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This specificationis approv~dfor use by the Department
of the Air Force,and is availaDlefor use by all

Departmentsand Agenciesof :he Departmentof Defense.

1.0 a

1.1 &Q&. ‘lhisspecificationestablishesthe
compatibilityand verificationrequirementsfor
Systemand its components.

performance,development,
a conventionalLandingGear

1.2 AuplicabilitK.lhe requirementsand verificationscontainedin this
specificationapplyto landinggear equipmentdevelopedforAir Forceair
vehicleand helicopters.Any paragraphmarked“ho” in thisspecification❑eans
thatthe subparagraph(s)is not applicable.

!.j Q. This specificationcannotbe us~d for contractualpurposeswithout
supplementalinfo?’matim. The supplementalinformationrelatesLO operational
requirementsof landinggear systems. ‘fheneed for thisinformationis identi-
fied by blankswithinthis document. The rationalefor requirements,configur-
ation interfacesand constraints,and componentdevelopmentrequirementsare
providedin Appendix1, LAhlllhGGEAhSiSTLMShANDbOOF..

?.1/~n,,,=+<fi.......... % C;Van 2nn14n2+innuhicbwill result.~..?yp.”ojeoted d-.,“ !-O.ma ~-,---....... -rr----.....
in improvementof systemperf~rmance,reducedlifecyclecost or reduced
developmentcost throughdeviaticmfromthis specificationor wherethe require-
mentsof this specificationresultin compromisein operationalcapability,the
detailsshallbe brought:0 the attentionof the procuringactivity
erationof change.

2.0 Heferenc*ddocuments

2<1 1 u~s . The
date of invitationfor Diasor
extentspecifiedh$rein.

S’I’AhIJMiGS

hILITARI

followingdocuments,of the issuein
requestfor proposal,are applicable

for cmsid-

effec:on
to the

hIL-SIG-!56b Materialsand Processesfor CorrosionPreventionand
Lon:rQlin Aerospac$heaponSystems

hlL-STG-15b7 haterialsand ProcessIiequirementsfor Air ForceSystems

Beneficialcomments(recommendations,additions,deletions)and any
pertinentdatawhichmay be Qf use in improvingthisdocumentshould
be addressedto: ASiJ/i’NIXS,Uright-PattersonAFb, OH 45433by using
the self-addresseaS:andardiza:ionLmcum?ntImprovementI’reposal
(DIJForm !426)appearingat the ena of :nis documentor by le:ter.

FSC !bZO

.
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MIL-L-87139(MAF)

I j.O Hecuirements

I j.1 SystemdescriDtiOn

3,1.1 Lan~ingKear svstem. The LandingGearSystemshal1 performthe
allocatedair vehiclefunctionsand be compatiblewith overallair vehicle
requirements.landing’gear systemfunctionsand hardwareshal1 be allocatedto
the followingcategoriesfor considerationin this specification.

3.1.2 LandinEEear structure. Thisgroupshallconsistof all equipmentof
the landinggeardesignedto providestructuralsupportof the air vehiclein
the groundenvironment.

3.1.3 brakecontrol. Thisgroup shal1 consistof landing-gear-relatedequip-
ment whichtransmitsthe brakingeffortsand controlsthe brakingoutputin
termsof compatibilitywiththe environmentand hardwarecapabilities.lt
includesthe hydraulicsystem,anti-skidcontrol,and Drakeactuation
mechanisms.

I 3.\.4 hr)II~. lhis groupconsistsof wheel,brake,and tire
equipment.

3.1.5 ~ 1 ontrol. ‘lhisgroupconsistsof the landinggear hardware
dedicatedto accomplishingthe functionof directionalcontrol.

I
3.1.6 Gearand door actuationsvstem3. ‘fhisgroupconsistsof the hardware
which is utilizedin raisingand loweringthe gears,locks,doors,controls,
indicators,and warningsystems.

I 3.1.7 A 11uxi arv decelerationdevices. Thisgroupencompassesthe hardware

1
associatedwith drag chutesand arrestinghooks.

1 3.1.8 Groundhandling. Thisgroupincludeshardwareassociatedwithair
vehiclegroundhandlingfunctionsSUchas tie-down,jacking,and towing.

3.1.9 SpecializedSubsvstems. Thisgroupconsistsof equipmentrequiredfor
specialfunctions,such as kneeling,crosswindpositioning,skiing,tire
pressurecontrol, et cetera.

3.2.I

I a. hith statedexceptions,the servicelifeof the landinggear components
shallbe — .

b. The landinggear shallhave groundflotationcapabilityto permitthe air
vehicleto

( ●1
i

2
1
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c. The landinggear shallmeet tne requirementsof thisspecificationduring
and afteroperationof the air venicle on surfaceswith the followingroughness
characteristics:

j.2.1.2 Arranmment

a. The landinggear shallbe arrangedso that the airframestructurewil1 no:
contactthe groundduringa groundturn producing lateral
accelerationat the mos: criticaloperationale.g. configuration.

b. Ins iandinggearsshallbe arrangedto providepitchstabilitysuch that
safeair vehiciegroundcontrolis maintainedand no part of the air vehicle
otherthan the landinggear contactsthe groundunderthe followingcondi:ions:

3.2.1.3 Clearances.

a. Llearanceshal1 oe providedso thatwith the landinggear in the positicn
for landing,and duringany phaseof air vehicleoperation,there is no contact
betweenthe landinggear ana any otherpartof the air vehiclethat resultsin
degradationof life or performanceof any air vehiclecomponent. ‘i’his
requirementapplieswith the followingconditionsor restrictions

— .

b. Clearanceshall be providedon retractablelandinggearsso thatwith the
landinggear in the retractedpositionand duringany transitionbetweenthe

...........extet-,dedar,i retractedp“>...”,,., tixsr.eis no contacibetweenthe ianriinggear
and any otherpart of the air vehicle,includinglandinggear fairingdoors,
thatresultsin degradationof lifeor performanceof any air vehicle
component. This requirementapplieswith the followingconditionsor
restrictions:

c. _ wheelsshal1 be stoppedfromrotatingduringretractionor prevented
from rotatingin the retractedposition.

d. In the eventof flattireand flatstrut,the lowestpart of the landing
gear,door fairing,or air vehiclecomp.ments,includingexternalstores,shall
not —.

3.2.1.4 ~. All landinggearsshallhave naturalor augmenteddampingso
that the amplituaenf any landinggear osciIlationsafter cycles
is reducedto or lessof the originaldisturbance,with the following
exceptions: The dsmpingrequirementappliesto all initial
displacementsof the landinggear under the followingconditions:

3.2.2 Structure

3.2.2.! General.

a. Landinggear structureshallbe designedin accordancewith
exceptas ❑odif:edby

b. Materialsselectionsnal1 be made in accordancewithhlL-STD-1587 and
corrosion control shal1 be establishedin accordancewith l.,lL-STD-1568,except
as ❑edifiedby

3
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MIL-L-87139(USAF)

c. In the eventof a fla: tireor a repressurizedshockabsorber,the gear
shallbe capableof withoutstructuraldamageto the gear or the
air vehicle.

d. hherejointsand wear surfacesare required,theyshallhavematerialfor
reworkby

e. In the eventof landinggearW-ructuralfailure,no landinggear component
shall

3.2.2.2 shOck absorption. (Yes_, ~O_)

a. The landinggear systemshallabsorbsufficientenergyof landingsuch that
19 not exceededunaerthe followingconditions:

b. The landinggear systemshallprovidea ridesuch thatthe vertical
accelerationsat the pilot’sstationshallnot exceed
—ona runwayunderthe followingconditIons:

c. The landinggear subsystemshallDe designedfor,and specifythe use of,
chargingagentswhichwill not causecorrosionnor supportcombustion.

d. The followingtypesof shockabsorberservicingshallbe accomplished
Withoutremovalof the shockabsorberfromthe air vehicleor jackingof the
complete air vehicle:

The shockabsorbershallbe capableof performingits requiredfunction (’e. ●
withln afterpositioningfor landing.

f. The shockabsorbershallnot preventaccomplishmentof successive
landingswith betweenlandings.

s. krictioncharacteristicsof the shockabsorbershallnot cause

3.2.2.j ~ r. The tailbumperif used,shallincorporatethe
followingfeatures:

3.2.3 brakesyst~. (Yes_, No_)

j.2.3.l General

a. The air vehicleshal1 oe capableof stoppingunderthe following
conditions:

b. The totalsystemshallproviderestrainingforceto holdthe air vehicle
staticon a dry pavedsurfaceduringapplicationof

c. failureof the brakecontrolsystemshallnot resultin a
totallossof air vehiclebrakingcapability.

3.2.3.2 6rakeactuationsvstem.

a. A separateana Independentemergencybrakingsystemshallbe providedwith
the capabilityto _ with_ control.

4
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b. brakesshallbe appliedby the followingaction:

c. The brakecontrolshallhave the followingforceand travel
characteristics:

d. A parkingbrakeshal1 to hold the air vehiclestaticunderthe
followingconditions:

j.2.j.j Mti-skid brakecontrol. (les_, NO_)

a. The anti-skidbrakecontrolsystemshallbe tunedfor optimumperformarice
on a surface, consideringboth brakingand corneringforces
throughoutthe controlspeedrange.

b. Luringair vehiclesystempowerinterruptionor systemmalfunction,tne
systemshall

c. Ihe pilot shallbe able to engageor disengagethe anti-skidsystemby the
followingaction:

j.2.U fiollin~cOmDonents. (Yes_, No_)

3.2.4.1 ~. (Yes_, No_)

a. The tiresshallbe capableof performingon the air vehiclefor the
following

b. Tiresshallhave a servicelife,due to treadwear only,of not less than
landings. Thi.Sshallapplyduringoperationof the air vehicleas

follows:

c. The tire carcassshallbe capableof retreadswithoutdegradation
of tire structureperformance.

d. The electricalconductivitycharacteristicsof tiresshallbe such that the
tirewill not storea staticchargewhichwill be detrimentaltO anY Otherair
vehiclesystemor harmfulto personnel.

e. in selectingtire sizes,make an allowancefor_ growthin air vehicle

msximumdesignweightwitninthe samesize tire.

f. For ❑ultipletire gear designs,capacityshal1 be prOvidedtO accO~Oda~e
_ tire failurewithoutadditionaltire failure,when operatingat all gross
weightsunderthe follow:ngconditions:

3.2.4.2 -. (les_, ~O_)

a. Ihe wheel assemblies shall Oe capable of performing on the air’ vehicle fOr
the following:

b. lhe wheelservicelifeshal1 be

c. ProtectionshallDe providedto the wheel frombrakeheat to
afterexpnsureto energy.

prevent
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3..2.4.3x

a. brakeassembliesused to provideany portion01’the air vehiclestopping
performancespecifiedin 3..?.3.la shallhave“the‘followingcharacteristics:

b. trakeassemblyheat sinkmembersshallbe capableof producing
operationallandingsand the brakestructural❑embersshallbe

capableof producing operationallandingswithoutfailureor
wear beyondlimits. lhe spectrumof operationallandingsis definedas:_.

c. Means shallbe providedto determinecurrentstatusof brakewear without
disassemblyor the use of specialtools.

d. Structuralfailureof the brakeheat sinkshallnot resultin

3..?.5 Pi rectional control 9vstem

3.2.5. ! General.

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

b. Ground directional control characteristics shall permit the pilotto
preciselycontrolthe air vehicleunderthe followingcrosswindconditions:

c. t.mergencydirectionalcontrolshallbe providedwith the following
characteristics:

3.2.5.2 ti03erear steerinKsystem.

a. The steeringsystemusedto provideany portionof the directional
shallhave the folloh’ingcharacteristics:

centrol

b. T’heprobabilityof occurrenceof a singlefailurethatresultsin total
lossof steeringshallnot exceed per mission.

c. The probabilityof occurrenceof a singlefailurethat resultsin
‘hardover”steeringresponseshallnot exceed per mission.

d. In the eventof failureof the primarysteering$ystem,emergencysteering
shallbe providedwith the followingcharacteristics:

3.2.6 LandinKzear actuation. (Yes_, No_)

3.2.b.1 detraction-extensionsvstm.

a. The landinggear retractionand extensionshal1 be actuatedbycrew members
by

b. If used, fairingdooractuationand lockingshallbe

6
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c. lne probabilityof occurrenceof a singlefailurethatresultsin the
failureof any landinggear as.wmhlyto extendand lockin the positionfor
landingshal1 no: exceed per mission.

d. heversalof the landinggear controlduringactuationshallresultin the
landinggear g~ing to the lastpositionselected.

e. Retractablelandinggearsshallretractintoan aerodynamicallytaired
enclosureand the fairingdoors,if used,snal1 closeand lockwithoutdamage
at all airspeedsfrom_ to _ for flightat

f. Retractablelanainggearsshallextendand lockand the fairingdoors,if
used,shallb? positionedas requiredfor landingwithoutdamageat all
airspeedsfrOM_ to for flightat

~. Lossof any landinggear fairingdoor shallnot resultin

h. A separateemergencyextensionsystemshallbe providedwith the capability
to

3.2. b.2 A tu tio~.

a. An indicatorshallbe providedto show

c. &n overrideshall De providedfor auralwarningsystems.

3.2.6.3 detraction-extensiontime.

a. The time from selectionof landinggear retractionor extensionuntilal1
landinggear are retractedand lockedand al1 fairingdoorswhere used,are
closedand lockedor gear is extendedano lockedshallbe compatiblewith air
vehicleperf~rmance.

b. The time from selectionof landinggear extensionby the emergency
actuationsystemuntilall landinggearsare extendedand lockedand all
necessaryfairingdoorsare in positionrequiredfor landingshall

3.2.6.4 Positionrestraint

a. A means shal1 be providedto maintaineach landinggear in the selected
position.

b. khereaoorsare used in conjunctionwith landinggear,the methoduses :0
retainthe landlnggear in the selectedpositionshallhave the following
characteristics:

c. Groundsafetyprovisionsshal1 be providedto preventretractionunderthe
following,condi:ions: Provideindicatorsto alert
groundcrews to assureremovalof safetydevicespriorto flight.

d. The air vehicle,actuationsystem,or grmnd safetyprovisionshallnot be
damagedin the event that

7
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3.2.7 Auxilarvdecelerationdevices

j.2.7.! firrestinKhook svstems. (Yes_, ho_)

a. The arrestin& hook systemshal1 be capableof decelerating
air vehicleto a stopby engaging arre3tmentsystemat

b. Arrestinghook systemand attachmentshallwithstandloadsof
fly-inengagement.

c. The probabilityof successfulengagementof the arrestingsystemshallbe
not less thsn for all air vehiclelandingattitudes.

d. khk installationshallhave lateralfreedomfor

I e. Servicelife of the arrestinghook shallbe without
replacementof compments except:

r. The retractedhook shallpreclude

s. Currentposition of the hookshal1 be indicatedin the cockpit.

n. For ❑aintenanceactivity,the hook installationshallhave

.. “-- ‘--’,“k-l7 k“ --.<.<-..-4h.,~~: ?,-.11-”<”*~~~~~~:,11=,l””r.=..=..“= p“-...”...,” “, ...........

3.2.7.2 J.rauchutes. For d?ag chuterequirements,seehIL-

3.2.8 Groundhandling

3.2.b.l Jacking.

a. Jackingprovisionsshal1 be providedby

b. The axle jackingsystemshallbe capableof raising weigntair

vehiclehigh enoughto performrequiredmaintenancewhileexposeatm
crosswindfrom any direction.

c. The fuselagejackingsystemshallbe capableof raiaing weight
air vehiclehigh enoughto performrequiredmaintenancewhileexposedto
_ crosswindfromany direction.

j.2.b.2 M

a. The air vehicleshallbe capableof beingpushedor towedat
grossweightup or downa slopeon a surface.

b. The main gear shal1 have the followingprovision for emergencytowing:

— .

c. The interfacebetweenthe air vehicleand tow vehicleshallbe as follows:

b

Downloaded from http://www.everyspec.com



MIL-L-b7139(usAF)

I

‘o

j.2.u.3 ~

a. The moor:ngarrangement

b. The mooringarrangement
surfaceslocked,at

shallbe compatible

shallbe capa~leof
— grossweight.

3.2.9 ~ alize su svstems

3.2.9.1 General. hany air vehiclesare equippedwith specializedsubsystems,
whichare associatedwith landinggear equipment. Examplesof suchsystems
include:skis,kneelingsystems,crosswindpositioningsystems,and in-flight
pressurecontrolsystems. The air vehicleshallhave specialsubsystemsor
characteristicsas follows:

3.3 Reliability. ,Thelandinggear system!’eliaoilityrequirementsshal1 be as
follows:

3.4 haintrainability.The landinggear systemmaintainabilityrequirements
shallbe as follows:

3.5 &tern safety. The landinggear systemsafetyrequirementsshallbe as
fOllows:

j.6 ?+nvironmenta.l-mdltions. The landinggear systemequipmentshallbe
capableof withstandingor operatingunderthe followingconditions:

Environment

Temperature

humidity

Fungus

Vibration

Dust

Salt fog

iixplosionproof

Acceleration

Shock

Electromagnetic

3.7 Interfacereahirements

3.7.1 Eelatedsvstems. The
vehiclesystemsas follows:_

Reouiremen~

landinggear systemshallInterfacewith otherair

j.7.2 GroundsuDcmrteauiDmenL. lhe landinggear sySt@mshallintePfaC?kith
the followinggroundsupportequipmentas f~llows:

u
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3.7.3 nternational standardization. hhere applicable, utilize standard parts
from international standardizationlists,includingNATO and 1% documentation.

4.0 Lmali:.v assuranceDrovisions

4.1 General. Ihe followinganalyses,laboratorytests,demonstrations,taxi
and flighttests,and servicetestsare t.oevaluatethe abilityof the landin&
gear systemto supportthe air vehiclein the groundenvironmentand to
accomplishthe requiredfunctionswith specifiedcapacityand durability.All
evaluationsare the responsibilityof the contractor;the Governmentreserves
the rightto witnessany verification.

4.2 Characteristics

4.2.1 LandinuKear svstem

4.2.1.1 General. The landinggear componentservicelifeshallbe evaluated
by The groundflotationcharacteristicsshallbe evaluatedby

Performanceduringand afteroperationon surfacesof
specifiedroughnessshallbe evaluatedby

4.2.1.2 Arrangement.Air vehiclestabilityduringturnsshallbe evaluatedby
groundhandlinganalysissubstantiatedby air vehicletaxi testas follows:

Pitchstabilityshallbe verifiedby for the
followingconditions:

4.2.1.3 Clearances. Clearance betweenthe landinggear and otherair vehicle
componentsshal1 be verifiedby bemanstrationthatthe
wheelsdo not rotatein the retractedpositionshallbe shownby
Groundclearanceaftertire failureand strutdeflationshallbe determined
analytically.

4..2.I.Q ~. Landinggear systemdampingshallbe determinedanalytically
and substantiatedby

4.2.2 Structure

4.2.2.1 General. Heviewof the structuraldesigncriteriaand component
materialand processselectionshallbe includedin
Landinggear energyabsorptionperformancekitha deflatedstrutor flattire
shallbe evaluatedby: Provisionsfor reworkof
jointsand wear SUrfacesshallbe evaluatedDY inspectionof engineering
drawingsand analysis. Componentperformanceduringlandinggear structural
failureshallbe evaluatedanalytically.

4.2.2.2 Shockabsorption.Landinggearshockabsorptionperformanceshallbe
evaluatedby: Otherperformancecharacteristicsof the shock
absorber,such as , shal1 be demonstrated.kidequalityperformance
shallbe evaluatedanalyticallyand substantiatedby flighttest. Design
featuresshallbe evaluatedby inspection.

4.2.2.3 Tail bumDers. Groundc1earanceand protectionby tail bumpershal1 be
evaluatedby dynamicanalysisof ths air vehicle. The tail bumperoperation
and controlsshallbe evaluatedby air vehicletest.

10
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4.2.3 Brake system

4.2. 3.1 Qeneral. Total air vehicle stopping performance and the ability to
hold the air vehicle static during enginerunupshallbe evaluatedby air
vehicletestsas follows: The effectof compcm?nt
❑alfunctionsshallbe evaluatedby

4.2.3.2 brake actuation svstem. Performmce and suitability’ of the emergency
braking system shallbe evaluatedby flighttest. brakeactuationand parking
brakeperformsmceshallbe evaluatedby The brakecontrol
forceversuscontroltravelrelationshipshallbe ❑easuredon the air vehicle.

4.2.3.3 WI -skidbrakecontrol. The operatingcharacteristicsof the anti-
skid brakecontrolsystemand designfeaturesof the systemshallbe evaluated
by The systemperformance,includingcompatibilitywith
interfacingsubsystems,shallbe evaluatedby The effectsof
systemmalfunctionsshallbe evaluatedby

4.2,4 ~ omm ents

4.2.4.1 ~. Laboratorytestsshallbe conductedto evaluatethe foll~wing
requirements:

a.

b.

c.

d.

YaKeoff, landing,and taxi performance

F!etrcaei?.gq?a.bllity

Electricalconductivity

Overloadcapability

The servicelifeshallbe evaluatedon the air vehicleduringflighttest. An
analysisis requiredto show growthpotentialin the selectedtire
sizes.

4.2.4.2 J&Qs. Laboratorytestsshal1 be conductedto evaluatethe following
requirements:

a. Takeoff,landing,and taxiperformance

b. Servicelife

c. kheeloverheatcapability

Design featuresshallbe evaluatedby inspection.

4.2.4.3 -

brakedurability,operatingcharacteristicsand compatibilitywith interfacing
subsystemssuchas _ shallbe evaluatedby The
structuralcapacityof brakecomponentsshal1 be evaluatedby test and analysis
and the wheel lock-uprangeat variousspeedson differentsurfacesshallbe
evaluatedby analysis.
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4.2.5 Directionalcontrolsystem

4.2.5.1 General. Directionalcontrolperformancevequirem~ntgof the total
systemshallbe evaluatedon the air vehicleduringflighttest. Crossw;nd cQn-
trol limitsshallbe determinedby analysisSubstantiatedby flighttest.
Emergencydirectionalcontrolcharacteristicsshallbe evaluatedas follows:

4.2.5.2 NOSY ~ear steeTi”Rsvstem. Systemperformanceand contrnlcharacter.
lsticsshallbe evaluatedby an analysisand flighttest. k formal
demonstrationof the steeringsystemoperationtiiththe staticair vehicle
shallbe accompl:shedto deterninecomplianceWith factorsthatcan not be
ver:fiedDY flighttest. Probabilityof systemfailureshallbe assessedby a
failure❑ode analysisand historicalfailurerate data. Criticalfailurecanoes
shallbe furtherevaluatedby Configurationdesignrequirements
including shallbe ver>f~edby inspectionof engineeringdrawings
and hardware.

4.2.6 LandinRRearactuation

4.2.6. ! detraction-extensionsvs!em. detraction-extensionsystem~peraticm
and operatingcharacteristicsshal1 be deuiontratedby Limitsof
speedfor retractionand extensionshallbe determinedby analysisof flight
test results. lhe effectivenessand limits13fth? emergencyextensionsystem
shallbe evaluatedon the air vehicleduringflighttest.

1 4.2.6.2 Acttiationsystemindicatim. The gearpositionindicatorsystemand
warningsyst~mshallbe evaluatedduringflighttest.

I 4.2.6.3 ~. detractionand extens$ontimesshallbe
evaluatedby a

4.2.b.U Positionrestraint.The ad?quacyof the landinggearpnsition
restraintshallbe evaluatedby tallurerodeand effectwil1
be determinedanalyticallyand furtherevaluatedby The
effectivenessand adequacynf the groundsafetyprevisionsshallbe evaluated
duringflighttests.

~

4.2.7 Auxiliarvdecelerationdevices

4.2.I.1 Arrestingnook SYSteDS. Performancelim?tsfnr arrestinghook systems
shallbe evaluatedby air vehicleflighttestwith the specifiedarrestment
systems. Tbe dynanicand designcharacteristicsshallbe evaluatedby
inspection.Servicelifeof the hookshallbe evaluatedby laboratorytests
for fatiguelifeand air vehicletestsfor curability.The probabilityof
successfulengagsmen!.shallbe determinedby analysisof flighttest results.

4.2.6 GroundhanOliflR

4.2.8.! Jacking. Jackingcapabilityand provisionsshallbe evalua~edon the
air vehicleduringthe flighttestprogramt-Qths specifiedlimitsof the
system. CrosswindCompatibilityshallDe verifiedby analysts.

b.2.b.2 -. Performanceof the towing“systemshallbe demonstratedm the
air vehicleduringthe flighttestprogram.
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● 4.2.b.3 MoorLnE. The air vehicleshallbe ❑ooredto duringthe
flighttest program. Lesigncharacteristicsand compment compatib~lityshall
be evaluated.

4.2.9 LDecializedsubsystems

4..2.5.1General. The systemshallbe evaluatedby

4.3 jieliability.The r81iaDilityrequirementsof 3.3 are verifiedas follok?.:

4.4 maintainability.Ihe maintainabilityrequirementsof 3.4 are verifiedas
follows:

U.5 SVstem safetv. The system safety requirements of 3.5 are verifiedas
follows:

4.6 Envlrmw?ntal conditions. Environmental testing shal 1 be conducted to
Ver:fy tne requirements of 3.6 as follows:

4.7 interfacereauirenents

4.7-! Relateo svsterns. Characteristics?f the landinggear systeminterface
with otherair vehiclesystemsshallDe verifiedby

P“
4,7,2 ~pnunoSUDD9rtecu;Dm9nt. lne interfaceof the landinggear systemwith
specifiedgroundsupportequipmentshallbe evaluatedby

4.7.3 ~n. We of fi!+Tuor 1S0 standardpartssnal1
be verifiedby

5.0 Packating

5, 1 AI1 deliverable :te~s shall w preparea for shipmentas directedDY the

procuringactivity.

6.o hot-s.

6.1 tiesDonsiOle enc<neerinuoffice. The officeresponsiblefor development
and technicalmaintenanceof thisdocumentis ASU/LhFb’M.bequestsfor addi-
tionalinformationor assistancecm this specificationcan be obtainedfrom
hr. D.E. killlams,ASl)/E.kFEIY,iright-PattersonAFb, Oh 45433;autovon765-4’5b,
commercial(5!3) 255-4156. Imy information obtainedrelatingto Government
contractsmust be obtainedthroughcontractingofficers.

Custodians:

o

Air Force - II
Freparingactivity:
Air Force- 1?

Project1620-!’06
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!l.LLMw

MIL-k-5o13 kheeland brakeAssemblies;Aircraft

MIL-T-50U1 Tires,

MIL-1-6053 Iests,

I+eunatic,Aircraft

Impact,ShockAbsorber,Aircraft

15

LANDINGGEAR SYSThMShANDBOO~

tiationale,Lriteriabackground,LessonsLearned,
VerificationRequirements

!0. scoPIi

10.1 a. Thisappendixcontainsthe instructionsthat are necessarytQ
tai>orsections3 and 4 of hIL-L-87139 for LandingGear SystemsfOr specific
applications.The activitythathas beendesignatedthe responsible
engineeringofficefor the specificationis ASD/ENFEh,bright-PattersonAFb,
Ohio 45ti33.The individualwho has beenassignedthe responsibilityfor this
handbookis hr. D.L. kill$ams,ASD/ENFEM,bright-PattersonAFB,Ohio 45433,
Commerciallelephone:(5!j) 255-4158,Autovon:785-4!58.

10.2 PurDOse: This append~~p~~vides informationto assistthe Government

procurementactivityin use of hIL-L-b71j9 and providesrationale,background
for the criteria,lessonslearned,and verificatim requirementst~ ❑eet
requiredperformanceand characteristics.

)0.3 L&is: ~hiS appendix 59 designed to assist the project engineer in
+.*lfi”{n. h~~-~-~?l~g..“. ... . ..O HLL,-1,-871~~contains blanks that must be filledin to
meetoperationalneedsof the equipmentbeingdevel~ped. Sectionsj and ~ of”
this documentparallelthe MIL-L-87139and indicatethe typeof data to be
placedwithinthe blanks.

10.4 -: Section3 providesthe requirementas statedin hIL-L-87!39, a
iiationalewhich containssuggestedwordingor conceptsfor the blanks,and a
discussionof the factor’sor parametersimpactedor involvedin the achievement
of the statedrequirement.Each itemalso containsa sectionon Lessons
Learned,reflectlnginput fromall avaflaoleagencies. The Section4
Verification,whichappliesdirectlyto the Section3 Characteristicor
Requirement,~s included~n the d~scussionalongwith the Hatior,ale,discussion
on why this typeof verificationis best suitetifor the occasion. The appendix
is preparedas a completepackagefor each Section3 requirement.This permits
additionor deletionof all the discussionof a singlerequirementas a
package.

‘L’hefollowingdocumentsare referencedin this appendix. Unlessotherwise
indicated,the referenceis solelyto providesupplementaltechnicaldeta.

