test conditiox. The test conditions shallsimulatethe various
predicted servicelife vibrationand aeroacousticenvironmentallevelsand
associateddurations. When the test duration(s)are lessthan the missile
service1ife environmentalduration[s), ‘thetest amplitude(s) shallcontain
test timecompressionfactors.

30.8.2.4 Instrumentationreouirements. Accelerometersshall be used to
controland’monitorthe vibrationspectrumat appropriateintervalsduringme
vibrationtest. “14icrophonesshallbe used to controland monitorthe sound
pressurelevelsat appropriateintervalsduringthe aeroacoustictest. Strain
gagesand accelerometersshallbe used to measurethe dynamicresponsesof
criticalstructure.

.
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STAUCTUR4LDEMONSTRATIONTESTS

10. SCOPE

10.1 *. Thisappendixcontainsthe demonstrationrequirementsfor the
evaluationof structuralintegrityfor guidedmissilesand compliancewith the
designrequirementsof this specification.The typesof testinginclude,but
are not limitedto:

a. Structuralloadssurveytests
b. Vibrationand aeroacousticenvironmentsurieytests.
c. Aeroelasticstabilityflighttests.

This appendix is a mandatorypart of this specification. The information
containedhereinis intendedfor compliance.

10.2 FUrDose. The purposeof this appendixis to definethe requirements
for groundtransportation,launch platformcaptiveand free-flightstructural
testsfor developmentand proof-of-design of structuralintegrityof guided
missiles.

20. APPLICABLEMCUMENTS

20.1 Governmentdocuments.

20.1.1 Specifications.standards. and handbooks. The followingspecifica-
tions,standards,and handbooksforma part of this documentto the extent
specifiedherein. Unless otherwisespecified,the issuesof thesedocuments
shallbe thoselisted in the issueof the Department of Defense Indexof
Specificationsand Standards (DODISS) and supplementthereto, citedin the
solicitation.

STANDAADS

MILITAAY

MIL-STD-1763- Aircraft/StoresCertificationProcedures.

(Unlessotherwiseindicated,.copiesof federal.aqdmilitaryspecificatio,ns,
standards’,and handbeoksae availablefromthe Navalpublicationsand Forms
Center,(AITN:~DS ), 5801TaborAvenue,Philadelphia,.PA 191?0-5099.) ‘,

20.1.2 : Wher Gov_n t docunnti. drwLLUIS.
. .

e a“ andDublL.!@.W& The
followingotherGovernmentdocuments,drawtigs, and publicationsfo~”a P=
of’ thisapecifitition.to “tie.extentspecifiedherein. Unless ,othemlse
specified,“the‘issuesare thosecitedin the solicitation.
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PUBLICATIONS

NATIONALAOVISORYCOMMITTSBFOR AERONAWI’ICS

NACA Report1178 - Calibrationof Strain-GageInstallationsin Aircraft
Structuresfor the Measurementof FlightLoads

(Copieeof otherGovernment documents,drawings,and publicationsrequired
by the contractorsin connectionwith specificacquisitionfunctionsshouldbe
obtained from the contracting;activityor as directedby the contracting
officer.)

20.2Qxder of cmecedence..Inthe eventof a conflictbetweenthe text of
this documentand the referencescitedherein,the text of this documenttakes
precedence. Nothingin this document,however,supersedesapplicablelawsamd
regulationsunlessa specificexemptionhas been obtained.

30. REQUIREMENTS

30.1 “-al reou”~. Ground transport,launch:platformcaptive
carriage,launchplatformcaptive flight,and free-flightdemonstrationtests
of the missileshallbe performedto obtaindata to substantiatethe missile’s
~strwcturalintegrityand to demonstratecompliancewith the design require-
mentsof this specification.

30.I.1 Structuraldemonstrationtest Droeram. A structural demonstration
testprogram shallbe performed by the contractor and approvedby the con-
tractingactivity. This:testprogram shallbe consistentwifi the missile’s
missionrequirementsand may include,but is not limitedto the following:

I

a. Structuralloadssurveytestsduring:

1. Captivec=iage (forgroundand ship launchedmissiles).
2. Captiveflight(forair launchedmissiles).
3. Carriersuitability (forair launched missilesmountedon carrier
basedaircraft).
4. Free-flight.

b. Vibrationand aeroacousticenviromientsurveytestsduring:

“1.Captivecarriage(forgroundand ship launchedmissiles).
2“.Captiveflight.(for air launchedniissiles,).
3. Free-flight.

I

4. Transportation.

c. Aeroelasticstabilityflighttestsduring:

1. Captiveflight(forair launchedmissiles).
2. Free-flight.

.
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30.1.1.1 Demonstrationtest Plannine conferen~. At leasttwo months
prior to commencementof testing, a conferencebetweenthe contractorand
contractingactivityshallbe held to review and finalizethe detailsof the
structuraldemonstrationprogram. Upon completionof each structural test
phase,additionalconferencesshallbe held to reviewthe testresults and
establish a Planof Actionand Milestones(POA&M)to correctany deficiencies
uncoveredduringthe test demonstrations.

30.1.2 Veh”cle f d~ st pro~am.

30.1.2.1
form(s)shall

30.1.2.2
designatedby

LaunchP1atform. The ground, ship,ad aircraft launchplat-
be as designatedby the contractingactivity.

BansPortstion containex. The transportationcontainershallbe
the contractingactivity.

30.1.2.3 Test missiles. The contractorshallprovide all the structural
test vehicles (STVS) and environmentalmeasurementvehicles (SMVs) with
installed instrumentation. These test missiles shall be structurally,
inertially,and aerodynamicallysimilar to the productionmissileand to the
design presentedin the structural-analysis,structuraldynamic analysis,
structural testreports,and drawings. Configuration,material,and wality
of workmanship shallbe the same as for productionmissiles. Significant
modificationsmade during the developmentprogramof the missile shallbe
incorporatedon the testmissiles. Explosiveor hazardousmaterials maY be
simulatedby non-explosiveor nor-hazardousmaterialshavingsimilarphysical
and thermalproperties.

‘30.1.3 ~~ . The testdataacquisitionsystemshallbe
providedby the contractor.The instrumentation,installation,calibration,
data-handlingequipment,and methods of datareductionand analyses shallbe
specifiedby the contractor.andapprovedby the contractingactivityand shall
providefor the following.

a. For captiveflightand free-flighttests (ofair launchedmissiles),a
telemetrysystemshallbe employedwhichshallbe capable of tr~smitting
all criticalparametersrequiredto ensuresafetyof flight.“In addition
to the telemetry systemfor captive flighttesta,a launchplatfom, on-
boardhardwiredsystemmay be used to recordcontinuoustest data signals.

b. For captivecarriagetests (ofground and ship laugched missiles),a
launchplatfofihardwired system@iall”b,.used to’record,COntinVOuS’.test”.
data:signals.

c. ‘Measurementsshallk tide with calibratedtransducers,.~corders,.?n~
associated electronicequipment.‘~b outputof the”transducersShallba ,
,permanentlyrecorded.for post flightanalysis.

d. The dynamic range,frequency response,linearity,etc., of the data
acquisitionsystemshallbe compatiblewiti the intended‘applicationof the
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data. The data sample length at each steady test condition shallbe of
sufficientdurationto permitan adequatestatisticalanalysis.

30.1.3.1 Instrumentation reauirements. The contractor shallinstalland
calibratethe instrumentationon the STV’S end EMV’srequired for the test
program. The contractor shallalsobe respmsible for recording,telemetry,
datareduction,end date analysisof the requiredmeasurements.

30.1.3.1.1 l’voesof instrumentstioQ. Test instrumentation shallconsist
of a sufficient numberof transducersto definethe acousticenvironment,
vibrationresponsecharacteristics,aeroelasticstability,structuralloading,
airloaddistribution,temperaturedistribution,as well as otherinstrumenta-
tion suchthat the data obtainedwill allowvalidcomparisonsof the test-data
with the appropriatestructuralanalyses,laboratorytestresults,and design
conditions.Test instrumentationmay consistof,but not limitedto, micro-
Phones,accelerometers,temperate measuring devices,straingages,pressure
transducers,motionsensors,end calibratedloadbridges (shear,bending,and
torsion).

30.1.3.1.2 &t condition Daremeters. Instrumentationto measure“-the
generalflightparameterslistedbelow shallbe installed. The dataobtained
from measurementinstrumentationshallbe used to show compliancewith test
requirements.

a. Airspeedand Mach number.
b, Preseurealtitude.
c. Anglesof attack,sideslip,end bank.

d. Normal,lateral,and longitudinallinearaccelerationsreferencedat the
centerof gravityof the missile.

e. Roll,pitch,and yaw angular ratesand accelerationsreferencedat the
centerof gravityof the missile.

30.2 D~_.

30.2.1 Structuralloadssurveyts&s shall
be performedfor the test conditions;f 30.2.1.2to measureloade of the
missilestzuctuxe. These testadata shall be used to substantiatethe
structuralintegrity of the missile forcritical loading conditionsand
compliance“withthe designrequireinenteof thisspecification.

30.2.1.1 ~ntat on reou~i i t. Missilestruct~al loads”shallbe
measuredwith straingagesand calibratedloadbridges. Airloaddistrfi:~&~
shall’be measuredwith pressuretransducers.Accelerometers,thermal
.men&tion’and ‘missile/air&aft””interfaceinst.rumientation”(forair.launched‘
missiles)shallalso”beprovided. The loadsinstrumentation”ahallbe capable
of measuring sheer, bendingmoment and torsionfor the missile body and
primaryaerodynamiceurfacesofthe missile.

,.

.
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a. Strain gages: The missile shall be instrumentedwith sufficient
calibrated loadbridges to measurewing, fin and body shear, bending
moments, and torsion. A set of backupcalibratedstraingagesshallalso
be installed,but not wired to the recording device. All calibrations
shallbe performedto 100 percentof captiveflightdesignlimit load and
7S percent of free-flightdesign limitload. The numberof calibration
loadconditions shallbe as required to derive load coefficientsin a
methodsimilarto NACA Report1178and demonstrategood agreementbetween
measuredand applied’loadsfor all significantcombinationsof applied
sheer, bendingmoment,and torsion. In cooperationwith the appropriate
Government Test Activity(GTA), the contractor shalldevelop a check
calibrationconditionwhich will be performed at the contractor facility
and repeated at the test site priorto data acquisition. This condition
will be appliedat a loadlevel consistentwith the capabilitiesof the
GTA. If missileconfigurationmakes calibratedloadmeasurementimpracti-
cal, direct strainmeasurementmay be utilizedwith contractingactivity
approval. Areasof critical marginsare to be ins.trumentedfor strain.
Thesestraingage locationsshouldcorrespondwith statictest jr&.rumenta-
tion. Straingagesshallalsobe locatedto obtainrepresentativestress/-
straindistributionsfor comparisonwith analysis.

b. Accelerometers: The load instrumentationshallinclude sufficient
accelerometercoverage (in addition to the requirementsspecified in
30.1.3.2) overthe STV to determinethe inertiaload distributionrequired
to correlate with and substantiatethe static and dynamic analysis.
Accelerometersshallbe placedat the followinglocations,as applicable:

I 1. Verticalon both the rightand leftwing tips and midspanregion.

~
2. Verticalon bothright ahd lefthorizontaltips.

~.
3. Lateralon the verticaltail tip(s).

4. Verticaland lateralwitbin 12 inches of the nose and tail of the ‘.
missilebody.

5. Controlsurfaces.

c. Missile/aircraftinterface: Instrumentationshall be installed ta
determinethe loadsat’thelaunchplatforminterface(missileto launcher~
launcherto pylon,missileto pylon,pylonto aircraft)to substantiatethe
structuralintegrityof the missile.andmissile/a&craftcombination.,bad
m&asuren&nts shallinclude; but not be limitedto thoserequired to
determineveit.ical,side,and drag loads;pitch,yaw, and rollmoman~; and
missile interfacehook and sway.braceloads and moments. The following
i.nstiumentationmay be used,as applicable;to measuretheseloads:~~ ~~

1. Straingages.

2. Calibrated straingages to measure shear, bendingmoment, and
torsion.
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Accelerometersto measureload factors.

Pressuretransducers.

d. Temperaturetransducers:The STV thermalinstrumentationshallconsist
of thermocouples,thermistors,or otherdevices to measurethe missiles
external skinheat transferrate distributionand internalcomponent(s)
temperatures. These devicesshall be located such that representative
temperatureand heatingdistributionsare obtained. The instrumentation
shallbe of sufficientdensity to detecthot and cold spots. w adequate
distributionof internal temperaturemeasuring devices(such as thermo-
couples or thermistors)shallbe located in and aroundthe critical
cc+nponentsor structuresubjectto temperaturerestrictions.

e. Otherinstrumentation: Instrumentationshall be installedto measure
the forces,position,and hingemomentof controlsurfacee.

30.2.1.2 Test conditions.

30.2.1.2.1 .CaDtivecarriage. For ground and ship lautichedmissiles,
structuralload measurementsshall.bemade on the STV while retainedon the
launchplatform(s).The actualselectedtest parametersshall :beconsistent
with.themissile/launchplatformcombinationmissionrequirements.

30.2.1.2.2 Gavtive f~. For air launchedmissiles,the STV shallbe
carriedon each designatedaircraftvsweaponstation(if carriedon more than
one). Structural measwements shall be made for captive flightoperating
conditions. The operatingconditionsshall includetake-off, clti, cruise
flight,maneuveringflight,adjacentstore releaseand jettison,and descent.
A loadstiey shall be performedto determine load trendsfor critical
maneuvers including pull-ups, pushovers, rolling maneuvers, and lateral
directionalmaneuvers. Both abruptand steadymaneuvereehall be performed,
The loadssurvey.shall be performedfor all.criticalstorecombinationsand
loadings. The surveyshall.be performedat a minimumof threealtitudesand.
eight Mach numbersat each altitude. The flightaltitudesand speedsehall be
selectedto includethe minimumaltitude at which the.maximum designMach
number.can be obtained,the minimumaltitudeat which transoniceffects”begin
to occur,and the minimum altitudeat whichthe maximum~ynamic pressurecan
be obtained,consistentwith the designlimitspeed envelopeof each air-
craft/missile,,combinationand safetyof flight. The minimumaltitudeneednot
be lowerthan 2,000feet abovethe surfaceor.teirain.

30.2..1.2.3
. .
er Sultability. Ctiier suitabilitytests’shall be

performedin accordancewith 141L-S.TD-1763for air laupchedmissilesctiied?n
carriei-basadaircraft. Carrier suitabilitytestingis requiredto test the

WV underdynamicconditionsof actualcatapultlauhchesand.arrestedl+ndings
“to substantiatethe missile’s compatibilitywith the aircraft. The STV shall
be mountedon the most critical~ament stationof the..testaircraftdesig-
nated by the contractingactivity. Carriersuitabilityshallbe demonstrated
on each designatedaircrafttype. Sincethe carriersuitabilitytestsrequire

-.
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use of governmentfacilities,the GTA shallexercise technicalcontrolover
the test facilityduringthe demonstrationtests.

30.2.1.2.4 Free-flight. Free flighttestsshall be performedwith test
data takenat predeterminedtest pointsdefinedby Mach number, altitude,and
maneuver. The flightprofile (altitudeand speed) shallbe progra!mnadto
includethe minimumaltitudeat which the maximumdesignMach numbercan be
obtained,the minimum altitudeat whichtransoniceffectsbegin to occurand
the minimumaltitude at which the maximumdynamic pressurecan be obtained
consistent with the design limitspeed envelopeof the missile. Missile
maneuversshall be programmedto applycriticalloadsto the airframe. These
selected test parameters shall be consistentwith the missiles mission
requirements. For thesetests, missilelaunch/ejectionshall be considered
part of free-flightand loadsshallbe measured.

30.2.2 ~ ents s ev tests. Vibration
and aeroacousticenvironmentssurveytests shallbe performed for the test
conditions of 30.2.2.2to measurethe dynamicresponsecharacteristicsof the
missilestructuredue to dynamicload inputs,and to measurethe aeroacoustic
environment,both internal and external. Measurementdate shall be used to
demonstratethatthe airframe structure,structuralcomponents,and equipment
do not experienceexcessivevibration whichwould contributeto structural
fatigueor equipmentmalfunction.Flighttest datashallalsobe used to:

a. Verifyand updatethe predicteddesign vibration,aeroacoustic,and
shockenvironments.

b. Validateanalyticaldesign data,and togetherwith analytical,labora-
tory and ground test data substantiatethat fatigue failuresof the
airframestructureand structuralcomponentswill not occurfor the service
lifeof the missile.

c. Demonstrateeach equipmentis not subjectedto vibration,aeroacoustic,
or shockenvironmentsgreaterthanthe correspondinglevelsprescribedin
the equipmentspecifications.