20.1 Lovernment documents
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f41L-b-8075

ML-L-6552

MIL-B-b5&i4

FiIL-S-8b12

mIL-A-88b0

MIL-A-8862

f41L-A-Lib65

NIL-A-18717

MIL-T-812s9

MIL-A-u3136
(USAF)

.t.IIL-s-xxkkX

.’ST.4!JIX,RDS

brakeControlSystems,AnZiskit,Aircrafthheels,General
Specificationfor

LandingGear,AircraftShockAbsorbers(Air-Oil

BrakeSystems,kheel,Aircrat’t,Designof

SteeringSystem,aircraft,GeneralRequirements

Type)

for

AirplaneStrength

AirplaneStrength
handlingLoads

AirplaneStrength

and Rigidity,GeneralSpecificationfor

and higidity,LandplaneLandingand Ground

Rigidity, f.liscellaneousLoads

Arresting

Tie Down,

Arresting

hook Installation

AirframeDesign,requirementsfor

hook Installation

StructuralSystems,AircraP., GeneralSpecificationfor

.hte natlonar 1

NAT-STD-3220 Location,Actvation,and Shapeof Airframe

W+T-STANAG

Bi-WWi

MIL-STL)-203

MIL.STG-470

hIL-sTD-471

t41L-STD-621

FilL-STr)-785

kiIL-sTI)-805

hlL-STD-M09

MIL.S’YL-B10

Controlsfor FixedkingAircraft

AircrewstationControlsand Displaysfor Fixedking Aircraft

haintainabillityProgramRequirements(ForSystemsand
equipments)

haintainabillityDemonstration

Test hethodfor PavementSubgr’ade,Subbaseand Base COurSe
tlaterial.

reliabilityProgramfor Systemsand EquipmentDevelopmentand
Production

Towing,Fittingsand Provisionsfor FixedMing Aircraft,Oesign
Requirementsfor

Adapter,Aircraft,JackingPoint,Designand Installationof

EnvironmentalTestMethods
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hIL-STD-82b Llectrornagnetic InterferenceTest Requirementsand Testhethods

hlL-STU-b7b’ Methodof Dimensioningand IJeterminingClearancefor Aircraft
Tiresand Rims

MIL-STD-15bb Materialsand Processesfor CorrosionPreventionand Controlin
AerospaceheaponsSystems

flIL-STD-1587Materialsand ProcessRequirement for Air ForceSystems

GThhRPUBLICATIONS

L@UQ1.S

p.irForct

86-3 Planning and Design of Iheater of Operations Air base

86-B Airfield and Airpace Criteria

b8-6 Airfield Design

hanabooks

~:r ~orc: <“.+-m. ~~~~fi~-,. ......

DtI 2-1 Gesign handbook 2-1, Airframe

8D-1 handbookof instructionsfor AircraftDesign

~

ANC-2 Ground Loads

ReDOrtS

U.S. Air ForceAeronauticalSvsterasDivision

ASD-TR-b5-4 Evaluationof AircraftLandingGearGroundFlotation
Characteristicsfor Operationfrom UnsurfacedCivil
Airfields

ASD-lR-70-43 AircraftGrondFlotationAnalysisProcedures- Paved
Airfields

kAIJCTN55-1 Stabilityand the Elastictire

kADC Tli56-197 LxperlmentalStudyof koreland’sTheoryof Shimming

U.S.havv.fmval hesearchLaboratqcy

bulletin39, Part 3 The Shockand ~ibratiOntulletin(January 1969)
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20.2 fJtherdocuments

Am?ricaninstituteof Aeronauticsand Astronautics

Volume21, Journalof the AeronauticalSciences,December1954
Number 12

AmericanhationalStandardsinstitute, Inc.

346.1 Surface Texture(SurfaceRoughness,kavinessand Lay)

(Applicationfor.copiesShouldbe addressedto AmericantiationalStandards
Institute,1430&roadway,New York,New lark 10018.)

AmericanSocietyof Civilfin~ineers

Vol 99, No. TL4 transportationEngineeringJournalof ASCE hovember1973

(Applicationfor copiesshouldbe addressedto AmericanSOCietyof Civil
Engineers,345 East 47th Street, NewYork, NewYork 10017)

Societvof Automotivekn~ineers,Inc.

AhP 1107 Tail bumpersfor PilotedAircraf:

jo . k&QIJIhLhEhTS

The followingsub paragraphscarrythe same numericalidentificationas
the paragraphsand sub paragraphsin the specification.

3.1 Svstembescrivtion.The ComponentCategoriesfor the LandingGearSysLe!u
are:

LandingGearbysiem
LandingGearStructure
BrakeControlSystem
IiollingComponents
DirectionalControlSystem
Gearand DoorActuationSysteG
AuxiliaryDecelerationbevices
GroundhandlingFunctions
SpecializedSubsystems

3.2 ODeratinnRequirements

3.2.1.1 land ng1 Gear Svstem- General

3.2. !.1 - a With the stated exceptions, the land:ng gear componentservice
lifeshall be ,!
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kationaleand Guidance: Designlifeo: the landinggear componentsis a
significantdriverof lifecyclecosts. This requirementis necessarySO
establisha minimumacceptableservicelifefor design. This is to insure
minimumcost but acceptableutilityof the completedSYSteM.

The requirementshouldbe statedin termsof the minimumacceptablenumber
of landingsor years of service. The anticipatedutilizationof the system
must be defined. It may also be desirableto referenceor definethe 10giStics
supportplan for the major landinggearcomponents.

The numberselectedfor this requirementwill usuallybe the sameas uses
for the basicairframeservicelife. This 1s logical for major structural
components of the landing gear but not applicableto consumablecomponentssuch
as tires,brakesand fluidseals. Consumablecomponentscan be exceptedfrom
the requirement.Servicelife for consumablecomponentscan be definedin the
sectionof th!sspecificationapplicableto the components.

Performancee Parameters:

Parameterswhichaffectthisperformancerequirementincludeoperating
environment,missionspectrum,scheduled❑alntainanceoverhaulskills,NLII
hethods,❑aterialselection,productionprocessing,and protectivefinish
systems. The lifeshouldbe expressedin termsof fleetaverageliferather
than the preformanceof any singleassembly.

wound and sourceof Criteria: This 1s a new ?equlrement.An attemptis
beingmade to quantifythe most impartantcharacteristicof the landinggear
systemand its components,durability. In the finalanalysis,servicelife1s
the user’smeasureof success.

LessonsLearned: Servicelifeof variouslandinggear componentsis a function
relatedto variousmodesof failure. The primarymndes/causeaof failure
includestructural,corrosion,overloadin performance,wear,inadequate
design,erraticperformanceand abuse.

Thereare numerousexamplesof fatiguefailuresdue to stress
concentrateionsdue to inadequatedesign. kmphasismust be placedon design
detailsto avoidhigh KT. Patiguefailureshaveoccurredon virtuallyevery
landinggear in the inventory,including652,B66, KC135, C130, C141, Century
Series fighters,F4, F111,all tralnera,and the A37. CarefulattentiOn❑ust
be paid to lug areas,holes,etc.

Choiceof materialfor the applicationalso has a significantinfluencenn
the successof the application.Selectionof the wrongalloyand imPYOPer
protectionsystemcan producecorrosionand stresscorrosionfailures. Stress
COrt’OSiOnfailuresof landinggearcomponentshas been particularlyprevalent.
.Examplesincludeb52, KC135,C141, CenturySeriesflghtera,and F4. host of
these failureswere with aluminumpartsheat treatedto the T6 temper. The
alloyswhichwere ❑ost susceptiblewere 7075and 7079. A largePOrtiOnof
these failureSoccurredin componentswhichhad high suStalnedstresses,such
as outer cylinderswhichwere pressurized.Stresscorrosionfailureswith
thesealloyswere not as prevalentwhen usedas beammembersIn axial loading.

hany landinggear structuralfailuresoccur in overstressedparts.
Examplesof landinggearswith overgtressfailuresincludevirtuallyeveryair
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vehiclein the invento?y. This appe?rsf: b? a very d:ff:cul:defjc:ency:n
avoid.Thismay resultfromdesignerrnrso? from subjectingthe har-dwar?:0
conditionsnot consideredby the orzg;caldesign Ccunmndesignerror’stnclud’+
failureto considerdynamicloadingantisecondaryloadingdue t~ ti+fl?c:irm~f”
the landinggearor mountingstructure. Any changein air vehicleoperational
needsduringdevelopmentmust be re%,iewedf~r structuralim>licatimnsto avoid
designeclin deficiencies.

Numerouslandinggear failureshavebesn initiatedby inadequateprocess
and manufacturingcontrol. Primeexamplesare the F!!!pin failuresstem.m;ng
fromdamagedue LO grindingof the chromeplating.

Frequently,majorcomponentsare lostfrom the inventorydue t.c
insufficientmaterialto permitreworkdictatedby corrosionor wear. ‘ibis
considerationand allowance❑ust be includedin the initialaesign. This
considerationis best illustratedby the commerciallandinggears for airline
usage. The materialfor reworkis ❑andatoryfor airlineusageand shouldbe
Seriouslyweighedfor evaluationof Air Forceapplications.Only in casesof
extremeweightcriticalityshouldthis be waived.

verification(Paragraph4.2.1.!):

tOTh~landinggear ~om~nent serviceIife shal1 be evaluatedby .,(

v~: It is intendedto verifythisrequirementin a manner
consistentwith the remainderof the structuralverificationprogramor by
,+af’+”,+{-.,.+-~ f~ce:.......4............... “, -Si,.~= demerlstraticrl.If ~ ~.bruc.,.u~al tierulinstra:i”,, i>
selected,a jig fatiguetestwill be conductedwith suitableinstrumentationto
a negotiatedteSt spectrum. A flightby flightspectrumis preferredover
blockspectrum. If a servicedemonstrationis selected,the indexsiteand
Methodshouldby fullycoordinatedWith AFLt..

Verification LessonsLearned:

3.2.1.1 LandingGearSystem- General

3.2.1.1- b ‘The landinggear shallhave groundflotationcapabilityto permit.
the air vehicleto .,,

Rationaleand Guidance: The purposeor thisrequirementis to insurethatthe
load that the air vehicleappliedto the airfieldis compatiblewith Lhe
bearingstrengthnf the airfieldsurface. Detailsof the requirementare very
dependentupon the air vehiclem:ssionand basingConc?pts. The primary
Consldet’ationfor a largecargoair vehicle,for example,mightbe to insure
abilityto operateon existingcommercialjet air vehicleairfieldswithou:
causingan unacceptablerateof pavementdeteri~ration. Tacticalcargoand
fighterair vehicle,on the otherhand,may need to be designedto performa
specifiedmissionon an unpavedairfield. in many cases,thisairfi~ld
compatibilityis a primarysystemcharacteristicand is address?din de:.a:1 in
the SystemSpecification.If this is the case,referenceto the System
Specificationwil1 be sufficient.Some systemdocuments,however,failto
definethe requirementi“ adequateengineeringterms. lf this is the case,
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thisrequirementmust be expandedto Includethe significantengineering
parameters. The exactwordingmust be tailoredfor eaChsystemusingtbe
followingparameters.

PerformanceParameters.

Air vehicleGrossheightCcmditi~n
Air vehicleCenterof GravityPosition
Type of AirfieldSurface(Pavedor Unpaved)
Strengthof AirfieldSurface
Levelof Operation(Frequencyor TotalNumber)
Tire OperatingLimits

kc kuroundand Sourceof Criteria: i’lotationcriteriawas previously
identifiedin AFSC IJh2-1.

LessonsLearne~: Air VehicleConditions: in the case of pavedairfields,it
is usuallybest to specifythe maximumgrossweightthatwill be used for
groundoperation. Centerof gravitypositionmay not be too criticalfor paved
airfields,however,specificationas nominalor averageor most criticalmakes
the requirement❑ore exact. The grossweightand centerof gravityspecified
for unpavedairfieldoperationwill usuallybe specifiedin termsof a specific
misgioncondition. A specificweight(pounds,etc.) shouldno be specified.

Type of AirfieldSurface: The requirement❑ust at leastspecifya paved
or unpavedsurface. Pavedis consideredto Includerigidconcretesurfaces,
flexibleasphaltsurfaceand combinationrigid/flexlblesurfaces. Unpaved
meansbare soilwithoutvegetationwith soilof any combinationof sand,silt
or clay. Specificationof landingmat or ❑embranesurfacedairfieldsis not
recommended.Experiencehas indicatedthat performanceof thesesurfacesto
appliedloadsis highlyvariableand difficultto predict. Also the typeof
surfacein use at the time the air vehiclebecomesoperationalmay be much
differentthan that in use at alr vehicleconception.Landingmat and membrane
developmentcyclesare not keyedto air vehicledevelopment.

Strengthof AirfieldSurface:

PavedAirfields- Possibleapproachesto this parameter includethe
following:

a. Providea listof the airfieldsto ha used. Thiswill requirethata
pavementevaluationreportfor eachairfieldbe providedto the contractor.
This 1s the ❑ost exact❑ethod,but ❑ay be difficultto accomplishdue to lack
of pavementevaluationdata.

b. Analyzethe pavementevaluationreportsof airfieldsto be used and develop
a singlechart to summarize❑ost criticalpavementcharacteristics.This has
tbe same disadvantageas “a*qbut has an advantageIn that it avoidsthe
necessityfor the Air Forceto positivelyidentifythe finallistof airfields
to be uged.

c. Analvzean existinRoperationalair vehicleand develoDa riuidDavementu.

and a flexiblepavementrequirementschartfor
comparableto the new air vehiclerequirement.
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chart This approachhas beenused sIx%?!?:srully.Althc,ugii1ess exact,i:
permitsestablishmentof a requirementw!.:iiou:knc,~;~tig<norexaminationo? the
exactairfieldsto be used.

d. Specifythat the airfieldsto be ussdare l:gi:,mecium,or heavy load
airfieldsas specifiedby AFM Lib-b.The manual, in turn,thenprovidesdetails
of the pav?n$fltconstruction.A fallacyin thisapproachis that it assumes
that all of the airfieldswill complywith Ii!’}!b8-6 criteria. In faCt,very
fewmilitaryairfieldscomplyentireIy. CQMIUerctalanu ?m?:gn airfieldsare
constructedto d;fferentcriteria.

e. Specifythe minimumLoadClassific.i:ionNumber(LCN) of airfieldsto be
used. The LCN methodis an indexapproachused in many fore:gnCOUntrieSto
matchair vehicleloadingto airfieldstrength. Adm<nistra:ivelimits
prohibitingoperationof air vehiclewith LCN exceedingthe airfieldLCN are
common. If the air vehicleis to be used extensivelyOR airfieldsunder
foreigncontrol,the LCh of theairfieldsto be used shouldbe reviewedand an
appropriateLCN specified. A deta:leddescriptionof LCN can be foundin ASCL
TransportationEngineeringJournal,Novenber1973,page 785. The b. S. AruIY
Corpsof Lngineersdoes not recognizethe LCiiapproachas a valid❑ethodof
pavementstrengthrating. Cautionis advisedin use of only the LCh approach
if the air vehicleig to be opratedin both fore<gnand U. S. ❑ilitary
airfields.

~~UnpavedAirfields:

a. The strengthof unpavedairfieldsis usuallyexpressedin termsof
CaliforniaBearingRatio (CBR). CKfiis definedand measuredin accordancewith
MIL-STD-b21.The b. S. ArmyCorpsof Engineersrecommendsuse of a CBR 4 for
designbecausethis is the minimumstrengththat is suitablefor airfield
construction.This conceptassumesthatan areawill not be used for air
vehicleoperationunlessit is suitablefor operationof airfieldconstruction
equipment. fiecently, jointArmy/AirForceoperationalanalysishas indicated
that CbR 6 is a more practicallimitto opration. A CBh 9 was used for C-5A
air vehicledevelopment.Thiswas selectedsolelyon the basisthat it
appearedto Pvnv!deth? samebear<ngstrengthas :he lznding❑at o“ CBh 4
originallyspecified. The latterraqu$rementwas abandonedbecauseof the
inabilityto accuratelypredictlandingmat performanceto repeatedlanding.

b. An alternativeto specificationof Cbh is to use a cone penetrometer
readingknownas Airfieldindex (Al). Cbh measurementis a tediousprocessnot
practicalfor extensivemeasurementsduringair vehicle?.eston unpaved
surfaces. Al measurementscan be msde rapidly. Consequently,nearlyall air
vehicletest data is presentedin termsof Al ratherthanCbh. AI and CBR
correlationvariesfroas~il to soil. This is DecauseCBti;S a measureof
confinedbearingstrengthof soil,whereasAl is a measureof bearingstrength
plussoil cohesion. Figure3.2.1.l-b-lis a generalizedcorrelationcurveof
A1/CbR,but shouldbe usedcautiouslyin analysisof testdataand
estanlishmentof requirements.Presently,flotationtechnologyis in a state
of transitionfromCF,Rto Al. Cbh shouldhe used untila suitableprocedure
for correlation~f groundflo:,at~on:.rAl :s pub]ish?a.

Levelof Operation: ‘Thelevelof operationintendedcm a selected
airfieldtype a“d strengthis a significantfactor. Shorttimeoverloadsof
pavedairfieldsmay be necessaryor desirable. $pec!f!zat:onnf unlimited
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Opera~iOnfor casesLha:actuallyinvolvedvery limiteduse, resultsin extreme
weightand cost penaltyto the air vehicls. Designlevelsfor normaloperation
on pavedairfieldsmay b? s$lectedfromthosespecifiedin AFM 88-6. The level
of operationon unpavedairfieldsshouldbs dstepmi”edby analy.sisOf the
nissionto be performed.An alternativeis t~ determinethe estimated
capabilityof an exis:ingair vehicleon the specifiedunpavedsurfaceand then
relatethe new air vehiclerequirementto the capabilityof the existingair
vehicle.

Tire OperatingLimits: Frequentlyit is desirableto establisha limiton
the amountof tiredeflectionpermittedto ❑eet the groundflotation
requiremmt. Mostgroundflotationanalysismethodsare very sensitiveto tire
deflection(underinflatim).Theoretical1y, thisprovidesthe required
flotation. In practice,it is not achievablebecausetiresw1ll not perform
properlyor have satisfactorylife. A suggestedlimitis fOrtYper cent
deflection. This❑ust be adjusted,hcnever, in the case of flotation
requirementsappliedto destinationconditions.For example,a cargoair
vehiclemay De requiredto delivercargoto an unpavedairfield. Tire limits
shouldbe appliedto the originaltakeoffconditionsratherthanthe
destinationconditions. h.nroutedeflationto permituse of low pressureat the
destinationwas appliedto the C-5Aair vehicle. This approachiS not
recoounendedbecauseit adds excessivecomplexityto lsndlnggearand wheels.

Verif~ (Paragraph4.2.!.1): lrTheflotationcharacteristicsshallbe
evaluatedOy .,,

Suggestedkoraing: ,,Analysisusingthe procedurescontained in
ASG-Th-TO-43for paveiairfiel~sand
*,AnalYSIS in accordancewith the LCN

Lngineer’ingJournal,hovember?973.**

VerificationRationale:

The procedurescontained:n the
periodof severalyearsand included

ASfi-TR-bb-34for unpavedairfields.’1or
procedureof ASCE Transportation

referenceddocumentswere developedovera
coordinationwith airframecontractors.

Theyrepresentstandardizedproceduresratherthantechnicallyexact
procedures. 6asisfor the proceduresare resultsof US Army Corpsof Engineers
testof pavementand soilsections. iilltestswereaccomplishedat low speeds
with groundcarts. The failurecriteriafor pavedairfieldsis surface
cracking. The failurecriteriafor unpavedairfieldsis threeinchesof
permanentrutting. Al1 testson unpavedsurfaceswere accomplishedby straight
rollingof an unbrakedwheel.

The rigidpavementproceduresof ASi)-Tlt-70-43evaluatesconcretestressat
the centerof the slabdue to a loadingat the centerof the slab. Air Force
Civilengineering,U,S.ArmyCorpsof t,ngineersand FederalAviationAgency
rigidpavementdesignmethodsevaluateconcretestregsat the edgeof the slab
due to a loadingat the edge. This approachresultsin maximumstressup to
251 greaterthan the methodused by ASIJ-lR-70-43. This increaseis somewhat

I offsetby assumptionof leveltransferto adjacentconcreateslabs. In the
eventthatgroundflotationrequirementsare clnselyrelatedto designof a
specificpavement, it may be oest tn evaluatethe land:ng gear designby the
exact❑ethodof the appropriateagency.

I
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Verificationof unpavedairfieldflotationby demonstrationo: test 1s
considerednot practical. The primary.problemis establishmentOf a safe
airfieldwith uniformstrengthcharacteristicsat the specifiedvalue. Flight
test of the air vehicleon an unpavedairfieldmay be desirableto develop
flighthandbookprocedures,and to qualitativelyevaluatesystemsuitability.
This test,however,shouldnot be establishedas a verification❑ethodfor the
statedflotationrequirement.

Verificationof flotationshouldbe accomplishedby submittedresultsof
analysiswith the originalproposal. lhe completeanalysisshouldbe
accomplishedwithin 90 daysof contractawardand updatedas necessary,as air
vehicledesignchangescausesignificantchangesin flotationcharacteristics.

VerificationLessonsLearned:

3.2.1.1 J..anding fiearSvstem- General

3.2. T.1 - c ‘The landinggear shallmeet the requirementsof this
specificationduringand afteroperationof the air vehicleon surfaceswith
the followingrougbnesecharacteristics: .,,

e and Guidance: The roughnessof the surfacesto be used by the air
vehicle19 a major considerationin desi~ of the landinggear. In all cases
it providesthe inputfor designof landinggear responseto controlground
lmd~ i~ s Ir;eItC nmw+tl-the requiredair vehiclelife.~.----- in the case of
operationon unpavedairfields,it may al$o establishlimitson landinggear
arrangementand tire sizeto ensurethat the air vehicleis not l!mnobillzedby
the specifled roughness.

TWO a$pectsor roughnessneed to be specified. The firsti$ discretebumP
or dip criteriathat establishesthe maximumroughnes$to be encountered.The
$econd19 the frequencyof occurrencesof the variouslevel$of roughness. The
air vehiclegrossweightconditionand operatingrequirementsshouldalso be
stated. in the case of pavedairfields,this 19 usual1y all weightsto maximum
grossweightand all groundspeedsto the maximumrequiredfor takeoffana
landing. in the case of air vehiclesto be operatedfromunpavedairfields,
the gross weightis usuallylimitedto that t-squiredfor missionsto be
performedfrom unpavedairfield.

Figure3.2.1.1.c-1 Providescriteriafor discretebumpsand dips. The
pavedairfieldcurveshouldbe specifiedfor all air vehicle$alongwith a
requirementfor negotiationof one inchstep buMpS. The semi-prepared(matLed
soil) airfieldcurveand a two inchstep bumpshouldbe specifiedfor mostair
vehiclesto be operatedon unpavedsurfaces. The unpreparedairfieldcurveand
a four inch step bumpare consideredsevereand are rarelyu$ed.

PerformanceParameter3: Performanceparametersincludegrossweight,ground
speed,liftcharacteristicsand frequencyof operationon unpavedairfields.

Backi?roundand Sourceof Criteria: This requirementwas previously~tatedin
MIL-A-008862. The criteriais basedon airfieldroughnesssurveyscOnductedby
the Air Force FlightOynamicsLaboratoryin the early 1960‘s.
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Lessms L?arn$d:

(Verification(Paragraph4.2.! 17))

,,Performanceduringand after~P5rationOn surfacesof specifiedroughness

shallbe evaluatedby .,!

VerificationRationaleand Guidance: Performanceis a resultof a cmplex
interactionof air vehiclesystemsand the environment.Consequenty, this
requirementis bestverifiedby air vehicletest. Testingcan be accomplished
on discretebumpsconstructedto duplicatethe specifiedroughness. Testingon
a specifiedrandomroughnessis usuallyimpossible.An approachused in the
past is to conducttaxi testson two or threeairfieldsto validatea dynamic
responseanalyticalmodel. The requirementis thenverifiedby the validated
analysis.

VerificationLessonsLearneQ: The significanceof airfieldroughnessto
performanceof a givenair vehicleis somewhatdependentupon the
characteristicsof the air vehicle. Analysis.shouldbe used to selectmost
criticalroughnessfor test. Usuallya bump/dipwavelengthcriticalfor one
designwill not be criticalforanother.

Severalsimulatedroughsurfaceshave beenconstructedat EdwardsAFK for
evaluationof existingair vehicles. Thesesurfacesmay not be suitablefor
teStOf a neh’aeSlgnbecausethey do not representi.hemostCr-itiCaiccfitiiticii.
Teston these surfaces,however,may be usefulfor validationof a dynamic
responseanalysismodel.

Portablesurfacesto simulateroughoesswere constructedfor evaluationof
the C-5A air vehicle. Thesesurfacesmay be fagtenedto pavedrunwaysfor taxi
testing. lhesesurfaceswere in storageand availablefor use as of early
1977. The AtPR at the Lockheed-GeorgiaCompanyshouldbe contactedconcerning
availabilityof thesesurfaces.

3.2.1.2 LandingGear System- Arrangement

3.2.1.2- a “The landinggear shallbe arrangedso thatthe airframestructure
Wi11 not contact.the groundduringa groundturn producing
lateralaccelerationat the ❑ost criticaloperationalc.g.configuration.”

~: Lateralstabilityof the air vehicleduringground
operationis a primary,factorin positioningof tne landinggear. This
reqUireMeflti3 necessaryto insureacceptablegroundoperatingcharacteristics
to counterthe naturaltendencyto use a narrnwtreadlandinggear to miniu.ize
weight. Improvementof lateralstabilitycharacteristicsafterassemblyof the
air vehicleis very difficultand expensive.

The requirementshouldbe completedby analysisof groundhandling
requirementsof the proposedair vehicle. A possibleapproachis to accomplish
a dynamicanalysisof similarexistingair vehicleto determinelateral
accelerationrequiredforoverturning.Operationalexperiencecan then be
appliedto determinesuitabilityof this limit.

It may be necessaryto expandthis requirementto adequatelydefine
overturnstabilityfor VTOLaircraft. Side lnadduringlandingof VTOL
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ncmmally encounteredduringgroundturns. Ground
alSO preSentan overturnstabilityproblem. 1: is

aircraftmay exceedthat
runupof helicoptersmay
suggestedthat the followingwords be used: “l’helandinggear shallalso be
arrangedto preventoverturnauringgr~undrun-upof enginesand duringlanding
under the followingconditions .” The blankshouldcontainthe most

I adverseconditions) anticipatedfor normaloperation.

PerformanceParameters:The dominantparameterson this requirementare
physicalarrangementof the landinggearair vehicle,e.g. locationand
strut-tiredynamiccharacteristics.

backgroundand Sourceof Criteria: The conceptfor thisrequirementcomesfrom
AFSC’DesignhandbookDH2-!,and is describedas turnoveranEle. Ratherthan

I ldentify a limiton turnoverangle,the requirementIs expr~ssedin air vehicle
performance.The 630 turnoverangle limitin DH 2-1 biasestablishedto provide
aPPrOxima~elY a .56 side loadturningcapability.This requirementwas
originatedin !950or earlier. It shouldbe notedthatmeetingthe 630 limit
dOesnot assurea .5g turncapabilitydue to shockstrutand tire deflection.

I

~

LessonsLearned: Generally,the criteriaappliedat .5 g sideload is
conservative.It iS possiblethat this can be furtherstudiedand general
crlterlacouldbe generatedfor each typeor classor alr vehicle. The
combinationof speedand turningradiuswhichapproachesthe limitson safe

I

operationshouldprobablydrivethis requirement.Safetyand operating
restraintsshouldbecomethe drivingforce.

Figure3.2.1.2.a-l relateslateralaccelerationto speedand radiusof
turn. Figure3.2.1.2a-2 providethe estimatedcapabilityof severalcurrent
air vehicles.

Air vehicleturningcapabilitymay be degradedby increasedgrossweight.
LJuringdesignof new air venicle,considerationshouldbe givento growth

I
potential.

1 This requirementshouldbe examinedduringdesi~ of growthversionsof
existingair vehiclesto determineif landinggear chancesare requiredto
maintainadequateturningcapability.

FltilJRE3.2.1.2.a-~. Air vehicleturninuCaDability

28
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Accelera:ion

Air Vehiw GrossI@@& Centerof Gravlty to Overturn

A-7
A-lo

A-j?

b-52

c-5
c-7
C-12j
~-130
C-135
C-141

T-57
T-36
T-39

figure3.2.1.2.a-2
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Verification(Paragraph4.2.1.2):

‘Airvehiclestabilityduringturnsshallbe evaluatedby a ground
handlinganalysissubstantiatedby air vehicletaxitestas follows:

,!

VerificationRationale:

An analysissupportedby limitedtaxi data,permitsexplorationof the
operationalenvelopewithoutincurringrisk of tip overand subsequentair
vehicledamage. Sincethe cr$teriais basedon ❑aximumusageexpectation,the
resultsof the analysiswill be used to provideoperationallimitations.That
1s, the limitson turningvelocities,turningradiusfor variousgrossweights
and configurationcan be logicallyestablished.

VerlflcatlonLessonsLearned:

5.2.1.2 LandingGear System- Arrangement

3.2.1.2- b “The landinggearsshallbe arrangedto providepitchatabillty
gucbthat safe air vehiclegroundcontrol1s maintainedand no partof the air
vehicle,otherthan the landing gear,contactsthe groundunderthe following
conditions: .,,

: ine most aft cenierof gravitymu$+tbe f.+?enuiigh
forwardof the centroidof the main geargroundcontactarea thatthe air
vehicleis gtablestaticallyand will not tip backon the tall. This
requirementincludesconditlongduringenginerun-upand duringcargohand1Ing.
In the eventthe air vehicledesignpermitse.g.excursionswhichpreclude
meetingthis criteria,provision must be providedto protectthe air vehicle
fmm damagedue to uncontrol1ed groundcontact. This is particularlypertinent
withalr vehicleutilizingvariableweep wing geometryduringenginerun-up.
Groundcontactis also a possibilitydue to landlngor rotationfor takeoff.

F’erformance Parameters:Air vehiclee.g. location,foreand aft pitch
characteristics,aerodynamictailpowerduringtakeoffrotation,strut-tire
dynamiccharacteristics,and aft fuselagedesign.

Packizoundandr Sourceof Criteria: This requirement19 a clarifiedstatement
of the arbitrarycriteriafor tip backpreviouslydescribedin AFSC DH 2-1. in
thatcriteriathe main wheellocationwas limitedin a forwarddirectionto a
positionwherethe anglebetueenthe ❑ost aft c.g., main wheelcontact,and the
verticalmust be at leastas largeas the maximumtaildown landingcontact
angle,limitedby fullyextendedwheelcontactand the tallbumperor aft
fuselage. The intentwas to try to Insurethat the air vehiclewouldrotateto
a threepointattitudeupon contactwith the ground. It was arbitrarycriteria
satisfiedby geometricanalysis.

~! Lear : Sincethe k’!11 was the firstproductionva~lablesweepwing
air vehicle,the problemswith pitchstability(tipback)werequitecritical.
Groundhandlingwas rat criticalfor the FI1lb,aboardship.

30
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A classicexampleof criticale.g. loca:lonwas the C-54, unicn required a
grouna handling s:rut.