30.2.2.1 ~.

a. Accelerometersshallbe installed‘onthe EMV to definethe vibrationand
shock responsecharacteristicsof the missile. Accelerometersand mounting
bracketsor blocks shallnot alterthe response’characteristics.The W
shall be dividedintozones (suchas forward,centerand aft body,wings,
and controlsurfaces)and measurementsshallbe made at severallocations
in each zone. Mphasis shallbe placedonlocationswhere.highamplitudes
of vibrationare expectedto occuror where.failurescouldbe criticalwith
respect’to missioncompletion.

b. Dynamicpressuretransducersshallbe mounted on and withinthe EMV to
definethe aeroacousticenvironment. ‘Selectionof these’transducersand
mountsshallprecludetransducerres~nse to mechanicalvibrations.’
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30.2.2.2 Test conditions.

30.2.2.2.1 Captivecarriage. For ground and ship launchedmissiles,
vibrationmeasurements shallbe made on the EMV vbile on the launchplat-
form(s). Tbe actualselectedtest parametersshallbe consistentwith the
missile/launchplatformcombinationmissionrequirements.

30.2.2.2.2 CaDtiveflight. For air launchedmissiles,the EMV shallbe
carried on each designated aircraft’s weapon stationswhere the dynamic
environmentwill be most severe. Vibration and aeroacousticmeasurements
‘shallbe made for ground and <captiveflight operating conditions. The
.operating:conditionsshall includeground enginerun-up to mextium thrust,
taxi,takeoff,climb,cruiseflight,and maneuveringflightwith at leastfive
speed incrementsat threealtitudes,approach.glide,and landing.

a. Flight altitudes:The flightaltitudesand speedsshallbe selectedto
includethe minimumaltitude at whichdesignMach number can be obtained,
the minimum altitudeat whichtransoniceffects ‘beginto occur, and the
minimum altitudeat which the maximum design dynamicpressure can be
obtainedconsistentwith the designlimitspeedenvelopeof each aircraft/-
missilecombinationand safetyof flight. The minimumaltitudeneed not be
lowerthen 2,000feetabovethe surfaceor terrain.

b. Flightmaneuvers:The flightmaneuversshallincludesymmetricalpull-up
and pushover, wind-upand wind-downturns with at leastfive load factor
increments,sideslipand split “S” at corneringspeeds(maximumload factor
to maximumangleof attack).

c. Vibrationand aeroacousticmeasurementsshallalsobe made under the
conditionslistedbelowwhen they apply to the particularaircraft/missile
combinationbeingtested. The actualselectedtest pareinetersshall be
consistentwith the aircraft/missilemissionrequirements,

1.’Operatingafterburnersand’assisttakeoff&its.

2. While opening and with open weapon bays and deploying missile
trapezeor pallets.

3. Flightnear stallingspeedsand at transonicspeedsnearMach one. .

4. Duringrapidgroundaccelerationsor decelerations,such as catapult
launch and arrestedlendings. ..

30..2.2.2.3 Fx e fl.kht Ree-flight test date shallbe takenat predeter-
mined test point~,-define~by Mach number .=d altitude. The flightaltitude
end.speed test pointsshall be.selectedto includethe minimum altitude~t .“
whichthe maximumdesignMach numbercan be obtained,the minimumaltitudeat
whichtrensoniceffectsbegintooccur, and the minimumaltitude at whichthe
maximumdesigndynamic pressurecan be obtainedconsistent with the design
limit speed envelopeend safety of flight. Actualselectedtest parameters .

shallbe consistentwith the missilemissionrequirement. <
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30.2.2.2.4 mans portation. Transportationenvironmentalsurvey tests
shallbe performedwith the EMV insideits container.Vibrationmeasurements
shallbe made on the EMV to substantiatethat the missilewillnot be subject-
ed to vibrationand shockenvironmentsgreaterthenthe correspondingpredict-
ed environmentsused in.the designof the missile. The mode(s)of transporta-
tion to be used duringthese testsshall be designated by the contracting
activity, and may includerailroad, truck,and air transportation,shoreto
shiptransfer,and ship to shiptransfer.

30.2.3 Aeroelasticstabilitv flighttes@. Aeroelasticstability flight
testsfor both the captiveflight(forair launchedmissiles)and free-flight
conditionsshallbe performedto measurethe dynamicresponse(fremenciesSIId
damping)trendsfor substantiatingthatthe missileis free.fromaeroelastic
instabilities,includingsustained hnit amplitude instabilitiesthroughout
the free and captivedesignlimitspeedflightenvelopes. In addition,flight
test data shallbe used to validateanalyticaldesigndata and,togetherwith
analytical, laboratory,and ground test results,shall demonstratethat the
designrequirementsof this specificationhavebeen satisfiedfor all configu-
rationsof the missile.

30.2.3.1 Modalexcitation.A methodof inflightvibrationexitationshall
be employedwhich is capableof excitingthe structuralmodesthat contribute
to the criticalflutterconditions.

30.2.3.2 ,Instrumentationreouirements Transducersshallbe installedon
the STV’Sto define and detect the eticted modes of vibration,including
frequenciesand damping characteristics.As a minimum, accelerometersand
motion sensorss,hallbe installedand vibrationresponsemeasurementsmade at
the followinglocations:

a. Vertical(forwirdand aft)on both the rightand leftwingtips,longitu-
dinalon one sideonly).

b. Vertical(forwardand aft)on both rightand lefthorizontaltailtiPs,
longitudinalon one sideonly.

c. Lateral(forwardand aft) on verticaltail tip(s).

d. Relative rotationalpickupsshall be used to determinethe motion of.
each controlsurface.

e, Verticaland lateral within 12 inches of the nose and tailon the
missilebody.

.30.2.3.3 Te’st Conditio~.

30.2.3.3.1 “b~aptiv “Pht. Captiveflight(for“air launched‘nissiles)”
tests shallbe performed with test datataken.at predeterminedtestpoints,
defined by Mach number and altitude, in a prescribedorder of ascendiqg
critically.The test pointa shallbe selectedat increasingMach numbers.uP
to’ designlimitspeedin suitableincrementsat constantaltitude. Three or
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more altitudes,testedin descending order,shallbe selectedto includethe
minimumaltitude at whichthe maximumdesignMach numbercan be obtained,the
minimumaltitude at whichtransoniceffects beginto occur,and the.minimn
-altitudeat which the maximumdesigndynamicpressure can be obtainedconsis-
tent with the design limitspeed envelope(s)and safety of flight. The
,minimum altitude neednot be less than 2,000 feet above the surface or
%errain. The testsshellbe performedinequitable incrementsfor safetyand
shallproceed afterthe dynamictest engineersat the ground stationhave
determinedfromnear-real-timedata analysisthat it is safeto do so.

30.2.3.3.2 ‘-. . Free-flight testsshallbe performedwith test
data takenatpredeterminedtest pointsdefined by Machnumber and altitude.
The flightprofile (altitudeand speed) shallbe programmedto include the
min@v.unaltitude at whichthe maximum.designMach numbercan b-eobtained,the
minimum altitude at which transoniceffectsbegin to occur,and the minimum
altitudeat whichthe maximumdesigndynamicpressurecan be obtainedconsis-
tent with the designltiit speed envelope.“Flight testdata shallalso be
takenat high altitude.where certaintypes“ofcontrolsurfacesare foundto be
mare critical. ;These’selectedtest parametersshallbe consistentwith the
missilesmissionrequirements.

I

‘
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ANALYSES,DATA,ANO REPORTS ‘

10. SCOPE

10.1 w! Thisappendixcontainsthe requirementsfor data necessaryto
show compliancewith the design and testrequirementsof this specification
and to show the dependent relationshipbetweenthe schedulesfor structural
engineeringanalysesand testingand schedulesfor manufacturing.

This appendix is a mandatory part of this Specification..The information
containedhereinis intendedfor compliance.

20. APPLICABLEDOCUMENTS

20.1 Government documents.

20.1.I S~ecifications,standards,end handboks. The followingspecifica-
tions,standards,and handbooksforma Pert of this do~ent to the extent
specifiedherein. Unless otherwisespecified,the issuesof thesedocuments
shall be those listedin the issueof the Department of Defense Indexof
Specificationsand Standards (DODISSI’and supplementthereto, citedin tie
solicitation.

SPECIFICATIONS

MILITARY

MIL-M-81260- Manual,Technical,Aircraft/System/EWiPMent
Maintenance.

STAND~S

MILITARY

MIL-STD-1530- AircraftStructuralIntegrityProgram,A@plane
Requirements.

HANDBOOKS

MILITARY

MIL-HDBK-5 - Aerospace.VehicleStructures,Met?llic*terials Vd
Elementsfor.

(Unlessotherwiseindicated,copies.of federaland militarySPSCifications,
standards,and handbooksare availablefraqthe Navalpublications,.and Fo~
Center,(AITN:NPODS), 5801TeborAvenue;Philadelphia,PA 19120-5099.)

I

20.1.2
1 Government

OtherGovernment documens ant d rmblications.The followingother
documents(publications) form a part of this s@scification to the
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extent specifiedherein. Unless otherwisespecified, the issues shallbe
those in effecton the dateof the solicitation.

PUBLICATIONS

AIR FORCE

Regulation80-13- AircraftStructuralIntegrityPro”gram(ASIP)

AIR FORCEFlightDynamicsLaboratory(AFPDL)

TR-67-140 - Developmentof Criteriato Predictand PreventPanel
Flutter.

(Copiesof otherGovernmentdocuments(publications)-requiredby contractors
in connectionwithspecificacquisitionfunctionsshouldbe obtainedfrom the
contractingactivityor as directedby the contractingofficer.)

20.2m~. In the eventof a conflictbetweenthe text of
thisdocumentand th~-~re~%ces citedherein,the text of thisdocumenttakes
precedence. Nothingin this document,however,supersedesapplicablelaws and
regulationsunlessa specific exemptionhas been obtained.

30. REQUIREMENTS

30.1 s “tta~ d revision.

30.1.1 ~ubsnittal.The required data itemsfor acquisitionof -guided
.missi’leswithinthe scopeof this specificationare listedin Table 1, which
specifiesthe latest acceptabletime for the initialsubmittal of each item.
“E~chsubmittedreport shailbe accompaniedor preceded by the contractor’s
reportsor data referencedtherein. A crossreferencefor all data itemsby
paragraphnumberand ~aeplicable,data itemdescription(DID) numberis also
shown“inTable I of this appendix(see6.3).
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TABLE1. ~e.

Applicable Date Applicable
Report paragraph (seefootnotes DID no.

LI and L1) (see6.3)

Schedof structuralwork 30.2 90 days afterATP/DOC DI-P-21461A

Structuraldescription 30.3 90 days afterATP/D3C DI-s-3595/
S-123-1

Structuraldesignloads 30.Jk.l 90 days afterATP/DOC UDI-S-23272(
criteria

Fracturecontrolplan 30.k.2 90 days afterATP/Nx2 UOI-S-23272C

Aeroelasticstability
program 30.4.3 90 days afterATP/tX)CUOI-S-23272C

Structuraldesignloads 30.5 60 days priorto UDI-S-21b621
analyses structuresCDR. ‘

Revision60 day after
completionof applic-
able flighttests

Aeroelasticstability 30.6 Initialreport: QDI-S-23272C
analysis 30 days.priorto

structureCDR

Intermediaterevision:
30 days afterfirs.t
flight

Finalrevision:
60 days aftercomple-
tion ofapplicable
flighttests

Internalloads 30.7.1 90 days afterATP/DOC UDI-S-23272C
methodology

Structuralanalysis .30.7.2 30 days priorto ODI-S-21&621
structuresCDR

Finalrpt. revision:
60 days aftercomple-
tion of applicable
flighttests.
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TABLE 1. J.,atestinitial submittaldate - Continued.

Applicable Date
Report

Applicable
paragraph (seefootnotes DID no.

L/ and ZI) (see6.3)

Air loadsmodelwind 30.8.1 60 days aftercomple-
tunneltest

DI-T-2072
tion of each tunnel
entry.

Fluttertiodelwind 30.8.2 60 days aftercomple- DI-T-2072
tunneltest tion of each tunnel

entry

Airframerigiditytests 30.8.3 see footnotel/ DI-T-2072

Dynamicenvironmental 30.8.k 60days after comple- DI-T-2072
test tion of applicable

captive tests

Descr.of test articles 30.9.1.1 : .90:days afterATP/DQC iDI-tJDTI-
80566

Staticteet plan 30.9.1.2 90 dayspriorto start ‘DI-T-21k63A
of testing

FatiguetestPlan 30.9.1.3 ‘ 90 days priorto start DI-NDTI-
of testing 80566

Sonic fatiguecomponent 30.9.1.k 90 days priorto start DI-NDTI-
test plan of testing 80566

Structuraldesign,.deve- 30.9.1.5 90 days afterATP/DOC DI-NDTI-’
lopqentandpreproduc- 80566
tion verif.test plan

Statictest progress 30.9.2.1 90 days afterATP/DDC DI-T-2072

Fatiguetest progress 30.9.2.2 90 days afterATP/DOC DI-T-2072

Statictest 30.9.3.1 90days aftercomple- DI-T-2072
tion of each test

.
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TABLE1. ~ ittaldate - Continued.

Applicable Date Applicable
Report paragraph (seefootnotes DID no.

II and ~1) (see6.3)

Staticdesigndevelop-
ment and preproduction 30.9.3.1.1 30 daysaftertests DI-T-2072
componentdesignveri-
ficationtest

Fatiguetest 30.9.3.2 90 days aftercomple- DI-T-2072
tion of each test

Fatiguedevelopmenttest 30.9.3.2.1 60 days aftercomple- DI-T-2072
tion of eachtest

Fatiguetestteardown 30.9.3.2.2 90 daysaftercomple- DI-T-2072
inspection tionof full scale

cyclictest teardown
inspection

Sonicfatiguecomponent 30.9.3.3 60 days afterccinPle- DI-T-2072
test tion of each test

Materialsubstantiating 30.10 30 dayspriorto DI-T-2072
dataand analysis structureCDR

Aeroelasticstability, 30.11.1 90 dayspriorto start DI-NDTI-
vibrationand aero- of inst.mmentationon 80566
acousticflighttest missile
planning

Structuralflighttest ‘30.11.2 90 daysafterATP/DOC DI-NDTI-
planning 80566

Flightloadsurvey 30.11.3 45 days priorto start DI-NDTI-
instrumentation or instrumentation 80566
calibrationplanning

Structuralcaptiveand 30.11.4 90 dayspriorto DI-S-30729
flighttestprogram flightof testmissile
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TABLS 1. tatest initialsubmittaldate - Continued.

F

I

Aeroelasticstability
flighttest letter

Vibrationand aero-
*acousticf1ighttest
letter

Aeroelasticinstability
-vibrationor sonic
fatigueoccurrence

Vibroacousticenviron-
ment measurement

Flightload survey
instaumantationand
calibrationprogress

Flightloadsurvey
instrumentationand
calibration

Flightload operations
surveydata

Dynamicresponsetest

Structuralflighttest
anoinalyend failure

F====
“-====?-
1’““’~~“ “’””““

Applicable
paragraph

30.11.5.1

30.11.5.2

30.11.5.3

30.11.5.4

30.11.6

30.11.7

30.11.8

30.”11.9

30.11.10

30.12

30.13

Date
(see footnotes

&/ and zI)

ho weeksaftereach
nissileflighttest

l’woweeks after
tissilecaptive
Elighttest

[mediately

each
or

60 days‘aftercomple-
tionof tests

30 days after
calibrationis
completed

60 days-aftercomple-
tionof calibration

60 days aftercomple-
tion of tests

120 days aftercomple
tion of tests

30 daysafter
occurrence

30 days priorto
requestfor autho-
rizationfor first
flight(footnoteZ/)

60 days prior.to a
proposedredesignPro
ductionchange

Applicable
DID no.
(see6.3)

01-T-2072

DI-T-2072

DI-FXLI-
80253

DI-MISC-
80653

DI-T-30728

DI-T-30728

DI-T-30729

DI-T-30730

DI-~I-
80253

DI-s-3589/
s-ill-l

DI-S-30S90
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I
TABLE I. Latestinitialsubmittaldate - Continued.

Report

Air-Vehiclestructural
integrityprogram(ASIP)
masterplan

Applicable
paragraph

30.14

Date
(see footnotes

(see Note 1 and Note 2)

90 days afterATP/DOC

t===

30.15

30.16

90 days afterATP/DOC

90 days afterATP/DOC

Maintenanceinstructions30.17 Concurrentwith
for controlsurfaces deliveryof first

productionmissile

Applicable
DID no.
(see6.3)

DI-S-3570A

UDI-S-23272C

UDI-S-23272C

tmr-s-
23272C

~/ Date of authorization-to-proceed(ATP) shallapply if suchauthoriza-
tion is grantedpriorto date of contiact(DOC).

I z/ The datesin this tableare initialsubmittaldates. Revisionsto be
su?xnittedin accordancewith applicableparagraph.

~/ Fifteen dayspriorto firstflight,or alternatively,sevendays prior
to first flightthe contractor’sflutter engineershall presentand
discussthe resultsof the testswith the contacting activity. In the
lattercasethese reportsshallbe suhnitted not laterthanthe date
required for sulxnittalof the intermediateaeroelasticstabilitY
analysesreport.