M a conservative rule of thumb,cnnsiderplacingthe main gear so thatan
anglebetweena line jo:ningthe c.g.and the centerof ❑ain gearcontactwith
a verticalline throughthis contactis 150with a most aft e.g.configuration.

VerificationParagraph4.2.1.2)

‘Pitchstabilityshallbe verifiedby fw the
followingconditions: .,,

v r+f~e :

Analysisof thisconditioncan aKst economicallybe usedto verifyfore
and aft stability. in the eventthe performanceis ❑arginal,the analysiscan
be supplementedby a demonstra:jonof a criticalconditionon the air vehicle
to increasethe credibilityand acceptabilityof the analysis.

~ ficationLessonsL.@e :

j?
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3.2. 1.3 Landing Gear System - Clearances

3.2.1.3-a “Clearancesshallbe provided39 that the landinggear in the
posi::o”for landing,and duringany phaseof the air vehicleoperation,there
is no contactbetweenthe landinggear and any otherpartof the air vehicle
tnat resultsin degradationof lifeor performanceof any air vehicle
component. This requirementapplieswith the followingconditionsand
restrictions: ,,

kationa]eand Guidance: Experiencehas shownthat failureto provideadequate
clearancebetweenmovablepartsof the landinggear and fixedstructurewill
resultin operationalproblems. Designof the aircraftfor minimumweightand
frontalarea encouragesuse of minimumclearance. khilethismay be adequate
for operation of new equipmentunderidealconditions,it may not be sufflc~ent
for operationof a worn system. This requirementis neededto force
considerationof thisproblem.

f’erformanceParameters:requirementinfluencedand controlled by: tiregrowth
characteristics,strutphysicaldimensions,tireproductiondimensional
tolerances,and gear kinematics.

~: This requirementis intendeab replacethe
clearancestatementsand diagramsof ALSC Lih2-1,DH 1-6and FilL-STD-B7b.It
is intendedto expandto coverrn;sservicedhardwareand the fullrangeof
dimensionaltolerances.

LessonsLearne@: In pastdesi@s, it nas beendeterminedthat is is good
designpracticeto leaveclearancebetweenthe wheel,brake,and tire
assembliesand the supportstructureor fairings. It wag foundbest to leave
clearancesparticularlyaroundthe tire to accommodate?growth,maximum
productiontolerances,and centrifugalfoPceSfor rotatingtireS. $pecial
considerationmust be givento installationsutilizinga fork. Primeexamples
are the F-4 and F-105. Figure3.2.?.3a-l showsa reasonablecriteriafor
design. hany aircrafthave littleor minimumclearancefor the landinggear.
Primeexamplesare b5b, F111,P15, E.tll1 and otherhigh densityaircraft.

Verification(!’aragrapn4.2.1.3):

‘<Clearancesbetweenthe landinggear and otherair vehiclecompments
shallbe verifiedby ,,

Verificationhationale: The methodof veriticatimwi11 dependon the program.
If a simulatoris available,it ❑ay be suitablefor verificationof clearances.
measurementon the air v~hiclewill usuallybe required.

VerificationLessonsLearned:

3.2. 1.3 LandingGearSystems- Clearances

3.2.!.3.- b ,,Clearancesshal1 D? providedm re:rac?abl’slandinggearsso
thatwith the landinggear in the ?’etracteapositionano ~uringany transition
betweenthe extenaedand retractedpositions,thereis no contactbetweenthe
landinggear and any otherpartof the air vehicle, includinglandinggear

3%
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tairingaoors,tnatresul:sin degradationof lifeor performanceof any air
veh:clecomponen>. This requir.2mentapplieSkit.$ the f~llwing cond:tims m
restrictions: ,,

hat;onaleand Luidancs: This is a f’ur:herexpansionof j.2,~ j -a <o insureno
interferenceoetweenthe landinggear c~mponentsand the s:a:iwiarystructure
or adjacen:wheelwell equipment. The blankshouldbe filledout :9 reflect
the speed,temperature,altitucie,operatingconditionQf :ires(stationary~r
rotating,etc.), aircra~~speed,~pera~:ngmode of the aircr=ft(takeoff,~~uch
and go), aircrafta~titude,etc. It shouldconsidermalfunctionssuchasa
flat strut, etc

E’erformanc?Parameters: hequtrem.mtinfluencedana Cmtr’oll?dby: gear
kinematics,componentdimenstmal t~lerances,designof surroundingstructurs,
I&ar gYrOscOPicloadsand directionof reaction,and air loads.

backgroundand Sourceof Criteria: This is a furtherexpansionof the basic
clearancerequirements0!’3.2.1. ~-a. There are num!wousconditionswhich
potentiallycauseinterference.It is a new r~quirwnentand is n~: generally
foundin pr’evimlsdocumefl:ztion.

LessonsLearned: Gear interferencewhileh transitbetweenfullyex?endsdand
fullyretracted,and vice v~rsa,can b? attribute to numerousfactors:
oversizecomponents,rotatir!gparts,wear,kinematicstability,and aesign
clearances.The most uncontrollableand potentiallythe ❑osj dangerousis a
combinationof rotatingpartsand structuralstabilityin transitcausedby
gyroscopicl~ads. The YF-~bis the most recentexample.

Pat’twear or improperservicingcan plac+the g%r in the improper
positionupon enteringthe wheelw?l1. lne F!5 is a rcent example which
requiredaircraftmodification.

The C5L Aircrafthas experiencedclearanceproblemsduringinfligh!
rOtaiiOn and PetPaCt~OnOf Lhe ❑atn Iandtnggear StrUt. Theseproblemswerea
resultof the rollingof the strutduringrotation. fiechanicalroll posit<ms
wouldnot stop the rollmomentcauseaby the side wind loads.

k thoroughevaluat:cmon the landinggear simula:orcan ass:stin
pr’even::ngthese:ncidentsfr’xooccurring.

Verification(Paragraph4.2.1.j):

,.cleara”ee~b~:wee”the landinggear and o:h.?rair vehicleCOMPOnen~S

shallbe verif:eaoy ,!

Verificat;mKa!.:onale: lf z simula’.or is provided:’.❑ay be suitablefor-
verificationof clearances.Verificationon the air vehiclewill usuallyb’?
requ:red.

Verificat;on LesscmsLearned:

34
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3.2.!.3 landingGearSyStem- Clearances

3.2.1.3-C “_ whe.?lsshallne s:~ppedfromr9%:ing duringretractionor
preventedfron rotatingin the retractedposition.”

Rationaleand Guidan~: This requirementis to identifythe need to stop
rotationof wneelsafterlandinggear retraction.hheelrot,atimmay adversely
affecta;r vehicleoperationor causeP:1o:discmsfo?t.Stoppingrotatifmalso
minimizesair vehicledamageif the landinggear is retractedwith a tirethat
has a loosetread. Noraallyall wheelsshouldbe stopped.In some cases:: may
be cost effectivet~ stoponly the ❑ain wneels. Fillthe blankwith “AllI’ or
“main”.

PerformanceParameters:li~tatlngmass and radiusQf gyrationof the wheel,
brakeand tire asssmbly are importantparametersin assessingth:s requiren,en~.
Gear kinematicsand retractifmrateshave an influenceon the gyroSCOpicloads.
kneelwell clearancesare impactedby tire 3izesand dimensionaltolerances.

backgroundand Swrce of criteria: ‘Ibisrequirementreflectsthe sta:em~n:
made in AFSC Dh Z-1. lt was originallyincludedin AhDCM60-! (tiIAD)es a
resultof fleetretrofitof the C!j3 fromtrouDlegeneratediron free-t’~tat<ng
design.

LessonsLearned: In additionto the C1jj mentionedabove,severalotherair
vehiclenave had to prwide nosegear snubberson a rstrofitbasis. As
❑entionedin the hationale,naZard9of rotatingnose wheelsinclude: excessive
vibration,electronicinterference,and stonesthrownfrom the rotatingtire
treads. The designsolutionshave rang$dfromfuselage❑cwntedsnubbersto
simplecantilevereddevices❑wn?ed cm the do~rs. Therehas gent!rally no: be?n
any detrimentaleffectson the tires. 1: is recommendedthat the rubbingbe
accomplishedagainstthe tiresratherthanagainstthe wheelwhichcan suffer
defacingdamage.

Msin gear snubbingis usuallyachievedby pre-brakingassociatedwith
gear-upselect$on. This reducesor eliminatesthe gyro3copicl~ads.
Generally,the pressure;s relievedwith the gear Ln the stowedposition:9
precludeextensionand touchdwn with brakepressureapplied.

v~p~fj~ation (Paragraph4.i.l.j):

“bemonstration,thatt,newheelsdo no? rotatein the retractsdposit:on
shallbe shown by .!.

verificationnationale: lf snubb:ngof all ~r smm?of the wheelsis re’quirec,
this requirement❑ust be c~mpletedto providefor verification.The ❑e:hodQf
verification❑ust be specified. F.ffec:ivenessof the proposedsnubberis D?S:
demonstratedwith actualharaware. A landinggear simulatorIs a convenient
devicefw thispurpose,how~v$r,ft.is usuallyevaluatedon the air vehicle.
On the main gear, it is importantto evaluatethe sequenceand timingbetweer,
brakepressureapplicationand cessa:icmof wheel rotatimj.
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I 3.2.1.3 LandingGear System. Clearances

1 3.2.l.3-d ,,lnthe even:of flattireand flatstrut,the 10WeStPart Of the

landinggear,tioor~airing,or air vehiclecomponents,includingexternal
storesshal1 not ,,

kational~and Guidance: The objectiveis to providea clearancerequirementto
insurethat no air vehiclewillengagethe barriercableinstallationwhen
landingunderthe most adversesequenceof landingg?ar failures. by combining
tireand strut failures,it willalso insurethatneithersinglefail~rewill
cause inaavertantengagement.lhe recommendedgroundclearancelimitis six
incnesfor safetyconsiderations.

PerformanceParameters:Air vehiclegeometry,wheel,brake,and tire sizing,

I and landinggear configurationsare the controllingparametersin meetingthis
requirement.

~: This is an expansionof the existing
requirementof AFSC DH 2.1 to includelessonslearnedon recentair vehicle
acciaents.

I

LessonsLearned: ‘withthe extensiveuse of arrestingsystemswithinthe Air
Force,most runwaysare equippedwith arrestmentcablesat the ends of runways.
Some runwaysalso havemidpointbarrierinstallations.Therefore,it 1s very
importantto not have a rigidmemberof the air vehicleextendinglow enoughto
engagethe barriercablein the eventof a flattireand/ora flat strut. The
YF16 was designedwith a gear❑emberextendinglow enoughto engagethe cable
...itk.a flat tire. This ~e$u~teoin an incfde”tca”aingsi~ificantdamage.

Six inchgroundclearanceunderthesecircumstancesshouldbe a targetfor
design.

I Verlflcation(Paragraph4.2.!.3):

,:GroundClearanceaftertire failureand strut‘.ieflationshallbe

determinedanalyticaly.”

1 VerificationRationale:

An analysisis the m~st $concmicapproachto evaluatinggroundclearances
for all the potentialair veh:cleconfigurations.An analysiswould be
requiredto determinethe criticalcombinaticmsif a testwere selectedfor
demonstration.

VerificationLessonsLearned:

3.2. 1.4 Landln.r Gear Svstem - Darmlng

/’ ●

I j.2.7.4 - a “A1) landinggearsshal1 have naturalor augmenteddampingso that
the amplitudeof any landinggear oscinations after cyclesis reduced
to or lessof the originaldisturbance,with the following
exceptions: The damp:ngrequirementaPPlleSto al1
initialdisplacementsof the landingg?ar underthe follouingConditions:_.”
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I@tionaleand Guidafice:This requirementis necessaryto establishan
acceptablelevelof aynafcicstability.Th? primaryconcernis tn? danpingof
steeredlandinggear to preventshimmy. The same criteriaalsomay be applied
to other landinggear oscillatimstnducedby air fieldroughnessor brake
systemoperation.

1: is recommendedthatthe statementbe completedby requiringtha:the
amplitudebe reducedto 1/3 of the cm:ginal amplitude within3 cycles. This
has been recognized2s a standardby the a~rframeinaustryfor dampingof
steeredlandinggear. Suitabilityf~r otheroscillationshas not been
verif;ed.

The third blankpermitssometypesof oscillationto be excludedfrom the
generaldampingcriteria. F.xamples:ncludebrakechatterand squealand b~g?e
beampitching. Tne blankmust includesuccesscriteriaf~r each item exclua?d
fr~m the generalrqquirem’ent.

The fourthblankis used to establishthe rangsof operatingconditims i?
be consideredin applicationof the damp;ngcriteria. This shouldincludea~p
vehiclespesdand h’eightconditions,~YPe Of airfieldsurface,wear surfaces
worn to the operationallimit,etc.

PerformanceParameters: Geardampin&characteristicsare cmtrolled by tire
dynamicscharacteristics,landinggear componentst$ffnessesand damping
characteristics,individuallyand “as installed.” If frictiondamping:S
utilized,wear of the frictionsurfacesmust be assumedantiaccounteafor in
the design. Air vehiclegroundspeedrangedefinesthe rangeof concern.

~:back round ‘Thisis a ta:lorablestatementfor shimmy
dampingand other vibration,pat~ernedafterthe requirementof hIL-S-bb!2.
This requirementhas been imp?~perlyplacedin the SteeringSystemdesign
specificationfor years. 1: is a generallandinggear requirement,s:eeredand
non-stee.rea.I? was improperlyplacedin the steeringsystemspecification
becausethe nose gear shimmydampingis most frequentlycontrolledby
modification:0 steeringsystemcomponentsand most sh:mmyQccurson the nose
gear. Originally,the criteriawas generatedas a resultof Dr. h. J
Moreland’sstudyof shimmyand publishedin kAGC11~55-1 in 1955,and Journal
of AeronauticalSciences,Vol.21, No. !2,Sec. 54. Thiswas furtherexpanded
and studiedby J. Ldman~f bend:xundercon:ractto hAECand the resultsw?re
publishedin NADC Th 56-!97,datedJuly 1956.

LessonsLearned: Shimmyand variousform of gear vibrationhave historically
beena seriouslandinggear problem. hose gear shimmybas beena problemm
the A37, T30, F-5, f!04,F,5,C!4!h,and numerous~:hera;r veh~cle. S~lUt~On

of the problemsincludechangeQf tires,balancingtires,addingfric:~on
dampers,changingnydraulicdaapers,:uproving❑atnt$nanceand servicing
procedures,changingmaterials,etc.

Tnereis lndustrvevidencethat❑ain usar shimmvis ❑ost likelyon dual. .
wheel installatims. A coupleof cmmerc?al air vehiclehaveencou;:eredsuch
a proDlem. lhe soluti~nshave been :9 add add?ticmaldampingto the sys:en.

Preventionof bog<epitchis generallya designproblemQf mul:;p]e axle
(4 wheeland 6 wheel bogies),and by properanalysisand design,the problem!s
avoided.
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brakechatterand squealare landingEear vibrationphenomenon,but the
dampingcriteriapropos~dmay no: necessarilyapply. The sourceof the
Vibrationis the brakeassembly. Therefore,systemresponseand compatibility
is a functiofiof d~signof tha~compmen;. See !!AircraftLandingGearErake
Squealand StrutChatter,investigation”by i.A.biehl,The Shockand Vibration
bulletin,January1969f~r an explanat:ofiof the phenomenonand a methodof
snalysis.

Verification(Paragraph4.2.!.4):

“Lsnainggear systemdampingshallb: determinedanalyticallyand substantiated

bY

VerificationRationale:

kariouscomponentdesignparametersused in the shimmyanalysisare
estimatedor calculatedbecausethe reviewis acccwnplishedbeforethe haraware
is deliveredon a developmentprogram. Therefore,it is necessaryto verify
the assumptionsor calculationsby systemand componenttests. Then the system
responseis verifiedby the groundvibrationtestof the installedgear.
Freauentlv.the resultsare differentfromthatwhichwas estimatdand the.
analysis ❑ust be modifiedaccording]y to establishsafetyfor firstactualair
vehicleoperation. The blankshouldbe filledwith the ❑inimumacceptable

I programto substantiatethe stabilityanalysis.

~
VerificationLessonLearned:

3.2.2 Structure

1 3.2.2.1 Structure- General

1 3.2.2.1- a ‘Landinggear structureshallbe designedin accordancewith
_, exceptas ❑edifiedby

RationaleantiGuidance: Sincethe structural❑odes of failurefor ❑ajor
landinggear componentsare the ❑ajor ❑odes of failure,the Objectiveof the
requirementis to :dentifythe criteriaforaes:gn. It is assumedthata
structuralcriteriadocumentwill be generatedt“orthe intendedsystem,
tailoredfromHIL-S-XXXXXstructuraldesigngeneralmilitaryspecificationin
the sam?mannerthattne landinggear criteriais generated. The blankshould
reflectthe selectedcriteriadocumentfor the systemat issue.

~

ferfot-manceParameters:Intendedoperatingenvironment,intendedusageand
factorsof safetyare majnr concerns. Landingcharacteristics,taxi responses,
groundhandlingcharacteristicsare the areasof loadgeneration.Stress
snalysisand structuraltestsare methodsof technicalassessment.

bsckKroundand Sourceof Criteria: Unlessthe Definitionportionof this
specificationcontainsspecificitemsapplicableto the systeminvolved,the
definitionsof weight,speed,and configura:ionsof the SystemStructural
IJesigncrit.?ria shal1 gnvern. Th~s.?definit:ms cam? primarilyfrnm
MIL-A-b860. The discreteloadingconditionsof MIL-A-008862(USAF),MIL-A-8bb5
general1y compromisethe groundloadscriteria. Someof theserequirements
date back tO ANC-2 and theiroriginis not known. Snme of the more recent.

( ●

jb
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requirements,suchas dynamicloadsin termsof discretebumpsor PSD criterj
are the resultof the Air ForceFlightDynamicsLaboratoryresearchinto the
field.

a,

LessonsLearned: Frequently,thereare specialmissionsfordesignof various
systems. The landinggear handwareIs very sensitiveto operational
environments.For example,if baresoil operationis intended,the special
configurateions impactthe designloadsand othergear characteristics.
Therefore,missiondefinitionsand configurationsbecomeimportant
considerations.They nay requirespecificlandinggearconfigurationdesign
missiondefinitions.

Runwayroughnesshas a significantimpacton landinggear design. Lvery
effortshouldbe made to resolvethis designcriteriaearlyin the system
evolution. It can impactgear approachand location(articulatedversus
cantilever).

Verification(Paragraph4.2.2.1):

,,Reviewof the structuraldesigncriteriaand COMPOnent❑aterialand

processselectlonshallbe includedin .,(

Verification Rationale:

This review,as pertainingto landinggeardesign,1s achievedearlyin
the systemdevelopmentand 1s a continuousprocessthroughoutthe program.
Tinisinterfaceis prnoabiyas im~ri.antas any in this system. Tinebiank
shouldreflectthe systemdecisionsfor the totalstructure.

Verification LessonsLearned:

3.2.2.1 Structure - General

3.2.2.1 - b ,Ihaterial ~e]ectio” shall be made in accordance With ML-s’fD-1567
and corrosion control established in accordance uith t41L-STD-1566,except as
mndified by .!!

kationale and Guidance: Frequentlyit will be necessaryto tailorthese
standardsfor specificapplications.The statementshouldbe completedby
referenceto the documentused to tailorthe standards.

PerformanceParameters:Alloyselection,manufacturingprocessing,protective
finishes,surfacefinishes,platingmethods, and materialpropertiesare
importantfactorsin the successof the landinggear design. The major ❑odes
of failurefor landinggear equipmentare frequentlystructuraland this 1s a
very importantconsideration.

Liackaroundand Sourceof Criteria: The materialselectionmethodsand
corrosioncontrolplansidntifiedin hIL-STD-1587and t41L-STD-1568are a
compilationof experienceand lessonslearnedby the Air Forcehaterials
Laboratoryand the ASl)/industrycounterparts.They were evolvedas AFtIL70-7,
IIMISand Don!tsnf MaterialsApplication.” This unofficialdocumentationhas
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beendirect]y insertedin severalrecentdevelopmentprogramsSystem
Specifications.It reflects❑uch of tbe experienceof the landinggear
industryand lessonslearnedon landinggear servicedifficulties.Much of the
criteriawere containedin specification MIL-L-8552,Amendment1. These
reflectASD/bgdenALC TaskGrouplessonslearried.

L~: Therehave beenmany lessons1earnedin landinggearmaterial
antiprocesses. OgdenALC personnelhavecontributedsignificantimprovements
and observationsin this area.

In additionto guidanceprovided
fOllOUingite(03applyto landinggear
practices:

- IIheresteelforgingsare used,

in MIL-St.d-1568and PiIL-STD-158’7,the
designand processingas recommended

use only vacuumarc remeltparts.

- The preferredmethodof coldstraighteningof steelpartshardenedto
tensilestrengthof 200,000psi and abovewouldbe to temperthe partswhile in
a straighteningfixture.

- FIagIIetlCparticleinspectionshouldbe performedon all finishedsteel
partswhichare heat treatedin excessof 200,000psi ultimatetensile
strength.

-tlanypartsare receivedwith forginglaps,inclusions,etc,thatwere in
the part at time of manufacture.Thesedefectsmay not be detrimentalto the
serviceof the part;however,when the part is msgnetlcparticleinspectedat
depotafterservice,inspectorscannotdetermineinai,i.heseindi~atiofiszre
forginglapsand not fatiguecracksand, therefore,the partmay be rejetted.

- Fiushingsshouldbe limitedto non-ferousmaterialsfor the principal
staticand dynamicjoints.

- All jointsshouldbe bushedto facilitatedepotrework.

- ConsiderablenumDerof problemshave beenexperiencedwherebushing
materialshave beenmade fromteflonand phenolictypematerials. Theseshould
not be used withoutverificationof wear lifeexpectancyandlora rework
procedureavailablefor refurbishment.of the bearing. Considerationshouldbe
givento tbe needand also to the placementof adequategroovesand their
configuration?or providinglubricationto all areasof the joint.

- All surfaces,exceptholesunder3/4 inchin diameter,of structural
forgingsforgedfromstress-corrosimsusceptibleallayswhich,after final
❑achining,exhibittransversegrainexposedin the surface,shal1 be shot
peenedor plaC@din compressionby ~thersuitablemeans.

. Areasof componentsconsideredto be criticalin fatigueshouldhave a
surfaceroughnessin the finishedproductnot to exceed63 rbr, as defined by
AS’ffIB 46.1, or shouldbe shotpeened,with a surfaceroughnessprior to
peenlngof not over 125rhr. Unmachinedaluminumdie forgingsshouldbe
aPPrOXi~telY250 rhr,exceptsurfaceswhere flashbas been removed.
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Cffor:sshgultibe made to reducest?essconcentrationssuchas, using
stressreliefheat ;rea:ments(exceptaluminumalloys), trY to optimizegrain
floworientation,use “we: insfialled”insertsand pinsand ex:ensiveuse of
surfacec~ldworking.

- Av~idcross-drillingof join:pins. killing operationsresultin
mater:alsurfaceCaaazeand s:ress.r:serstha:are difficultto contr~l.

v,hevie~of the ~:ru~:uraldesigncr::erlaand component•a~erialand

processselectionshallbe includedin .,!

VerifjcatlonRationale: The landinggear oecomesan integralpart of th?
airframestructureand reviewof materialsand processesin accomplishedin ths
samemanneras the,restof the structure.

j.2.2.1 Structure- General

3.2.2.! - c ,,lnthe eventof a fla:tire or a repressurizedshockabsOrber)

the gear shallbe capableof withoutstructuraldamageto
. . .
the gear or The alr venlcle.”

~: The objectiveof the requirementis to establishHat$
performancecapabilityof the landinggear under the emergencycondittm f~r a
selectedcomponentfa;lure,whichhas a reasonablyhighprobabilityof
occurring. The materialinsertedin:o ;he blankshoulddescribean averags
landingcondition. tor example,a designlandingc~tildbe a landplanelanding
grossweightalr vehiclelandingat 6 fset/9econdvsrticalcontactvelocity.
It will also b$!necessaryto identifygroundhandlinglimitswh;chmight be
expectedundertheseconditions,suchas, max;mum landingweighttax: for
20,000fee:at 30 mph and .2 g turns.

PerformanceParameters:Air-oilcharacteristicsof the strut,metering
pln-or?fice ccnnbination,wheel frangibility,and operatingtechniqueshave
signtf<cantimpactcm thisrequireux?nt.

kackRrcmndand Sourceof Cr!teria: This is a new requirementnot previously
definedDrier to svstemdev$lmnent. This emergencycapabilityhas been-. .
impliedand leftt~ the undefinedriskQf tne U;ingCommands. born?p~rtim of
the criteriahas been containedin MIL-AOOb662(USAF)for flattiredes:gn
conditions. DatingDaCkto AfiC-2,therehas beena requ:rem?ntfor des!gn
strength,out only an impliedoperationalCapabi]l:ywhichhas never been
demonstrated.

o LessonsL= ~n.Q: krequen:ly,if the gear ;s not properlypos::i~nedUpm
touchdcxm,the necessarysystemactuationscan be jeopardized.Land:ng~~~h a
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flat strut,for example,nay resultin lossof anti-skidcontrol. hithout
warningor priornotice,this typeof systemmalfunctioncan leadto numerous
difficulties.

In the even:the conditionis unknownto the pilot,no precautionswill be
taken,so a limiton performanceis nece$saryto preventlossof air vehicle.

Verification(Paragraph4.2.2.1):

‘Landinggear energyabsorptionperformancewith a deflatedstrutor flat
tireshall be verifiedby .,!

~: tiormally, thiscan be accommodatedduringthe jig drop
testprogram. It providesa controlledenvironmentwith no risk to an air
vehicle. In the eventdifficultiesare encounteredwhen demonstratingthis
emergencycondition,the laboratoryis a awe suitableenvironment,In the
eventthata test programis not planned,an analyisof the conditionis the
leastthat can be expected.

I
I 3.2.2.1 Structure- General

I 3.2.2.1- d ,,kherejointsand wear surfacesare required,theyshallhave

materialfor reworKby .,!

I
in G~: Experiencehas shownthat it Is essentialthat a means

be providedto permitreworkof landinggear jointsand wear surfaces. Failure
h esi,abilSh SUC5,a ,-e~tiire=-,~rcS,U]tS<- h+-h nnamt+nn ,-mt becauseexpensive-..--0..-r-.---.,Q ---
landinggear forgingsmust be replacedwhen contactsurfacesare corrodedor
Worn out of tolerance. Landinggear functionaland structuralrequirements.do ●
not insurethat partscan be refurbished.lt is usuallyto the contractors
advantageto providelittleif any reworkcapability.

The requirementshouldusuallybe completedDy the followingstatement:
“providinga ❑inimumof O.O6Oinchallowanceon the diameterof each pinned
jointand a minimumof 0.030inchallowanceon eachnon circularwear surface
Allowance❑eans thatup to this❑uch materialmay be removedfor Insertionof
bushingsor otherrepair.8’ Deletionof thisrequirementshould be considered
for prototypeand otherlimitedlifeair vehicles.

1 This requirementis primarilyintendedto presentscrappingof major
landinggear forgingsdue to normalwear and corrosion.Smalllinkageparts
that are more economicalto replacethanrepairshouldbe excludedfrom the
requirement.A su~ested statementis: “Thisrequirementshallnot apply to
any componentsuchas smalllinkagepartsthatare more economicalto replace
than repare.

-round and Sourceof Criterl&: Thisrequirementis intendedto reflectto
the detailrequirementscurrentlydocumentedin AF’SCDH 2-1,AFSC DH 1-2.
MIL-L-8552,and lessonslearnedcm recentsystemsand commercialexperienceof
airlines.
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LessonsLearned: Thereare numerousair vehiclewhichhave experiencedwear in
the joints. Exampleswould includeKC135bushedaxle and beam,b-52 piSt0f13,
c141 axle bogiebeam fretting,etc. Thereforet~ savethe expenseOf repair
andlorreplacement,it is vitalto allowenoughmaterialfor rework.

Jointdesignshave prov?dto be extremelycriticalin maintaininghardware
in the fleet. Lessonslearnedincludeuse of positivelubrioatlonfor all
joints,staticand dynamic. All jointsshouldbe bushed. Avoidal1 pressed
fit or ❑atchedfit joints. These featureahave contributedto greatcost at
the depot levelduringoverhaul. They shouldbe consideredin the original
designrecognizingthe servicelifecommitmentof paragraphj.2.1.1a.

Commercialairlineusagehas made extensiveuse of lubricationand
replacaolebushingsto achieveextendedus Qf ❑ajor landinggearcomponents.
It is Impossibleto legislateagainstcorrosionor wear;you can only design
for minimizeddetrimentaleffects.

Extremedifficultyhas beenencounteredin the use of keywaysand threaded
partson the B52. Thesehavebeen the sourceof stressconcentrationand has
resultedin numerousfieldfailuresfrom fatiguecracking.

Verificatlon (Paragraphk.2.2,!):

,,provisionsfor reworkat jointsand wear surfacesshallbe evaluatedby

inspectionof engineeringdrawingsand analysis.”

v’~ ale: Closeengineeringmcmitorshipof designdetailsduring
the developmentprogramis the only effectivemeansof transferof lesSOISS
learned. The sourceof theselessonslearnedcome fromUsingCommands,Ogden
ALC, and ASD engineeringmonitws.

j r’f~~d :

3.2.2.1 Structure - General

3.2.2. ! - e llIfl the event of Iandi”g gear structural failure, no landing gear
componentshall ,,

Iit onal n GU4~: This requirementis to establishlimitson structural
failure❑odes t~ minimizesecondaryeffects.

The requirementshouldbe completedby a statementof applicable
prohibitedfailuremodes..It may also be necessaryto furtherdefinethe
conditlms of failure. As an example,a statementfor a transportair vehicle
might read “ptercea crew stationor passengerseatingarea,or resultin

●
spillageof enoughfuel fromany part of the fuelsystemto constitutea fire
hazard. 1: shallbe assumedthat failureoccursduringtakeoffor landingand
that landinggear loadsare actingin the upwardand aft directions.”
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PerformanceParameters: GeargsOms&y is ths most significantfactorin this
requirement.

LessonsLearned: Thereare numerouscauses.ofgearstructuralfailureand
everyprecautionis takentm av~idsuch events. However,actioncan be taken
by designto controlthe modesof failure. Everyeffortmustbe takento keep
failedlandinggearcomponentsfromthe cockpitarea,fromseveringhydraulic
Ilnes,or frompenetratingthe fueltankareas. The resultsof suchan
inabilityare obvious. Thisoccurredwith the F’89and commercially cm the 747.
Subsequent redesignshave correctedthesemodesof failure.

Therewas an incidentwith the KC!35in whichthe bogiebeamexperienceda
failureand the failedpartspiercedthe watertankadjacentto the wheelwell.
kith propercontrolof failure❑odes,thiscouldhave beenavoided.

The havy has experiencednumerous
fueltanksand causedfires. however,
this problemhas beenminimized.

Yeriffcatio~(Paragraph4.2.2.1):

landinggear failureswhich
with properprecautionsand

,acompo”entperformanceduringlandinggear structural failure
evaluatedanalytically.”

struckthe
tautions

shallbe

jierificationRationale: By analysis,all conceivablemodesof failurecan be
assessed. The cost and riskare toohigh to prmitevaluationby testor
rjemonsbration.Anaiysispermitsa widevarietyof optionsto be studiedand
evaluated.

VeriflcationLessonsLearned:

3.2.2.2 Structure - shockAbsorbers

3.2.2.2 - a l!~he landing gear system shall absorb sufficient energyof landing
such that is not exceededunderthe followingconditions:

,,

Rationale and Guidance: Thisrequirementis to establishshockabsorber
performance withoutany failure,to be identicalto structuralloadcriteria
definedin the systemstructuralcriteriadocuments. Normally,these
requirementsare establishedas !0 feet/secondsinkspeedat landplancelanding
weightand 6 feet {second a: maximumlanding weight. lf specialsystemdesign
conditionsexist,they shouldalso be reflectedin theseperformance
r’aquirementsas an additionto thiscriteria. In the Est, a reserveenergy
criteriaof 12.5feet/secondsink speedat landplanelandingweightwas
imposed,with minor failurespermitted. Thisrepresentsa 50S marginin energy
capacitysincethe velocityfunctionis squaredin calculatingthe absorbed
energy.

0
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PerformanceParameters: MeteringPin-orificecombinationand gear mechanical
designto preventleakageare the ❑ostinfluentialparameters.Aerodynamic
characteristicscontrollingrateof sink and air vehicleflarecharacteristics
controlthe probabilityof encounteringthesedesignconditions.

backgroundand Sourceof Criteria: The sink speedor verticalenergy
requirementsfor shockabsorberand landinggear designare currentlydefined
in MIL-A-00b862(USAF). The standardverticalcontactvelocityhas grown from
9 feet/secondto 10 feetlsecondat landplanelandingweight. both the contact
velocityand the landingweightare frequentitemsof deviationand discussion.
They shouldbe establishedas a directresultof operationalanalysisof the
intendedair vehicle.

LessonsLearn~: Recentexamplesof specialconsiderationof sink speed
includedC5A and AMST. The C5A rightfullyagsessedthe operationalconceptand
reducedthe landplanelandingweightccmtactvelocityto 9 feet/second in lieu
of the required!0 feet/second.This bettermeetsthe operationalusageof the
air vehicleand resultsIn weightsaving.

On the AMST, the operationalconceptof the air vehiclecalls for fllghtg
in and out of ghortbare fieldrunwaysin a hostileenvironment.bnderthese
clrcumtances,the operationalconceptis to increasethe sink speedto reduce
the stoppingdistance. A designcontactvelocityfor this conditionwill be
establishedby analysisof the landingperformancerequirements.

Anotherexampleof rationalcriteriais the use of highersink speedsfor
trainerair vehicle. Sincethe operatoris inexperienced,the probabilityof
high speed contactis significantlyincreased. Therefore,the normalcriteria
is 13 feet/secondsink speed.

Verificati~ (Paragraph4.2.2.2):

l~~ding gear shockabsorptionperformanceshallbe evaluatedby —
1,—.

Verificationkationale: Normany, this requirementis satisfiedby
demonstrationduringa jig drop test. The test not onlyassessthe abilityto
absorbthe verticaIenergy,they also serve the purposeof evaluationof
reboundand otherdynamiccharacteristics.

Thereare severalair vehicleswhichhave flownon calculatedmetering
pin-orificecombinationswith relativesuccess. Host Navy gearshave
calculatedpins but theyare ultimatelyevaluatedby droppingthe total
airplanein a fatiguedrop test.

VerificationLegsonsLearned:
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I 3.2.2.2 s~ructur’?- ShockAbsorption

~ 3.2.2.2 - b .,lTho la”di”~ ~ear system shall provide a ride such tha: the
verticalaccelerationsat the pilot’sstationshallnot exceed cm a

runwayunder the followingconditions: .,,

fiatiOnaleand Guidance: (Ibjectiveof Lhs requirementis to establish
quantitativeride quali:y requ~rementswhichcan be verified. Runwayroughness
has long been recognizedas impactingthe peak designlbadsand the fatigue
lifeof the basicai?fram.?structure. Ride qualityrelatesto pilotcomfort
and his abilityLO functionin the cockpitdynamicenvironmentinducedby
groundloadsand aircraP.response.

The blanksshouldbe filledby insertionof the accelerationlevels
reccmnendedby aeromedicalpersonnelantithe requiredrunwaysurface. fiunway
surfaceroughnessmust be specifiedin detail. The thirdblankshouldbe
filledwith air vehicleweightand speedconditionsor rangesthat must be
considered. Detailedtradestudiesmay be requiredto determinethe most crest
effectivecombinationof requirements,

PerformanceParameters:

Fuselagestiffness,strutair-oilcharacteristics,internalstrutdamping
and fluidflou,landinggear arrangement,and runwayroughness.

kc kmound and Sourceof Criteria: This is a new requirement.As a minimum,
the criteriaSiiWii,~be basedon piiotfunctionalcapaDlllcy.

. in otherwords,
criteriashouldreflectthe maximumlevelsof oscillationat which the pilot
can continueto performrequiredcontr~lfuntlons. Air crew physicalcomfort
must also be considered.

LessonsLearned: The primeexampleof problemsforwhichthis criteriais
intendedis the M-70. The locationof the cockpitrelativeto the nose gear
amplifiesthe verticaltravelof the nose gear shockstrut. The problemsthat
the designeris tryingto avoidare primarilyphysiological.The environment
has been knownto be so hostilethat the pilotwas unableto readthe
instrumentsor to providevocalcommunication.

Thereare numeroussolutims to tbe problemof ridequality. The most
commonof reCenttimeshas bs.ento use dual chamberedshockstruts. This
designsolvesthe ridequalityproblem,but introducesseverelandinggear
❑aintainabilityproblems. in the F-4, C-5A and F-15,it has been difficultto
seal the high pressurechamberand thereis no way to determinethe statusQf
the cyllnderwithoutdisassembly.Developmentof adequateservicingand
inspectiontechniqueshas beendifficult. The F-!11 usesdual pistonsbut has
a singleair chamber. It has oeena relativelygood performerIn the field.

Verification (Paragraph4.2.2.2):

,,Ridequalityperformanceshal1 be evaluatedanalyticallyand
substantiatedby flighttest.8,

I

●
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VerificationIiationale:An analysispermitsevaluationwithinthe full
operationalspectrum. however,in order to obtainconfidencein this review,
it is necessaryto verifydiscretepointsby actualtaxitest on the airplane
overa knownrunvayprofile.

VerificationLessonsLearned:

3.2.2.2 Structure- ShockAbsorption

3.z.z.z - c liThelandinggear subsystemshallbe designedfor,and SPecifYthe

use of chargingagentswhichwill not causecorrosionnor supportcombustion.”

fiationaleand Guldante: Ratherthandictatea chargingagent,this requirement
is presentedto reflectthe desiredperformanceand characteristics.The
industrystandardto meet thisrequirementis nitrogenand it will excludethe
use of air.

Perfo nuance Parameter: Materialselection,protectivefinishesand internal
shockabsorberdesignare the parameterswhich contr~lor influencethe ability
to meet this requirement.The availabletypeof servicingequipmentwI1l
dictatewhetherthe requirementcan be met.

~ and Sourceof Crlteri~: Therehave beensufficientnumberof
militaryand ccumnercialshockabsorberfailurescausedby internalcorrosion
snd explosivefailures,whethercausedby designor maintenancepracticesto
directrequirementswhichwill reducethe probabilityof occurrence. This
requirementdoes not reflecta currentrequirementin any Air Force
documentalion.

s Lea ne~r : in the past,most shockabsorbershave beenthe air-oiltype
with the cylinderbeingchargedby high pressurebottledalr. The difficulty
whichwas encounteredwas the introductionof moistureand the resultant
corrosion. Therealwayswas the threatof oxygen.supportfor combustion,even
thoughsuch incidentswere extremelyrare.

Recentmaintenanceand designpracticeshave been t~ use dry nitrogen. The use
of nitrogenretardscorrosionand explosiontendencies.The airlines&ere
leadersin the use of thischargingagent.

Verification(Paragraph4.2.2.2): ,,Desiw featuresshal1 be evaluatedby

inspection.”

YefJfIca.lon+ hationale: hevieuof designdrawingsand continual❑onitoringof
the developmentare adequateto determinecompliancewith this requirement.

VerlficationLessonsLearned:
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3.2.2.2 Struciure- ShockAbsorption

3.2.2.2- c! ,,Th~Collnw:ng:.ypesof shockabsorbsrs~rViOir@shallbe
accomplishedwitn~u?removalQf the shockabsorberfrcunthe air vehicleor
jackingof the completeair vehicle: .,,

Rationaleand Guidance: This requirementis to insurethatconsiderationis
given to maint?nanc~requ:rem?n~sin dzsignQf the lantiinggear installation
and fairing. Designsthat requireair vehiclejackingand strutremovalnot
only increastmaintenancecost but.als? increas=the possibilityof ❑aintenance
accidents.

It is suggestedthatthe followingbe requiredas a minimum: ‘Igas
charging,oil replacemen~and inspectionfor properservicing.“

performanceparameters:Internalshockstrutdesignwhich impedesfluidflow
and locationof the dra:nare the majorconsiderationsin meetingthis
requirement.

~a:k Thisrequirementwas previouslycontained
MIL-L-8552,and representsan applicationof lessonslearnedand an attemptto
standardizemaintenanceprocedures.This is part of the overalleffortto
iMprOVeair vehiclemaintainability.

Lessons Learned: The ❑aintenanceof shockabsorbersis a very importantfactor
in achieving.desiredperformanceand life. Strutservicingwith fluidand
chargingagent shouldbe as simpleas possibleto insurethat linemaintenance
personnelaccomplishthe requiredfunctions.

Most strutsrequirecomplet~removalor pullingof the pistonto drainthe
fluid. The hazardsof oil spillageshouldbe readilyapparent. hecentefforts
have been made :Q attemptto influencedesignersto providedrainagecapability
withoutremoval. This requirementis intendedto ccmtinuethis pursuit.

Strutfillingis anotherimportantfunctionwhich is potentially
compromisedon mostdesigns. There is no way of tellingfluidlevelwithout
completedeflationand re~:lling. It is unfortunatelyeasierto add n:trogen
and adjustthe extensionratherSharito assessthe fluidlevel. Thisresults
in inadequatefluidformeteringduringenergyabsorption. This thencan
resultin excessiveload,and possiblestructuraldamage.

Verification(1’aragraph4.2.2.2): ,,OtherperformancecharacteristicsOf the

shockabsorber,suchas , shallalso be demonstrated... .
Designfeaturesshallbe evaluatedby inspection.“

VerificationRationale: initiallydesignfeaturessuch as servicingwill be
reviewedby routineengineeringdiscussionsand inspectionof drawings. After
the air vehicleis in flighttest status, maintenancefunctionwi11 be
evaluatedon a routinebasis.

VerificationLe~sonsLearned:
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3.2.2.2 Structure- ShockAbsorption

3.2.2.2- e “Theshockabsorbershall
functionwithin after

be capableof performingits
positioningfor landing.”

required

Rationaleand Guldanct: Unlesscare is exercisedin design,the internalshock
absorberchamberarrangementcan impedefluidflow. Assemblieswith this
characteristichave difficultyin performingthe basicenergyabsorption
functionupon extensionif theyhave been stowedwith the centerlineabove
horizontaland the fluidis requiredto flow fromchamber. The purposeOf this
requirementis to establisha time limitconsistentwith systemneeds for fluid
flowbetweenchambersto insureproper❑eteringduringenergyabsorption. The
consequencesof improperfloware foamingimproper❑etering,cavltation,etc.
All of which resultIn excessiveloadand potentialstructuralfailure. lt is
recotmnendedthat the blankhave two minutesinsertedif no specificsystem
requirementsare identifiedor are identifiable.

PerformanceParameters: Internalstrutdesignwith properdrainageroutes
controlthis capability. ilhetheror not the strut fluldfoamsupon extension
controlswhetherthereis sufficientfluidbeneaththe orificeto insurethat
only flU1d is meteredduringthe energyabsorptionstroke.

k cm l-m-d3 : Fluid flowbetweenchambersshouldbe carefullyconsideredin
the internalstrutdesign. The followingair vehicleshave strutsstowedwith
the centerlineabovethe horizontal:

heviewof the designdetailsfor theeeapplicationsshouldgive insightto
properinternaldesign.

~ (Paragraph4.2.2.2): “Otherperformancecharacteristicsof the
shockabsorber,suchas , shall be demonstrated.”

Verlflcation hationale: The laboratorydrop test is the bestmethodof
demonstratingthis requirementbecausethe exactconditionof installationand
performancecan be duplicatedand controlled. It is significantlyless
expensivethan tryingto ❑easurethe loadsand analyzethe effectsof this
conditionon the air vehicleduringthe flighttest program.

Yerification LessonsLearned:

3.2.2.2 Structure - ShockAbsorption

3.2.2.2- f “Theshockabsorbershallnot preventaccomplishmentof successive
landingswith betweenlandings.“”

Rationsle and Guldanc~: This requirement1.?intendedto definethe energy
absorptioncapabilityfor touchand go landings. The most severeSUCCe93iQnOf

● consecutivelandingswhichcan reasonablybe expectedin serviceshouldbe
identifiedfor design. It 1s recommendedthat succegslvedesignconditions
such as landplanelandingat 10 feet/second,levellandingattitude,be
identifiedwithina fiveminutetime perind.

49

Downloaded from http://www.everyspec.com



hlL-L-87139(iJSIii”)
APPENDIA

PerformanceParameters:S\rut foamingcharacteristics,fluidlevel, and
drainagecharacteristicsare parametersinfluencingthisrequirement.

Backgroundand Sourceof Criteria: This performancecharacteristicwas
previouslyidentifiedin MIL-T-6053. It representsa conditionwhichcan be
devel~pedwhen the air vehicleis used in trainingby landingwith a seriesof
touchand go landings. If the internalshockabsorberdesignpermitsfoaming
of the fluidduringthe meteringprecess,the secondlandingwill encountera
portionof the energystrokewheregas will be meteredthroughthe orifice
insteadof oil and the peak loadswill be veryhigh.

J,essonsLearned: Thereare variouscircumstanceswhichaffeetthe metering
characteristics~f a gas-oilshockabsorber. includedamongtheseare: The
abilityto recirculatethe oil, reboundcharacteristicsof the strut,and
temperature.Recirculationand reboundare a functionof Internaldesignand
the temperatureimpactsthe air curvefromwhich the taxiloadsare determined.
Highertemperaturewill resultin noticeableload increases.The sourceof
temperatureincreasecan be ambientand internalfriction.

Verification (Paragraph4.2.2.2): ,*UtherperformancecharacteristicsOf the
shockabsorber,suchas , shallbe demonstrated,1’

VerificationRationale: The laboratorydrop test 1s the bestmethodof
demonstratlnKthis requirementbecausethe exactconditionsof installationand
performance~an be duplicatedand controlled.
expensivethan tryingto ❑easurethe loadsand
condltlonon t.neair venicieauringi.hefiignt

Verlficatlon LessonsLearned:

3.2.2.2 Structure- ShockAbsorption

j.2.2.2- g ‘Frictioncharacteristics
,,

lt is significantlyless
analyzethe effectsof this
testprogram.

of the shockabsorbershallnot cause

Rationaleand Guidance: This requirementis intendedto ❑inimizeoperational
problemsdue to high mechanicalfrictionof the shockabsorber. Mechanical
frlctlonis normallynot too criticalto ❑eetingof designlandingconditions
or dynamictaxi responsecharacteristics.It ❑ay howevercausesevere
operationalproblemsin strutservicingand weaponsloading. Quantitative
requirementsare not well definedbecausethischaracteristichas not been
consideredin detailon pas:designs. As a minimumthe requirementshouldsay:
lladver~eeffectsin shockabsorberservicing,air vehiclelandingand taxisand

missionloadingor unloading.” it is suggestedthat detailedstudyof a
proposedair vehiclemay resultin suitablequantitativerequirements.Areas
of studycould includestrutextensionas a functionof strutpressurechanges
and changein elevationof externalstoresstationswhenweaponsare loaded.

PerformanceParameters: Air Vehiclearrangement,landinggeararrangement,
shockstrut function,externalstoresrequirements.
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● backgroundand Sourceof Criteria: This is a new requirement.It was
suggestedas a resultof operationalproblemson A-10and F-15 aircraft

LessonsLearned: Staticstrutfunctionon the A-10aircraftcreateda
hazardousconditionfor weaponsloadersin that at a certainload the strut
wouldsuddenlybreakaway causinga significantchangein elevationof the
weaponsl~aaingp~int.

Luringsome landingson earlyF-15aircraft, one strutwould strokebefore
the otherdue to differencesin mechanicalfriction. The PeSUltantassYMMet?ic
loadingpresentedthe otherstrutf“romstrokingfcr severalseconds. During
this time the aircraftgroundrolloutwas in a skewedattitudeadversely
affectingcontrol.

Verification:(Paragraph4.2.2.2)” Otherperformancecharacteristicsof the
shockabsorber,suchas , shall be demonstrated.n

VerificationRationale: Thisrequirementis bestmet by carefulanalysisand
design. exceptfor some bearingand sealchanges,littlecan be done with
existinghardwarethatprovesunsuitable. Nevertheless,finalproofof
suitability1s a demonstrationon the air vehicle. The blank should include
“frictioncharacterlsticg”.In gomecasesspecifictestssuch as weapons
loading,fuelingor servicingmay be specifiedin detailto verifythe function
characteristics.

Jerificai n Les onto s s LearneQ:

3.2.2.3 Structure- TailBumpers

3.2.2.3- a “The tall bumper,if used,shallincorporatethe following
features: .“

a ionaleand GuldaR: rice: Thereare numberousdesignfeaturesthat are optional
on a tail bumper. Eachaffectsthe designcost. lf the UsingCommandhas a
preferenceon these features,they shouldbe expressedbeforea contracted
developmentis finalized. Specialcontrolfeaturesinclude: Retraction,
automaticextensionbaaedon throttlesettlng and gearposition,emergency
extensioncapability,positionindication,etc.

Performsnce Parameters: Dependingon the characteristicswhichare iden:~fied
in the blank,variousparametersinfluenceand controlthis requirement.
Systemdesign,componentdesigndetail.sand systeminterfacesare generalareas
whlch centrol.

Backgroundand Sourceof Criteria: This is a new requirement,not previously

●
documentedin designrequirements.SincethesespecialfeaturesImpactthe
cost,it 19 necessaryto statethe requirementsin the originaldocumentalion.
Much of the specialfeaturesare UsingCommandpreferencesand they shouldbe
consultedextensivelyon theserequirements.Sincetheyare cost drivers,th?
usermust be appraisedand be w~lllngto acceptthe impacton reliabilii$yand
❑aintainability.Tail bumpersare frequentlysafetyfeaturesthat represer!!
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ProtectionOf mm? expensiveand delicsteairframehardwarewhich is
jeopardizedDY extremetail down landings,abruptrotationon takeoffand
groundmanetivering.

LessonsLearneg: Tail bumperdesignis a directfuncticmof the protectionto
be provided. A simplegroundhandlingprotectiondevicecan be simplya hard
point to preventgroundcontactof the restof the airframe. It wouldbe
infrequentlyencounteredand usuallybe a simplemanualdevice. If the
protectiondesiredcomesfroffi.?verrot.ationon takeoffor highattitudelanding,
the devicebecomesin factan energyabsorber. If the strikesare frequent
enough,a replaceablecontactshouldbe consideredby the designer.

Anotherfeaturewhichis optional1s the abilityto positionthe bumper
fromthe pilot1s station. If aerodynamicdegradationocoursfromhavingtbe
bumperpermanentlyextended,considerationshouldbe givento providinga
retractablefeature.

lf the bumper1s contactedon takeoffor landing,thereis a firmneed to
isolatethe hydraulicsystemto preventspikesof peak pressurebeingapplied
to the system.

The unit shouldbe readilyinspectable.

SOCietYAut.omat:veEngineersARP1107, ,,~ail bumpers for piloted Aircraft”
is a useful reference for recommendedpractice for design and irmtallation of
?a~~ h,,mma”.““u. . . -.

Verification(raragraph4.2.2.3): *,&O””dclearancesand protectionby tail

bumperwill be evaluatedDY dynamicanalyslsof the air vehicle. The tail
bumperoperationand controlswill be evaluatedby air vehicletest.”

verificationRationale: The need for a bumpermust be determinedbeforean air
vehicleis produced. Analysisis the only logicalmeansto evaluatethe full
rangeof operationalcapabilities.The effectivenessof the bumperto provide
the intendedprotectionshouldbe evaluatedon the air vehicle. It can be
accomplishedas part of the routineobservations.Some effortshouldbe made
to recordfrequericyof striketo assistin evaluationof tbe operational
adequacy.

3.2.3 tiake svstem

3.2.3.1 ~Systea - General

3.2.3.1- a I!The air vehicl@shallbe capableof stoppingunderthe fOllOwing

conditions: ,,

~ uidance: This requirementis a primaryperformance
characteristicof the air vehicle. It directlydeterminesthe runwaylength
requirementof the air vehicleand can be a majordesignand cost driver.
Althoughthe primaryimpactIs cm the designof the landinggear brakesystens,
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it also indirectlyinfluencesair vehicleaerodynamiccharacteristics.1: will
also ne the basisfor determiningneed fo? auxiliarydecelerationdevicessuch
ag spoilersand decelerationparachutes.

Considerabledetail❑ust be providedin definitionof the performance
raquired. The requirementwill consistof severalstoppingconditionsto be
met. Each conditicm❑ust containessentialparameterslistedbelow. Failure
to includetheseparameterswill resultin a requirementthat cannotbe
enforced. The basicstoppingperformanceswhichare identifiedshouldbe
relatedto the primarymissionsof the air vehicle. ~ch criticalcOnditiOn,
such as, maximumdesigngrossweightabortedtakeoff,shallbe Includedin this
requirement.Definitionof additionalstoppingperformancefor otherpurposes
such as efficienttrainingof aircrewsmay also be necessary,and shOuldbe
includedIn the blankfor this requirement.

PerformanceParameters

Each stoppingconditionrequirementmust containat leastthe following
parameters:

(1)

(2)

(3)

(4)

(5)

Optional

(1)

(2)

(3)

air vehiclegrossweightconditim

speedconditionat the startof the stop

the type of runwaysurfaceuponwhich the stopmust be accomplished

environmentalextremesthatmust be conside~ed. This must include
altltudeof the runwayand temperatureextremesas a minimum

maximumstoppingdistancepermitted.

parametersthatmay applyto some conditionsinclude:

definitionof air vehiclesystemfailureconditions

maximumelapsedtime betweensubsequentstopsand air vehicle
conditionbetweenstops

number,orderand frequencyof stops.

backgroundand Sourceof Criterla: This requirementis uniqueto each air
vehicle. The basisis usuallycontainedin the GeneralfJperatingRequirement
(GOtI) with addition3and ❑odiflcationsas necessaryto providea complete
engineeringdefinitionof the stoppingperformance.

Lessons LearneQ: Totalsystemperformanceis a functionof performanceof
WY subsystemsand components. The brakemust be capableof producing
adequatetorqueand have the heat sinkcapacityto absorbthe energy.

The anti-skidsystemmust functionto controlin an efficientmannerto
permitmaximumutilizationof all the availablecoefficientof friction. The
tire❑ust have sufficientfootprintin contactwith the groundto generatethe
stoppingforcerequiredto meet thisperformanceguarantee.
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Cm past air vehicle,sufficient
dry runwaystoppingperformancethat

emphasighas beenplacedon meeting the
i: is possiblethatwet runwaystopping

may have been coapromisea.The anti-skidcontroladjustmentor ‘atuning$,-
requiredfor optimizedperf~rmanceon wet versusdry runwaysurfacescan vary.
Lveryeffortshouldbe mad: to clarifythis itembeforethe contractis
finalized. A decisionmust be made whetherthe ant.i-s~idcontrolsystenis a
asfetydeviceon wet runwaysor an automaticbrakingcontrolsystemfor dry
runwayperformance.

Tire treaddesignand constructionhave beendemonstratedto have an
influenceon wet.runwaystoppingperformance.Care❑ust be takentg insure
that tractionis not compromisedfor lifeIn selectionof tire treadcompounds.

Severalrecentaircraftwithhigh powerto weightratioshave required
thatsignificantbrakingbe usedduringtaxito maintaina safe speed. This
nOt only has a significantimpacto“ brakewear but also can influencestopping
performanceduringan abnrtedtakeoff. If it is likelythat the air vehicle
will have high powerto weightratio,the stoppingperformancemust include
considerationof taxi operationsbeforeand afterthe normalstopping
requirements.

Yerificatlon (Paragraph4.2.3.1): llTOta]air vehiclestoppingperformanceand

the abilityto hold the air vehiclestaticduringenginerunupshallbe
evaluatedby air vehicletest as follows: ,,!

Verificationtiationale:Sincetotalsystemstoppingperformanceis the result
of the combinedperlorm3nCe0S’the varioussystemsand COmpOnefltS,
demonstrationon the air vehicleis the only reasonableway to evaluatethis
requirement.

The requirementshouldnormallydefinethe stoppingconditionsto be
demonstratedand the numberof timeseach cmdition shouldbe demonstrated.
Severaldemonstrationsshouldbe includedbecauseuncontrollablevariablessuch
as pilotproficiencyusuallyresultsin largedatascatter. Demonstrationsa:
the exactconditionsspecifiedmay not be possible. In this case,verification
is accomplishedby analysisof the actualdemonstrationconditions.

This requirementis a significantair vehicletestprogramcost drivsr
is normallyconsidereda hazardoustestat leastduringthe extremetest
conditions.

VerificationLessonsLearned:

and

3.2.3.1 brakeSystem- General

3.2.3.1- b ‘The totalsystemshallproviderestrainingforceto hold the air
vehiclestaticnn a dry pavedsurfaceduringapplicationof ,,

RationFileand Guidm&: This establishesthe need to hold the air vehicle
staticfor functionssuchas enginerun-up. If holdingthe wheelslockedstil1
does not hold the air vehiclestatic,furtherdesignrefinementwill be
requiredto achievethis to:.alsystemneed. It ❑ay be determinedthat this
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operationalcheckWill requirewheelchocksto achievethisobjective,thenan
operationalassessmentcan be made on whe:hersuch supportequipmentw!11 be
availablein the fulloperationalspectrumof when thiswill be required. The
blankshouldreflect*he levelof enginerun-upduringwhich it is requiredto
remainstatic.

PerformanceParameters: Braket~rquecharacteristics,availabletire ?9 ground
staticcoefficientof friction,tire contactarea,and systemhydraulic
characteristicscontrolthe abilityt~ meet thisrequirement.

_ roundand Sourceof Criteria: This requirementwas not previouslystated
in any specificationdocumentaticm.however,it has alwaysbeen impliedand
understoodas desiredpracticeand generallydemonstratedduringthe flight
testprogram.

LessonsLearned: Dependingon UsingCommandpractices,thisrequirementmay
vary. host jet air vehicledo not generallypark with brakeslockedand run-uP
all enginesto militarypower. however,the requirementshouldbe tailoredfor
the Commandrequirements.

The abilityto ❑eet theserequirementsis a functionof the size and
designof the rollingcomponentsselected. If thereis not enought$re contact
area,holdingthe brakeslockedwill stillresultin skiddingthe tires.

-. ..---- -. .I..+..-,,,s?bpake~Seflnn the design,the brakesmay or ❑aYuepe,,u.’i~“t,.’,..,&...
not remainlockedat fullactuationpressure. With steelbrakes,the static
CoeffiCientof frictionbetweenthe brake disksis ❑uch higherthan that

●

generatedduringbraking,and holdingwheel lockedis relativelyeasy. hlth
carbonbrake disksand frictionmaterial,the staticand dynamiccoefficients
of frictionare verycloseto one anotherand more effortwould be requiredto
keep the disks from rotating.

It is not clearwhetherit is best practiceto let the operational
practicedrive the hardwaredesignor whetherthe hardwaredesignshoulddrive
the operationalpractice. This shouldbe a jointengineering-UsingCmmmand
decision.

Verification (Paragraph4.2.3.!): ‘Totalalr vehiclestoppingperformanceand
the abilityto hold the air vehiclestaticduringenginerun-upshall be
evaluatedby air vehicletestas follows: ,.

~: Eventhoughthe staticcoefficientsof the brakeareVer
evaluatedin the laboratoryduringdevelopmenttesting,it is best to evaluate
the systemperf~rmanceon the air vehicle.

~ t~d :

3.2.3.1 brakeSystem- General

3.2.3.1- C “ failureof the brakecontrolsystemshal1 not
resultin a toLal lossnf air vehiclebrakingcapability.“
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hationaleand Guiaance: Objectiveis to definewhethersingleor dual failures
will be permittedbeforelCISSOf contr?l If the redundancyof dual failur’?
conceptsare significantcostdrivers,the programmanagementwill have to ●
determ<newhat levelof riskthey are willingto take. Th? user must commit
their feelingson thismatter. The blankshouldindicate“single”or “dual.”