30.1.2 EQ23Qf r DO- Each reportshall be securelyboundin a loose
leaf stylewith %iffecardb~ardcoversand shallbe reinforced at the binding
edge. The’bindingshall affordeasy insertion of revisionpages.’ Reports
shall be 11-1/2 inchesby .8-1/2inches and not more Men approximately.2
inchesthick. If the 2-inchdimensionis inadeq@te,reportsshallconaist”of
separatevolumes,eachnot more than approximately2 ‘inchesthick. Each page
shallbe titledin sufficient.detail”to identifythat pageas associatedwith
a specificcondition,missile component,or member.Eacl-.page shallbear tie
page number,report ,numbi+rlmodeldesignation,end date. Repotta ,shall
consistof the followingparts:

30.1.2;1”’h“.” .The”.,cov.erihall”contiihthe contractor’sidentification“
of the reportby title,,number~and guidedmissilemodel“designation.

1’
30.1.2.2 ~itlepage. The titlepage shallcontainthe following:

1’
a. Contractor’sidentificationof reportby titleand number.
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Guidedmissilemodeldesignation(s)and contractnumber(s
Date of issue.

Signatureof the reportoriginator,the reportchecker, the department
head,end in the caseof test reports,the test witnesses

e. Indexof revisions. Such indexmay be shownon a page followingthe
titlepage,if extensive.

30.1.2.3 Zahleof contenta. The tableof contentsshall be arrangedin
orderof sequence. The tablemaY be omittedfromreportsof 15 pagesor less.

30.1.2.4 References. The table“of referencesshalllist all reportend
drawing numbers,end titlesreferred to in the report. When reportsare
referenced whichere’essential(or submittalis prerequisite)for reviewof
the reportunder consideration,the date of sukxnittelof the referencereport
shallbe included.

30.1.2.5 S@2$?.k. Symbols, abbreviations,and units,if they do not
appear in standardlistsof missilenomenclature,shallbe definedin a table
of symbols. The unitsof all quantitiesshownin the reportsshallbe noted.

30.1.2.6 ~. The sutmneryshalllistthe principalresultsdiscussed
by the report. Sunsnariesare not requiredfor designloadsreports.

30.1.2.7 Xmtroduct~ . The introductionshallinclude the purpose and
‘authorizationfor the report. Introductionsare not requiredfor designloads
and stressanalysisreports.

30.1.2.8 liscussio~. The discussion shallincludea descriptionof the
item investigated,-loadingconditions involved, and methodsof analysis.
Descriptionsof the structuresupplementedby sketchesshowing structuralor
mechanical details,‘includingthe attachmentsof all majorcomponents,shall
_be includedfor clarity.

30.1.2.9 Ar@.l@s. Steps in arithmeticor,algebraic-solutionsshallbe
includedonlywhen necessaryfor clarity. Lengthy derivationsof foimulas
‘shallbe placedin en appendix. When calculationsperformedby computerqe
‘included, informationshallh included to explainthe methodsused end Vie
resultsobtained. Diagramsor sketchesshowing.pointeof applicationof.loads
shallbe included.”

30.1.2.10 Conclusionq.” Conclusionsare requiiedfor all reportswith the
exceptionof the designloadsreport.

30.1.3 Jlissilemodificat~. Modificationsof the missile structureor
modificationsaffectingthe loads on the structure,includingnew or revised
equipmentinstallationsmade ‘subsequentto the latest submitteddata, will
.,requirethat new reports or revisions to previouslydelivered reportsbe
submitted. These shallsubstantiatethe modificationsconcerned.
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30.1.4 ~ models. Contractdocumentsshalldefine
by referenceto thisspecification.the datarequired for substantiationof
prototypeand productionmissiles. For relatedmodels,revisedor addedpages
shallbe submittedfor incorporationin reportsthat have beensubmitted
earlier models if the materialin the basic report is applicableto
subsequentmodel.

for
the

30.1.5 Revision. Revised materialshall bear the same pagenumber as
thosepages whichare to be replaced Plus the word “revised” and.date of
revision. The revisedsubjectmatter “shallbe identified.Additionalpages
shallbear the same numberas the precedingpage followed by a lowercase
letter unlessthe additional pages followthe last pageof the report.
Revisedor addedmaterial shallincludea revised titlepage indicatingthe
date of the revision. The revisedtitlepage shallcontainthe infoneationof
30.1.2.2.

30.1.6 MicroficheCOPVof reports. After a reporthas beenapprovedand
accepted by the contractingactivity, microfichecards (10511111by 148 mn)
containingminiaturizedimages of original hard copyreport pagesshell be
submitted to the contractingactivity. In addition, to ensure maximum
retentionand distributionof selected reports,a copy (or copies)shallbe
submittedto the DefenseDocumentationCenter(DDC)for appropriatestorage
and dissemination.

30.2 Scheduleof strutturalwork reti. This ratirtshall containa
completelistof the estimateddatesfor performanceof all relatedstructural
work and shallbe kept currentby revisionsat not lessthan 60-dayintervals
or as specifiedin the contract. The reportshallcontain,but not be limited
to, the following:

a. Reporttitles and subnittal datesof all design, analysis,and test
data. The contentsof eachreport shallbe indicatedby referenceto the
numbersof thieappendix.

b. By majorstructuralcomponents,datesfor:

(NOTE: Availabilityin the followingmeansavailableat the contractor’s
engineeringfacility for review by representativesof the contracting
activity.)

.1.
2.“
3.
k.
5.
6.
7.
8,
9.
10.

Availabilityofpreliminaryloads.
Availabilityof finalloads.
Furnishingloadsdata tothe’atrmcturaltest group.
Availabilityof prelhninaxystressanalysis.
Availabilityof preliminaryfatigueanalysis.
Availabilityof finalstressanalysis.
Availabilityof finalfatigueanalysis.
Engineeringdrawingreleaseto manufacturing.
Startof componentassembly.
Completionof firstcomponentassembly.
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c. Datesfor performanceof laboratorytests.
d. Titlesof applicabledatawhichhavebeen submittedpreviously.

e. Dates for submittalof structuraldrawings with separate listingof
titlesand drawingnumbersfor each majorcomponentgroup.

f. Date of firstflight.
g. Dates for releasefor demonstration.
h. Date of firstdelive~ to contractingactivityfor flighttests.
i. Date of firstdeliveryto serviceoperatingactivities.

j. The codeused to identifycaptive and flightloadingconditions.This
identificationshall correlateconditionsselectedfor analysesand tests
with thoseof this specification.

30.3 structural descriptionrebor~. Thisreport shallcontain reduced
size drawings,perspectives,sketches,or otherdata,as necessary,to pennit
a reviewby the contractingactivityof relatedstructuraldesign and analysis
data. Includedtherein shallbe informationconcerningthe general”errange-
mant, inboardprofile,wing group,tail group,body group,ipowerplenthousing,
enginemount,armamentarrangement,and operationof the controlsystemswhich
depict clearlythe informationof the followingsubparagraphsrelativeto the
skin,stringers,1ongerons,ribs,fonners,fremes,end spars. If the informa-
tion is presentedby drawings,it is desired,but not necessary,thattheybe
foldedin the lengthwisedirectiononly. Speciallyprepareddrawingsare not
requiredand need not complywith DDD-D-1000or other specifications,provided
that the informationpresentedis legible. Reducedsize copies of drawings
are acceptable.This reportneed not be completeat firstsubmittaland need
not presentfinaldata, but shallbe revisedend amended at intervalsof not
more than 60 days as the designprogresses.

a. Location.
b. skin panelsize and gage.

I

“

c. Material end materialcondition: The reportshall contain, as a
separatesection,a descriptionof the materials.used in the missile. The
descriptionshallconsistof lists,dividedby form (forexample;castings,
forgings, sheet, sandwichor bonded construction,integrallY stiffened
sheet) of the namesof the Partsmade of eachmaterial,end of separate
perspectivesketcheseitherof the entiremissile,or of major ccsnponents
(wing,fuselage), showingthe locationof use of eachmaterial ~ each
:form. Usage ofthe following’materialsend alloys,where applicable,~shall
be described:

1.
2.’
3.
k.
5.
6.
7.

Aluminum..
Magnesiuni.
Titanium.
Corrosion-resistantsteel.
Low alloysteels.
Specialsteels,suchas die steels.
Nonmetallic,both reinforcedand transparent. -“
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8..Heat-resistantalloys.
9. Othermaterials.

d. Methodsof.attachmentand assemblyof skinpanelsend majorcomponents.

30.4 Structuraldesireloadscriteriaand programreports. The reportsof
30.4.1 through30.4.3shallconsist of that informationnecessaryto detail
the designcriteria for determiningall structuraldesignloads. All devia-
tionsfromspecificationsthat are pertinentto a particularreportauthorized
by changeorderssubsequentto date of contractand the justificationsfor the
deviationsshallbe includedas an appendixto thisreport, Thisreportshall
not repeat the explicit designrequirementsof this specificationor the
detailspecification,but shallexpandor amplifygeneralizedrequirementsas
contractual1y necessaryand appropriateto.make the requirementsspecifically
applicebleto the missileunderacquisition.Wherethe requirementsgrantthe
contractoran optionor alternativein the methodof compliancetherewith,the
reportshallstatethe optionor alternativechosen.

30.4.1 Structuraldesireloads criteria rewrt. Thisreport shall
include,but not limitedto, sectionsa throughh.

a. Handlingand transportationdesignloadscriteria.
b. Launchplatforminterfacedesignloadscriteria.
c. Launchingdesignloadscriteria.
d. Transitionfromlaunchto free-flightdesignloadscriteria.

e. Free-flightdesignloads criteria: This sectionshall presentall
designweightsspecifiedin this specificationend the derivationsthereof;
centerof gravity(CG) envelopes,”includingweightvs CG diagramsand the
derivationsthereof;designV-n diagramsfor synsnetricaland unsynsnetrical
flight; designloadfactors,airspeeds;and rotationalvelocitiesand ac-
celerations;elevated temperaturecriteria;and all criticalloadingcon-
figurations..This section shallset forththe specific designconditions
selectedfor analysis,discussionof designfeatureswhich affectdeter-
minationof criticalconditions,sources of aerodynamicdata,and methods
and assumptionsto. be used in the calculationof aerodynamicloads.
Structuralmaneuvering“capabilityshallbe definedby suparimpc.singal1
limiting factors,including,but not limitedto, control power,angleof
attack, and buffeton altitudevs Mach numberenvelopes.Effectsof weight
and CG shallbe included. A range of I@3 curves”end VH and ~curves
shallbe superimposed,and the design@st loadfactorshallb6 shown.

f“.Control systemdesignloads criteria: ‘l’hissection shallpresent a
detailed descriptionof the control system, its components,. and the
fUctions. thereof. This reportshall also.showclearly the sourcesand.
completeexplinat’ion.4of all loads‘onthesysteitandits components.

g. Repeatedloadscriteria: This sectionshall present‘therepeatedloads
requirementsin termsof specific design requirementsend parameters,
including:
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e weights and loading configurationsin termsof fueland

2. Missionand maneuveranalyses.
3. Maneuverloadsspectraand the derivationthereof.
4. Gust loads.

5. Airspeeds and maneuverload factorsto be used for designof compo-
nent partsof the airframe,such as f1ightcontrolsystems.

.6.Ground operationsincluding,when appliceble, catapultand errest-
ments.

h. Vibroacousticcriteria end program: This sectionshall includea list ‘“.
of actionsand datespertinent.tothe airframestructuraldynamicloadsand
sonicfatigueprogramconsistentwith the programsetforth in the“Schedule
of Structural Work AePort end discussion of environmentprediction,
structuraldynamicresponseanalysisahd sonicfatiguecomponent-tests,as
follows:

1. Aeroacoustic environmentprediction: This section shallinclude,
but not be limitedto, the following:

(a) Threeviewsof the missilewithmajor dtiensionsend surface
areasidentified.

(b)A listof the significentaeroacousticload sources. This list
shall include,but not be 1imitedto, the following:

(1)Boundarylayerpressurefluctuationnoise.
(21 Wake noise.
(3) Cavitynoise.
(k) Base pressurefluctuationnoise.
(5) Noisecausedby oscillatingshocks.
(6)All othernoise of aerodynamicorigin
ated with unsteadyflowphenomena.

(c) The temperature-humidityenvironmentto
acousticloadscalculation,end definitionof
experiencinghigh temperatures.

thatmay be associ-

be assumed in aero-
regionsof structure

‘(d)A tabularenumeration.and its derivationoftime~ duration.aid
associated”temperaturesof acousticloadsfor the specifiedservice
life :of the missile. l!hb‘tabulationshallshow~pertinentinforma-
tion requiredto determinethe aeroacoueticdesignenvironment..

(e) The methodsof aeroacousticloadspredictionsto be used end
the bases for theirselection.

(f) Outlineof developmentof any new or unconventionalmethodsof
predictingaeroacousticloads. MY experimentalworkwhichwil1 be .
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undertakento obtaindataneededin predictingaeroacousticloads
(such as wind tunnelmodels,and rocketmodels)shallbe discussed
in detail.

(g) Plansfor environmentalmeasurementsof airframestructural
aeroacousticloads during all captive operationsand missile
flight.

Dynamicresponseanalysissection: This sectionshallinclude,but
be limitedto, the following:

(a).Disaissionof methodsto be used for identifyingstructural
componentsthattie susceptibleto sonic-fatigue.

(b) Discussionof methods to be used for determiningthe sonic-
fatigue resistanceof the structure and predicting its sonic -
fatiguelife.

(c)Techniquesto be used for designingsonic-fatigue‘strengthinto
structuralcomponents.The basesfor theirproposeduse shallalso
be stated.

(d) The methodin which combinedenvironmental
ture, creep,corrosion,pressuredifferentials,
effectswillbe accountedfor shal1 be stated.

3. Sonic”fatiguecomponenttests:
be limitedto; the following:

(a) Rationaleto be used for
will be performed on various
components.

This sectionshall

determiningwhether

(suchas tampara-
and loadfactor)

include, but not

componenttesting
sonic-fatigue susceptiblestructural

(b) Description and basis for selectingtestmethods for sonic-
fatiguecomponenttests.

[c) Descriptionof the test facilitiesand test equipmentthat are
availableand theircharacteristics,capabilitiesand limitations.

4. Vibration environinents’prediction section.,~‘l’hiesection shall
include,but not be limitedto, the following:

(a) A listingof sources of oscillatoryexciting forces;and,“if
available,vibrationlevelmeasurementsapplicableto the airframe
structuraldesign.:,

(b)me total timedurationfor the speeified service lifeof”the
missilefor”eachdifferent vibrationenvironmentto be encountered
duringcaptiveand flightoperations.
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(c) Description and analysis, where applicable, of anti-vibration
provisions (including anti-vibrationmountings,specialstructures,
and locationof propulsionsystems) to be applied to controlthe
airfr.me structuralvibration environment; and, if available, the
measuredeffectsof devicesplannedor requiredto controlairframe
structuralvibration.

(d) Proposedinvestigationsfor makingaccurate predictions of
airframe structural vibration environments and prediction techni-
ques to be used.

(e) Plans for environmentalmeasurementsof “airframestructural
vibrationsduringcaptiveand f1ightoperations.

5. Dynamicenvironmenttests:This sectionshallinclude, but not be
limitedto, a descriptionof ‘the test facilitiesand test equipment
that are availableand theircharacteristics,capabilitiesand limita-
tions.

30.b.2 ~acture contro1 DIan report. A fracturecontrol plan shall-be
preparedoutliningthe provisionsfor “damagetoleranceto be incorporatedinto
the designand constructionof the missile. The plan shallprovidefor the
establishmentof a fracture controlboardto providean organizationalfecus
to super4isethe implementationof the plan’s provisions. The fracture
control Plan wil1 outlineprovisions for implementinga fracture critical
parts

a.
b.
c.
d.
e.
f.
g.
h.
i.

program. The plan shallincludethe followingmajorelements:

Redundantload path structure.
Damage tolerantmaterial.
Criticalcomponentlist.
Fracturemechanicstest program.
Fracturemechanicsanalyses(metals).
Fract~e control(advancedcomposites).
Materialand processcontrols.
Nondestructivetestingand inspection.
Guaranteedfractuzepropertiesof materiale.

30.4.3 Wroelastic stahlltv programrSD 2%
. .

This reportshall containa
descriptionof the technicalapproach too’b; used in s*stantiatti the
requiredfluttermarginsof safety,as follows:

a. Methodsof representingthe inertialand elasticcharacteristicsof the’
missileand “determ~ingvibrationmodes.

b. Methodsof, representing,aerodyn~icforces, includingec+npress.ibility.~
control ‘surfacegap effects; “and aerodynamic”interferenceeffects for
contiguousairfoils.

c. Methodsof representingthermaleffects.

.
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d. Methods of flutter and divergence analyses to be followed and a
description of the flutter modes to be investigated.

e. The substantiation and demonstration tests, such as structural model
tests, flutter model tests, thermoplastic testsi rigidity tests, ground
vibration surveys, and flight flutter tests shal1 be described and
discussed.

f. A list of actions and dates pertinent to the flutter and divergence
program consistent with the program set forth in the Schedule of
Structural Work Report.