FerformanceParameters:brakesystemdesignand redundancy,reliabi1ity,etc.
are key words in arrivingat a aecisicmf%- thisrequirement.

Backzrwnd and Sourceof Criteria: This requirem~ntwas previouslycontained
in AFSC Dh 2-1 and the intentis t~ clarifywhat is or is not acceptable
perf~rmancefor the brakesystem. It establishesthe degr?eof redundancy
which is required. Thereis an obviouspriceto pay for-doubleredundancy,but
If the bsingGmmand desiressuch features,the airframemanufacturershouldbe
notified.in sdvanceso that the requirementis clearto all competitorsduring
SourceSelection. The AFSCDh 2-I containsa requirementjust for single
failure,but this “tailorablei*requirementpresentsan optionto increasethe
redundancyif the systemneedsthe capability.

~e$SOnSLearned: The sourcesof failurewhichimpactthe abilityof the system
to maintaincontr.31are numerous. Failures❑ay ~ccurin the actuationsystem
(hydraulic,pneumatic,or ❑echanical), the brakeassembly,the pedallinkage,
or the tire.

Figures3.2.j.l c-!, 3.2.3.! c-2,and 3.2.3.7c-3 showaccidentand incident
statisticsfar varioustypesof air vehiclefor the hardwarementionedabove:

Numberof Annual
ME Air vehicle &x.QsDJs/ ncideI nts

Pighter
Cargo
bomber
Trainer
Mist

Figure3.2.3.! c - !. M tuationSystem

&De Air vehicle

Fighter
Cargo
bomber
Trainer
hisc

Numberof Annual
A~

Figure3.2.3.! c - 2. Erake Aw-
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tiumberof Annual
Accidents/IncidentsTVOeAir vehicle

fighter
Cargo
Somber
Trainer
tiisc

Figurej.2.3.l c - 3. ~

Verification(Paragraph4.2.3.1): ,,The effeetof componentma]functims shal]

be evaluatedby .,,

VerificationRationale: Optionsavailablefor this verificationinclude
simulatordemonstrations,flighttest,or analysis. Dependingon the
complexityof the 9ystem,the availabilityof the simulator,and experience
levelof the prop~sedcontractors,the blankshouldbe completed. It is also a
functionof economics,sinceeach approachhas associatedcosts. ?scnnicallY,
the simulator:n conjunctionwith an analysisis most desirablebecausethe
interfacescan be evaluatedand the conditionscan be controlled.

VerIficatlm LessonsLearned:

3.2.3.2 brakeSystem- brakeActuatim System

3.2.j.2 - a ,!Aseparateand independentemergencybrakingsYstemshal1 be

providedwith the capabilityto with control.”

Rationaleand Guidance: This requirementis necessaryto establishperformance
requirementsfw the emergencybrakingsystem. An emergencybrakingsystemCS
nearlyalwaysrequi!=dby the usingc~mmand. Experienceindicatestha: a
systemis essentialt~ pr~videadequatesafetyand reliability.Lifecycle
cost of the emergencysystemis strmgly dependentupon requiredoperating
characteristics.

The statemsntprovidefor definitionof both stoppingperformanceand the
levelof control. Nmmally, the stoppingperformanceshouldbe equalt.othat
providedby the n~rmalsystem. Differentialcontrolof brakingis a desirable
featureto permitthe pilot to use the brakesfor directionalControl.
Antiskidcontr~lshouldbe ccmsiaeredOu: may be optimal.

PerfOr~ante Parameters:hydraulicsystemdesign,systemcapability,and
failure❑odes are key wordsin evaluationof designssuitableto ❑ee: this
requirement.

~ckz roundand Sourceof Criteria: This 1s a reflectionof the criteria
previouslystatedin specificationMIL-E-558U,AFSC Dh 2-!, and AFSC bh !-6.
It reflectsthe lessonslearnedfromlihII air vehicleand has been standard
criteriafor over .20years. The only recentinnovationhas been the use of
anti-skidcontrolcm emergencybrakesystemsand the doubleredundancy~f dual
actuatim 1ines F?r nmnal and emergencysystems.
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I LessonsLearned: Thereare variousapproachesto emergencybrakesystem
design. In the 1950timepried,it was ccmuaanpracticeto provideemergency
brakingfroman auxiliaryair bottle. Thesedesigmshad limitedcapacity,
utility,and effectiveness.They did not operatethroughthe anti-skidcontrol
sYSteUIana therewere oftenblowntireswith the use of thistv~eof emsrzencv
brakesystem.

...-— ......
‘i’heyhad separatelinesto a shuttlevalveat the brake. Since

tniswas a differentmediathan the normalsystem,extensivesystembleeding

was requiredaftertheiruse. The followingair vehicleutilizethis typeOf
emergencybrakesystemdesign:

Anotherdisadvantageof the air bottleemergencysystemis the limited
capacity. lf the pilot“pumps”the brakes,he willdepletethe systemand

I
couldhave insufficlentcapacityto completethe stop.

Anotherrecentdesignapproachto emergencybrakedesignis to provide
dual linesto the brakesfromdifferenthydraulicsystems. Each eystemhas the
capabilityto stopthe air vehicle. The 1’111,B-1, and Flb utilizethis
approach.

Verification(Paragraph4.2.3.2): “Performanceand suitabilityof t,he
emergencybrakingsystemshallbe evaluatedby flighttest.11

Vepjficati,nRatio”alt: Sincethe requirementis for a levelof performance,
the only suitabledemonstrationis for the totalsystem. It shouldbe
scheduledin a similarmannerto the demonst.ratinq of the r!or!calbrakir!g
system.

I Verification LessonsLearned:

3.2.3.2 Brake System- ErakeActuationSystem

3.2.3.2- b ,Ibpakesshallbe appliedby the fOllOWhg aCtiOII: .,,

hationaleand Guidance: Ratherthan definethe classicalmetholdof applying
brakesthroughthe rudderpedals,this requirementis adjustablefor the
situation. If the UsingCommandor the state-~f-the-artdictatea changein
concept,the blankshouldreflectthe desires. If no preferenceis stated,the
classicalstatementof !ffootpressureon the tip of the rudderpedal”shouldbe
inserted.

PerformanceParameters:Cockpitdesign, rudderpedaldesign,feel spring
characteristics,and pedalforceversuspedaltravelare important
considerationsin ❑eetingthisrequirement.

●

backEroundand Sourceof Criteri@: This requirementreflectsthe criteria
previouslycontainedin specificationklIL-B-8s84.The intentwas to
$tandardlzethe brakeapplication❑ethods90 that transitionby pilotsfromone
air vehicleto anotherwillnot resultin confusionin the eventof an
emergency,which requiresfastapplicationof brakes. The initialsourceof ●
the requirementis not known.
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Lea nedr : Some foreignair vehicleutillzea hand leverfor brake
application.

Pedalpsition for pilotsof varyingheightsand leg lengthscan be a problem.

~ (Paragraph4.2.3.2): ‘Brakeactuationand parkingbrake
performanceshallbe evaluatedby .“

J@.f.Q&ion Rat-: Sincebrakeactuation19 not a measurableitem,the
evaluation19 qualitativeand subectto personalpreferences.A rock-upor
actualair vehiclemust be usedfor preliminaryevaluation.Finalreviewis
subjectto programlimitations.

~:

3.2.3.2 BrakeSystem-

3.2.3.2- c llThebrake

characteristics:_

brakeActuationSystem

controlshallhave the followinsforceand travel
.“

~e and ~: This requirementis to establishforoeand travel
limits,and responsecharacteristicsnecessaryto insurecontrollability,pilot
comfortand minimumtransitiontraining. Contentof this statementwi11 depend
upon the type of controlused. The followingshouldbe considered:

Maximumbreakoutforce:

I’iaximumforcefor full braking:

Maximumtravel:

Travel for initialbraking:

Decelerationrate/applicationforcegradient(mean):

Decelerationrate/applicationrate tolerance:
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for manualsystemsand powersystems. Many modernaircraftbrakesys:emsnave
limitedmaximumbrakepedalforceto 200 poundsto provide❑ore comfortable
operation.

~ (Paragraph4.2.3.2): ,,’rhe brake controlforceversuscontrol
travelrelationshipshallbe msasuredon the air vehicle.”

VerificationRationale: Sincethereis interplaybetweenso ❑any components
and flexibilityin the ❑ounting,the only logicalplaceto evaluatethis aspect
of the designis on the air vehicle.

VerificationLessonsLearned:

3.2.3.2 brakeSystem- ErakeActuationSystem

3.2.j.2 - d “A parkingbrakeshall to hold the air vehiclestatic
underthe followingconditions: .,,

~ea 1 nd Guidance: Frequently,use of a parkingbrakeis an optional
designfeature. Therefore,use of suchan item is a UsingCommandoptionto be
identifiedat the startof a program,sinceit must be Includedin the total
systemdesi-m. With statementof parkingbrakepreference,theremust be a
statementof performancewhen a unit Is desired. Some ❑easurableperformance,
suchas allowablepressuredrop withina giventime periodand temperature
drop,is recommended.The preferred methodof applicationand releaseof the
parkingbrake shouldalso be specified.

PerformanceParameter: Operationalconceptof the air vehicle,maintenance
plansand user preferenceare controllingconsiderationsunderthis
requirement.

SsckKound and Sourceof Criteria: The requirementsfor a parkingbrakeand
the r~qulreaperformancewere previouslydefinedin specificationMIL-b-8584.
Optionalomissim was extendedto jet p~weredinterceptorsor fighters. one of
the reasonsfor this stems fromthe inherentleakageassoclateowith anti-skid
plumbingsnd the infrequencyof neea for sucha feature. The requirementwas
generallyassociatedwith lightweightair vehicleequippedwith manually
controlledmastercylindersystems.

Lessons Learned: Designreliabilityand internalleakageare the most frequent
problemsassociatedwith parkingbrakedesigns. On the T-37,the installatiOn.
was difficultto bleed,and with a so!alldisplacementmanualsystem,erratiC
brakeperformanceresultedfrom the trappedair.

verificatioq(Paragraph4.2.3.2): “brakeactuationand parkingbrake
performanceshallbe evaluatedhy .“

VerificationRationalq: The installationcan be evaluatedon the simulator~r
on the air vehicle. The decisionon which installationto performthe
evaluationshouldbe basedon economicconsiderations.
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Verification LessonsL?arned:

3.2.j.3 BrakeSystem- Anti-SkidBrakeControl

3.z.3.3 - a qh~ anti-skidbrakecontrolsystemshallbe tunedfor optim~

performanceon a surface,consideringboth brakingand cornering
forcesthroughoutthe controlspeedrange.”

katlonaleand Guidance: There has beena tendencywithinthe Industryto
attemptto achievea minimumstop distanceon a dry runway,and then to assume
a factorto be appliedto predictwet stopdistances(FAA). This iS
demonstrated❑ost safelyand undermorecontrolledconditions.however,the
real need of the gystemis to have the skidcontrolsystemto be tunedon the
surfacewherethe greatestneed exists. Therefore,everyattemptshouldbe
made to tune the productionadjustmentsof the anti-skidbrakecontrolsystem
for a wet runway,wherethe performanceis most critical. Stoppingdistanceis
not the only factorto be considered.CorneringpowerIs equallyimportanton
runwaysexperiencingadverseweather. Crosswindsmay dictatethat differential
controlto assiststeeringare equallyimportantto stoppingperformance.This
must be consioereaequaiiyin tuningsyskem.

Serformance Parameters: Brakeactuationsystemresponsecharacterlstlcs,
anti-skid3y3temrespcmse,braketorquecharacteristics,tire frictionand
dynamiccharacteristics,brakingcoefficientof friction,corneringpower,and
coefficientof friction,all have influenceson whetherthe systemprovides
‘noptimum”performance.,,OptimumItis definedas the best compromisebetween

brakingand directionalcontrol.

backi?roundand Sourceof Criteria: Thiscriteriais generallystatedin
specificationt41L-B-8075.Difficultyhag beenencounteredon numeroussystems
uherethe anti-skidcontrolsystemcomponentsare adjustedto provideminimum
stop distanceon a dry concretesurface. Then the wet runwayperformance1s
leftto chanceand is frequentlylessthanoptimum. The requirementfor
considerationof Wet systemadjustmentwas not introducedintospecification
languageuntil 1971. Priordocumentationreflectedancientstateof the art
designand evaluation.

Le$90ns Learned: in tuningan anti-skidgystemor adjustingthe response
rates,etc. for production,there1s significantrisk in tailoringthe system
for dry runwayperformance.The availablecoefficientis relativelyconstant
with a dry surfaceas comparedwith a wet stirface. Therefore,systemrespon$e
or sensitivitycan be improperlyplacedfromdry runwaytesting. This usually
is the directresultof establishingguaranteedstop distanceson dry surfaces,
but not requiringspecificperformanceon wet. It is extremelydifficultto
definea Wet surfaceand to controlit in flighttest for demonstration.1: is
dependentupon the surface(micro-texture), the runwayconstruction(slope,
etc.), and the rate of waterinput.

Factorsto be consideredin anti-skidtuningand operationare features
such as lockedwheelprotectionand interactionif the brakesare paired,
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touchdownprotectior(to preventl~ck-upm flatsp~ttingupon initialcontact
with the runway,and the d~greeof sophisticationdesired. Ant:-skiG systems
vary in performancefromanti-lockedwhe?ld~vicesto approachingauiomalic
brakingsystems. .%me cmm?rcial and ‘I-43brakesare automaticallyapplied
withoutpiloteffortand functionto a pre-selecteddecelerationrate.

There are severalbasicd~signapproachesto anti-skidsystemin termsof
hydrauliccontrol. One is pairedwheelcontroland anotheris individualwheel
control,with variouscmbinat;cm.s~f each. For singlewheelgearair ven:cl~
suchas used on fighters,etc., mors US$ has beenmade of pairedwheelcon:?’ol.
This decision;s made primarilyf.m dynamicstabilityand gr~undcontrol
reasons. If releaseand reapplicaticmof brakeson one sideof the air vehicle
at a time can induceccmtr~lproblems,pair~dwheelcontr~lshouldbe
considered. However,individualwheelcontrolis m~re efficientfroma
stoppingefficiencypointof view,becauseeach brakedwheel is producingall
the torquethat is possible. kith pairedwheelcontroldesigns,cautionmust
be used in valveselectionto insureretentionof differentialbraking
capabilityin crosswindsituations.Son? systemsreduceboth wheelst~ a
commonthreshh~ldpressureand offs.e!:he differentialpressuresthat the P:lCJ:
thinksthat he is applying. Otherpairedwheel controlvalvesoperatelike
individualwheel contr~lsystems.

~if’icat~ (Faragraph4.2.3.3): ,,The Zystem performance,including

compatibili~ywith interfacingsubsystems,will be evaluatedby .,,

,,,.r,s,,..,.. ~.t,-r,a.=: U::iaate:y,tk,efir,.alp.w. ”-....... ---~,,’” + -- t!mi. ..g !Ws+. & !j~~~

on the air vehicle,but thereare variousapproachesto preliminaryevaluaticm.
TheseincludecomDutersimulatim and workinnsimulators.The verificatim
shouldbe ;ailoredto reflect
systems.

~ation Lessms LearneQ:

the ec’m~micco~rdinai=dmethodused for other

3.2.3.3 BrakeSystem- An::-SkidbrakeCcmtrQl

3.2.3.3 - b ‘During air vehiclesystemp.wer interruptionor system
❑alfunction,the systemshall .!,

Rationale and Guidance: 1: iS the intention~f thisrequirement::9 statsnw
the user WIL5 the systemto respondto circumstancesof p~we?in;erruption o?
systemmalfunct;cm. 1; indicatesthe reactionwhichis most accep:abls:D :hs
UsingCommandfor systemdesign. It 1s nat intendedto tell the designerhw
to achievethe statedresponse. Usually,the blankwill be filledby stating,
mreturnto pre33ure.as met$red,withadequatepilOt n~~ificati’Jn.”

Perfor-e Pa ameter rX: This requirementis a func>ionof systemcircuit
designwith the methodsof systemfa?lureas the variables:n ~he design.

6eckmound and Sourceof Crl:eria: The source~f this requirem?n:is
specificaticmMIL-k-8075. A requirementsimilart~ thishas been in force
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sincethe anti-skidsystemsfirstwere introducedintoUSAFair vehiclearound
1954-55.The failureresponsemodehas been questionedon numerous~ccasions
and user preferenceappearsto be the criteriawhichshouldbe applied.

LessonsLearned: On fighterair vehicle or relatively simplemulti-tiredgear
designs,most systemsrevertto manualupon systemfailurewith suitable
notificationto the pilot. On complexsystems,suchas the C5A, the effected
wheel/brakeassembly,is isolatedand the remainderof the systemcontinuesto
functionwith anti-skidcontrol.

Verific- (Paragraph4.2.3.3): “Effectsof systemmalfunctims shallbe
evaluatedby: ,,

Yerification Rationale:Thereare numerousmeansof evaluatl.mof anti-skid
systemmalfunction.Theseincludefailuremode analysisunderthe tieliability
Program,Simulatorstudieson the fullscalelandinggear mock-up,and flight.
test evaluation. The flighttest portionis normallyon a routinemonitorship
basis.

verificationLessonsLearned: Oftentest setswillnot detectall types
failuresand causes. Generallythe usingaCtivityobservesthe test Set or
warninglightand, if functioning,willassumethe unitis acceptablewhen in
Cactthoselightsonly indicatefailuresof a specifictype. Operation
instructions,includingfailuremodesand effects,are desirable.

3.2.3.3 brakeSystem- Anti-SkidbrakeControl
( ●

3.2.j.3 - C *,The pilotshallbe able to engageor disengagethe anti-skid

systemby the foIlowingaction: .,!

j@tionaleand Guidance: Thisrequirementis to providea methodfor the pilot
to overrideanti-skidsystemoperation. Althoughthis is a controversial
feature,experiencehas indicatedthat it is usuallydesirable. In the event
of faultynormalbraking,it permitsthe pilotto selectnormalbrakingwithout
antiskidas an alternativet~ emergencybraking. Thisis desirableif the
emergencysystemhas limitedcapacityor is difficultto control In the past
it has frequentlybeendesirableto shutoff antiskidduringtaxi to prevent
unexpectedbrakerelease. The argumentagainstthe controlis that it leads20
inadvertentoperationwithoutantl~kid. Also if the pilotis given several
alternatives,he may try all of themand overrunthe runway. (i.e.direct
.r+electionof an emergencysystemmay providea shortertotalstop distance).

The antiskidoverrideis usuallyaccomplishedby removingpower fromthe
antiskidcontrolbox. The controlfor thiscan vary froma circuitbreakerto
a switch(stickor panelmounted)to a complexcontroland warning3Y3tem
(semi-automaticshutdown). The controlshouldbe as simpleas possiblebut
must accommodateusingcommandrequirements.lf the usingcommanddoes not
lndlcatea preference,mmnpletethe statementwith the following: “Activation
of a switchshalldisableantiskidcontrolof the normalbrakesygtem. braking
fnrceshal1 be thatcmmanded by the pilot. The pilotshallbe providedwitha
warning:hat the antiskidhas beendisabled.“

Ferformmce Parameter9:Systemresponse,availablecoefficient,tire
hydroplaningcharacteristics,crnsswindvelocityand switchdesign,and
positionare influentialparameters.
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PackEroundand Sourceof Criteria: The criteriaforpilotcontrolis a
restatementof requirementspreviously.statedin specificationMIL-b-b075and
AFSC Dh l-b. lt generallywas the expresseddesireof the UsingCommandto
retainsuch a feature.

LessonsLearned: Fiostair vehicleutilizean on-offswitchfor the anti-skid
controlsystem.

v~ (Paragraph4.2.3.3): I!The ~pe?at~ng “characteristicsOf the
anti-skidsystemand designfeatureaof the systemshallbe evaluatedby _.”

VerificationLessonsLearneO:

3.2.Q hellingComponents

3.2.4.1 RollingComponents- Tires

3,,?.U.1 a ‘The tiresshallbe capableof performingon the air vehiclefor the
following: .,1

Rationaleand (iuidanc~: The objectiveis to providea tirecapability
compatiblewith the air vehicleoperationand performancefor all taxi,turns,
takeoffand landingoperationsat the criticalgrossweightsand velocities
that do not exceedA/C structuralor operationallimits. The blankshOuldbe
filledwith an all inclusiveperformancerequirementsuchas: conditionsof
maximumair vehicletakeoffand landing,includingall groundmaneuvering
beforeand after takeoffand landing. Emergencyconditionsmust also be
considered,suchas abortedtakeoffsand maximumlandings. If aerodynamic
heatingexceeds 1600Fduringflight,this must be considered.

J’efOr rmance Parameter:

a. TireSizing Parameters

I. Air vehicleConfiguration- lhis will tendto dictatethe gear
geometryand possiblythe decisionfor a small numberof largediametertires
or a largenumberof 9malldiametertires.

2. Flotation- This requirementwill tend to dictatetire pressure,gear
configurationand may drivethe designof the air vehiclefuselage. If
flotationdoes drive the design,tire servicelifeproblemswill be nil.

3. Tire Load - This requirementwill be dependenton 1 and 2 above.

h. GrowthAllowances- This requirementwill tendto dictatetire SLZe if
not establishedby flotatlon.
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b. Tire DesignFaram?ters

1. Velocity- This requirementwilldictatethe treadthickness,and
therefore,wear life.

2. Taxi Distancesand TurningRequirements- Theserequirementswill tend
to designthe tirecarcass,bead step-offarea,and the shoulderarea due to
internalheatingfromthe flexingof the tire.

3, EnvironmentalHeating- Aerodynamicheatinglevel,timeat high speed,
equipmentmass and air flowmay be significantparametersfor the design. This
may dictatehigh temperaturecompounding.

4. TireSlippage- Wheeland tire interfaceshallbe designedto present
slippagethat couldcauseloss of air with damageto the tire,tube,valveor
wheel.

5. LOWtemperature- Unlessotherwisespecified,the low temperature
requirementfor the tirecompoundsshallbe -65°! ( -54DC)

6. burst Fressure - Tires nor’rnally are designedto withstanda burst
pressureeqUalto j.5 timesthe maximumoperating(rated)inflationpressure.
‘Afactorof 4.0 is sometimesused for low pressure(Lessthan 150psi) tires.

Bac mound and Sourceof Criteria:k Thisrequirementrei’iecL$ tiieW,,WP:....-

generatedin specificationMIL-T-5041,AFSC DH 2-1,and APSC DH 1-6. Thisis
an Industryacceptedpracticefor militaryand commercialtiredevelopment. (o

M ssonsLearned: historically,exceptfor the B-52,tiresoperatedat
velocitiesat or above250 mph and 250 psi have relativelypoor servicelife,
lessthan 25 landingsper tire. Tiresoperatedat or less than .?25mph and 200
psi have good servicelife,over 100 Iandinggper tire. Tiresinflatedat 250
psi and greaterare ❑ore susceptibleto cuts due to the high stressin the
Lreadcomparedto a 200 psi tire. higherinflationpressurealso tend to
accelerategroovecracking,resultingin treadfailuresuch as chunkingor
strippinga tread.

As the speedratingincreases,the treadthicknessdecreaseswhichresultsin
less wear lifeand greatersusceptibilityto cut removal. The cut depth iS
muchmore criticalas the velocityincreases.

Therefore,uhen establishingtire operationalparameters,striveto limit
the adverseeffeCisof high rotationalvelocitiesand high pressures.
Flotationand growthrequirementswill aid in a good solutionto this problem.
This requirementshouldnot dictatedesignof a highperformanceA/C, suchas
fighteror interceptortypes.

The use of air to inflate❑ain wheeltires,wherethermalfuse plugsare
used,is not recommended.heleaseof the fuseplugwill resultin dischargeof
the air on to the hot brakeincreasingthe probab~lityof fire. Nitrogenis
used to inflatemost cmmercial and some❑ilitaryaircrafttires.

Figures3.2.4.!.a - 1 through3.2.4.l.a - 13 providesdesigncharac-
teristicsfor tiresusedon current❑ilitaryaircraft. Selectionof One Of
thesedegignsf’x use w! new air vehicledesignmay reducelogisticscost.
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(@

Whee
Type
~1

H
H
H
H
M
n
H
M
H
M
H
n
n
.A

H
T
H
T
n
M
H
M
n
n
)4
n
M
n
M—

Size

5004
5; 00:5
5.00-5
6.00-6
6.00-6
6.50-8
6.50-10
6.50-10
7,00-6
7.00-6
7.50-10
7.50-10
7.50-14
8000-4
8.5C-IC
8.50-10
9.00-6
9.50-16
10.00-7
9X11.00-I
11.00-12
11.00-12
12.50-16
15,00-16
15.50-20
17.00-16
17.00-20
19.00-23
20.00-20
25.00-28

Dimensionsof Type 111 (Low Pressure)Tires

A
Inflated0uc61de
DiametI
(Hi.)

11...9
13.65
13.65
16.80
16.80
19.15
21.35
21.35
18.00
18.00
23.30
23.30
27.00
17.15
*),,n4-,,”
25.30
21.40
32.50
2.4.30
28.10
31,00
31.00
37.50
41.bo
64.30
43,70
47.70
53.15
54.30
69.30

QEJ!s#

1“ 47
1::20
14.55
17.50’
17.95
19.85
22.10
22.60
18.75
19.25
24.15
24.70
27.75
18,00
?C g<6<.”.?
.26.30
22.40
33.35
25.45
29.00
32.20
33,00
38.45
42.40
45.25
45.05
48.75
55.10
56.00
71.15

B
InflatedSectio
Width
m

~
.

4.65
5.90
6.18
6,55
6.25
6.25
5.90
6.60
7.20
7.20
7.20
7.80
g.~~

8.20
8.70
9.10
9.65
10.40
10.50
10.50
12.00
14.40
15.05
16.35
16.40
18.25
19,20
24.70

&#-

~

5:15
6.30
6.55
6.95
6.65
6.90
7.00
7.30
7.65
7.95
7.65
8.30
@.?o

9.05
9.25
9.70
10.2s ‘
11.OO
11.20
11.65
12.75
15.30
16.00
17.&o
17.25
19.38
20.10
25.70

Al T - Tailwheel;M - Hain wheeI;H - tielkopter.

c
Inflatel
Shouldel
Oiametel
(Inches;
(Max)

———
~

12:85
15.f15
15.85
17.70
19.90
20.50
16.45
16.85
21.60
22.05
25.30
15.50
~~:~o

23.25
19.45
30.25
22.15
25.60
28.55
29.25
34.40
37.65
40.70
39.80
43.60
49,30
49.50
63.40

D
Inflate!
Shoulde
Width
(Inches,
(Max)

~

4:35
5.35
5.55
5.90
5.65
5.90
5.95
6.20
6.50
6.75
6.50
7.05
l,LO
7.70
7.85
8.25
8.70
9.35
9.50
9.90
10.85
13,00
13.60
14.80
14.65
16.50
17.10
21.85

FIGURE3.2.4.l.a - 2
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FIGUHE3.2.4.l.a - 3
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FIGURE3.2.U.l.a - 4
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FIGURE3.2.4.l.a - 5
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FIGURE3.2.L.i.a - 5 (Cent’d)
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FIGURE3.2.4.l.a - 5 (Cent’d)
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FIGURE3.2.4.l.a - ~
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FIGURE3.2.4 .l. a - 6 (Cent’d)
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Rim Dimensionsfor Type VII (ExtraHigh Pressure)Tires

Wheel Type
I

Size
I

StandardNo.

14xin*eel

Tail*eel

16 Xk.b

18 %4.4

18 X 5.5
20 x 4.4
22 x 5.5
24 X s.~

24 x7.7
24 x7.7 (14 PR)

25 X 6.0
26 X 6.6
29 x 7.7
30X 7.7

,W X8.8
30X 8.8
32 x 6.6
32 X 8.8 (22 PR)
34 x 9.9
36X11
36 X 11 (20 PR)
38X11
39 x 13
40 x 12
44 x 13
46x9
46 X 16
49 x 17
,56x16
10-1/2x 4
12-1/2x 4-112

US24370
AND1058I
MS2&370
US2&370
AND10576

AND10573

AHO1O573
US24369
ANDI0573

. . .. . . . . .
NWLUJI J

AND10573

ANO1O573
AND10573

HS24368
MS24368

FIGURE3.2.U.l.a - 7
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FIGURF,3.2.U.l.a - 8
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FIGURE3.2.~.l.a - 9
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FIGURE3.2.4.l.a - 10
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Rim Dimension for ExtrsHigh
PressureTires,Type VIII

I

Size Draving No.

18 X 6.5-8 63J4242
22 x ?,7-12 61D3037
22 X 8.5-11 63J4241
24 X 8.0-13 734s3
26 X 8.0-14 6103001
28 x 9.0-14 74201
30 x 11.5-14.50 62J4031

, 31 X 11.50-16 51?794

FIGURE3.2.4.l.a - 11

Bead SeatingPreomaras

NormelReted MinimumBead Seat HexlaxmBesd Seet
InfletionPreseure Pressure(PSI) Preeeure(PSI)

40 or leas 25 60

40 to lDO 25 U
Over 100 50 &l

&/ In no case ~hal1 the maximumbecd eeat prectureexceed●ither
the rated tire inflationpreaeureor 200 pti,whicheveric
the lesser.

FIGUliE3.2.U.l.a - 12
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m1 A DIA

I

b+’’”
4

I

6

I

FIGbRE3.2.4.l.a - 13
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It is some:imesdesirableto m~ld a ridgein the tire sidewallto deflect
water sprayor otherd~tv”isthrownup the the tire. This ridgeis kn~wnas a
I(chinel,and such :iresare usuallycalled“chinetires”. The primaryuse has
been to preventwatersprayfromenteringengin?inlets. Chinetiresare
present1y used on !-111snd C-9 aircra~.nose landinggears. Chinetiresmust
be tailoredfor eachapplication.Flighttestingis necessary to confirm

suitability of design.

Verification(Paragrapn4.2.4.!): ‘,Laboratorytestsshallbe conductedto
evaluatethe followingrequirements:

a. Iakeoff,landing,and taxiperformance”

Verification fiational~:The use of a laboratorydynamometerto evaluatethe
tireperformancecharacteristicspermitsevaluationto the limitsof the tire
capabilitywith risk. The designconditionsare carefullycontrolledand are
repeatable. The Industryhas alwaysutilizedthis❑ethodof evaluaticmprior
to inst.allatian on an air vehicle to determine performance limits and to

establish Safety of Flight. It is significantlymore economicthanany ~iher
verificationmethod. The tirewill also be observedand evaluatedduringthe
routineflighttestprogram.

Verification LessonsLearned:

3.2.4.1 Rollingcomponents- Tires

3.2.4.1- b “Tiresshallhave a servicelife,due to treadwear OnlY,of not
lessthan landings. This shallapplyduringoperationof the air
vehicleas follows:

Rationaleand Guidance: The objectiveis to providea satisfactorylife.
historicaly, tiresof a conventionaldesigm,Types111,VII, and VIII,should
provide50 to 300 cycles(onetakeoffand one landingequalsone cycle),
dependenton diameterand velocityrequirements.The blankshouldbe filled
with a referenceto Figure5.2.4.”1b-l, showingthe
requiredfor a giventirediameterand speedrating
shoulddescribethe operationduringwhich the life
applied.

PerformsnceParameters:
are:

1. Tire diameter

2. Velocityrating

3. Tire pressuredue to

U. Installation

The performanceparameters

Establishesthickness

of tread

load - Stressin treadrubber

numberof A/C cycles
range. The secondb]ank
requirementis to be

controllingservicelife

m keroundand Sourceof Criteri*: The sourceof this criteriais
specificationMIL-T-5041and is supplementedby the AFSC-OgdenALC LCC program.
A similararrangementis a worthycandidatefor futureprograms.
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A-7

A-10

B-52

C-5

c-7

c-123

c-l30

Kc-135

C-141

F4

P5A

F15

F16

Fioo

P105

Fill

T-37

T-38

l-jg

thin lire
S:ze-

28 x 9.00-

3b x 11

56 X !6

49 x 17

11.00- 12

17.00- 20

20.00-20

49 x 17

44 X 16

30.5 x
11.5- 14.5

14

22 x M.5 - 11

25.5 X
9.?5- 18

25.5 X
8.o - 14

301 &.8

36x 11

47x18-18

20 x 4.Q

20 x 4.4

26 X 6.6

Average ‘2ire

Life

66

N(A

202

310

N/A

ti/A

685

440

401

53

61

h/A

NIA

29

68

!55

WA

93

83

hose Tire Averam Tire
Size

L.f -

22 x 5.5

24 X 7.7

Tip 32 X 8.8

49 x ?7

7.50- 10

33

1.?.50- 16.

38i !1

36x 11

lb 1 5.5

18X6.5-L!

22 k 6.6 - 10

!8 X 5.5

18 k 4.4

24 X 7.7

21 x 7,2j - 10

16 X 4.4

lb x 4.4

18 ).4.4

FIGURE3.2.4.1b-~

84

N/A
(NotAvailai

ti/A

N/A

317

N/A

N/A

596

230

348

41

N/A

N/A

ti/A

74

36

N\A

ii/A

h/A

N/A

I

i

1s)

( ●
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LessonsLearned: Figure3.2.0.! b-! showsthe fleetaveragetire life for
variousair vehicle Th? datarepresentsindexTest resultsfromOgdenALC.
Tire life is frequentlyaffectedby the air vehicleinstallation.If thereis
excessivecamberor yaw abnmual tveadwear can be generated. LarlyF-15
aircraftare an exampleof thisproblem. (Ibviously,the tire designcannotbe
hela accountablefor this performance

Jerification (Paragraph4.2.4.1): *,Servicelifeshallbe evaluatedon the air
vehicleduringflighttest.”

ierificationRationale: The primaryfactorin tire servicelife is treadwear.
Laboratorytestingdoes not evaluatethisaspectof tire performmce.
Therefore,the flighttest programis the firstopportunityto evaluatethis
aspectof the design. The servicelife evaluationwill be continuedinto Using
Commandevaluationat Squadronlevel. AFLCwi11 furtherextendthis aspect
with its wear index“testsof the Life CycleCost Program.

“r. .
ationLessonsLearne6:

3.2.4.1 Rollingcomponents- Tires

-.a ,,>.L.*.! - c “Thetire carcassShailbe capableOf ,.e~rea~y

withoutdegradationof tire structureperformance.”

Rationaleand Guidance: The objectiveis to providea tire constructionthat
can be retreaded. This has provento be cost effectivein the Air Forceand
particularlyon commercialair vehiclewherethey have retreadeda singletire
as many as nine times. The blankshouldbe filledwitha numberfor repeated
ratreadsthat would be compatiblewith the tire performassceand life. If the
tire life is relativelylongon a largediameterslow speedtire,the aging
lifeof the carcassmay limitit to one retread. If the tire is mediumin
diameter,34-40inchesand rategin the 225 mph range,it couldbe retreaded
fouror five times. A high speedfightertireof 2ti-34inchdiametercould
also be retreadedfive times,providingthe carcasscouldnot be subjectedto
highworkingstressdue to inflationpressureof 250 psi or greater. In this
case,only one retreadmay be cost effective.

PerformanceParameters: Performanceparametescontrollingretreadability
include:

1. Tire

2. Tire

3. Tire

a.

b.

velocity rating

pressurerating

construction (specialrequirements)

Environmentalheating

Excessivedeflection
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c. Exoticdesigns

d. .4gslimitations

e. Balancing

backgroundand Sourceof Crit~ria: This is a new requirementnot currently
detinedin any generalmilitaryspecification.lt reflectsthe currentstate
of the art and has beenusedon all recsntsystemsin the interestOf Life
CycleCost.

LessonsLearned: Reliableretreadingis dependenton a soundcarcassand
sufficientmaterialon the crownof the tire to preparethe surfaceproperly
for a new tread. Providinga soundcarcassis dependent on testing the initial
constructionthroughrepeatedlifetestson the dynamometer,strippingthe
treadand retreadingbetweencycles,and a good inspectionof a used carcass
priorto retreading.

Verification(Paragraph4.2.4.1): “Laboratorytestsshallbe conductedto
evaluatethe followingrequirements:

b. Retreadingcapability”

~p. .
cationhation~: The retreadcapabilityof the carcass,can be verified

by requiringthe tire to completeall the dynamictestsof 4.2.4.1a, then buff
tinetreaaantirepeatL.hecycieuitiluti.I,neuec.b c.uamC~Ci55 Uiii~SS the soak i3. .... .... .....

above 300°F for one hour.

VerificationLessonsLearned:

3.2.4.1 RollingComponents- Tires

3.2.4.1- d I,The ~lectrica]conductivitycharacteristicsof tireS shallbe

such that the tirewill not storea staticchargewhichwill be detrimentalto
anY otherair vehiclesystemor harmfulto personnel.”

hationaleand Guidance: Tbe objectiveis to providea tirematerialthatdoes
not accumulateor storea staticchargewhichcouldbe detrimentalto air
vehiclecomponentoperationor harmfulto personnel.

PerformanceParameters: Performanceparameterscontrollingare:

1. Tire construction

2. Tirematerials

E!ack!zroundand Sourceof Criteria: This criteriawas previouslystatedin
specificationMIL-1-50U1. It was basedon an indusLry recommendedlaboratory
analysisand was in forcefor approximately20 years. The basiccriteriawas
presentedby t.neTire and Him Association.

Mb
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situationcaused
completedtire.
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Static chargesof electricityhave been blamedfor numerous
antiin sore?instances,Mere blamedon the tires. This
an investigationof the materialsfor conductivityin tne
Limitswere establishedbasedon tire industryevaluationof

Verification(ParagraphQ.2.U.1): “Laboratorytestsshallbe conductedto
evaluatethe f~llo~:ng?equi.rements:

c. Electricalconductivity”

VerificationRational~: Verificationof tireconductivityis a specimentest
whichhas been standardizedby the Tire and fiimAssociation.

VerificationLessonsLearnerj:

3.2.4.1 RollingComponents- Tire

3.2.U.I - e ,,Inselectingtiresizes,make an allowancefop

growthin air vehicle❑aximumdesignweightwithinthe samesize tire.’(

Rationaleand Guidancg: The objectiveis to providea tirewith growth
potentialwithinthe originalclearanceenvelope. Historically,even in the
1970years,air veniciecontinueLo grow in grcssweight,*hichHculdoverload
original tire capabilities. Ivhereas, by adding plies, the tire can easiIy be

changed to carry the extra load within the same envelope. The blankshouldbe
filledwith 25) basedon past experience.

e msnce Parameters: Performanceparameterscontrollinggrowthare:P rfor

1. Burst pressure

2. bulk❑odulous

3. Taxi distances/velocity/temperature

Backmound and .%urce of Criteria: This requirementwas containedin AiliCDk
1-6and AFSC Dli2-1. lhis requirementwas originallygeneratedin the ❑id
19501s basedon lessonslearnedwith air vehiclegrowth. Sincechangein tire
size impactsstowagearea and airframesizing,it is consideredto be an
importantc0nc5rn.

LegSons Learned: kost air vehicledevelopedin the last25 yearshave grown in
grossweight from 10to 40s. In many of theseinstancesthe landinggeara
cannotgrow accordingy, and thereforeare operatedas lessthan “O” margin.
Tiresreadilylendthemselvesto easygrowthpotentialwithinthe original
designedenvelopeby increasingthe numberof plies. Thishas been a very
effectivemethodof providingsufficienttiregrowthon A/C developedin the
late 60’s and early 70’s.
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Verification(Paragraph4.2.4.1): !,An~naiysisis requiredtO shOw_

growthpotentialin the selectedtire sizes.!,

VerificationRationale:The requirement for” tire growthcan be verifiedby
analysisof actualpliesto ply rating,to maximumnumberof pliesand maximum
ply ratingallowed.

VerificationL~ssonsLearn-d:

3.Z.Q.J RollingComponents- Tires

3.2.4.1- f “FfJrmultipletiregear designs,capacityshallbe providedto
accommodate tire failure(s)withoutadditionaltire failure,
when operatingat all grossweightsunderthe following conditions:—.”

fIationaleand Guidance: The objectiveis to providetireswith the dynamic
load carryingcapabilityto withstandan overloadfor a shortperiodof time
and not causea catastrophicfailure. Shoulda tire failduringtaxiat
maximumgrossweight,the othertire(s)on thatstrutshouldhave the
capabilityto supporttheadditionaldynamicloadwhile taxiingback to an
apt-onor repairarea. On takeoff,the remainingtire(s)shouldhave the
capabilityto supportthe dynamicload for eitherabortingor completionof
takeoff,followiedby a landingat.landplanelzqdinggross=e;-k+“.-a.... TAhcfirst
blankshouldbe filledwith a statementsuchas; ‘onenor ‘fiftypercentof
assemblyn. The secondblankshoulddescribethe minimumoperationwiththe
failedtire(s).

PerformanceParameters:Performanceparameterscontrollinginclude:

1. Load rating

2. Ply rating

3. Air vehicleg?~ssweigh:

4. Centerof gravitylocations

5. Tire construction

6. Operatingspectrum

backuroundand Sourceof Criteria: Criteriafor overloadcapabilityfactorsin
tire capacitywere previouslydocumentedin AFSC Dh 2-1. The requirement,as
expressed,is a new requirementdefiningthe conditionsof overloadfromwhich
the remainingtiresare expectedto continueto operate. Thiswill allowthe
airframemanufacturerto properlydevelopand demonstratedthisoverload
capability.

Lessons Learnw : Presentspecificationsdo not requiretestingtiresto
dynamicloadsgreaterthan the ratedstaticload. Nose tiresare ratedwith
dynamicload faCtOPSrangingfrom 1351to 150\of the staticload rating. ‘lhe
dynamicloadsusuallyare nnt verifiedby test.

●

●
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● Development of a tire to withstanda sustainedoverload,suchas excessload
due to a matingflat tire,requires a tire test programsimulatingthis
condition. For example,if a tire is requiredto operatesafelyaftera mating
tire has failed,at leastinvestigatethe following:

a. Failureof a tireduringtaxi out for takeoffwill resultin an overloadon
themating tire(s). The mating tire shouldhave capabilityto endurethe
excessload for taxiingbackto a repairarea.

b. Tire failureduring takeoffrun. The matingtire shouldhave the
capabilityto endurethe excessload foran abortedstop.

~icatio n (Paragraph4.2.4.1):

,,Laboratorytestsshallbe conductedto evaluate the fO1l’3h’inK
requirements: ~

d. Overloadcapability”

~ on hat,ona~e: Laboratorydynamometertestsprovidetbe opportunity
to conducta controlledtest to the requiredlimitswithoutrigk to air vehicle
or personnel. It 1s the most economicapproachfroma costand schedule
viewpoint.

0“
VerificationLessonsLearned:

89
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3.2.4.2 RollingComponents- Mheels

3.2.4.2- a .,,Th.wheelassembliesshallbe capableof performingon th? air
vehiclefor the f~lloxing: ,,

hationaleand Guidance: The purposeof thisrequirementis to identifythe
operatingconditionswhichwill establishthe design envelopefor the main,
nose,and auxiliarywheelequipment. The conditionsmust accountfor maximum
grossweightusage [taxiand takeoff),designmissiontakeoff,landing,and
taxi. A spectrumshouldbe generatedto simulatethe anticipatedload
distributionto give the requiredlife. The environmentdevelopedby the
wheel-brake-tirecombina:im must be accountedfor in the designconditionsof
the wheels. If high braketemperaturesare typicallyencounteredwithmain
wheels,the designspectrummust includethiscondition. ticcentricloads
inducedby installationon the air vehicleor operationalusagemust be
suitablyreflectedin the requirements.Thesewill not be knownuntilthe
designof the installationi~ c~mplete,but provisionsfor such eventualities
must be includedin the basicrequiremmts. Examplesmight be: high frequency
pivot,camberedroll,yak$dr~ll,etc.

PerformanceParameters:Velocity,wheelmaterialand processing,vertical
versusside load,fatiguecharacteristics,sustainedstresslevels,and
tire-wheel-axleinterfaceshavean impacton the abilityof the wheelto ❑eet
the requiredperformancerequirements.

Eackeroundand hurce of Crit.eria:This require.wen.t ~,u~arize$the V2?iQlJ5

loaddiscussionspreviouslystatedin specificationMIL-k-5013,AFSCDtiI-6,
and AFSC DH 2-1. This is the very backboneof the wheeldesignrequirements.
It establishedthe staticstrengthand fatiguerequirementsfor the wheel
assemblies.

LessonsL?arned: In the pastthe staticloadcapabilitywas establishedDy
arbitrarycriteria, and the designconditionswere not necessarilyassociated
withactuaIoperatingcm.f~tims. An exampleof problemsassociatedwith
arbitrarycriteriain lieuof rationalcriteriais the C141Amain wheel It
was designedand testedto maximumloadMIL specificatimcriteria with an

arbitrary cambered roll fa::guerequirement.On the airplane,with : 80Q
steeringavailableto the pilot,the landinggear was experiencingnumerous
full pivotsduringroutinetaxiusage. The resultwas over 75 wheel flange
failuresin service. The kheelwas redesignedto accozxmdatethisspecific
conditionof pivotturn. Since the revised wheelhas been put intOservice
(approximately1970),therehave beenno fur~herwheel flangefailures.

Use of arbitrarycriteriad~es not alwaysdrivethe designsto structural
inadequacy.A recentexamplehas been the use of .5 g turn for yaued rcl1
Criteriain design. This particularconditionhas producednumerouslaboratory
failures(F5,F!5,b-l, etc.) whichdroveredesignof thewheel hub area.

Therehas neverbeenevidenceof fielddifficultiesin this areawith the
wheelsinvolved. It is suspectedthat the criteriais quiteconservativeand
is resultingin heavyhub wheels. Researchis plannedby FlightOYnamics
Laboratoryto measures~ressin variouswheelsfor straightyawedroll versus
turn techniqueson a dynamometerfly~heelto try to resolvethis issue.
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● Anotheraspectwhichis scm concernis the aspectof corrosioneffectsin
the fieldas comparedI.’lthdevelopmenttesting. Corrosionhas a significant
impacton inventorylife, but currentcr:teriadoes n~t accountfor this
phenomenon. Recentpaintingtechnique“impr~vementswill potentiallydiminish
thisdisparity.

Verification(ParagraphU.2.4.2):

llLabO.vatO~v:eS:Sshal1 be cmducted to evaluatethe r~l10wing

requirements:

a. ‘lakeoff, landing,and taxiperformance‘a

verificationRationale: Laboratorytestsare recommendedbecauseof the
versatilityin evaluatingperformanceand the schedulerequiredfor
development.The laboratory can explorethe loadenvelopeand providetimely
answersto the designersand evaluators.

VereificationLessonsLearned:

3.2.4.2 RollingComponents- Ieheels

\ R~e: From a logisticconsideration,an arbitraryaverage
servicelifemust be establishedforwheels,consistentwith operationalneeds.
In the past,an arbitrarylaboratorylife of 1500❑ilesat ratedload was
selectedfor designand the servicelifewhichachievedwas accepted. However,
our needs aPe actuallyservicelife,so averagefieldservicelife shouldbe
specified. The numberselectedis a functionof the typeof air vehicleon
which it will be installedand the overalllogisticplan. Some air vehicle
placepremiumcm lightweightand tne wheelcriteriashouldknowinulyreflect
this priority. heightand life are directlyrelated. 10,000servicemilesfor
cargoair vehicleis consistentwith airlinecriteria. 2000 servicemilesfor
high performanceair vehiclewheelsseemsto reflectthe primaryconceptof
design.

M-f orma nce Parameters:Fiaintenanceprocedures,air vehicleusage,wheel
material;and operatingtechniqueare major factorsin achievingservicelife

-round and S~urceof Criteria: Mheel fatiguelife requirementswere
containedin specification141L-ii-50!3.Generally,the roll life requirements
were straightroll a: an arbitrarilyestablishedratedload. About 15 years
ago, commercialand militarydevelopmentrequirementswere modifiedto include
typicalserviceanomalities.Thishag resu1ted in improvedservice
performance. in most caseswhere frequentservicefailuresoccur,the cause
can be tracedto serviceinducedconditionswhichwere not accountedfcw in the

●
developmentcriteriaand evaluation. Therefore,duplicationof operating
environmentin developmentevaluationis a paramountconsideration.
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LessonsLearned:
ALC is attempting

Actualwheelservice
to initiatea system

life is difficultto determine. Ogden
to trackwheel forgingsby serial

number. Commercialwheelsare tracedand tracked. Each major forgingis
warranted for a given life.

Maintenancehas a majorrole in extendingor shortenin&wheel service
life. bearingand axle nut installation,handlingduringtire changes,and
tire-wheelinflationtechniqueand diligencecontributeto wheellife.

Being able to predicta realisticusagsspectrumand qualifyingto this
criteriarepresentsa majorfactorin achievinglong servicelife.

!iheelflangesare the ❑ost frequentsourceof servicefailure. Extra
attentionshouldbe placedon this portionof the design.

Yerificatioq (Paragraph4.2.4.2):

l,LaboratOrytestsshal1 be conductedt~ evaluatethe fO110wing
requirements:

b. Servicelife”

;erificationkationale: dynamometerroll test is the most economicaland
reasonablemeansof demcmstratingservicelife. The loadsand environmentare
carefullycontrolledand permit a ❑ore formal analysis of results.

“p. . ationLessonsLearnecl:

3.2.4..2 hellingComponents- kheels

3.2.4.2- c “Protectionshallbe providedto the wheel frombrakeheat to
prevent afterexposureto
energy.’*

fiatinaleo and Guidance: The purposeof this requirementis to establish
performancerequirementsfor heat dissipation.The potentialdetrimental
effectsto wheelsand tiresincludewheelor tire explosiondue to degradation
in strengthof eitherunit,or increasein tirepressurecausingoverstress.
.%lutionsto theseproblemsincludewheelheat shields,wheelfuse plugs,etc.
The blankshouldnormallyreflectth$ emergencyenergylevelassociatedwith
maximumlandingweightlanding,which is the highestenergyfromwhich you
couldexpecta serviceableassembly.

f’erforuemce Parameter3: Peakbrakeheat sink temperature,thermalconductivity
propertiesof material,effectivenessof heat shields,and fuseplug eutectics
are parametersaffectingthisrequirement.

( ●

und and Sourceof Criteria: Performancerequirementssimilarto this
statementon heat dissipationare containedin specificationMIL-k-50!3, AFSC
GH 1-6,and AtSC Dh 2-1. Directrequirementsfor fuse plugsare containedin
specificationMIL-lv-5013.The requirementreflectsdesignapproaches
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originallydevelopedfor commercialair ve~iclebut currentlyacceptedas
standarddesignpracticefor the militarybrakeindustry. The firstfuseplugs
were introducedaround 1957.

h$~ns Le rneda : Cauticmahmld be takenin designingthe fuseplug
installationto minimizestressrisers. If the plug is screwedinto the wheel
wall,extraprecautionsmust be takenwith the threada.

The fuseplugs shouldbe locateddirectlywithinthe heat path from the
braketo insure an environment similar to that being seen at the tire’ bead
seat. Since this is the area which suffersdegradationdue to heat, the fuse
plug must accuratelyreflectthe environment.

heat shieldscan causestructuraldamage to the wheel forging upon
installation by inFlict ing a scratch. Care ❑ust be taken to insure relatively
simple installation. Heat shieldretentionhas been a difficultproblemto
solveon many wheel designs.

“cr. .
@ (Paragraph4.2.4.2):

.... ... .

‘Laboratorytestsahal1 be conductedto evaluate’the following
requirements:

c. .&heeloverheat

totaldesignenvelope.

capability”

The”laboratoryprovidesthe opportunityto explorethe
Underlaboratoryconditions,the energyinputand other

importantfactorscan be controlledand willgenerallyprovidea better
evaluationthan on the air vehicle. Of course,flightteatobservationswill
also contributeto the overallassessmentof designadequacyfor the assembly.

~tion LessonsLearn~:

3.2.4.3 RollingComponents- Brakes

3.2.4.3- a “Brakeassembliesused to provideany portionof the air vehicle
atoppingperformancespecifiedin 3.2.3.1- a shallhave the followingcharac-
teristics: .,,

e and Gu.J@Q2 : This requirementis to defineacceptableperformance
of conventionalbrakeassembliesshouldthe contractorelectto use this
approachto providestoppingperformance.Requirewnts shouldbe in the form
of successcriteriathatare uniqueto the brakeassemblyand its installation
when the brakeis used to provideany part of the stoppingperformance.

● The requirementwill usuallybe complexin that severalaspectsof
‘success‘tneed to be considered.Brakeperformanceoriteriamay be different
for the differentstoppingconditionsspecifiedin 3.2.3.1. Retirements to be
considered‘ghould be se]ectedfromthe followingperformanceparametersand

(

modifiedas necessaryto clearlyindicatethe applicablestoppingperformance.
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The followingsuccesscriteriashouldbe consideredin completionof this ‘

requirement. ●
1. There shall be no structural failure of “the brake assembly during

any single9topwithinthe designenvelope. This conditiondoes not

aPPIYfOr abuseOr usaKeOutsiaeOf recommendedoperatinglimits.

2.

3.

4.

5.

6.

7.

8.

Y.

The requiredstoppingperformanceshallbe providedat any time
duringthe specifiedoperationallifeof the brske.

Afterinitialinstallation,it shallnot be necessaryto perform
manualadjustmentof the braketo permitthe stoppingperformancet~
be met.

. .

Brakesshallnot squeal,chatteror causeany vibrationduringthe
stopthatresultsin malfunctionor reducesthe lifeof any air
vehiclecomponent.

brakesshallnot causeheatingof sny air vehiclecomponentthat
causescomponentmalfunction prior to attainment of required life.

Brakesshallreleaseupon releaseof the normslbrakecontrolduring
and afterthe stop.

No damsgeto the air vehicle,includingrollingcomponents,except
wear of brakefrictionsurfacesand groundcontractingelementsshall
resultfromstoppingwith the followingexceptions:

( ●
Prevention of structural overload

\

due to braking shall not be dependent upon pilot proficiency.

Overheatingof brakeassembliesdue to malfunctionor abuseshall
be indicat.;dby

YerformanceParameters:

Backgroundand Sourceof Criteria: Most of the suggestedbrakecriteriawere
previouslystatedor impliedin specificationt41L-k-5013.

LessonsLea Wr : Figure3.2.4.3a-l presentsa summaryof Air Force brake
structuralfailuresbetween1970and 1976. A very largepercentageof these
failureswere brakedisc failures. hostgeneral1y, these failuresare not
necessarilydesignfailures,but ars inducedby improperproductionprocessing.
Anotherpotentialcauseof brakedisc failureis,excessiveheat input. If a
brakeis abugedby draggingor some otheroperationalinput,the structural
integritycan be compromised.Hnwever,designassessmnt undercontrolled
conditionsshouldgive somemeasureof capabilityand potentiallya measureof
tolerableabuse.

Brakechatteris the frictionalor mechanicalexcitationof the landina
gear fore and aft vibrationalmode. It is generallycauiedby negativedam~ing
fromthe frictionpairand usuallyhas a criticalspeedrange. Examplesof
frequenciesand springratesare presentedin Figure3.2.4.j a-2.

(
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BrakeStructuralFailures
.. . ..

&.cGra& Whe r of StructuralFailure%

B-52
b-57
‘C-5

;,~c-7
,“’C-47

C-123
C-130

‘“KC-135
G141
~-q
F-5

F-15
F-loo
F-102

:.“F-105
F-106
F-111

.T-33
T-37
T-38

P“

T-39
ii-3 . . ! .: .;.

Figure3.2.4.3a-l

7
1 ‘,”
12
1 ,’
1
1
1 ;,,,’:,
5,, .
1
2 ,,-:
1
2
2
5
1

●
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Mxzaft

A-7D
A-10
B-52
B-57
C-130
KC-lj5
G?41
F-4
F-5
F-15
F-1b
F-loo
F-1OI
F-102
F-105
F-106
F-l!l
UT-37
T-j&

Type of

JA2L

Single
Single
Twin
Single

“TandemSingle
Twin Tandem
TwinTandem

Single
Single
Single
Single
Single
Single
single
Single
Single
Single
Single
Single

Fore k Aft Torsional
NaturalFrequency SpringRate

(CD )s kn-lblRAD)

9-11 5.9 X 106
11.7 -----
10.0 ----
10.0 51.3X 106
24.0

11.1

10.3
27.5
6.35
25.3

14.0

Figure 3.2.4.3 a-2

. . . :

3.45 X 106
1.0 X 106

1.99x 106

0.56 X 106

Fore & Aft
SpringRate
(Ltllin)

15,000
9,350
14,000

40,000

10,300
5,2U0
79,430
5,500
13,970

‘2,120

.,.;

●
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brakesquealis the inducedvibrationof the stationarypartsof the brake
assemblyand its mounting. It generallyhas a naturalfrequencyof several
hundredCPS as comparedto chatterfrequencyof 6-25 CPS.

Brake chatterhas beenso severethat gearwalk was inducedon the F101
and F105aircraft. Thereare numerousdesignchangeswithinthe brakewhich
can controlthis compatibility.The ❑ost effectivechangeis with the lining-
rubbingsurfacemterials. The stiffnessof someof the structuralmembers
controlsthe regpongeto squeal. Squealhas beenso intenseon brakesthat it
has resultedin structuralfailure. Extensiveflighttestingwas requiredon
the B-52,KC-135,F!00and F101to evaluatethe gear vibration. Recentdesigns
have been “tailored”to the applicationby establishingresponse
characteristicsof the systempriorto finalizedhardwaredesign. Testinghas
beenmodifiedto evaluatethe brake-mountingcompatibilitypriorto
installationon the.,aircraft.

Peaksin braketorqueare generallyexperiencedae a resultof various
loadingconditions. For instance,with steelbrakesthereis a high
probabilityof brakechatterand peak torqueat the low speedend of a normal
energystop. This ia particularly. true with a brake uhich is substantially
worn. Peak torquesare also experienceduith veryhigh energystopsas the .
liningmaterialreachesa pointof maximumheatand wear. Host steelbrakes

‘~ preducevery high torque,.withmaximumpressureappliedfrom 30 to O knots.

P“

This occurgwhetherthe assemblyis coldor hot. It is experiencedduring
taxi-outand taxi-in. Figure3.2.4.3a-3 showsa typioaldistributionof peak
torque.

\
Temperaturedistributionwithinthe brakeand to the surroundingetruCture

is a major factorin the successof a givenbrake design. improperbalanceCM
producehot spotsin the hydraulicmotor eectionand contributeto seal
deteriorationand ultimatelyto leaks. It can produoeexcessivediskwarpage.
It can producedamageto the tire bead throughthe wheelas.sembly. Ventilation
and eliminationof conductiveand convectiveheat is a mejorconcernfor
assemblydesign. The pMblem of distributionis significantlyincreasedwith
introductionof carbonbrakediscs. They may be lighter,but they do operate
at a significantlyhighertemperature.Berylliumbrake discsoperateat
significantlylower temperaturesthan steelor cartmnbrakes.

Overheatingof brakeassembliesmay be encounteredin operationalu$e due
to ❑alfunctionor abuse. A combinationof low energystopsor a draggingbrake
may resultin gradualtemperaturebuildupthatwill negatenormalsafety
devicesor cause fires. Considerationehouldbe given’to detectionof this
conditionand designto minimizedamagecausedby inadvertentoverheatingof
the brakeassembly. Severalmethodsof temperaturedetectionhave been
conceived end tried without overwhelming succe9s. he have tried “TSf4P-STICKS,”
which are heat sensitivedeviceswhichmelt at a prescribedvalue. flaintenance
personnelplacetheseunitsin directcontactwith the hot braketo try to
ascertaincurrenttemperatures.They read fairlyreliably,but it is dangerous

o

to placepersonnelin such cloeeproximityto an overheatedbrake.