30.5 Structural desian loads analvses reDort. This report shal1 present
in detai1 the magnitudes and distributions of all applied structural design
loads. The development of any new or unconventional methods of determining
loads, or load distributions used in the structural design shal1 be explained
in detail. Wherever possible, correlation of methods and assumptions with
wind tunnel or flight test data, or both, shal1 be shown. Such explana+~:g
and data correlations shal1 be presented in appendices to this report.
report shal1 include, but is not 1imited to, the following:

a. Handling and transportation loads.
b. Launch platform interface loads.
c. Launching loads.
d. Transition from launch to free-flight loads.
e. Free-flight loads analysis: This section sha’
following information:

1 present at least the

1. References to detai1ed aerodynamicc and other data used to determine
the magnitude and distribution of aerodynamic loads.

2. Weight and balance analysis, moments of inertia. and distribution
of inertia loads, shears, and moments for unit linear and angular
accelerations and unit angular velocities.

.3. List of missile weights, speeds, altitudes; load factors, load
distributions, and other pertinent conditions that were investigated
.with sufficient amplifying information to Show that such
investigations covered al1 critical loads.

4.. The.basis for selection of the design load conditions, in?ludiog
discisssionof’ design features affecting loads, parametric analyses,
and loads trend data sufficient to provide a foundation for the
validity of the selected conditions.

5. Cornparatlvetabulatedvalues.or curves”’of ‘loads; $hears, bendin9
moments, and torsions showing the more .crit!Cal nature of One
condition versus another.

6. Detai1s of analyses methods with sample calculations, as
appropriate.
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f. Controlsystemloads: This sectionshallpresentthe loadsto be used
for the design of the controlsystem,including the components thereof.
The source,derivations,magnitude, and analysisof systemloads shal1 be
presented. Systemcomponents shallbe listed and their functionsand
static and repeatedoperationshall be explainedin sufficientdetailto
show clearlytheiroperation.

g. Repeatedloads. This sectionshall presentthe net shear, bending
moment,and torsiondistributions“forthe variouscomponentsof the missile
to be the basisfor fatigueanalysesand tests. Theseloadsare basedupon
the fatigue loadsspectra and operational environmentdefined in the
fatiguecriteriareport. This reportshallcontainthe following:

1. Distributionof appliedin-flight loads at the wing, fuselage,
controlsurfaces, and othersurfaces,including missileweight,alti-
tudes,speed,symmetricaland unsymmetricalloadfactors.

2. Details of analyses methods with sample calculations,as appro-
priate.

h. Vibroacousticenvironmentanalysis. This sectionshall consistof an
initialanalysisreportand finalanalysiswhich shal1 be s@nitted as a
revisionto the report.

1. Initialvibroacousticenvironmentanalysis. This initialsubmittal
of the analyses for aeroacousticand vibration environmentsof the
airframestructureshallincludethe requirementsof (a) and (b).

(a)Aeroacousticloadsenvironment.

(1) A completelist-ofthe importantnoisesourcesassociated
with missilecaptiveand flightoperations.

(2 ) A concise descriptionof all aeroacousticloadprediction
methodsemployed,“includingtestingof acousticmodels.

(3) The characteristicsof the aeroacousticloads,including
but not limited,to, the type of noisespectrum (i.e., contin-
uous,discrete or mixed), the one-thirdoctave‘bandpressure
levels, and the,frequencies of discrete componentsof the
spectrum.

(4) The effectsof variation in enginethrust,missile speeds,
and other tipor%antoperatingvaxiebleson theseaeroacoustic
loadch~acteristice.

“(5) Isobel (overall“andone-thirdoctave ‘bands)contourplots
of the aeroacousticloads supertiposedon the externalsisrface
configurationof the missile for variousimportantcaptiveand
flightmodes.
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(6) The aeroacousticdesignloads for al1 of the various
airframestructuralcomponents,includingthose locatedinter-
nally.

(7) For structuresthat are aerodynamicallyor otherwise
heated, the structuraltemperaturesassociatedwith the aero-
acousticloadsshallbe included.

(8) Exposure time at the variousaeroacousticload levelsfor
the servicelifeof the missile. Incorporatethe resultsfrom
missionprofileanalysis.

(b)Vibrationand otheroscillatoryloadsenvironments.

(1) A descriptionof the vibrationpredictionmethodsemployed.
Any vibrationmeasurementsmade duringthe developmentprogram
of the weaponsystem,the propulsionsystem,or other sources
of vibrationshal1 be includedin the analysestogether with
the measuredeffectsof devicesthat are plannedor requiredto
controlvibrationof the airframestructure.

(2) A sunsnarydescriptionof‘thevibrationenvironmentcharac-
teristics,including,but not limitedto,

Y
typeof.vibration

spectrum,accelerationspectraldensities( /Hzvs frequency),
the one-thirdoctave band load levels,and the frequenciesof
discretecomponentsof the spectrum, to be encounteredby the
missilewhilecaptiveand in free-flight,at variouslocations
on the airframestructure.

(3) The effectsof variationin enginethrust, missilespeed,
dynamic preseure,load factor,and other importantoparating
variableson thesevibrationenvironmentcharacteristics.

(4) A descriptionand analysisof the effect,whereapplicable,
of the anti-vibrationimplementations(including but not
limited to, anti-vibrationmountings,special structure,and
locationof propulsionsystems)to be appliedto controlthe
vibrationof the airframestructure.

,(5) Exposuretfie at the various vibration’levelsfor the
service lifeof the m$ssile. Incorporatethe resultsfrom
missionprofile analysi5.

2. Finalvibroacousticenvironmentanalysis: This report shallrevise
the initialdata to reflect the results of ,all airframe.structural
aeroacousticand vibrationenvironmenttests,both oaptiveflightand”
free-flight. M assessmenton how the previouslyreportedairframe’s
structuralaeroacoisticloads and vibration environmentsshall be
amPlified in viewof all testresults. Correlationbetweenanalytical;
ground‘testand flighttestaeroacousticand vibrationresultsshallb-s
performedand discussed..In addition,thisrevisionshallcontaindata
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demonstratingthat the required vibrationlevellimitsat the various
missilecomponentshave not been exceeded,and that theminimumdamping
requirementis met for al1 siznificantairframedynamicresponsemodes.

30.6 AeroelasticStabilitvanalvsisreports. Thesereportsshallconsist
of an initialanalysisreport, an intermediateanalysisreport, and a final
analysisreport.

a. Initialaeroelasticanalysisreport. As a minimum,thisreport shall
includethe requirementsof 30.6al through30.6a4.

1. Flutteranalyses section: The flutteranalyses resultsshall be
presentedfor the minimumaltitude at whichthe maximumdesign Mach
number can be obtained, the minimum altitude at which the maximum
design dynamicpressurecan be obtained,and the minimumaltitudeat
which transoniceffectsbegin to occur. .Theseflutter analysesshall
be presentedfor-severalMach numbersateach altitude. In addition,
the analyses resultsshall be presentedfor otheraltitudes deemed
necessary either by the contractor or the contractingactivity.
Compressibleaerodynamicsshall be used in the high subsonic and
supersonicspeedranges. Analyticalor empiricalcorrections,as are
available,shallbe appliedfor analysesin the transonicspeedregime.
Finite span effectsshall be included in the analyses for lifting
surfaceswhen tieseeffectsare significant.The effectsof aerodynam-
ic interferenceshall be includedfor surfaces wheresignificantflow
interactionoccurs. The effectsof transientand steadystateheating
shallbe includedin all analysesfor thermalconsiderationsspecified
in this specification. In cases where the results of the flutter
analysesshow the flutterstabilityto be marginalor wherethe flutter
speeds are sensitiveto variationsin one or more parameters,the
critical parameter(s) shall be variedto coverthe expectedrange,
wherethe range,shallinclude,but not ,belimited to, the implications
of wear due to serviceusageand”changesin rigidity up to limitload
conditions. The analysesmay. be basedon calculatedvibrationmodes
or, if they are available, on measuredvibration modes. Sufficient
numberof modes shallbe used to presentthe impcrtantdynqic charac-
teristics of the missile. The reportshall include,at least,the
resultsof the three-dimensionalflutteranalysesdescribedin 30.6ala
through30.6alj. For a few selectedcriticalconditionsand configura-
tions, matchedpointfluttaranalysesresultsshall‘bepresented. The
methods and notationused in the analysesehall be clearlydescribed
and definedunlessstandardfluttermethodsand notationsare used and
referenced.The reportsand resultsof the analyses shallbe complete
and as conciseas is practicaland shalllistthe numerical valuesof
the fl.utterpar%?ters used. .The results of all flutterahalyses
p@rfomned shallbe presentedas plots.of the’damping’coefficient“i”
and variationof frequency(HZ) for eachmode versusequivalentair
speed.(knots). Significantdescriptiveinformationshallbe listedon
eachplot. The results”of parametricstudies’shall be presented as
plots of flutterspeedversusthe variationin significantparameters.
A‘discussionof the mechanismof flutterfor all criticalfluttermodes

.
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shallbe included. A sununarvPlot shallbe includedshowingmedicted
fIutterspeed and missile l~~t speed,~ , versusMach ~~er for
variousaltitudes.The predictedflutterspeedboundaryshallbe given
for structuralmodaldampingcoefficient“g” equalto zeroand also for
a’g = +0.02on the sumnaryplot.

(a)Wing flutteranalyses: Both symmetricand antisyntnetricmodes
shal1 be investigatedfor variousCG positions. Significant
fuselage,empemage, and controlsystemmodesshallalsobe includ-
ed.

(b)Enpennage flutteranalyses: Both smmnetricand antisynsnetric
modes shal1 be investigated-and criticalparametersshallb varied
to coverthe expected rangesof designvalues. Significantfuse-
lagemodesshallalso be included.

(c) Control surfaceflutteranalyses: The rotationalfrequencies
of al1 control surfacesshallbe variedin the flutteranalysesto
cover the probable rangesof operation. The controlsurface
torsionaland bendingdegrees of freedomshallbe included in the
analyses.

(d)Other surfaceswhichare exposed to the air stream: Flutter
investigationsshall be performed for missilecomponents,other
than controlsurfaces,whichare exposed to the air stream. These
include but are not limitedto canardsurfaces,scoops,booms,and
strakes.

(e)Deployable-stiface flutteranalyses: Flutteranalysisshall‘be
performedfor missilesof whichwingsand/orcontrol surfacesare
deployedduring the transitionfrom the launchplatform to free-
flight. Both synmnetricaland anti-syntnetricalpc.desshall be
investigated. As a minimum deployable-surfaceffist and second
bending,.rotation,and torsion.modesshallbe included.Wherethe
axisof rotationis not in the planeof the surface,the foreand -
aft motion.of tie’surfaceshallbe included.

(f) Aeroservoelasticanalyses: The dynamiccharacteristicsof
controlsurface actuatingsystemsshallbe includedin the flutter
analyses. The‘effectof hightemperatureson the dynamiccharac-
teristicsof the actuatingsyetams,including the hydraulicfluid
(ifapplicable), shallbe included.

(g)Chordwise‘mode flutter: Evaluations’based on existins ex-
perimentaland theoreticaldata shallbe madeto detennipe.*at tie
ie@red fluttermargin”‘of safety .existefoi’those structural
sectionsand s~faces on supersonicmissileswhichare deemed@ be
most susceptibleto chordwisemode flutter.

(h)Ptiel flutter: Evaluationsbasedon existingpanel flutter
design criteria,suchas that containedin AFFDLTechnicalRepoti
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67-140but not lhited thereto,shallbe made to determinethat the
required fluttermarginof safetyexistsfor thoseskinpanelsand
fairingscm a supersonic missiledeemedmost susceptibleto flut-
ter. When panelsmay be subjectedto in-planecompressivestresses
due to missilemaneuvering or aerodynamicheating, a buckled or
near buckled condition (whicheveris more critical) shal1 be
assumedunlessen accuratepredictionof the compressivestressand
its effeet on panel fluttercan be made. The aerodynamiccondi-
tions used shall be the localconditions existingat the panel
surface whichmaY be alteredfrom the free stream by missile
attitudeor surfaceshape.

(i)Whirl.mode flutter: When applicable,whirl mode instability
analysisshallbe performedfor the totaland completepropulsion
system plus the missilesystem. The malysis shallinclude,but
not be limitedto, the following:

(1)
(2)
(3)

(b)
(5)

(6)

Airframemades.
Enginemodes end enginemart-isolatormodes.
Power trensmiss,ionsystem modes including drive shaft
modes.
The modes of fans or any otherblades.
The fan or all otherbladeaerodynamicand dynamicloads,
such as gyroscopicloads.
All accessoriesfor all systemsthat “ireconsideredimpor-
tant.

(j) Fail safe: Analyses shallbe made that assume failuresof
-various coinponentsof the missilethat are significantfrom a
flutterstandpoint. As a minimum,the failure,malfunction,or
‘disconnectionof any singleelementof the flightcontrolsystem,
or in anY flutterdamper connectedto a contzol surfaceshallbe
analyzed.

2. Divergenceanalysessection: Divergenceanalysesshallbe performed
for all wings,stabilizers,end fins. Divergenceanalyses shall:also
be performedfor longslenderbodieshavingsignifictitliftor forward
locatedlifting surfaces,and all-movablecontrolsurfaces and their
actuatingsystems. The divergenceanalysis shalldeterminethe diver-
gence speed (ordynamicpressure),the loadamplification,&nd corre-
spondingelasticdeformationand loads at the design limitspeed to
show thatthe’structuraldesign‘limitloadswill.not be exceeded. The,
sectionalaerodynamicderivatives.’used in the analyses shallbe based
on experimentaldata,insofaras is practicable.The analysesshallb?’
performedfor the seinealtitudesspecified.in30.6al. compressibility,
correctionsshallbe made where applicable.The effects of t.iansient
and’ steady-stateheatingshallbe includedin al1 analysesfor thermal
considerations’specifiedin this specification. The resultsof the
analyses shall be presented as plots of divergence‘speed in knots
emivalent airspeed versus Mach number for variousaltitudes. In~~

.

I
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addition,these plotsshal1 show the design
Mach number.

3. Basicdata section: All datanecessary
vibration modalanalyses, flutteranalyses,

1imit speed,VL, versus

to perform the detailed
divergenceanalysesand

aeroservoelasticanalyses shallinclude, but not be limitedto, the
following:

(a) Plotsof missiledesign limitspeedin knotsequivalentair-
speedand Mach numberversusaltitude.

(b)A three-viewdrawing,to scale,of the completemissilegeneral
arrangementshowingmajor dimensionsand locations of non-struc-
turalmass items,controlsurfaceshinges,and balanceweights.

(c)Blown-updrawingof missilecomponents.

(d) Planviewdrawings, to scale, withmajor dtinsions,showing
locationsof balanceweights, dampers,hinges,axes of rotation,
and actuatorsof all controlsystemsurfaces. A descriptionof the
type, weight, and final“assemblyand installationof balance
weightsand theirnaturalfrequencieswhen installedin the @s-
sile.

(e) For flutterdampers,a descriptionof the methodof operation,
installationin the missile,designvaluesintendedto meet damping
versusfrequency,and results of laboratoryqualificationtestsof
the flutterdempers.

(f) If the NASTRANcomputerprogram is used for the finiteelemnt
modeland vibrationmodal analyses,a listingof the inputdata.

(g) For the tii.nliftingsurfaces,if an elasticaxis theoryis
used,plotsof chordlength, weightper unit SP~, CG locationt
mass moments of inertia per unit span, static unbalance about
elastic axis per unit SPartelastic =is location~ EI.and ~ V’SrSUS
span,and root stiffness.

(h) For con@ol surfaces,.plots of leading and trailing edge
locations,hinge’linelocation”,weight.per unit SPSII,CG locationt
static unbalanceabouthingeaxis per unit span, massInc4nentsof
inertiaabout’hingeaxis pei Wit SP-,,EI and GJ ‘ver,susspan,and~~
rotationalstiffness.

(i) Forfuselage,plots,of,weight,,massnpments..ofine*i?l.el~stic
aiis,EI.and GJversus length.

(j) Designstiffness.of all aCtU~tOrs.

(k) Schematic diagram of the missile flight control systems,
(longitudinalcontrolsystem, lateralcontiolsYstam, directional
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control system). Also a detailedexplanationof how the hydraulic
(includingredundancy),electrical,and powersupply, as applica-
ble, is used to actuatethesevariouscontrolsystems.

(1) Mass properties (weight, CG location, mass unbalance about
hinge line,and mass momentsof inertia)of all controlsurfaces.

(m) For concentratedmassessuch ‘asengines,weight,CG location,
mass momentsof inertia,and stiffnessof the supportingstructure.

(n) Dimensional analysesof all actuating systemParts for each
controlsurfaceshowingminimumand maximum freeplayvaluesdue to
manufacturingtolerances.