Brake temperaturegensor$and indicatorshave been used on some aircraft.
SensorsauIybe”mountedeitherdirectly
well. Reliabilityand maintainability

(

operatingenvironment. Currentuse of

\

in the brakeassemblyor in the wheel
problemsmay be geveredue to the gevere
thissystemin Air Forceaircraftis
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FIGURE3.2.4 .3. a-3
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limitedto the B-1 and C-9A. A systemwas installedon C-133aircraftbut
removedin operationaluse due to maintainabilityproblem. braketemperature
monitoringsystemhave beendevelopedand usedin severalcommercialaircraft,

Load deflectioncharacteristicshave an impacton designand service
performance. If the assemblyis too flexible,the torqueradiusdropsand
unevenwear and higheroperatingpressuresresult. Excessivedeflectioncan
also introduceeccentricor non-uniformloadinginto the brakestructural
members. The potentialresultsof this can be prematurefailurein the field.

Often the sourceof fieldfailureis warpageand dimensionalinstability.
Slotsopen-upor closedependingon the typeserviceexperiencedor the
temperature-timehistoryof the part. This is why the developmentcycleshould
containas ❑any evaluationsof actualserviceas possible.

Carbonbrakediscshavea much lowertoleranceto abnormalloading. For
example,they are incapableof supportingaxialloadsinadvertent1y transmitted
throughwheel deflections.The torsionalloadsmust be properlydirectedto
avoidlocalizedstructuralfailure. Axialdeflectionsof the heat sinkmust be
minimizedto preventdegradationgincethe individualdiscshave low rigidity
in responseto loadsin that direction. ‘

Performanceof somewheelbrakesystemswith antiskidcontrolis severely
degradedas the brakewears.

?

This is becauseof the increasein volumeof
....... ........ a,..,...-.UI’UK~&UblhL.Au1l ,.“.” bun, MiiSt k MXd %? ‘--h=-s..Skid C~Cl~ . p~qu~ ~

adjustment”can be used to compensatefor brakewear,however,most presentday
high performanceaircraftuse automaticbrakeadjusters.

Figurej..?.4.3 a-4 is a tabularsummaryof the typesof adjuetersused on some
currentaircraft. It is also notedwhetherthe aircraftutilizesanti-skid
brakecontrol. The significance of the information is that only the C-141has
manualadjustmentand employsanti-skidcontrol.
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Iiipvehicle

S~aPY of BrakeAdjustmentand Anti-SkidContro]

A-7
A-IO
6-52
b-57
c-5
C-7
c-~30

C-135
C-141
F-4
~-5

F-15
F-16
r-loo
F-lo2
F-105
F-106
F-!ll
WT.37
T-3&
~-3Y... ........... . .. ..... .. .

~
e of Adjuster

Automatic
Automatic
Automatic
Automatic
Automatic
Automatic
Automatic
None
Manual
Automatic
Automatic
Automatic
Automatic

Automatic
hanual
hanual
Automatic .

Technology,of
Anti-Skidlnstall~d

Intermediate
hew
Old
hone
tieu

None
intermediate
Intermediate“.
Old
hew
hone
l!%. :,.,
Intermediate
Old
hone
Old.... . “
hme
Intermediate
None. ...
hone
Intei~diate ~

FIGL!Hk3.2.4.3a-4
. r ...

(’
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Presenttires,wheelsand brakesare subjectto damagewhen subjectedto
greaterthanmaximumdesignlandingenergy. Xi.is an acceptedpracticeto
replacethesecomponentsaftera refusedtake off atopwith greaterthan
maximumlandingenergy. Replacementof otherlandinggearcomponentsafterany
refusedtake-offStop (upto designRI’Oenergy)is unacceptabledue to the high
cost of components.

Normally the landing gear is designedto withstanda.limitdrag load

resultingfroman effectivepeak brakecoefficientof 0.8. In some cases,
particularlyin growthversionsof an air vehicle,this coefficientis reduced.
If less than 0.8 is used,a test shouldbe accomplishedto verifythat peak
braketorquedoesnot resultin excessivedrag load. It meY be necessaryto
limitbrake torque to provide a oompatible landinggear system. If maximum
torqueis limited, refused take-off stopping performance is degraded.

Verificw : (Pat%graph4.2.4.3): llErakedurability,opeiiting

characteristicsand compatibilitywith interfacing’subsystemsuch as
shallbe evaluatedby .,,

~ale and Gu&@D.Q&: Brakeevaluationwill normallyconsistof
laboratoryand flighttesting. In so far as possible,.verificationshouldbe
by air vehiclestoppingtests. Performanceis likelyto be highlydependent
upon characteristicsof the air vehicleand environmentthat are difficultto
simulateaimultaneously in the laboratory. Someextremeconditionssuchas

. . . ...-.<.-.4 --l.,<,.+b- Iz.haea+,-,mvubaximum ana mlnuum LempernLure G-I .. ..v..--.6W ..... ... ...7--.-.---.,
. .. --- L- &)~

extreme operating conditions may alao be too hazardous for air vehicle test.
The requirementshouldclearlyindicatecharacteristicsto be evaluatedby air
vehicleteet becausethiscan be eignificentcost and echeduledriver.

VeriQ@&m LessonsLear@ : Brake failure❑odes experiencedIn the
laboratorymay have littlecorrelationwith failuremodeson tbe air vehicle
becauseof pnnr simulationof air vehicleoperation.Modificationof the brake
to eliminatelaboratoryfailuremodesmay induceadditionalfailur?modeson
the air vehicle. An exampleis that largedrivekey clearancesmay resultin
severebatteringdamageto brakedisc keywaya. Reductionof the clearanceto
eliminatethe problemcan lead’to eeveredraggingbrakeproblemson the air
vehicle, This is primarilydue to the fact thatthe actualloadingcycleon
the aircraftia quitedifferentthan the acceleratedlife test usuallyused in
the laboratory. Verificationrequirement ❑ust be structuredto insurethat
performanceon the air vehicleis the finalsuccesecriterion. Laboratorytest
failuresshouldnot be ignored,however,laboratorysuccessesare of no value
to the operationalAir Force.

3.2.4.3 RollingComponents- brakes

3.2.4.3- b ‘Brakeassemblybeat sink membersshal1 be capableof producing
operationallandingsand the brakestructuralmembersehallbe

capableof prnducing operationallandingswithoutfailureor wear
beyondlimits. The spectrumof operationallandingsie definedas _. ,,

~ and GL!WQCS: Brakeheat sinkcomponentsare the consumableportions
of the brakeaasembly. Rate of replacementdirectlyimpactethe lngisticcost
and eupportaf the equipment. Thereare numerousdesigntechniquesand
materialsavailablewhichmeet the designconditionsbut vary the average
servicelife. Therefore,the objectiveof thisrequirementis to expressthe
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logi9tic need?of the sygteain a mannerwhichwill influencethe designand
materialselectedto producethe desiredlife. .Someofthe techniques
availableto extendlifehave adverseeffectson other’characteristicssuchas
dynamicstability,peak torques,addedweight,and temperaturetransmittal.
So, establishingunrealisticliferequirementsmay inducesevereperformance
penalties. cautionmust be exercisedin this regard. It is re~O~ended that
minimumvalues suchas ‘!500!’landingsbe establishedforminimumrequirements.

Usuallyit is desirableto establishdifferentrequirementsfor the brake
heat sinkand the brakestructuralmembers(torquetube,actuationsystem,
mountinghardware,etc...). In the pastthe structuralcomponentshave been
veryexpensivecomparedto the heat sink. Thismay not be true for more recent
desigiagthatuse carboncompositeor berylliarnbrakediscs. In the cage of
steeldisc brakesit was customaryto requirethe brakestructuralmembersto
have a life fourtimesgreaterthan that of the heatsink. Oftenthisrequires
somerefurbishmentto attain. Brakestructuralmemberlifemay be somewhat
less than overallair vehicleservicelifebecausethe brakeoperatesin a very
9evereenvironment.

-.. .
HefUrblShMent of steel brake discs was nomlly not required.

Refurbishmentof carboncompositeor berylliamdiscsshouldbe carefully
consideredas a meansto reduceoperatingcost.

Heat sinkmass, lining or rubbing surfacepowerloadings;peak tempera-
tures,operating’techniquesand engineidlespeedhavesignlfIcantimpacton
the averageoperatinglifeof the brakeheat sinkmembers.,IIsterialselection,
stresslevels,boltingtechniques,housingand backplatestiffnessand
housing-torquetubedesignare parameterslimiting.brakestructuralIife.

J,essons LearneQ: Figure 3.2.4.3b-1 presentsthe averageheat sink life of
several current Air Force aircraft, and the type of brake linin#rotor
combinationin use on the design. This providesa basisfor estimationof heat
sinklife for new design.

Figure3.2.4.3b-2 presentsa summaryof AFLC dataon air vehicleand
brakestructuralfailures,includingbolts,in the 1970-1976time period.

. .
~ (Paragraph

“Brakedurability,
interfacingsubsystems,

.,,

4.2.4.3):

operating characteristics and compatibility
suchas shallbe evaluatedby

with

Utilizationof laboratory,flighttestsand squadronservicetestscovers
the totalusagespectrum. All facetscontributeto the knowledgeof perform-

(0

ante for determiningthe lifeof brakeequipment. Eachcontractshoulddefine
limits,where theyare known.
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Verification Le$sons Learned: Laboratory and flight test may predict brake
lifemuch higheror lowerthan thatexpe~iencedin operationaluse. The
primaryvariableis the test mission spectrum compared to the operational

mis3i0n spectrum.

Average Number Type of

Or L~ &inc/ Core

A-7
A-10
6-52
b-57
c-5
c-7
c-130
C-135
C-141
F-4
F-5
F-15
F-16
F-100 .
F-102
F-;OS
F-106 .
F-111
A/T-37
T-36
T-39

Si.nteredMetallic/Steel
Sinteredhetallic/Steel
Cersmic-lietal/Steel

SinteredMetallic/beryllium

SinteredMetallic/Steel
Ceramic-Eletal/Steel
Sinterediletallic/Steel.
SinteredMetallic/Steel
SinteredMetallic/Steel
Carbon/Carbon
Carbon/Carbon
SinteredMetallic/Steel
Ceramio41etal/Steel
SinteredlfetalIic/SteeI
Ceremio41etal/Steel
SinteredlAetallic/Steel
Sinteredlietallic/Steel
SioteredMetallic/Steel
SinteredMetallic/Steel

M&ma 3.2.!.3b-1. Meraee Umber of LenW@uea t Sink

I 0-3
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3.2.4.3 IiollingComponents- Brakes

,.
3.2,4.3- C Weans shallbe providedto determinecurrentstatusof brakewear
withoutdisassemblyor the use of specialtools.!, ...

~..~ Guidane: This is an expressionof an operationalneed to be
able to determinestatusof brakewear duringa pre-flightinspectionor after
any given flight. Ratherthandictatewear pins for measurement,ihe designer
is free to developany meanswhichwill providethis inspectioncapability,
consistent.with his overallmaintainabilityplan.

.

Perf’Orm~ce Parameters:Mechanicaldesignof the brake,frictionwear
characteristicsof the discsor liningmaterial,and maximumpermissiblewear
havemarkedinfluenceon the abilityto accuratelydisplaycurrentwear status
of the brakeassembly.

&h ~ f Criteriq: This itemwag previouslyexpressedin
specificationMIL-h-5013,callingspecificallyfor ‘(brakeliningwear
indicators.” This requirementhas beenestablishedfor over 10 yearsand stems
from operationallessonslearned,and generallyexpressesthe desiresof most
UsingCommands.

-,.

J.essonsLe-: .The’detailsof attachmentof wear indicatorsgenerally
controlthe adaquacyof the design. The problemsencounteredincludeimproper
use of frictional’mechanicaldevices,whichdo not “pullthrough”to give an
accurateaese.wment,otbrakedisk wear. Other❑echanicaldesignshave ,
encounteredeccentricloadingsand resultedin brokenparts. Therehavebeen
designswhichutilizethe mechanismof the automaticbrakeloadings.
Frequently.,designreliabilityis low due to exposureto thishostile
environment.

,, .,.... .:..:,,,..-..... ., .,..:, . . . . ..r..,
Iiearindicator;shouldbe“’readilyobservedand generallysimple in design

to providea reliableindicationof wear. Littleor no interpretationshould
be requiredto assessthe stateof diskwear. Some degreeof protectionshould
be providedif the indicatorextendsbeyonda readingsurfaceto preventdamage
due to foreignobjectimpact.

~
~ication (Paragraph4.2.4.3):

“Brakedurability,operatingcharacteristicsand compatibilitywith
interfacingsubsystems,such as shallbe evaluatedby

.,!

Rat.~e and G~: Brakeevaluationwill normallyconsistof
laboratoryand flighttegting. In go far as possible,verificationshouldbe
by air vehiclestoppingtests. Performanceis 1ikely to be highlydependent
upon characteristicsof the air vehicleand environmentthatare difficultto
simulate simultaneouslyin tbe laboratory.Some extremeconditionssuchas
maximumand minimumtemperaturecan be duplicatedonly in the laboratory.Some
extremeoperatingconditionsmay also be too hazardousfor air vehicletest.
The requirementshouldclearlyindicatecharacteristicto be evaluatedby air
vehicletest becausethiscan be a significantcost and scheduledriver.

(“
●

9nh
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VerificationLessonsLearned: Brake failuremodes experiencedin the
laboratorymay have littlecorrelationwith failuremodeson the air vehicle
becauseof poor simulationof air vehicleop-ation. Modificationof the brake
to eliminatelaboratoryfailuremodesmay induceadditionalfailuremodeson
the air.vehicle. An exampleis that largedrivekey clearancesmay resultin
severebatteringdamageto brskedisckeyuays. Reductionof the clearanceto
eliminatethe problemcan lead to severedraggingbrakeproblemson the air
vehicle. This is primarilydue to the factthat the actualloadingcycleon
the aircraft.is quitedifferentthan the acceleratedlife testusuallyused in
the laboratory. Verificationrequirementsmust be structuredto insurethat
performanceon th air vehicleis the finalsuccesscriterioo. Laboratorytest
failuresshouldnot be ignored,however,laboratorysuccessesare of no value
to the operationa1 Air Force.
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3.2.4.3 RollingComponents- Brakes

3.2.4.3- d I,Structuralfailureof the braketieatsinkshallnot resultin
.“ ,:<‘

~.’,,,.
W ionaleand Guidance: The intentionof the requirement’i~’to definethe
unacceptable modes of failure for the brake assembly. If the design can
tolerate minor discrepancies, strict adherence to no crack philosophymay be an
unnecessarycost driver. It is our intentionto defineunacceptableresults.
The blankshouldreflectunacceptableconsequencesof heat sink failure,sueb
as locking,pistonover-extension,piecesof discinducinga lockedwheelor
structuralfailureof the wheel,etc.

Rpfomsnce Pa af4a4Lr r’s: Maximumeurfaceand heat sinktemperature,heat sink
materials,lug loadings,peak torques,and runningclearancesprovidetechnical
influencein meetingthisrequirement.

6sckcroundand Sourceof Criteria: SpecificationMIL-h-5013containsa very
superficialdiscussionof brakedisc failurein Section4, which is inadequate
to evaluateperformancein the field. Therefore,thisrequirementis basically
a new requirementto reflectall the lessonslearnedin maintenanceand safety.

LeseOns Lea nedr : Brakedisintegrationcan be the caugeof seriousaccidents
and potentialfires. Figure3.2.4.3a-1 summarizesthe Air Force experienceof
failuresof this naturefor the period 1970- 1976.

A designapproachwhichhas beenused successflillyto preventfiresas a
resultof brakedisc failureis to use actuationpistonstops. The stope
preventthe pistonsfrombeingpushedfrom the housingand subsequentflooding
of the brakewith hydraulicfluidfrnm the openports.

Carbondisk brakesare more gusoeptibleto diskdisintegrationthansteel
discsdue to the lackof strengthwhen loadedaxially. Extraprecautionshould
be takenwith this typeof designto insurepistonretentionand fire
prevention.Carbnnbrakediscsgenerallyare operatedat highertemperatures
than its steelbrakecounterparts.

(Paragraph4.2.4.3):

“Structuralcapacityof brakecomponentsshallbe evaluatedby testand
analysisand the wheel lock-uprangeat variousspeedson differentsurfaces
shallbe evaluatedby analysis.”

VerificationRationale: Theoreticalresponseto numerousmodes of failurecan
be considerablymorecomprehensivethan thatwhichcouldbe evaluatedby test.
Limitedtestingcan be usedto evaluateand validatethe failuremode analyeis.

●

n LessonsLearn~:
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j.2. 5.1 Directional Control Svsten - G&nera~”

3.2.5.1 - a *,Dipe~tional control of the air vehicle for Operaticm On the
ground shall be providedas follows: *W

listionaleand Guidanc~: This is a statementof the totalsystemground
directionalcontrolrequirements.It establishesoverallconstraintsfrom
which the contractorallocatesspecificperformanceto the landinggear
steering,braking,propulsionand flightcontrolsystems. Two I@Or
requirementsto be definedare: the expectedperfomianceduringtakeoffend
landing,and groundmaneuveringof the air vehiclefor otherreaeons. Both
must be definedbecausethe allocationto the lsndinggear steeringstystem
will be differentfor eachcase. The requirement to meet both is Usuallya

.. .. . steeringsystemde:igndriver.

PerfO mwr Paiheterq:

P’..*.’%

Air vehicleGeometry
LandingGear Geometry
hidthof Runwaysand Taxiways
Type of AirfieldSurface
ParkingArea Restrictions
Cargo?iandling(LeadingDock
Takeoffand LandingSpeede
ThrustReversal

Compatibility)

IiaQw ound and .%u mP r of Criteria: This is a new requirement,which was not
previouslyidentifiedin any criteriadocument. Since it is a full system
requirement,the capabilityof the gteeringsystemis combinedwith various
other techniquesto identifythe directionalcontrol-pability desiredfor the
totalair vehicle. This typeof performancehas frequentlybeen confueedfor
purelysteeringsystemcapability.

Lessons Learned:

(1) A method frequentlyused to specifythe groundmaneuvering
requirementsis to eetablishthe maximumwidthpermittedfor the air vehicleto
meke a 180 degreeturnon a dry pavementwithoutuee of differentialbraking.
This characteristicis usuallypresentedin the flighthandbookfor each
currentair vehicle. Figure3.2.5.1a - 1 is a summaryof this characteristic
for some currentair vehicle.

(2) In somecases,obstacleclearanceby the air vehiclemay be more
restrictivethan pavementwidthavailablefor groundturning. The flight
handbookalso normallyprovidescharacteristicdata for currentair vehicle.

(3) Excessiverelianceshouldnot be placedon use of differential

●
brakingfor groundmaneuvering.Minimumradiusturnsusingthis approachare
difficultto accomplishwith precision. Also,this conditionfrequentlyresult
in the most criticallandinggear loads. If used extensively,this will result

(
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in landinggear reliabilityproblems. Directionalcontrolby differential
brakingis veryunsuitablefor air vehicle,operationonsoft surfaceairfields
becauseit causesextremesurfacedamage. Turnaroundrequirementsshouldnot
be so restrictivethattheycan be met onlyby a pivotturn.

(4) If it is expectedthat the air vehiclewill have a reversethrust
Capability,it may be disirable to establisha directionreversalrequirement
more severethancan be accomplishedby a normal 180degreecontinuousturn.
Operationof C-130,YC-14and YC-15air vehiclehas shownthat direction
reversalby severalmovementsof the air vehicle,includingbackingof the air
vehicle,is a practicaloperation. Pilotexperiencehas shownthat the number
Of movementsshouldbe restrictedto three.

.

(5) Air vehiclegrounddirectionalcontrolis usuallyseverlydegradedif
the airfieldsurfaceis icy, wet or aoft. Thisshouldnot be ignored.
However,establishmentof a requirementfor groundmaneuveringon anything
otherthan a dry concretesurfaceshouldbe avoided. Experiencehas shown that

verification of complianceon any other surface is impossible due to difficulty

of accuvate control of the many test variables.

(6) Airfield geomet~ for standard constructionis controlledby the
following manuals. These may be useful in establishment of requirements:

(a) AFM 66-3 Planning and Design of Theater of Operations Air Base

(b) AM 6b-8 Airfieldand“AirspaoeCriteria “
(

(-

0

I

0

(
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Air vehicle

~

A-7
A-10

6-52
6-57

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

F-4
F-5
F-15
F-16
F-1OO
F-105
i+-106
F-III

T-37
T-38
T-39

MIL-L-87139(USAF)
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Pavementh’idth
for 180Turn ●

Figure3.2.5.1a-I

●.Source:Air vehicle Flight Iiandbooks

VerificatiorJ [Paragraph 4.2.5. 1):

‘Direct ional control Derformance requirement.e of the total system ghal 1 be
evaluated on the air vehicle during the flighttest.”

VerificationRation* : Due to the many variablesinvolvedin the air vehicle
grounddirectionalcontrolcharacteristics,the only suitableverification
❑ethod is test of the completeair vehicle. Thisnormallyis accomplishedin
threestages. Tbe firstis an evaluationfor typicaloperation. This ia a
continuousprocessthrou@out the flighttest program. The seoondis a PlaMed
evaluationfor minimumradiusturnaon a dry pavedsurface. This IS
accomplished not onlyto evaluatethe minimumradiusturnsthatcan be achieved
by variouspilottechniques,but also to ❑eagureresultantstructuralloads.
The thirdphase,whichwill vary betweenair vehicleprograma,is evaluationof
directionalcontrolunderadverseconditions. Adverseconditionscan include
wet surfaces,soft surfacesor failureof some air vehiclesystems.

on Lesgons~:
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3.2.5.1 DirectionalControlSystem- General

3.2.5.1- b BtGpounddirectionalcontrolcharacteristicsshallPe7Mitthe Pilot
to preciselycontrolthe air vehicleunderthe followingCrogswindconditions:

.,,

flationaleand Guidance: Cro3swindlimitationon precisedirectionalcontrol
can severelylimitoperationalutilityof the air vehicle, The air vehicle
characteristicsdependupon performanceof propulsionflightcontroland
brakingsystemcharacteristics,as well as the steeringsystem. The crosswind
limit,however,can significarjtlyinfluencethe steeringsystemdesignboth
directlyand indirectly.An exampleof indirectinfluenceis that it may
dictatemain landinggeartreadand landinggear wheelba$e. Two flight
regimes should be considered. The first is the takeoff and landing case
whereinthe aerodynamiccharacteristicsare predominant.The secondis the
groundmaneuveringlimitwherethe landinggear geometryand steeringsystem
performancebecomepredominant.

PerformancePat-ametem:

AerodynamicPerformance

AirfieldGeometry

AirfieldSurfaceType

iirfieiaSurfaceStrength

LandingGear Geometry

&c kuroundand Source o! Criteria: Thieis a new requirement. It statesthe
performancewhichhas beenimpliedor leftto chancein varioussystems
documents.

LessonsLearneQ:

(1) Operationalcrosswindlimitsfor severalexistingair vehicleare
shownin Figure3.2.5.1b - 1. Informationwas derivedfromair vehicleflight
handbooks.

(2) OVeralllandinggear arrangementand basicgroundstabilityare
significantfactorsin crosswindoperatingperformance.This requirementmust
be compatiblewith the groundstabilityrequirement.

(3) Flighttest experience has revealed that shockstrutcharacteristics
oan influencecrosswindlandingresponse. Highbreakoutloadsof the strut
combinedwith aerodynamiccharacteristicsof the air vehiclemay resultin
failureof the air vehicleto attaina wings-levelattitudeduringrollout.
Thismay appearto the pilotas poor directionalcontrol.

110
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This requirement should apply to operation on dry concreteairfield
only. Crosswindperformanceis degyded on .1OWcoefficient of
surfaces. Houever, verificationof a statedrequirementon such
is difficult. Flighttest evaluationon adversesurfacesshOuldbe

accomplished for flighthan~bookdata.

““’---(5) Systemsto prepositionlandinggear for crosswindt~eoffs and
landingshave been usedon sae air vehicleto improvecrosswindoperating
characteristics.Recentexamolesare the B-52and C-5A. These sYat~9 are
recommendedonlywhen ju$tifiedby analysis
and pilotworkload
positioningshould

for cro$swindoperation.
be developed for section

of air vehiclehandlingqualities
Requirementsfor crosswind
3.2.9.
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Air vehicle

TVDe

A-7

A-10

b-52

B-57

c-5

c-7

C-123

c-130

C-135

C-141

F-4

F-5

F-15

F-16

F-1OO

F-105

F-111

Air Vehicle Crosswind Operating Limits

MaximumCrosswindComponent(Xnot$)

Takeoff .L@iJIK U

30 to 40 *

30

40

T-37 ,

T-38

T-39

● Depends upon GrossHeightand TakeoffSpee~

Figure ~.2.5.l b - 1

(-0
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verification (Paragraph 4.2.5. 1):

l,cro~~wind,.ontroI limitswill be’determinedby analysis,substantiatedby

f’lighttest.”

Vereification Rationale: Due to the complex interaction of flight control,
propulsion and landing gear systems, verification of the crosswind control
limits must be accomplished by flight test. Prior to availability of flight
test hardware, crosswindcharacteristicsof the proposeddesignshouldbe
evaluatedby analysis. This is normallyaccomplishedas a part of the overall
analysisof air vehiclestabilityand controlcharacteristics.

on Lessons LearneiQ:

3.,?, 5.1 Directional Control System - General

3.2.5.1- c “Emergencydirectionalcontrolshallbe providedwith the
followingcharacteristics: .t,

Wnale and
~.

an=:

Some type of emergencydirectionalcontrolsystemshouldbe providedto permit
completionof the designmissionor safe recoveryof tineair veiii~ieafter
Failureof’the normaldirectionalcontrolsystem. The designapproachto
providean acceptablecapability is highlydependentupon Succeescriteria
establishedby this requirement.It may be possibleto ❑eet the requirement
with existingnormalsystems,or it may be necessaryto providesecondaryor
redundantsteeringsystems. In many cases,differentialbrakingmay qualifyas
the emergencydirectionalcontrolsyetem. The followingstatementsare
poseibleperformancerequirement.efor the emergencydirectionalcontrolsystem:

‘The emergencydirectionalcontroleyetemshallpermitthe air vehicleto
completethe miseionafter failureof the normaldirectional
controlsystems. Completionincludesrecoveryof the air vehicleto the base
of origination withoutdamage’due to failureof the normaldirectionalcontrol
system.”

‘Afterfailureof the normaldirectionalcontrolsystem,it shallbe
possiblefor the air vehicleto maintaina pathalongtbe centerline of the
runway(~10 feet)after landing(Sea level,Standardday).”

‘The emergencydirectionalcontroleystemshallpermitthe air vehicle to
maneuver from the soft surfacerunwaywithoutassistancefromexternalpoweror
equipment. Maneuverincludesthe abilityto turn 1800in a maximumwidthof
100 feet.w
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Perforumnce parameter%: The following Parameter should be considered:

Air Vehicleheight
Air VehicleSpeed

.

Type of runwaysurface(hard/Soft)
ControlPrecision

Verification (ParazraDh 4.2.5.1 ]

“Emergencydirectionalcontrolcharacteristicsshallbe evaluatedas follows:
“

VerificationRationaleand Guidance:

Emergencydirectionalcontrolshouldbe evaluatedby air vehicletest.
Performanceis the resultof the complexinteractionof the air vehicleand its
environmentthat cannotbe accuratelysimulatedor analyzed. Sincesome
emergenty directionalcontroltestscouldbe hazardous,the evaluationshould
consistcf a seriescf testsdesigcedto graduallyapproachthe specified
condition.

Yereification Lessons Learned:

.

3.2.5.2 DirectionalControlSystem-‘Nose GearSteeringsystem
.,.

3.2.5.2-‘a ‘Thesteeringsygtemused to protideany pcrtionof the
dhectional’controlshallhave the followingcharacteristics: .“

,.
~e and Guidancq: Usuallygomeform of nose gear steeringwill be
requiredto provideadequatedirectionalcontrol. If this shouldbe the case,
it may be desirableto specifysome characteristicof the systemsuchas
methcdof controlamd type of indication.It may alsc be necessary tc

establishmaximumcontrclforcesand responsecharacteristics.This is
requiredto standardizecontrolsand insurethataircrewprccedureis similar
to previcu$air vehiclesto minimizeaircrewtrsmsitiontraining. In the case
of a largecomplexair vehicle,this requirementshouldestablishself-testor
builtin testrequirements.

PerformsnceParmeters:

Takeoffand LandingSpeed

Operatingh?wironment

LandingGear Arrangement

AirfieldSurfaceType and Strength

SteeringControlForce

Steeringhate
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Abilityto Tracka StraightLine

SteeringDeadband

Methodof Control(RudderPedalsor Idheel)

Indicators(StrutMarking,MarningLights)

Self-TestProvisions

ShimmyDamping

Backuound andr Sourceof CriteriB: This requirementis to providea methodof
includingspecificde$igncharacteristicsthathave previouslybeen directedby
ML-S-88 12,MIL-STD-203,and AFSC Designhandbook2-1. Systemrate and
responsecharacteristicshave not been quantitativelystatedin the past,but
ratherhave beencontrolledby test pilotconcensus. In the future,it ~Y be
desirableto establishquantifiedrequirementsto permitmore,orderly
developmentof the system. The type of control(rudderpedalor wheel)has
been diotatedin the past bY,MIL-STD-203. Steeringindicationsystemsand
built-in test have been’givenlittleconsiderationin the past.

LessonsLearned:

(1) Past aircrafthavegenerallybeen designedto the f0110win8crjteria:
. .

‘wThesteeringsystemshall‘bedesignedwith sufficient“’outputto~ue to
permitturningthe steeredwheelsthrou@ the full rangewithoutthe aid of
motionof the aircraftor enginethrustor auxiliarypower. The steering
@pability shallbe availablethroughoutthe design‘temperaturerangeof the
aircraft,and with the most criticalcombinationof weightand centerof
gravityat‘engineidle thrust,anda designcoefficientof frictionof 0.80at
the tire groundinterface. The tiresshallbe inflatedin accordancewith
applicableservicinginstructions,and all brakesmsy be assumedto be released
unlessnormalengineidlethrustis sufficientlyhigh to causemntion.”