4. Vibrationalmodal analysessection: Dynamiccharacteristicsof the
entiremissilewhichare required to performaeroelasticstabilityand
dynamicresponseanalyses shallinclude, but not he limitedto, the
following:

(a) A descriptionand figures of the symmetric and entisymmetric
complete missile.idealized dynamicmathematicalmodel. A table
“showing the dynamic degrees-of-freedom end their location in
missilecoordinates.

(b) Plots of calculatednormalmodes (modeshapesand node lines),
frequenciesand generalizedmassesof the fullycoupledmissile.

b. Intermediateaeroelasticanalysisreport: This reportshallbe based on
the initialreportbut updatedbasedon- the resultsof the groundtestsof
the aeroelastic stabilitysubstantiationprogramsuch as groundvibration
modal tests,compliancetests, wind tunnelfluttermodeltests, and other
tests that have been completed. Correctionsshallbe included which
‘accountfor all significantdifferencesbetweenmeasured and.calculated
mass properties,stiffness,and free-play,~d modificationof aerodynamics
basedon wind tunnel tests (bothfluttermodeland steadystateaerodnmo-
,icsmodel). The dynamicmathematicalmodelused in the analysesshall
reflectmodificationsmade’which are basedon correlationstudies between
experimentaland “imalytical.modalparameters(modeshapes and frequencies).
The reportshallalso include,but not be limitedto, the following:

1. A t.ebul~S- of all flutteraialysesperformed indicatingfor
each’analysis.the modes’used,the aerodynamic’theoryrepresentation;
the flutterspeed”,obtained, and the minimunivalueof the’ damping
coefficient,“g”,obtainedfor speedsfrm”minimumup to 1.15t~es the
limitspeed. ..

2. The flutter summery plot(s)shall be updatedshowing predicted
flutterspeed boundariesend missile limit’speed,VL, versus Mach
number for various altitudes. Indicateby shadedareas withinthe
flight speedenvelopewhere,if any,the minimumfluttermarginsexist
for variousmissileliftingsurfaces. -.
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3. The updateddivergenceanalysesresultsshallbe presentedas plots
showingpredicteddivergencespeedsand missilelimitspeed,~ , versus
Mach numberfor variousaltitudes.

4. Al1 flutter analysesresultsshal1 be presented as plots of the
dampingcoefficient“g” and variationof frequency(Hz)for eachmode
versusequivalentairspeeds(knots). Resultsof modaldeletionflutter
analyses and matchpointflutteranalysesshallalso be presented.

5. All aeroservoelasticanalysesresultsshallbe presentedas plotsof
gain (dB)and phase (degrees)versusfrequency(Hz) for variousMach
numbersand altitudes.

6. Addenda to thisreport shal1 be sutmittedto update the analyses
based on the results of groundtests thathave been completedafter
initialsuhnittal,suchas when limitloadrigiditytests showreduc-
tions in structuralstiffnessunder load. Flutter analysesshallbe
updatedto includethe lower stiffnesslevels at compatibleflight
conditionswhere fluttermarginsare minimum.

7. Addendato this reportshallha sutmittedfor parametricvariation
flutter analysesperformed to determinesensitivityof the fluttar
speed marginsof the missiledue to variationof mass proper-tiesof
controlsurfaces. Theseparametricstudy resultsshallbe presented
for all controlsurfaces,md othercontrolsexposedto the airstream.

8. Recommendedmissile configurationsto be evaluated during the
aeroelasticstabilityf1ighttest demonstration.

c. Final aeroelasticanalysis report: This reportshall containdata
demonstratingflutterand divergencesafetyrequirementsup to 1.15VL for
the missile. It shall includethe sunsnarizedresultaof all the required
flightflutterand divergencetests. Finalplotsof dampingcoefficient,
“g”, and frequency of oscillationof the criticalmodes versus knots
‘equivalentairspeedand Mach numberforvarious’altitudesshallbe present-
ed., A discussion of the co~elation between the flightflutter and
divergence test.dataand theresultsof the analysesend testsperformed
duringthe flutterand divergenceprogramshallbe included. The objective
of this discussionshallbe to substantiatethat the 3.8.1requireddamping
coefficient,“g”.-gin existsUP.to VL and to substantiate that the 3.8.1
required flutter and divergencemarginsof safetybeyondVL exist. A“final
vibration and flutteranalysescomputer~programshall be made availablein
m oP::ationaireadyto use fonn alongwith user’sh.anuals,to the’con-
tractlngactivity.

30.7 Jnternalloads. alvsis rewmt~..

30.7.1 internal loadsmethod1~ The methodologyto be used for
determiningthe internalload dis~ibu~ion”shall.be preparedforcontracting
activity acceptance.Thisreportshallcontainall datarequiredto substan-
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tiatethe input to the analysisprogrambeingused. It shallincludebut not
be limitedto:

a, The math modelsof the structure: both the modeldeveloped by the
analystand the one drawnby the computer.

b. Structural arrangement&awings in suchdetail that the model can be
comparedto them.

c. Programinputand outputin a presentableform,includingcomputerplots
of the outputwherepracticable.

30.7.2Structural analvslsreport. The structuralanalysis reportshal1
containthe followingsections:

a. Stress analysis: Stress analysisshall consistof thosedata that
relate to the analytical determinaticmof the abilityof the ‘missile
structure to support critical loads and meet the specifiedstrength
requirements.This section shallincludecurves,tables,or both,giving
the particular componentdetailresultantloads, shears,bendingmoments, ,
and torsional moments. In general, the stressanalysis sectionshall
contain detailedanalyses of the majorcomponents of the structureand
summaries ofstress calculationsof othercomwnents. ‘iinphasisshallbe
~givento presentationof the stress analysisin a manner that will allow
rapidinterpretationof the significantresults. The stressanalysisshall
include a descriptionof the structural componentsanalyzed, giving“the
type of construction,arrangement,material, locationby coordinatesof
load carrying members, and other pertinent data. Sketchesshall !be
;providedthroughoutthe analysisto minimizethe necessityof referringto
drawings of the missile. The presentationof detailed loadsshall be
completeand show clearly the stepsconsidered in their development.
Detailed loads shallbe identifiedas limit or design ultimateloads.
Identificationof specialfactors used shallbe included. Stressesshall
be calculatedfor themaximum loadingconditionsof componentsor members,
“chosenin each caseto affordan adequatecheckof the structure.Unortho-
dox methodsof stressanalysis shall‘.basubstantiatedfor accuracyand
vapplication. The derivationor sourceof Unusualstressanalysis’formulas
shall be shown. Computationsin the stressanalysis shallbe made on the
;baais of designultimateloads;however,where‘computationsbasedon yield
strength of materials indicate yielding,they shall alsobe included.
:Computedmargins of safetyshallb6 clearlyindicated.A ‘s~ tableof
minimum margins”of’safety and a table listi.igall castings~~and their
margins of safetyshallbe includedin each.report. Wherevermeasurements
obtained duringstructuraltests permit,the stress distributionsof the
major,components,.as determinedby.analysis,shallbe correlated,with those..
.determiriedfrom‘test’data. Stressanalysis shallbe prepared”asseparate~‘‘~
sub-sectionsfor the followingmajor’stmctural groups:

1. Wing, includingall attachmentsand actuatingstructure,and movable
controlsurfaces.

.
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2. Fuselageexceptwing and controlsurfaceattachments.

3. Fixedand movablecontrolsurfaces,theirattachments,and actuating
structure.

4. Controlsystemincluding

5. Miscellaneousstructure.

b. Fatigueanalysis: Fatigue

actuators.

analysisshal1 provide verificationof the
ability-of the airframe to withstandthe fat~guedesignload spectraof
section3.6.1for the requiredlife. All data necessary for thisdetermi-
nationshallbe includedor suppliedin conjunctionwith other repcmts.
The analysisof structuralsectionsof all load carryingassembliesof the
airframe,selectedas fatiguesensitive,shal1 be presented in detailin a
comprehendive manner. Data supportingthe selectionof the sections
analyzedshallbe includedwith sketchesdepictingthe structuraldetail,
section location and geometry,and the applied loading. All stress
calculationsshal1 be includedor referenced.References are limitedto
formally submittedloadsor stress reports. Include the supportingdata
and justificationof the fatigue~llowable(S-N)curvesused and identify
the wing l-g stresslevels for the designconditions. The methodand
procedureused for computingfatiguedamagewill be clearlyspecified.The
analysisshallprovide plotsof damageby stress level,loading source,
usageor otherparametricrelationship.

c. Damage toleranceanalysis: The damagetolerancesection shallcontain
the analytical verificationof the damagetolerancecharacteristicsof the
airframe. The reportshallcontaina classificationof the structureas to
the choiceof damagetoleranceconcepts to be employed. Allowableinitial
flawsizes, inspectionintervals, classificationof inspectability,end
inspection detailsrequiredto supportthe analysisshallbe as agreedto.
“by the contractingactivityand shall be specified in the report. The
reportshallsubstantiatethe abilityof primary structuralcomponentsto
meet the residualstrength,rigidity,and liferequirementsin the presence
of initialflaws,battledwage, and fatiguecracks. Calculationsshallbe
included that showthe growthbehaviorof initialdamage in a structure
subjectedto operationalenvironments,thermal profiles,.and critical
combined,staticand dynamicloads. The analysisshallcover the time from
initialdamageto c6mplete”failureof the. component.The calculationof
criticalflawsizes,flawgrowthrates,and residualstrengthshallutilize
‘the’damage.tolerancetistdata generateddurizigthe designdevelo~”nt (DD.)
and. pre-productionverification (PDV) test programs. The report shall
includeconsiderationof the methodof spectrumorderingincludingflight--
by-flightapplicationof stresses. Alsoincludedshall@ est~tes of.’the
variability‘offlaw ‘growthdue to.environmentand stress levels. The
report shallbe a complete documentin itself and shallcontain all
pertinentdatarequiredto determinethe damagetoleranceof the,critical
areasselectedfor analysis. Data supportingthe selectionof critical
structureto be “malyzed shall be included depicting the structural
function and detail,section location and geometry,material, initial
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defects,appliedloading,environment,thermalprofile,and otherpertinent
information.The methodsand proceduresused throughoutthe analysisshall
be specified,and a completelistof referencesshallbe included.

d. Sonicfatigueanalysis. This sectionshallincludethe following:

1. Initialsonicfatigueanalysis.

(a)
(b]
(c)

(d)

(e)

Analysisof all structurethatmay be sonicfatiguecritical.
Fatigueproperties(S-Ncurves)of new or wiconsnonmaterials.
Sampledesign calculationsto show compliancewith fail safe
and minimummaintenanceand repairrequirements.
Discussion of how the following factorshave been accounted
for:

(1)Random amplitudedistributionof stressresponseof’etruc-
turesexcitedby broadbandrandomsonicload.

(2)Non-linearityof structuralresponse.
(3) Structuraldamping.
(4) Multi-modestructuralresponse.
(5) Combinedenvironments- elevatedor low temperature,creep,

corrosion,pressuredifferentials,nuclearradiation, and
non-aeroacousticvibrations, in addition to the aero-
acousticload.

A list showin~the estimatedsonicfatime life for each struc-
turalcompone~tanalyzed.

2. Finalsonicfatigueanalysis. The data of”30.7.2d shallbe revised
to reflectthe finalaeroacousticloadsenvironmentanalyses of 30.5h2
basedon the laboratory,captive,end flighttestsdata compiledduring
the vibroacousticloadsprogramincluding datameasuredon the flight~”
article.

.30.8 Reoorts of laboratoryteststo define envir~ d
isLiQs.

:30.8.1 Air 10ads mode1 wind tunnel test“reoofi. The reporton”the air
loadswind tunneltestresultsshallcontainthe datesaid placeof the tests,
comparisonsof modeland full soelemissileparameters,drawingsand photo-
graphs‘of.representativemodelsand their.supports,test conditions,plotsand
tabulationof dati acquired(labeled as to parametersmeasured.“endunite of
measurement), and plotsshowingthe wind tunnel characteristics.Comparisons
of testresults with theoreticalresults,ifavailable, shallbe .$nclvded.
All date shallbe presentedin tern”’of both modeland missilepa@neters.’ :

30.8.2 Flutteremdelwind tunneltes
~

r’eoort. The reporton the flutter
model testresults shallcontain“the” date end placeof tests,the model “”
flutter p~ameters as compared with similar parameters of the fullscale ..

missile,drawingsand photographsof representativemodels,end of the,model .
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support. The reportshallcontainthe resultsof testsused to determinethat
the modeldoes simulate the missile. The reportshallalso includethe test
conditions,the mode and frequencyof flutterencounteredif flutteroccurs,
plotsof the damping.coefficientand frequencyversusvelocity if transients
are measured,plotsof the flutterspeedand frequencyversusthe variationin
important parametersif a parametric studyis performed, and comparisonsof
test resultswith the resultsof theoreticalflutteranalyseson the model.
The method of correctingfor compressibilityin the theoreticalflutter
analysis shal1 be included. Plotsshowingthe wind tunnelcharacteristicsand
indicatingthe flutterboundary thatmustbe attained(including the flutter
margin).shallalsobe included. All data shallbe presentedin term.of both
modelparametersand missileparameters.

30.8.3 Airframerigiditvtest reDort.

a. Fluttercompliancedata. This sectionshall containthe resultsof
testsperformed to demonstratecompliancewith the detailedrequirements,
as specifiedin section3.8,for:

1. Totalweight, CG ‘location,staticunbalanceabout hinge1ine end
mass momentsof inertiaof all controlsurfaces. A comparisonof test
datawith calculatedvaluesshallbe included.

2. Location and tolerance of balance weights,,provision for re-
balancing, and the protectioninstalled to pretientchangesin mass
balanceof controlsurfacesdue to atmosphericeffects.

3. Frequenciesof installed mass balance weight installationand
comparisonwith calculatedvalues.

4. Testresultsof balanceweights,attachments,linkages,and Support-
ing structure that substantiatethatthesecomponentscan withstand,
without failure, the specified staticand repeated‘inertialload
factors.

wifi specified
partsfor each
valuesdue to

5. Freeplay of all control surfacesand comparison
values. Dimensionalanalysesof all actuatingsystem
control surfaceshowing minimumand maximumfreeplay
manufacturingtolerancesshallbe included,

6. Rotationalstiffness of controlsurfacesand comparisonwith theo-
reticalvalues;

. - —..

7, Componentvibration“modaltest&ts includingnatura2fie~encies,
damping,mode shapes,.and node
test datawith calculatedmodal

8. Hydraulic dampers:damping
life.

lines. Comperieon of vibration modal
dateshall be included.

versusfrequency,freeplay.end service
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9. Results and summaryof all laboratorytestson all fail-safefea-
turesto substantiatefail-safedesignrequirements.

10. Actuator test data includingstatic stiffness, freeplay, and
dynamicstiffnessfor all operatingmodesof the system.

b. Groundvibration modaltest data: This section shallcontain the
resultsof the groundvibrationmodaltest,as follows:

1. Description and photo~aphs of the missilesuspension system,the
excitation system,instrumentation,procedures, data reductionproce-
dures,and the missileconfiguration.

2. Plots of the amplitude versus frequencyand frequency response
functionfor severalsuitably locatedvibrationpickupsmonitoringthe
frequencysweeps.

3. The naturalfrequency,damping,and mode shapeand node line loca-
tionsfor all modes that are importantwith respect to flutter. A
comparisonof the missileexperimentalvibrationmodaldata,calculated
vibration modal data and flutteror vibration modeldata shallbe
included.

L. The quality‘of the experimentalmode shapes shallbe evaluated by
examination of the -modaldata orthogonality. The generalizedmass
matrixobtainedfroman integratedtriplematrixproductof the experi-
mentalorthonormelizedmode shapesand the theoreticalor modifiedmass
matrix of the dynamic systemshall not have off-diagonalelements
greaterthan 10 percentof the unit diagonalelements.

5. Results of all vibration tests (includingtestswith temperature
effectssimulated) performed to determinethe dynamic characteristic
of actuatingsystemsof control suifaces.shallbe included.The data
shallincludethe impedance of the controlsystemsas determinedboth
fromthe inputand outputsidesof the controlsurfaces.

6. A supplement shall be submitted presenting the investigations
performadto correlate the experimentalmodal parameters~.(frequencies
and mode shapes) with the anal~ical modalparameters. Discussionof
criteria.and “rationaleon.proceduresused to evaluatethe differences
betweenexperimental’and analyticalmodalparameters. Discussionand
rationale~~of methodsused to modifyor-finetune the “malyticaldynamic
mathaiaticalmodelwhich has physical relevanceso that correlation
,btweenexperimentaland analyticalmodalparametersis achieved.

c. fieimoelastictest‘data: l%is sectionshallinclude’.the.resultsof full
scalecomponent vibrationtestswith simulated“in-f1ightthertnilenviron-
ment. The predictedand measuredtemperaturedistributionson the com-
ponentand in importantinternal members;and the naturalfrequency and
made shape of each importantvibratory mode shallbe presented as a
functionof time. A descriptionand photographsof tlse test specimens,
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test setup,test equipment and instrumentation,procedures,and method of
datareductionshallbe included.

d. Rigiditytest data: This data shallcontainthe resultsof thosestatic
tests performed to substantiaterigidity characteristicsapplicableto
flutter,divergence,and vibration. The re~rt shallcontaina description
and photographs of the tests,instrumentation,test procedures,data
reduction procedures,and plotsor tablesshowingthe appliedloaddistri-
butionsfor the simulatedcriticalflight conditionsand the incremental
loadsused. The deflectionsof the structureto incrementalloadsat limit
load shall be presentedand compared with data obtainedfor similar
incrementalloadsfor the low-load and intemediate-load conditions. A
comparison of the stiffness distributionsor influence coefficients
obtained from the tests shallbe made with dataused in the theoretical
analyses and obtainedfromsimiler measurementson the fluttermodelsor
othertypesof models.

30.8.4 Dvnamicenvironmentaltest report.
results of the vibrationand aeroacoustic
follows:

a. A discussionof the work perfonned,test

Thisreportshallinclude the
environmentalground testsas

objectives,resultsand conclu-
sions.

b. Date and place of test.

c. A description of test setups,
test articlesuspensionequipment

facilities.testmethods and conditions,
supplementedby drawingsand photographs.

d. Test procedures,test levelsand associated’tolerances,durations,and a
copyof the test log.

e. The typesof instrumentationand dataprocessingsystemsused end their
calibrationcharacteristicsand all pertinent data analysis processing
parameters.

f. A list of rigidbody suspensionmodes (frequenciesand mode shapes).

g. Test measurementsof the vibration ihput and responses of the test
articleat the beginning,end, and at appropriateintervalsduring each
run. Thesetestdate shallbe providedas accelerationspectraldensityon
log-logformat.

h. Test measurements of the acoustic fieldsurrouridingthe test article at
,the beginning,end, and at appropriateintevals d~i~ each test ~..
These test”data’shallbe provided’as:one-thirdoctaveMd soundpressure ‘..
levelsin dB units.

i. A detail descriptionand discussionof
may occurduringthe test. Reasonsfor the
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regardingdesignchanges to correctthe problemand assoc-
and retestrequirementsshallbe included.

30.9 ~ teststo fine s atic and fatiguestrength.
The followingreports are required describingthe staticand fatiguetest
programs.

30.9.1 Test P1ens and m-oeremreports.

30.9.1.1 Des riptionof test articlesreport. This reportshallcontaina
descriptionof ail test articlesincludingdifferencesbetweentest and flight
articlessuch as dumny installations(e.g., enginemass),items proposedfor
omission (e.g., fairings, doors), a listof all items not identicalwith
flight or productionparts,and all otherdetailed informationpertinentto
the staticand fatigue test-articles. Modificationsto the test tiicles
subsequentto the issuance of thisreport.and priorto the start of tests
-shall be describedin appendicesto this report. Modificationsduringstatic
and fatiguetestingto permit.achievementof test loadsshall ,bedescribedin
the appropriatetest progress,and finalreports.

30.9.1.2 &tatictest da n.reDort. This reportshallcontainin detailfor
each statictest loadsdata,thermaldate,c~mputationalmethods,sunnna.riesof
criticalconditions, loadenvelope curves,physicaldimensions of the test
article, test articlecomponentweightsas deliveredfor test,and applicable
instrumentationdata. The reportshallinclude:

a. Discussion of the basisfor the criticalconditionsselected for test
including plots of test loads,shears, and momentsfor al1 conditions
described. Comparisonswith correspondingPlotain designor analyses
reportsshallbe shown:if test plotsare identicalto designor analytical
plots,referenceto the appropriatedesignor analysesreportsmay be made
providedsuch reportshavebeen sulsnittedpreviously.

1.Loads.

(a) Intennadiateand maximumtest.loadsto be attained,including
loadingsequence.’Estimateddatesfor attainmentof intermediate
test loadsif such loads are significantcheck pointsduringthe
testsand the maximuiloadsare not to be attained as an initial
goal of the tests.

(b) Where the testarticle is.a“full-scale:completemissile,all
loadsshallbe referenced abouta standardlocationon the struc-
ture and be balancedabout thisraferencelocation.

(c)”Coi@et6 missileloads$hallbe representedfor all majortest ~‘
conditions.Theseloadsshallbe rationalin all casesexceptfor
componenttestswhere”arbitrarybalancingloads maY be used With
sufficientjustification.It is not necessaryto present’balancing
loads for small componentstatic tests;however, the contractor
will be freeto make reconsnendationsas to suchloads. . .
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(d)All major component static loadsshallbe presentedseparately
in tabularand graphical form. Shear,momentend torsiondataare
required. If loadsare presentedin the form of artificialpanel
pointappliedloads,these panelpointloadsshallbe in addition
to the aboverequirements.

(e) The reportshall includeunit inertia tablesend air load
distributionsin additionto the net test loade. Air loadsdistri-
butionswill be used primarilyfor backupdata end to help derive
the most rationalpossibletest loaddistribution.

(f) All majorconcentratedinertialoadsshallnot be includedwith
distributedtest loads. If it is not possibleto exclude these
loadsfromthe distributedload tables,theirmagnitude and loca-
tion shallbe clearlystatedor referenced.

(g) Each test condition shallbe prefacedwith a sumnarypagewhich
presents all applicable testparameters such as missileweight,
load factor,speed,end altitude. In addition,the criticalareas
for thatparticularconditionshallbe noted.

2. Thermaldata.

(a)Sufficientdata shall be presented so that the following
informationmay be obtained:

(1) Totalpowerinputto the specimen(kilowatts).
(2) Heat flowdiagrams,heat sinks,heat concentrations,etc.
(3) Numberof controlareasdesiredand sizeof each.

(k) Physicalpropertiesof the specimen suchas specificheat
end coefficientof thermal expaosion. Materialproperties
shouldbe basedupon the temperaturesto be used.

(b) Timeversustemperatureor heat fluxinput profilesshallbe
presentedfor all elevatedtemperaturetest conditions.

(c) In areas wherethe necessityfor elevatedtemperaturetesting
is questionable,date supportingreasonsfor or against hot tests
shallM presented.

b. Descriptionsof’test aiticles,setupsand~ procedures.~A descriptionof
the “testapparatus,the straingage locations,’the”deflectionand defonna-
‘tion measuringequipment; loading platforms;wing lift simulation;in-
strumentation,and tensionpad locationsare,.to be included. such info=-.
tionmaY be ihcludedin a singlereportcoveringthe.“etatictest.ptogramin
whichcase,the descriptionof each t&t setupand procedureis “notrsquired
in eachtest planrepoi-t.

1. Instiumesitation.
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(a)Drawingsand tabulardata indicatingexact
and orientationshal1 be includedin the test

transducerlocations
manual. For tests

conducted by the contractingactivity,photographsshallaccompany
this informationwhen indicatinglocationor orientationof inac-
cessible transducers.

(b) Predicted and allowableparameters(stress or strain,deflec-
tion, temperature,pressure,and load1 shallbe suppliedfor all
criticalstructural areasor componentsfor each test condition.
When possible,thesedata shouldbe includedwith the prefacefor
each load condition.

(c) For testsconductedby the contractingactivity:

(I) Prior to commencinginstrumentation,the contractorshall
furnisha listingof the generalmeasurementrequirements.

(2) Instrumentationdetails(suchas types of transducersand
size andgage of wire) shal1 be coordinatedwith‘thecontract-
ing activitybeforetransducerinstalLationis initiated.

(3) All instrumentationwiring and outputsshallbe compatible
with the data acquisitionand processingsystemof the Govern-
ment facilityat whichthe testsare to be conducted.

(h) Suggesteddata samplingratesshallbe presented.

(5)Manufacturer’sspecificationsfor all installedtransducers
shal1 be ‘presented;such as calibrationdate,transducertype,
resistance,gage factor,and bridgevoltage.

c. Each test shallbe identifiedby applicableAppendixA paragraphnumber.

.30.9.1.3Fatiguetest Dlenrevor~. This reportshallcontainthe general
plan for each fatiguetest, includinga detaileddescriptionof the test.
article, test equi~ents, test loads, thqxnaldata, computationalmethods,
instrumentationdata, inspectiontechniques, and test proceduresin such
detailas necessaryfor conductingthe test. ‘l’hereportshallinclude:

a. Discussionof the basisfor the selectionof test conditions;develop-
,.,.mentof the test loadiqgspectra, and all otherinformationpertinentto
the establishment’of fatigue testconditions.The methods and techniques
used for. derivationof We test loads
detail.

.1.L6ads”data -.Test ddge’ vei%us
all criticalpoints of structure.
to the presentationof loadsdata:

I

I

and spectrumshall be describedin

designdamageshallbe presentedat’
The “followingrequirementspertain

.
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I
(a) For tests‘ofthe completeairframe,all loadsshallbe referen-
ced abouta standard locationon the structureand all loads
balancedaboutthis referencelocation.

(b)Completeairframetest loadsshallbe representedfor all major
test conditions.These loadsshallbe rationalin all casesexcept
for component testswhere arbitrarybalancing loadsmaY be used
with sufficientjustification.

(c)Fatiguetest loads shallbe representedin tabular and graph-
ical form. Sheer, moment,and torsional data are required. If
loadsare presentedin the formof artificialpanel pointapplied
loads,thesepanelpoint loadsshallbe in additionto the above
requirements.

(d) Test loads comparisonwith desiredloading includingshear,
moment,and torsionfor each loadlevel.

(e)Major concentratedinertialloads shallnot be includedwith
distributedtest loads. If it is impossibleto excludetheseloads
from the distributed-load“tables, their magnitudeand location
shallbe clearlystatedor referenced.

I
2. Thermaldata.

(a) Sufficientdata shallbe presented to directly obtain the
followinginfonnation:

(1) Totalpowerinputto the specimen(kilowatts).
(2) Heat flowdiagrams,heat sinks,and heat concentrations.
(3) Desirednumberof controlareasand sizeof each.
(h) Thermal propertiesof the materialin operatingenviron-
ment.

(b)Timesversustemperatureor heat flux inputprofiles shallbe
presentedfor al1.elevatedtemperaturetest conditions.Whereheat
fluxprofiles are to be prograrrned;recoveryfactorsend adiabatic
wall temperaturesmust be supplied.

b. Descriptionof:all test,articles,a detaileddescriptionof test setuPs,
facilities,testmethods,loading equipment,methodand sequenceof load
apPlication and’ instrumentationequipment and capabilitiesshall @
included, This descriptionmay be includedin.asingle report,but must
includeall informationfor specific“fatiguetestsas appropriate.

c.’A,des~iptioriof ~ack’detbctionteihni~es,‘ins-ntation, il@6C~iOll
techniques,and,plan fordetailed,inspection.

1. Instrumentationdata - Instrumentationdetailsshallbe coordinated
with the contractingactivitypriorto transducerinstallation.
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(a) Drawings, end tabular data indicatingexact transducerloca-
tionsand orientationshallbe presented. Photographswill accom-
pany this informationwhen indicatinglocationor orientationof
inaccessibletransducers.

(b) Predictedand allowableparameters (suchas stressor strain,
deflection,temperature,pressure,and load) shallbe suppliedfor
alI critical structural areasor control pointsfor each test
condition.

(c)Suggesteddata samplingratesshallbe presented.

(d)Manufacturersspecificationsshall be presentedfor all trans-~
ducersinstalled on the test article(such as calibrationdata,
transducertype,resistance,gage factor,and bridgevoltage).

2. Inspections- The methodsof inspection,the numberof inspections,
and the specificareato be inspectedshallbe presented.

d. A Plan for the dispositionof test failures,repair of test articles,
designchangesfor productionand retrofit, and substantiationof design
changes. This Plan shallappropriatelytake intoaccount significant
failuresas opposedto failuresof a miiornature.

30.9 .1.4 Sonic fakke comoonenttest PlanreD~ t. This reportshall
containthe generalPlan for each sonicfatiguecomponenttest including the
following:

a. Discussionof the basisfor the selectionof test conditions,develop-
ment of the appliedacoustictest spectraand duration,derivationof time
compressionfactor,and all otherinformationpertinentto the establish-
ment of sonicfatiguetest conditions.The methodsend techniquesused for
derivationof the test spectrashallbe describedin detail.

b.Descriptionof all sonicfatiguecomponenttestarticles.

c. Detaileddescriptionof facilities,test fixtures’and setups, test
methodsand procedures,acoustic excitationequipment,methodand sequence
of acoustic load application,and instrumentationequi~nt end capabili-
ties. l%is descriptionmay be includedin a single repxt, but must
includeall informationfor each specificsonic“fatiguecomponent test as
appropriate.

d. Description of crack detection techniques, delamination detection
techniques, instnmientation, inspection techniques.,and Pl~S fo! .det?iled
inspection.

e. Drawings,and tabulardata indicatingexact transducer’locations and
orientationshallbe presented.

.
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f. A plan for the dispositionof test failures,
designchanges for productionand retrofit,and
changes.

repair of test articles,
substantiationof design

30.9.1.5 Structural desire.develocinentand DreDrOdUCtiOnverification
test Dlan reDort.

a. Thisreport shall contain an outline and schedule of all static,
fatigue,and sonic fatiguecomponentteststo be performedpriorto full
scale production tests. Types of component tests identifiedare as
follows:

1. Designdevelopmenttests.

(a) Element tests.

(1) Materialsselection.
(2) Processevaluation.
(3) Fastenerevaluation.
(k ) Manufacturingmethodsevaluation.

(b) Structuralconfigurationdevelopmenttests.

(1) Splicesand joints.
(2) Panels(basicsection).
(3) Panelswith cutouts.
(4) Fittings.
(5) Assemblies.

2. Pre-productioncomponentdesignverificationtests.

(a)Splicesand joints.
(b)Fittings.
(c)Panels.
(d)Assembliesincluding(a),(b)and (c)above.
(e)Pull scale coponents suchas wing carrythroughi horizontal
tail support,and wing pivots.

3. AnY.etherstructuraltestsperforinedpriorto full scaleproduction
tests.

b. This‘report shallinclude ‘adistission.of’each com~nent test which ‘
Shallincludethe followinginformation:

1. ,Completejustification,for selectionof,tests, $nclud@g a.di~s -
sionof why that cbmponentwas”.se16cted”for testing, ‘aridhow @se test ~~
results willt% used in the designdevelopmentand designverification
program. Documentationto supportthe proposedtist shallak.o include
analyses“directedat establishingthe cost and schedule trade-offs
involved in decisionconcerningearlytestsof majorstructuralele-
mentsand components.
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2, Test schedule.
3. Descriptionof componentto be tested.
4. Numberof componentsto be tested.
5. Descriptionof the test setupand test procedure.
6. Type and magnitudeof test loads.
7. Descriptionof instrumentation.

30.9.2 Test statusreoorts.

30,9.2.1 Static~ eD rts. The initial submittalof static
test progressreports shallbe made in accordancewith TableI and shall
include ‘theinformationof 30.9.2.la with as much informationrequiredby
30.9.2.lbthrough 30.9.2.li as is available. Subsequent submittal with
revised30..9.2.la infoxmationand latestnew informationshal1 be submittedat
30 day intervalsthroughcompletionof the statictests. Thesereportsshall
containfor all staticteststhe followinginformation:

a. A list of all test articleswith a scheduleand listof testsincluding
test sequence, end suixnittaldateof the-planfor each test in tabular
fOrm. Specificapplicable peqagraphnumbersin AppendixA shall be shown
for all tests described. Planned sukmittal dates for the remaining
informationof items.30.9.2.lb. throughi, shallbe included. A sumznaryin
bar chartform shallbe included.

b. Actualtest date for each test includingdatesfor intermediateloadsif
test is not scheduledto be performed immediatelyto ‘specifiedmaximum
load.

c. Designconditionsandmaximumloadsto be attained.
d. Submittaldate of finalreportfor each test.
e. Test loadssustainedto date.

f. Test summaries:The sunsnery,consistingof supplementalpages,shall
includea discussionof test results,conclusions,discussionof compliance
with specificationrequirements,deficiencies”disclosed,reinforcements,
the flightor productionarticlesin whichreinforcementswill or will not
be incorporated,end the effect of the test on the test program,flight
program,evaluationof the weaponsystem,and deliveryof the missile.

.
g. Failureto meet specification: As .sbonas possible, the contractor
shall reportto the contractingactivity,eventswhich;affeetthe progress
of, a test program. Premature~ deformations.prqnatqre failures under
etatic,dynamic,end fatigueloads,inabilityto sustainload,or delaysin
the programare sucheventsand shallbe consideredas automaticevidence
of the existence.of,a fail~e to meet specifications..Thecognizantplant
representative‘willrecordsuch evidenceof the exietenceof a deficienc’y. .
by makingen officialreport to this effectto the contractorand to the
contractingactivity.

h. Significent achievements:The attainment of significantachievements,
goals,or milestonesduringthe statictest programshallbe described. .
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i. Modificationsto test articles: All structuralmodificationsto the
test articlesto permitattainmentof test loads,not previouslycoveredin
the descriptionof test articlesreport, shallbe described,including
photographsand sketchesas appropriate.

30.9.2.2 Fatiguetest progressreports. The initialsubmittalof fatigue
test progressreports shallbe made in accordancewith Table I and shall
includethe informationof 30.9.2.2a. Subsequentsubmittal with revised
30.9.2.2a. Informationshallbe made at 30 day intervals throughthe comple-
tionof the fatiguetests. Thesereportsshallcontainfor all fatiguetests
the followinginformation:

a. All test articles shallbe listed with a scheduleand list of tests
includingtest sequence,and submittaldate of the plan for each test in
tabularform. Specificapplicableparagraphnumbersin AppendixA shallbe
shown for all testsdescribed. A summaryin bar chart formshall be
included.

b. Monthlyreports. Thesereportsshallincludespectrum progressat the
timeof report and all failureson primaryand.secondarystructure since
the lastmonthlyreport,givingparticularssuch as extentof failureand a
definition of the locationsuch as fuselagestation, wins station,water
lineand buttock line. Descriptionof failure shallinclude direction,
size,and pointof originof damage. Otherparticularsshallinclude:

1. Test articlerepairdetails includingscheduleinformationsuch as
cyclingtime lostfor repairs.

2. Time of test failurein termshours.

3. Referenceto engineeringchange proposal(ECP) containingdesign
changesfor productionor retrofit.

.4.“Referenceto applicableTechnicalOrdersfor inspectionend rework
of productionmissile.

c. Specialreports. Specialrepoits’shallbe suhnitted”eachtime a failure
occursof sucha magnitudethat the safetyof the fleet~Y,be in ~ediate.
jeopardy,or the test is stoppedby the contractorbecauseo“f’thesafetyof
the test specimen,or tie contractorfeels a failurewill necessitatea
major’fleet repairin the future. Specialreports“shallalsobe sutsnitted
becauseof any accidentto. the cyclic test equiwent orjig. structure..
Thesespecial reportsshallcontaindata suchas dateof incident,spectrum
or layerwhen incidentoccurred,detailedaccountof dtie and all other
detailspertainingto the incident. Thisreportshallbe transmittednot
laterthan one workingday afteroccurrenceof the incident;ir.the case of
a majoremergency, the contractingactivity office of prim-” reswn-
sibility shallbe contacted by ’telephonewithin2 hoursof the incident.
The attainmentof significantachievements,goals,or niilestonesduringthe
fatiguetest programshallbe reported.
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d. Inspectiondata. Suchdata shallbe submitted for all test failuresof
significance.The time of submittalshallbe dependentupon the urgencyof
the inspectionbut not laterthan two weeks after discoveryof the test
failure. The inspectiondata shallbe suhnittedin letterreportformwith
the followinginformation:

1. Recommendedinspectionperiod.
2. Urgencyfor inspection.
3. Man-hoursto inspect.

b.‘Inspectiontechniques,includingaccessinformation,and recomnanded
non-destructivetestingmethods if otherthen visualinspection is
required.

5. Reconsnendedrepair,rework,or replacementproceduresin the event
that inspectionsrevealstructuraldamage.

6. Identificationof missilesthat are to be affected.

7. Sketchesand photographs,marked-upif necessaryto show appropriate
areasof structuraldamageend repair.

30.9.3 Finaltest reuorts.

30.9.3.1 Statictestreports. These reportsshalldescribe fullyeach
test and all significantdataobtained. The date shallinclude:

.a. A detailed discussion of test results,conclusions,reinforcements,
modificationsand necessarychangesto flightor productionarticles. The
missilesin which changeswill be incorporatedand numberof backfitted
missilesshallbe indicated.

b. Plotsof percentlimit,ultimate,or design’load,as appropriate,versus
deflections showingpoints of pemanent set and any large differences
between predictedand actual deflections. For major components,stress
measyramentsobtainedduringstructuraltestsehallbe correlatedwith the
stressdistributionsdeterminedby analysis.Plotsof stressversuspercent
loadmust be shownfor the locationsof maximumstressesand the critical
locations.

c. Photographs showing elasticbuckles, permanent buckles, significant
failures.“

d. Envelopeof design or ultimatestrength for vertical,drag; and side
loadsand combinationsthereof.

30.9.3.1.1 Staticdesign.developmentand PreDroduction comwnent desiq
. .

verlfIcation test report. ~is reportshalldescribefullyeach test end all
significantdata.obtained. The data shallinclude:

a. Date and place of tests. .
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b, A detaileddiscussionof test results.
c. Plotsof loadversusdeflection.
d. Stresses.
e. Photographs showingsignificantfailuresand other pertinentinforma-
tion.

The report alsoshallincludea completediscussionof how the test results
will be used in the designdevelopmentand designverificationprogram.

30.9.3.2 Fatigue test report. This reportshall includea detailed
discussionof all testresults, conclusions,reinforcements,modifications,
and necessary changesto flighttest and productionarticles. .?ueason the
test articlewhere loadingswere foundto be unrealisticand all areaswhere
structuralmodificationshave beenmade shallbe identified.Eachparticular
failureshall be discussed. Such discussion shallinclude the type of
failure,area of failure,percentof ‘lifeexpendedin texmaof spectrumblock
when failureoccurred,and actiontakenon each failure. Liberaluse shallbe
made of isometric sketchesand photographs. All data necessary to maintain
constantsurveillanceof the Fleetshallbe submitted,

30.9.3.2.1 Fatime develorinent testreDorts. Thesereportsshalldescribe
in detailthe specimensand components thatwere testedand shallcontainthe
followingdata:

a. Descriptionof each specimen. In addition,the structuralfunctionof
the componentsshallbe described.

b. Load and stress(magnitude,direction,frequency)environmentappliedto
specimens.

c. Frequencyand type of inspections.
d. Description(includingdrawingand/orphotographs)of loadingequipment.
e. Instrumentation(type,location).

f. ‘Resultsof test’(desciriptionand photograph,discussion,tinie’end mode
of failure;metallurgical,strength property.and dimensionalanalyses:
instrumentationdata and ar&lysis;teardowninspection).

g. Reconinandedchangesto structuralconfigurations.

30.9.3.2.2 Fatigue”testteardown insrxsctionrepor-’q.Thisre@t shall
recordthe areas inspected.and the results of the full-scalefatigue test
teardownisyapection.It shall show the locationof” any.failuresby ‘use of
sketchesend photographs.3%6 structuraldamagerep&t shallalsoinclude.t.he
methodof inspection,.locationand descriptionof damage,results“ofmetallur-
gicalexam@ation.and isivestigation,ad. instruinentitiondata“review,

30.9.3.3 Sonicfatisuecomponent test report. Thisreport‘shallinclude
the resultsof the componenttests,as follows:

a. An outlineof the work performad.
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b. A descriptionof the test methodsemployedin determiningthe sonic
fatigue1ife of the variousstructuralcomponents.

c, Data and placeof tests.
d. Test conditions.
e. The type of noisesourceemployedand theircharacteristics.

f. A descriptionof the instrumentationand data processing used, its
characteristics,and its 1imitations.

,::
i.

::

1.

Techniquesof specimenarrangement.
A descriptionof the dynamicpropertiesof representativecomponents.
Methodsof data interpretation.
A comparisonof test resultswith theoreticalor expectedresults.
A descriptionof the cumulativedamagetheoriesemployed.

A list showingthe test or deducedservicelife for each structural
componentthatwas tested. For thosecomponentsthat were foundby test to
*havefatigue1ivesrlessthan that required,the courseof actiontakenfor
‘redesignand retestmust be describedin the report.

ml. The recommendedcourseof actionregardingpossibleredesignand retest
of certaincomponentsif other testsindicatenecessary revisionsin the
sonicloadsenvironmentused for designpurposes.

30.10.&terial substantiatinsdata and analysisreoort, This reportshall
includedata and analysesto substantiatethe use of material propertyvalues
from sourcesother than MIL-HOBK-5,as specified in section 3.4, and to
substantiatecompliancewith applicabledesignrequirements. The datashall
be presentedin a msnnersimilarto the presentationin MIL-HDBX-5.

30.10.1 Fibrous comrmsites.

a. Mechanical properties. Minimummechanical properties for use as
structural deeignallowable shallbe furnishedfor fibrouscomposites.

TSuch properties shallbe for room temperatureconditions,and for all.
combinationsof fiberand stressdirectionsdeterminedaa critical or the
intended.operating environment. As a minimum,the followingmechanical
propertiesshallbe included:

1. Tensile ultimate strength-longitudinal(0°) and transverse (’90°)
including,attendant.elongation.

2. Tensileyieldstrength-longitudinaland transverse.

“:3.“Compressiveultimate ik.reng~-longitudi&Itid @&,verse including”
attendantdefonnation.

h. Compressiveyieldstrength-longitudinalad transverse.
5.Shear ultimatestrength-membraneand interlaminar.

<-6.Core sheerstrength. .
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7. FlexUralstrength.
8. Bearingultimatestrength-tensileand compressive.
9. Bearingyieldstrength-tensileand compressive.
10. Modulusof elasticity.
11. Poisson’sratio.
12. Density.

b. Typicalproperties.Physicalpropertiesand certainotherpropertiesof
the fibrouscompositematerialsintendedfor use in the designand con-
struction of missileshal1 be developed as typical(average)values. For
such properties,informationon data scattershallbe furnishedbasedon
all test values obtained. As a minimum,such propertiesshall be the
following:

1. Full rangetensilestress-straincurveswith tabulatedmodulusdata.
2. Full rangecompressivestress-strainand tangentmoduluscurves.’
3. Shearstress-strainand tangentmoduluscurves.
4. FlexUralstress-straincurves.
5. Fatigue data-tension/tensionand tension/compressionstress-life
curves.

6. Reducedand elevated temperature.effects-temperaturerange from
-65°Fto a maximumof +160”For to the maximumelevatedtemperatureto
be encounteredby the vehicleunderacquisition,whicheveris greater.

7. Directionalvariationof imechanicalpropertiesincluding360°polar
plots,as appropriate,

8. PUlloutstrengthof materialwhere

9. Variationof mechanicalproperties
test specimenwidth.

mechanicalfastenersare used.

with laminatethickness end with

10. Cree9ruture curves.
11. Effe;ti if fatigueloadson mechanical“properties.
12,.Notchsensitivity.
13. Climaticeffects.

. .

14. Effectsof cyclicrate of loadon fatiguestrength.
15. Fireresistance.
16. Materialrepa@bility.
17. Thermalcoefficients.

c. Specialdefinition.of properties. AS appropriate, the meclianicalend
physical propertiesdeveloped shallbe ~specially.defined to accqmnodate
unique failurecharacteristicsof fibroue composites. Suchdefinitions
shal1 include,”butare not limited“to~’yieldstrength“internieof ultimit%”
stressor secondary’modulus”,bearing strengthassociatedwith holeelonga-
tion and shear tear-out criteria;compressionstimagthassociatedwith
stability criteria, specimentype, failure mode, and fatigue strength
associatedwith failurecriteriasuchas crazingor othermatrixproperties
degradationwhen such degradationis sufficientto result in incipient
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and dry propertiesdiffer,wet properties

30.11 Flighttest reports.

30.11.1 Aeroelastic stability. vibrationand aeroacousticflight
inphnn E report. This report shallcontain a detaileddescriptionoi

aeroelasticstability,vibrationand aeroacousticf1ighttestprograms.
reportshal1 also includethe following:

a. Installationdrawingsend photographsshowinglocation of trensdt
(accelerometers,microphones,strain gages,and control surfacemc
sensors).

b. Descriptionof instrumentationand mathodsof data acquisition,rec
ing,teleme~, datareductionand analyses,

c. For aeroelastic stabilityflight tests - Method of modal excitat
speed range and speedincrement,altitudesand expectedmodesof vibre
to be investigated.

d. For vibrationand aeroacousticflight tests- A summarytableof f1
test pointsin termsof pertinent flightparameterssuch as speed,
number, altitude, dynamicpressure, load factor,and angle of att
Maneuversexpected to producethe most severevibration and aeroacot
environmentsand structuraldynamicresponsesshallbe identified.

30.11.2 Structura1 flightODerations testplanningreport This rc
shall6utline,in generalterms,the scopeof the proposedskctural f]
load survey,flight demonstrationprogram,the proposedschedulefor f1
loadsmissile including phase-in with statictest ..andfull-scale CY
fatigueloadtests and the proposedtype of instrumentation.

30.11.3 Ut.lo d surveyIn trumentaI n cat..
libration Dl~

Thisreportshallpres~nta descrip~ionof the instrumentationand calibra
procedures to be employedfor accomplishment,of the flight load s~ey,.
reportshall encompasssufficientdetailsshowingsensing elementlocat
selected, calibrationloading.conditions,a discussion of the calibra
procedures,proposed.developmentof loadsequations,end the expectedaccz

.to be achieved.

“30.11.f&
.

~d operationstest r.ro~r~”report.
reportshallinclude a’detiileddescriptionof the instrumentation,.appr
mate locationsof instruinentationin the missile, and the’maneuvering
dynamic response,test programto be, conducted. Ifthe completeserie
stictural loads~~reportshas not been foiwardedto the”contractingacti
priorto” suksnittalof the flight testprogramproposal,or if any quest
exist concerning interpretationof the re@.renientsfor this missile,
contractorshall discussthe proposed programwith the’ contractingacti
priorto submittalfor approval. A sunmiarytableof the atructtialmanet
in termsof the pertinent f1ightparameters shall.be listed. The de
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maneuvers expectedto produce the most severe structuralloads shall be
identified alongwith the criticalstructuralmembers. Thisreportshallbe
revised by the contractoras necessaryduring the courseof the test program
to reflectthe latestdesign,analysis,or test information.

I
30.11.5 Structuraldvnamicflighttestreports.

.30.11.5.1 Aeroelasticstabilitvflighttest letterreports. These letter
reports shal1 containthe results of aeroelasticstability flighttestsand
shal1 includethe following:

a. Missile configuration,altitudes,Mach numbers, equivalent airspeed
(knots), loadfactor,dampingcoefficient“g” and frequency of each mode
being investigated.

b. An evaluationof test resultsby structuraldynamicengineers.

c. Plot of altitudeversusMach numberwith curvesof constant equivalent
airspeed(knots) and the designlimitspeedenvelopeof the missile. The
portion of the flightspeedenvelopeforwhichaeroelasticstabilitytests
have been completed priorto the reporting period,and the aeroelastic
stabilitytest pointsinvestigatedduringthe reportingperiod.

d. Summerytable of the variousmissile configurationstested to date.
In3icatethe maximumequivalentairspeed (knots),highestMach numberat
the lowestaltitudeand the highestMach number with identifiedaltitude
testedto date for eachrespectivemissileconfiguration.

I
e. Cumulativenumberof f1ightsand flighthoursof testing.

30.11.5.2 Vibrationand aeroacoustic fliEhttest let ert r oorts. These
letter reportsshallcontainthe resultsof vibrationand aeroa~ousticflight
testsand.shallincludethe following:

a. Missileconfiguration,altitudes,Mach numbers,equivalentairspeed
(@ots), loadfactor,fuel contentend dynamicpressure.

1 b. An devaluationof testresultsby s’actural dynamicengineers.

ci Plot.of altitudeversusMach numberwith curvesof constant equivalent
airspeed(knots) and the design 1imitspeedenvelopeof the missile. The
portionof the f1ight speedenvelopeforwhichvibration and aeroacoustic
testshavebeen completedpriorto the reporting.period.~d the test points
investigatedduringthe reportingperiod.

~“”’ d. The microphone measureddate shallbe tiduced‘and presented on ap-
propriate plotsby one-~ird octaveband analysisof soundpress~e lev61s

‘5 N/min dB (ref:2 x 10
2
versusfrequencyagd, if req.iired,powerspec-

tral densityanalysis(psi/Hz versusfrequency).
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e. The vibrationmeasureddata shallbe reducedand presentedon appropri-
ate plots by spectral analysis of ac eleration(g) versus frequency,

iaccelerationspectraldensityanalysis( /Hz versusfrequency),one-third
octaveband analysisor combinationanalyses, where applicable,depending
on predominantcharacteristicsof amplitudetimehistory.

f. Cumulativenumberof flightsand flighthoursof testing.

30.11.5.3 Aeroelastic instebilitv.vibrationor s nic fatigueOccurrn e
Ze12Qrt.The contractingactivityshallbe notifiedimm~diatelyby messag~~r
letter reportof anY aeroelasticinstability,vibration or sonic fatigue
failuresor excessivevibrationsthatmay occuror be observedduringor as a
resultof anY groundor flighttestsby the contractor.The messageor letter
shalldescribein detailanY damageor malfunctionwhichhas occurred.

30.11.5.k Vibroacousticenvironmentmeasurementreport. This reportshall
include:

a. Outlineof testingperformed.

b.Description of the methods of vibration and aeroacoustic measurement
employed for the ~test “determinationof the vibrationand aeroacoustic”
environmentof the missile.

c. Date end place of test.
d. Test conditions.

e. Typesof instrumentationand dataprocessingsystemsemployedand their
calibration.characteristicsand al1 pertinent data analysis processing
parameters.

f. Captive test and flight test results at all measuredlocations both
internaland external. Data shallbe reducedand plottedin appropriate
formby spectralanalysis(a celebration.(g)versusfrequency),acceleration

!spectraldensityanalysis(g /Hz versusfrequency),one third octaveband
analysisor combinationanalyses,where.apelicable, dependingon predomi-
nant characteristicsof eniplitudetime history. Similardatareductionad
presentationfor strainor stressdata shallbe provided.

g.Captive test end flighttestresultsof aeroacousticloadsin terms.of
one-third octaveband soundpressurelevelsof variousimpartantlocations
both internaland external.

h. Discrete frequencies end amplitude.
i. Identification of internal. end” ,extern,alvibration qnd. aeroacoustic
sources.

3.“.Comparisonof test resultswith predicteddesignenvironments.

k.“Assessment of whether the design vibration and aeroacoustic environments
shouldbe modifiedin view of test results.

-.
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1. Recommendedcourseof actionregardingpossibleredesignand retestof
certain componentsbecause of revisionsto the design vibration and
aeroacousticenvironments.

30.11.6 F1i~ht load surveyinstmmentation and calibrationprogress
reDorts. Briefsummarytype progressreportsreflecting the progressbeing
made in instrumentingand calibrationof the f1ightloadmissile
submitted.

shallbe
Any difficultiesencounteredwhichare delaying or expected to

delaythe programshallbe pointed out immediatelyin order to expediteany
necessarycontractingactivityaction.

30.11.7 Fli~ht loadsurvev instrumentationand calibrationreports. A
sumnarytype report covering the calibrationof the instrumentationand
expectedaccuracyof the flightmeasurementsshal1 be suksnitted.The report
shal1 containsensingelement locationsfinallyselected,calibrationloading
conditions,a discussionof the calibrationprocedures,flightloade~ations,
and the expectedaccuracyto be achievedin each flightmeasurement.

30.11.8 F1i~ht load ODerationssurvev datareDor~. The recordeddata
shallconstituteproof of the test conditionattained, and for f1ight load
surveys, the aerodynamicloadsapplied to the missile duringthe structural
flighttest. The contractorshallsubmit an intermediatereportaftar each
missileflight test and a final reportat the completionof the flighttest
programcontainingthe following:

a. The informationon the operationalmissileshall include:three view
drawings;V-n diagrams; dimensions;weights;and any other significant
itemsof a structuralloadsnature. The testmissiledescriptionshallbe
includedonly if thereare significantstructuralor aerodynamicdifferen-
ces, e.g., use of built-upstructure in placeof honeycombstructure,
differentwing camber,or installationof externalinstrumentationequip-
ment of significantsize.

b. The comparisonof attainedmaneuversversusspecifiedmaneuvers in the
structural flight test program shallbe representedin tabularform.
Infonnationshal1 include:missileconfiguration;test altitude;airspeed.
or Mach number;weight;CG location;and loadfactor.

d. The briefaccount of difficultiesencountered.duringthe programshall
include cosssentson: structural difficulties,aerodynamicdiffaculties’,
maneuvering diffictiltiesand instrumentationand datareductiondifficul-
ties. These comsentsshallencompassdescriptions,of: aerodynamic,modifi-‘.
cations requiredto attain testconditions or deviationsgranted from
unattainedrequirements,controlsurface trimdeviations or powercontrol
.difficulties,and instruqentationfailures or other instrumen~tion and
datareduction~difficulties.~~

30.11.8.1‘ Intermediateflight loadsurveyreoart. The flightload~d
test conditiondata obtainedduringeachmissileflighttest shallbe reduced,
analyzed,and evaluatedon a continuingbasisthroughoutthe FSD phaseof the
test program and submitted in. reportform. In instances wherea flight
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demonstrationis scheduled,the report need only contain the applicable
portions(mostlyconditiondata) of the requirements.

la.The data obtainedfromthe structuralf1ighttestsare of two general
types: loads data and conditiondata. The term loadsdata includesair
load (frompressure or strain gage instrumentation),temperaturestress
(airload or thermal),and inertia data. The term conditiondata includes
airspeed, Mach number, altitude, missilealtitude, rate of changein
altitude,controlforces,controlsurface POSitionsand hingemoments, end
loadfactordata.

b. The loadsdatadescribethe externalaerodynamicor thermalloadsacting
on the structure,the internaleffectson the structure,and the inertia
responseof the structure. The data fromthe maneuveringgrid portionof
the initialphasestructural flightprogramare used to definethe load
trendsas a functionof airspeed,altitude,and loadfactor. The data from
the designcriteriamaneuverscontainthe additional effectsof abruptness
of controlapplication,and gust. The data frommaneuveringgridsshallbe
shownversus span,load factor,Mach number or speed, and altitude, with
the data fromthe designcriteriamaneuvers(endadditionalmaneuversthat
may have been performed) shown,asa functionof load factor,as well as
superimposedon the maneuvering grid plots. .i!hesedate shallbe extra--
pointedto designloadfactors end comparedwith designloads. Air loads
data from the vertical fin and ruddershall be shown as a functionof
maneuver or side-slip,lateralload factoror rudderdeflectioninsteadof
normalload factorexceptwhere cross-couplingtakesplace. The air loads
data shallbe correctedfor.weightend CG wheneverthe data is significant-
ly affected by these conditions. The decisionto applythe necessary
correction aid the methods of correction shall be decided betweenthe
contractorand the contractingactivity. Wheneverair loadsare shownas a
functionof Mach numberend altitude,they shallbe correctedto the’design
load factor. The designloadsshallbe shownwith the air loadswhenever
possible.

I

c. Temperature,stressand additionalmeasurementsshallbe prepared in a
similarfashionto the air loadspresentdionsto showlevelsaid trends.

d..The conditiondatadescribesthe position end attitudeof the missile,
the controlpesitionsand forces. All of the conditiondata shellbe shown
in timehistoryfonn for the finalapprovedmaneuvers. The conditiondate
fromthe other maneuversshall appear in the reports in fi;eronny,~f I

cross-referencewith the loads date or as peek da~ points.
maneuversperformedin the initial phasewhich‘exhibitunusualloads or
conditions’,end’so. requiretimehistorypresentationof the data for ~re

. detaileddescriptionof,tie maneuver.

e. The conditiondate,in timehistoryform,shallbe presentedin related
groups such as: (1)accelerationsat CG and at fuselage nose and tail,
airspeed,Mach number,stagnationtemperattie,and pressurealtitude;(2)
elevator position,hingemoment,angle of attack,and rate of pitch:(3)
aileronposition, hingemoment,angleof bank,and rateof roll;and (4)

.
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rudderposition,hingemoment,and angleof sideslip,end rate of yaw. The
time historyshal1 be made completefor a smmnetricalmaneuverby adding
wing,horizontalstabilizer,elevator,and fuselageverticalloadeto group
no. 2. For a directionalmaneuver,the verticaltail,rudder, horizontal
stabilizer,and fuselageside loads shal1 be added to groupno. 4. The
unsynsnetricalmaneuvers require the addition of horizontal stabilizer,
elevator, and fuselage verticalloads to group no. 2, wing and aileron
loadsto groupno. 3, and verticaltail,rudder,and fuselageside loadsto
groupno. 6. The data shall be presentedto showthat the testrequire-
mentshave beenmet. Eachtime historysheetshallcontaininformation:on
missile configuration,test condition, airspeed or Mach n*r, and
altitude.

30.11.8.2 ~. The reportshallbe prepared
in a similar mannerto the initialphasedata reportexceptthat the final
phasedata shal1 replacethe initial phasedesigncriteriamaneuver d?ta on
the summary plots. Particularemphasisshallbe directedtowardestablishing
that the missileis satisfactoryfor all criticalflight conditionsexisting
withinits designoperationalf1ightor, if necessary,providesuitableflight
restrictionsfor any conditions that cannotbe safetyattained. Immediately
upon completionof the preliminarydraft of the report,the contractorshal1
conferwith the contractingactivityto presentand discussthe testresults
and proposedstructuralflightlfmitsfor servicemissile. In instanceswhere
a flight demonstrationis scheduled,the reportneed containonlythe ap-
plicableportions(mostlyconditiondata)of the requirementsin AppendixB.

30.11.9 mQYKLic res se est repo . A reportpresenting the data and
analysisfromthe dynamicrespansetestsshallbe submittedfor approval. The
refirtshal1 includetransferfunctions betweenthe internalstructuralloads
and accelerationsat variouslocationsthroughoutthe airframeand the dynamic
load inputs. Bothdiscreteand powerspectral densitymethodsof analysis
shal1 be utilized to comparethe load inputs,structuralresponses, end
transfer functionswith the dynamicloadsanalysis. Transfer.functionsshall
also be provided betweenvertical CG accelerationsand the load frequencw
distributionfor the range of weights, missileconfigurations,speeds,and
altitudesbeingflownby servicemissiles,.Flightor captiveconditionswhich
result in significantdynamicstresses of the structure shallbe identified
and the effectson fatiguelife estimated.Methodsused for the reductions
and analysisof the test’data ehallbe presented. Suitablediscussionsshall
be providedfor all materialpresented. Immediatelyupon comp~etion of the’
preliminazydraft of the report, the contractorehallconferwith the con-
tractingactivityto presentand discussthe testresults.:.

30.11.10 St~ and failurereport. A report
shal1 be submitted,to the contractingactivitynot latert-hti30.days aftera

~~“structuralf1ighttestanomalyor faihste’hae occurreddtiingflighttesting1
suchas overload,fatigue(includingvibration or aeroacousticallyinduced),”
aeroelasticinstability’or aeroservoelasticinstability. The reportshall
includethe following:

a. Date and place of incident.
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b. Flighttest conditionsand missile configuration.

c. Description of anomaly or failure,mode of failure, metallurgicaltest
results, dimensional analysis, and instrumentationdata and analysis.
Photographsshowingstructuralmemberfailure.

d. Detailed discussionand recommendedcourse of action regardingrein-
forcement,modification,redesign,and otherchangestQ Full ScaleDevelop-
ment (FSD) flighttest missiles. The effect on flight test program
scheduleand anY reconunendedf1ightrestrictionsuntil FSD flight test
missilesare modified.

e, Recormnendeda Plan of Action and Milestones (POA&M) for redesign of
productionmissilesand missiles in whichdesignchangeswil1 be incorpo-
ratedand nuinberof missilesto be back-fitted.

30.12 -th Sun’marvand operatinf4restriction revert. A strength
summaryand operatingrestrictionre~rt shallsummarizethe strength of-the
missile for al1 designconditionsat the specifiedand othercriticalweights,
by showinga comparison ofstrengthrequiredby applicablespecifications:’to
the strength“determinedby:analysisand test. The repartshall reconunend
restrictionsfor service operationof the missileand afforda basis for
determiningthe practicability.ofmodifying restrictionsof varyinguseful
loads,and making structuralmodifications. The initial sulxnittalof this
reportneed not be completeand need not presentfinaldata:it shallpresent
sufficientdata and informationto substantiatethe structuralstrengthand
operating restrictionsapplicableto the flight envelope and operating
conditions authorized for the initialflight of the missile. Bi-monthly
revisionsshall.be submittedto keep.the data current. The final’reportshall
includethe followinginformation:

a. A brief‘descriptionof the missile. If the missileis a modificationof
a previousmodel,the significantdifferencesbetween.t.hemodels shallbe
describedand the effectsof these differenceson operatingrestrictions
shallbe included.

b. A sunrnarYof basicdata includingdesignand actual weights,CG posi-
tions,principaldimensions,and principalsurfaceareas.

c, .V-ndiagrams depicting the required end availablestrength of the’
missilein termsof loadfactor, airspeed,and altitude. Load factors”
developedby epecified synsnetrical‘jgustsand pmximumspeeds.for which limit
strength exists”for specified side gusts shall be sho~ on these V-n
diagrams. Valuesof staticand dynamicmissilenormal forcecoefficients
‘onyhich.V-n diagramsare.basedshallbe sho~.

d. When it is known oi anticipatedthat adveisephenomenasuch as buffet-
ing, pitch ‘upto pitchdown, abnormalcontrol characteristics,control
surface buzz, and flutteror divergencewil1 limitpermissiblespeeds;load
factors,or both, at any altitudesbelowservice ceilingto values less ..

than designlimits,a discussionof thesephenomenaand the limitstheymay .
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imposein termsof airspeed,Mach number,load factor, or altitude, or
collectively,airspeed,Mach number, loadfactor, and altitude shallbe
included.

e. The effectsof variations in weight on f1ight strengthand flutter
characteristics.

h. Recommendationsfor operationalrestrictionsincludingrestrictionson
use of lateral~d directionalcontrols.

i. List of criticalmargins of safety for each majorcomponent of the
missile. ‘Thislistshallinclude, for eachmarginof safetylisted,the
designcondition that is criticaland referenceto the.reportand page
whereinthe marginof safety was determined. Thesecritical marginsof
safety shal1 be basedon test results in those instancesin which ap-
P1icabletestresultsare available,and shouldreflectthe test-conection
factorsrequiredin Appendix A. Diagramsor reduced-sizedrawingsof the
missileor of majorcomponents,such as a wing and the fuselage,shal1 be
included which showthe most critical and secondmost criticaldesign
loadingconditionsfor specificareas or regions of the airframe. The
diagramsor textshallindicate thoseareasor regionswhich are almost
equally criticallyloadedby specificflightand non-flightconditions.

30.13 Structuralredesim report. Thisreportshall provideengineering
data for all productionchangeswhich in any manneraffect the strengthand
fatigue lifeof the airframe,and for all productionand retrofitredesigns
resulting fromstaticand fatiguetests. The data shallconsistof descrip-
tion, ju.stification, and verificationof adequacy of the change. Detail
descriptionshall consistof adequatesketches,nomenclature,location,and
discussionof the function of the itemsconce~ed. Justificationfor and
verificationof adequacyof the redesignshal1 be as comprehensiveas neces-
sary in orderfor the appropriateactivityto grant engineeringacceptanceof
the change. Necessaryloads, stress,and.fatigue analysiscal~latlonsand
test data shal1 .besubmitted as revisions to the appropriatereports. A
compendiumof such calculationsand data shal1 be includedin the redesign
report.

30.14 AIit .it rozr I aste
This reportshalldepictthe integrationof the requiredASIP elementsintoa
logical sequencefor design developmentand qualificationof the”missile
structure. The requiredelements of the ASIP are defined in MIL-STD-1530.
The.formatand instictionsfor the preparationof the reportare containedin
Air ForceRegulation80-13..

.: 30.15 ~~ 1. This .documantshall consistof all the dataand
procedures’‘no”imally‘“usedby the contractorin the structural“analysisof
missilesincluding data and procedures used in fatigueanalYsis. Only the
revisions and additions
previously siixnittedto
years.

need-’be submitted if a structuresmanual has been
the contractingactivity withinthe previousfive
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30.16 Structura1 dvnamic manual. This document shallconsist of a
detaileddescriptionof all the proceduresand computerprogramsnormallyused
by the contractorin the structuraldynamicanalyses of missiles,including
proceduresused in flutter and divergenceanalyses,aeroservoelasticanalyses
and otheraeroelastic analyses and dynamic response analyses. Data and
:detaileddescription of procedures used in sonicloads,dynamic loads,sonic
fatigue and dynamic loadsfatigue analyses shallbe included. Only the
revisionsend additions needbe submittedif a structural dynamicmanualhas
been previouslysubmittedto the“contractingactivitywithinthe previousfive
years.

30.17 Maintenanceinstructionsfor controlSurfaces. Maintenanceinstruc-
tions for each control surface shall be prepared in accordance with
MIL-M-81260. These instructionsshall include,but not be limited to, the
following:

a. Descriptionand illustrationof procedurefor measuringfreeplay.

b. The maximumallowablefreeplay not to be exceededduring the service
lifeof the missile.

c. Scheduledservice life intarvalwhen freeplay measurementsmust be
performed to assure that specified freeplaylimits are not exceededin
service.

d. Procedureto be followedand parts to be inspectedand replacedin the
eventthat freeplayexceedsspecifiedlimits.

e. Descriptionand illustrationof procedurefor measuringmass properties;
i.e., weight,CG location,staticunbalanceabouthinge line,dynamicmass
balance,and mass momentsof inertia.

f. For control surfaceswhich are designedwith mass balance,the maximum
allowable_staticand dynamic“unbalancenot to be exceeded. Descriptionand
illustrationof procedure for increasingand decreasing mass balance
requiredto compensate.for effectsof repairsand painting.

g. The maximum allowablemass properties,such as weight, CG location,
staticunbalanceabouthinge line,dynamicmass balance,S@ MSSSMoments
of inertia. Descriptionand illus@ationof permissiblerepairs and
limitations.

h. Destiiptionand illustrationof inspectionand maintenanceprocedurefor
hydraulicdampers.

The contractor’sstructural dynamic.engineeringdeptierit shall coordinate
with the logisticengineeringdepartmentto assurethatthe requireddata are
includedin thesemaintenanceinstructions.
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