Testinghas indicatedthat the actualmaxiumtireto groundfriction
coefficientmay be less than 0.8. Aircraftthat have littleor no capability
to turn the nosegear with the aircraftstatichave generallybeenunacceptable
and requiredredesignto increasesteeringtorque.

(2) Flightend laboratorytestsindicatethatexcessivenose gear steerangle
duringtakeoffand landing,particularlyon slipperysurfaces,i9 likely to

result in overcontrol by the pilot. If excessive steering angle is used,the
turningforcemay be lessthan the maximumavailable. This has causedseveral
aircraftaccidentg. Considerationshouldbe givento restrictionof gteer
angleduringtakeoffand landingto precludethis problem.

(3) Developmentof suitablesteeringrate and controlforcehave been preblem
areas on severalrecentaircraftdevelopments(C-141,F-15). frequentlythe
probleminvolvesexcessivedeadbandin tbe control,controlhysteresis,or poor
pedalgeometry. Carefulanalysisof initialflighttest resultsis recommended
to insuretimelydetectionand correctionof problems. Quantitativecontrol
criteriato avoidproblemsby good designare desirablebut not available.
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(~) Deflection of cables, pulleys, pulley mounts, and pulley mount back up
structureis a frequentcauseof poor responsein systemswith mechanical
control.

(5) tiIL-STD-203 required use of hand Wheel steering in cargo aircraft. This
is desired becauseit permitssmootheroperationduringtaxi,providinga
betterride for passengers.Recent work with prntotype aircraft indicates that
perhapsthe advantagesof the steeringwheelare not clearcut for tactical
cargoaircraft. At the presenttime it is probablybestto leavethe typeof
steeringcontrolunspecified.

(6) Some aircraftsteeringsystemshsvea methodto showthe pilotthe nose
gear steering angle. One evaluation reveals that such indicatorsare seldom
used and IMY be of littlevalue. On sme aircraftit may be desirableto
indicatethat landinggearare not centered. Indicatorson the landinggear
showingsteering angle are useful for rigging of the steering system.

~: (Paragraph 4.2.5.2):

‘System performance end control characteristics ehall be evaluated by an

analysis and flight test. A formal demonstration of the steering syetem

operation with the static aircraft shall,k accomplishedto determine
compliancewith factorsthatcan not be verifiedby flighttest. Configuration
designrequirements,including , shellbe verifiedby inspection
of engineeringdrawingsand hardware.m

~tion ~ : Performanceof the steeringsystxsois the ?eetdltof
the complexinteractionof aircraftsubgystamsand Eeometv. Flighttest of
the cmplete aircraftis consideredthe only validverificationmethod.
bsuallythis can be,qccnmpliehedconcurrentlywith flight.Perfo-ce te9t~8.
However,it may benecessaryto augnenttestingby formal test or demonstration
of the adverseeteeringconditions.Engineeringanalysigduringdevelopmentie
desirableto insuresuccessful
verification.

Ye lflcatlonLessOn
. .

r s Learned:

test. however,it is aot requiredfor

3.2.5.2 DirectionalControlSystem- Nose C@= SteeringSystem

3.2.5.2- b “Theprobabilityof occurrenceof a singlefailurethatresultsin
total lossof eteeringshallnot exceed_ per nisei.m.”

and GiQSQUSS: This requirementis to establisha limiton critical
failurefrequency(leesof steering)of the steeringsystem. This in turn is
expectedto influencethe contractorin selectionof the type of steering
systemto be used and the degreeof redundancyto be provided. It ehouldbe
tailoredto recognizethe importanceof steeringto the particularair vehicle.
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lerformance Parameter3:

Meneuverabil ity of the

Operating Environment

Performance of Similar

Air vehiclewithoutSteering

Air vehicle

Backmound and Sourceof Criteria: This itemreflectscriteriapreviously
identifiedin specificationHIL-S-8812. Requirements on failure mode and
effect were introduced into this document in 1975 and they represent input from
industry. It is more specificthan previouscriteriain that it establishesa
numericalvalueto be achieved. Previousrequirementswere qualitative.

J-e99ons Learned:

(1) Figurei.2.5.2 b - 1 is a listof demonstratedfailureratesfor
severalair vehicle. Thesedatawere obtainedfromaccidentlincidentreports.
It is suspectedthat actualfailureratesare muc& higher,becausenot all
failuresresultin accidents/incidents.The failurerate for the F-4 air
vehicleis consideredaccuratefor a limitedoperatingperiod. The rate is
consideredunacceptablefor thisair vehicle.

(2) Some air vehicleincorporatedual sourcesof steeringpower. This
shouldbe consideredfor air vehiclethat must have operablesteeringto
maintaincontrolfor takeoffand landing. It may also be desirablefor air
vehiclethat can not be taxiedby use of differentialbrakesand thrust.
Secondarysystemsshouldbe pilotselectableafterthe air vehicleis on the
groundand shouldnot degradebrakingperformance.

●

k..
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Air vehicleSteeringSystemFailureRates
,.

Loss of Steering
...’

Air vehicle FailureRate Observation
Period
JYc!fL_ Failuresper Flvin E hour

A-7

A-10

B-52

B-57

c-5

C-7

C-123

I
‘ C-130

,C-135

C-141

F-4

F-5

F-15

F-16

F-1OO

F-105

F-111

T-37

T-3&

I T-39

\

Figure3.2.5.2b - 1
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~ . . .
(Paragraph4.2.5.2):

l,prObabilityof systemfailureshallb-e-assessedby a failuremode

analysisand historicalfailurerate data. Criticalfailuremodesshallbe
fu@her evaluatedby .“

. .~: This requirementusuallywill besuch a low rateof
occurrencethat demonstrateion by flighttestis not practical. Verification
shouldbe by use of a failuremode analysiscombinedwith historicalfailure
ratesof similarequipment. in somecases,It may be difficultor impossible
to determinethe resultof sc+oecomponentfailures. The.effectsof such
failuresshouldbe investigatedby simulati~,os a laboratorysimulationof the
systemor on the air vehicle. ;,,... ....

n Les~:

3.2.5.2 DirectionalControlSystem- Nose GearSteeringSystem

3.2.5.2- c mTheprobabilityof Oc=urpenceof a s~le failurethatresultsin

‘herdover* steeringresponeeshallnot exceed_ per mission.n

P’
~: This requirementis to estarxlsna iimiton criticai

..

failurefrequency(steeringhsrdover) of the steeringsY9tem. This i9 USUS1lY
a more dsngerouefailuremode than loss of steeringand generallyeasierto
prevent. It should,therefore,be establishedIn additionto the failurerate
establishedby 3.2.5.2b. This shouldinfluencethe contractorin seleotionof
a bseicdesignand provisionof an adequatelevelof fail-safefeatures.

~:

Air vehicleControllabilitywith a SteeringNardover

OperatingEnvironment

Performanceof SimilarAir vehicle
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LessonsL-:

(1) Figure3.2.5.2c-1 is a listof steering%ardover” failurerates
experiencedon some currentair vehicle. Thesedatawerederived fromair
vehicleaccident/incidentrecords. Failureratesare consideredacceptable
with the exceptionof that shownfor F-4 air vehicle.

..

(2) The acceptablefailureratesgenerallyresultfrnmstructuralfailure
of ❑echanicalcomponentsonly. Hardoverfailuresdue to malfunctionof
hydraulicand electricalcomponents must be fullyeliminated.This requires
carefuldesignpracticeto insurefail-safedesign.

.,. ,, ..,.

(3) Accidentreportsgenerallyindicatethathardoversteeringfailures
‘ are much less serioue””on largeair vehicleas compared?A:aBAll;air vehicle.
Apparently
controlby

the largemass reducesresponsetimeand permitsthe pilotto regain
othermeans.

,.., .,

Air vehicleSteeringSystemFailureRates

,.i?, IiardoverSteering:

Air vehicle +”; . FailureRate
Peried

,. .-,..,.

J&r&L ‘‘ FailuresDer FLQr@im
:7,:

A-T. -,:,

A-~f):: ..?,;,,, , ,-
;!: ,. ,-

B-52
B-57 “’“

c-5
C-7
c-123
C-13(I
C-135
C-141

F-4
F-5
F-15
F-16
F-ICNI
F-105
F-111

T-37
T-38
T-39

Figure3.2.5.2c - 1
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Verification (Paragraph4.2.5.2): “

‘Probabilityof systemfailureshallbe assessedby a failuremode
analysisand historicalfailureratedata. Criticalfailuremodesshallbe
furtherevaluatedby .,,

VerificationRationale: Acceptablefailureratesare so low that verification
by flighttest is not practical. A failuremde analysiscombinedwith failure
ratedata for similarcomponentsusuallywill provideadequateverificationof
the requirement.In some cases,it may be necessary.to inducesimulated
failuresin a laboratorysimulatoror on the air vehicleto verifyfailure
modesand effects. This is recommendedin the case of uniqueor complex
designs. Componenttestingmay also be requiredto developsuitablefailure
rate data for new~designcomponents.

3.2.5.2 DirectionalControlSystem- Nose Gear Steering’System

@

3.2.5.2- d ‘In the eventof failureof the pri~rv steeringsystem.emerKencY‘
steeringshallbe providedwith the followingcharacteristics: .“

\ ~ and@. m: If a nose gear steeri~ %yst&iois requiredto provide
normaldirectionalcontrol,considerationmust be given to directionalcontrol
in the eventof failureof the system. This requirementis to defineunique
requirement, Possiblecharacteristics.j.nclude:,.pilotor automaticselection
of an alternatepowereystem,indicationof primaryfailure,typeand amountof
steeringto be accomplished,emergencysteeringshellnot degradenOr~l .Or
emergencybrakesystemperformance.

PerformanceParameters: Gear locations,tire sizing,ruddercontrol,and
hydraulicsystemdesigninfluencethe need for emergencyeteeringcapability.

-round and Sourceof Criteria: A requirementfor emergencysteering
capabilityhas beena requirementof specificationMXL-S-8812since 1969.
However,mmt militaryair vehiclesachieveemergency
differentialbrakesor ruddercontrol.

directionalcontrolwith

!-m m Lea0 rr@:

(I) Emergencysystemgthat operateby providingn secondsourceof
hydraulicpressureawt be designedwith care to preventcreationof additional
criticalfailuremodes. Eioergency steeringshouldbe designed90 that it does

not degrade normalor emergencybraking.

● (2) The questionof automaticor pilotselectedemergencysteeringshould
be carefullycon.$idered.Automaticselectionreducespilotworkloadand
providesminimumtransfertime. Pilotselection,on the othr hand,reducesthe
possibilityof depletionof the emergencysystembeforethe criticaloperating

(.,$,

period. All hydraulicselectorvalvesshouldbe designedeo that fractureof
the valve bodywill not resultin loss of both steeringsystems.

If}
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(3) stewing systemsthat use two sourcesof power for nornaloperation
have been usedto fulfillthis requirement.Considerationmust be givento
whetheroperationwithone systemfailedwill providesufficientsteering
torquefor emergencyoperation. . ..

(4) Use of differentialbrakingfor directionalcontrolis often
considereda suitablesubstitutefor an emergencysteeringsystem. This may
not be a suitableapproachfor air vehiclewithcompiexlandinggear
arrangement.9,narrowlandinggear treador unpavedairfieldoperating
requirements.

~
. . “o (Paragraph 4.2.5.2):

‘Systemperformanceand controlcharacteristicsshrillbe evaluatedby an
analysis and a flighttest.n

Yerifk ion Rationt ale: Performanceof the emergencysteeringsystemis the
resultof a complexinteractionof air vehicleaubsysteusand configuration.
Suitabilitycsn be determinedonly by testof the completeair vehicle.

J@flca
. tion LessongLearned:

3.2.6 ~ Gear Actuation

I 3.2.6.1 LandinuGear Actuation - Retractio~-ExtensionSvsteB

I 3.2.6.1- a wThelandinggear retractionand extensionshallbe actuatedby

crew❑embersby .“

: The intentof this requirementis to identifythe
techniquerequiredfor landinggear actuation.Normallythe gear actuationie
accomplishedby actuationof a standardgearhandle,locatedin a prescribed
positionon the instrumentpanel (ST~AG 3220). Ikwver i SIIoPtiOniS needed
to accommodateotherthan the standardinstallationwithoutrequiringa
specificationdeviation. The need for standardization13 to reduceaircrew
trainingrequiredfor transitionfromone air vehicleto another. Tbe blank
shouldreflectthe desiredarrangement.The usingcommandshouldhave a
positiveinputintothis requirement.Anotheroption wouldbe to not specify
the controlsor includethisrequirement.

PerformanceParameters: Gearhandledesignand placement,cockpitarrangement

I
and etandardoperatingprocedure controlthisrequirement.

I Bach roundand Sourceof Criteria: Thisrequirementwas previouslystatedin
specification141L-STD-203and AFSC OesignHandbook2-2 in a formthat couldnot
be tailored. PreviousrequirementsincludeInternationalstandardization
agreement(STASAG3220,Location,Actuation,’and Shapeof AirframeControlsfor
FixedMing Air vehicle).

122
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j,essons Learne4 : The followingcriteriahas beenused in the past for location
and actuationof the landinggear control:

“Install the landing-gear oontrol lever so that it is foruard of the power
controls when they are in the full-open position (STAkAG32Z0, Location,
Actuation, and Shapeof AirframeControlsfor FixedMing Air vehicle). Ensure
that the landing-gearcontrolis UP for wheelsup, and 00UN for wheelsdown,
and that it is so marked. In single-or tandem-pilotair vehicle,installthe
landing-gearcontrolleveron the left side of the pilot’scockpit. In
side-by-sideair vehicle,installthe landing-gearcontrolleverwhereit is
convenientlyaccessibleto boththe pilotand copilot(STANAG3220,Location,
Actuation,and Snapeof AirframeControlsfor Fixedking Air vehicle). In the
ease of exceptionallywide cockpits(wherecompromiseof accessibilityby both
the pilotsis required)locatethe controllever 90 as to favor operation by

the copilot.’1

some air vehiclehave a threepositionlandinggear controlthat requires
the pilotto use two movementsduringthe landinggear retraotion. The first
aPP1iesPressure to the retraction system. The secondrepressurizesthe system
after the landinggear is retracted. A two positioncontrolwith automatic
!WrW’d of pressureis considereddesirablebecauseit reducespilotworklmad.

The methodof actuationshouldbe givencarefulconsideration.Usually,
the control handle actuates several electrical switches or is mechanically
connected to the selector valve. Both approaches have beenused successfully.
Equipmentshouldbe designedwithminimumdependenceon properrigging. Figure
3.2.6.1a-1 is a list of the typesof controlsystemsused nn variousair
vehicle.

A solenoidoperatedmechanicallock ie used on most air vehicleto prevent
inadvertenteelectionof landinggearretractionwhile the air vehicleis on
the ground. The lock is unlockedby an electricalsignalfrom landinggear
❑ountedswitchesthat detectthat the air vehicleis in flight. Usually,an
overrideswitchis provided”to enablethe pilotto retractthe landinggear
while on the ground,or in the eventof failureof the lockto unlock. An
alternateapproachis to interruptthe retractioncommandelectricalcircuit
directly. This approachhas been successfullyused on a recentair vehicle
(F-15).

(Paragraph4.2.6.1):

,,Retraction-extensionsystemoperationand operatingcharacteristicsshal1
be demonstratedby .,!

on Ration* : Normally,the suitabilityof tbe design,locationand
operationof the landinggear controlcan be evaluatedby inspectionof
engineeringdrawings,crew stationmock-upsor actualhardware. Unusual
desigmgmay requirepilotevaluationduringflighttestor formaldemonstration
to verifysuitability.

on Lessons Learn@:
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Air vehicle
TvDe

A-7

A-10

B-52

B-57

B-66

c-5

c-7

I C-123

1 C-130

c-135

C-141

F-4

F-5

F-15

F-16

F-1oo

F-~05

F-106

F-III .

T-37

T-38

T-39

Retraction/ExtensionControls

Type of

@QLCQi

tiechanical

Electrical

Electrical

Electrical

Mechanical

Electrical-llultivalve

Electrical

Electrical

Electrical-Flultivalve

Electrical

Electrical

tlechanical

Electrical

Electrical

Mechanical

Electrical

Electrical

Figure3.2.6.1a-1

Failure
Rate

●

(
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3.2.6.1 LandingGear Actuation- Retraction-.ExtensionSystem

j .2.6. I - b q f “~ed, fairingdoor actuation .and 10cking shall be .“

Rationale and Guidance: The objectiveof the requirementis to establishthe
relationshipand mechanicalinterfaceof the gearand dooractuationand
lockingsystem. Usually,thisstatementwill be completedby the phrase:
‘automaticallysequencedwith the landinggear actuation.n The lntent he~e is
to minimizeaircrewworkloadand to standardizeaircrewprocedures. ln some
special cases, however,it may be desirableto providecontrolsfor 9epaFate
operationof the fairingdoors. An examplewouldbe to open doorsthatare
normallyclogedfor groundoperation.

: Door sequencing,normaloperatingpositions,power
sourcessequencecontrol, snitch designsand functions,emergencycontrols,and
maintenanceproceduresall impactthe meetingof this requirement.

-round and Sourceof Criterti: This item wae previously oontained in AFSC
DH 2-1 and AFSC DH 1-6. The requirementdatesbackto AItD@l80-1 Or HIAD in
the 1955time period.

kWWWCIM:

1. Landinggear and door sequencingia frequentlya majorsourceof
problemsin developmentof a new air vehicle. The bestapproachis to minimize
or eliminatesequencingby eliminationof ianainggear fairingdoova,or &f
connectingthe doors directlyto,the landinggear. Seriousconsideration
shouldbe given to statementof this designapproachas a partof this
requirement.

2. Currentair vehicleuse one or more of the three’basictypesof
sequencing: mechanical,hydraulic,or electrical.IlechsnicalCOnaiStSOf Use
of links,bellcranks,torquetubes,etc. to transferlandinggear motionto
door drive motion. hydraulicincludesuse of priorityvalves,actuator
internalporting,or mechanicallyactuatedvalvesto operatedoor actuatorsat
a propertime in the landinggear operation. Electricalconsistsof detection
of landinggear and door positionsby electricalswitchesto enablecontrolof
relays or solenoid operated hydraulic valves to apply power in the proper
sequence. Figure3.2.6.1b-l is a listingof the typesof sequencingused on
variouscurrentair vehicle.

3. F-5, F15, and T-38 type air vehicle include separate door controls so
t,hat doors can be opened for ground rnaintensnce. This introduces eeveral
design problems. The firstis that it may presentoperationalproblemsif
doorsare not returnedto properpositionbeforeflight. The actuation
sequenceand in-flightperformanceshouldnot be degradedby thismaintenance
error. As an alternative,the errorshouldbe correctableby the pilotwhile
the air vehicleis in flight. Separateoperationof doorsalao resultsin a
need for door groundlocksto preventinadvertentgroundoperationwhile
pergonnelare in the wheelwells. Controlswitchesshouldbe locatedso that
the operatoris clearof the door operation,but so that he can readily
determinethatall personnelare clearof the doors.

1.25
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4. Proper operation of gone sequencing methodsis very dependentupon
hydraulicpressure,hydrau1ic flow,dynamicloads,and aerodynamicloads. It
is essentialthat it be possibleto checkthe systemfor properoperationwith
the air vehicleon jacks. Groundcheckoutset up and test proceduresmust be
developedthat adequatelysimulatethe in-flightoperation. If this is not
possible with the proposed design,the designmust’be changedto providea
practicaloperationalair vehicle.

5. Proper timingof landinggear doer locksto the doer drivesystemis a
frequentproblemarea. Usually,some type of’time delay i9 used tO iIISUPedoor
unlockingis completebeforedoorsare poweredopen. Timedelaysystemsare
not failsafe and sometimeswill not performproperlyat extremeteIQperatUreS.

I Door unlock detectionsystemsavoidtheseproblems,but add significantlyto
controlcircuitcomplexity.

6. The effectof landinggear and deeractuationdynamicson preper
sequencingof door locksis frequentlyoverlooked.Reboundof th door fMm the
closedpositionmay preventproperlocking. Oscillationmay combinewith
controlcircuitcharacteristicsto causebuzzor chatterof doorsand locks.
This can be avoidedby deceleratingthe deernehr the closedpositionand by
use of a timedelayto inwre that door closedand lockedforceis maintained
for sevento ten secondsafterinitialindicationof locking.

I

I (Paragraph4.2.6.1):

1 ,,RetractiOn-e~ten~ion systemoperationand operatingcharacteristicsshall

be demonstratedby .“

tion Rati* : Proper operation of the landing gear and deors is the
result of a complex interaction of air vehicle subsystems, d~ic and
aerodynamic loading. It can be evaluatedonlyby flighttest of the air
vehicle. Preliminaryverificationby analysis,laboratorytest of a SiMUlated
system,and with the air vehicleon jacks,is highlyrecommendedto minimize
flighttest timeand cost.

( ●

I LessonsLearn~:
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F-105
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LandingGear ActuationSy9tem
LandingGear/FairingDnorSequenceHethed

Flechanical

Bydrmmechanical

hydromechanical

Electrical

Hydromechnnical

Electrical

Electrical

Electrical

Hydromechanical

Electrical

Mechanical

14aohanical

Electrical

Mechanical

hain La dingn“

Mechanical

hydromechanical

Iiydromechanical

Electrical

Hydromechanical

Electrical

Electrical

Electrical

hydromechanica1

Electrical

Hydromechanical

Electrical

Electrical

Electrical

Figure 3.2.6.l.b-l
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3.2.6.1 Landing Gear Actuation - Retraction-Extension System

3.2.6.1- C ,qhep~~batjilityof O~~urrenciof“asinglefailurethat resultsin
failureof any landinggearassemblyto extendand lockin the pogitionfor
landing shall not exceed per mission.”

Rt’ 1 ~.
~: This requirementis neededto establishan acceptable
levelof failurerate for the extensionsystem. It indirectlyestablishes
Cnmpc.nentreliabilityand systemredundancyrequirements.Experiencehas
indicatedthat it is impracticalto eliminateall criticalsinglefailures.
This requiresfullsystemredundancythatnot only increasecost but also
resultsin complexsyatmg thatare difficultto maintain. This requirement
recognizesthis fact,and shouldreducethe possibilityof developmentdelays
and cost thatresultfrom tryingto designa ‘perfect”system.

lerfo amnce par r~. Systemredundancy,powersources,lockdesigns,
actuatorreliability,and linkagestresslevelsall have an influenceon
meetingthis requirement.

~ kr r“t “ : Thisis essentiallya new requirementin
thata quantitativestatementof performancehas not been used in the past.
The past approachwas to specifya generallevelof redundancyand to prohibit
.orrequirecertaindesignfeatures. Requirementswere containedin AFSCDesign
Handbook2-1.

h sson s Lear~:

1. Figure3.2.6.1.c-1is a listof landinggear extensionfailurerates
experiencedon severalcurrentair vehicle. Theseshouldbe usedas a basis
for establishmentof ratesfor new air vehicle.

.,

2. Considerationshouldbe givento the factthat air vehiclewith
multiplelandinggearsmay be able to landwith one landinggear retracted.
Thismay requiremodificationof this requirementstatement. Landingwith one
assemblyretractedwill imposesnme weightlimitand may requirespecial
techniques.Operatinglimitsshouldbe evaluatedby analysisto insurethat
theyprovidea usefulemergencycapability. Flighttest to evaluatetechnique
shouldbe accomplished.Thisapproachwas successfullyused in developmentof
the C-5A air vehicle. )

Verifica~ (Paragraph4.2.6.1):

,,Retraction.extensionsystemoperationand operatingcharacteristicsshall

be demonstratedby .,0

YerificationRatm: The acceptablelevelof failureis normallyso low
that verification by test is not practical. The requirementshould.be verified
by failuremode and effectsanalyaisof the extensionsystemcombinedwith
historicalfailurerate data for similarcomponents. In some casee,it may be
neceesaryto accomplishlaboratorytestingto verifyfailuremodesand effects,
and to establishfailurerate data for new designcomponents.

. .
_ation LessonsLearned:

—
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LandingGear Extensim FailureRates

Air vehicle Failures Per Fai~uresPer ObservationPeriod
lvDe FIYinz hour iandinu La@iOKs

A-7
A-lo

b-52
B-57
B-66

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

F-4
F-5
F-15
F-16
F-1OO
?-105
~-!~~
F-Ill

T-37
T-38
T-39

.8 X 10-6

.8’X 10-6

1.0 X 10-6

1.7X 10-6

6.1 X 106 4.9 X fob

4.9 x 106 2.3 X 106

Figure3.2.6.l.c-l

3.2.6.1 Landing Gear Actuation - Retraction-Extension System

3.2.6.1- d “Reversalof the lendinggear controlduringactuationshall
resultin the landinggear going to the lastpositionselected.”

lk&20nale and Guidancq: This requirementis to insurethat considerationis
given to systemoperationif the commandis chamgedbeforethe systemcomplete9
an earliercommand. In some cages,however,it may be necessaryto use $ome
other schemeto avoidsystem,designproblems. Then the requirementshouldbe
changedaccordingy.

~: Hydraulicor electricalsystemdesign,gear sequencing
and methodsof controlare significantperemeter$.

●
Backgroundand Sourceof Criteria: This requirementis from the AFSC Design
Handbook2-1. It is believedthat all currentoperationalair vehiclecomply.

~ : It may not be possibleto meet thisrequirementwitha system

(
usingmechanicallyactuatedhydraulicvalvesto gequencelandinggearand
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(-
fairingdooractuation. F-15 experienceindicateethat this is the case for a
designthat requiresthat fairingdoorsbe clo,sedafter.extensionof the
@ridinggear.

All systemsshouldbe analyzedin the designstageto determineif there
iS any criticaltimeperiodsthata controlreversalwill createa problem.
Considerationof dynamicloadsand time delayfunctionsof the systemmay be
requiredfor’an accurateanalygis.

Controlreversalcharacteristicsaftersinglecomponentfailuresin
complexelectricalcontroland indicationsystemsshouldalso be reviewed.
Failureof a singleswitchmay not only givean indicationthat the landing
gear ie not in the positionselected,but also disruptnormalsequencing.

It may be propogedthatthis requirementbe ❑edifiedto establisha time
limiton reversalor thatthe landinggearimmediatelygo to the lastposition
selected. The concernis thata landinggear thatmust go fullyto the first
positionselectedwill takeexcessivetime to reachthe last position.
Modificationof the requirementin this formshouldbe re$istedbecauseit may
complicatethe designand increaeecost excessively.

~Iflcat. . ion (Paragraph4.2.6.1):

,,Retraction-extensionsystemoperationand operatingcharacteristicsshall
be demonstratedby .,,

~~on Rati.,,
w: Controlreversalcharacteristicsof the actuation (0

systemnay be verydependentupon systemdynamic,hydraulicSUPPIy
characteristicsand aerodynamicloads. Verificationof the characteristics
must, therefore,be accomplishedby flighttestof the air vehicle.

I
Verificationof the controlreversalcharacteristicsshouldbe I

accomplishedon a landinggear simulatorand on the firstair vehiclepriorto
firstflight. Usually,thisis accomplishedas a part of the subsystem
functionaltestafterinitialassembly. A retestof controlreversal
characteristicsShouldalso be accomplishedwith the air vehicleon jacks
whenevertestair vehicleare modifiedby componentsthataffectthe retraction
or extensionsequence.

Verl lca.f.
tion LessonsL-:

3.2.6.1 LandingGearActuation - fret.raction-Extension System

3.2.6.1- e ,,Retractablelandinggear shallretracthIt.Oen aerotiymanically

fairedenclosureand the fairingdoorsif used,shallcloseand lockwithout
damageat all airepeedsfrom to for flightat ,!—.

I

~: This requirementis to establishthe rangeof airspeed
for retractionof the landinggear and to definethe flight.conditionsat which 0’

the limitsapply. Usually,minimumairapeedfor retractionis not a problem.
Landinggears usuallyretractwith the air vehiclestaticon jacke. In SpeCial
cases,such as use of an air turbineto powergear retraction,it may be (

130

Downloaded from http://www.everyspec.com



(

●

P

MIL-L-87139(USAF)
APPENDIX

desirableto specifya minimumairspeedfor operation. A possibleselectionis
‘minimumflyingspeed.” The ❑aximumairspeed is frequently a designd?iverin
sizingof retractionor doorclosingactuators. The value selected usually
mill dependupon the typeand perfor~nce of the air vehicle. It may alsobe
establishedindirectlyto be compatiblewith landinggear extendedlimitspeed
or landinggearextensionlimitspeed. A possibleapproachis to specifythat
the ❑aximumairspeedmust be compatiblewith air vehicleperformanceand
missionrequirements.In somecases,the UsingCommandmay specifya minimum
valuebasedon operationalexperience. Conditionsfor applicationof limit
speedsmust be defined. This should include temperature (usually 590P),
altitude (usually sea level ), air vehicle attitude (side slip, yaw, pitch,
roll ) and possibly configuration.

r rt~: Minimumf1ying speed,landinggear extendedand
extensionlimitspeeds,takeoffperformance,air vehiclemaximumand minimum
weights,landinggear complexityand operatingtimeare factorsthat influence
the designneed.

F!ackmoundand Sou ce or f Criteris:

1. Landinggear retractionlimitairapeedfor severalcurrentair vehicle;
are shownin Figure3.2.6.l.e-l.

2. Aerodynamicloadson the landinggear and doorsare frequently
difficultto predict. Errorsto 100Shave beenexperienced.This may result
~~ ~~..,~~~~~:~.”~~~~~nof $A~e~ar,~~r.ggear ~iz~~ .,.--A “..”..”“,.. ~c ~~.: ~~a,.,r,e~“y... .“.+..=.. .
value. The retractionsystemshouldbe instrumentedfor load and air load
surveysaccomplishedearlyin the flighttest program.

3. Externalstoreson someair vehiclemay significantlychange
aerodynamicloadson landinggear doors. Performanceshouldbe evaluatedwith
variousexternalstoresconfigurations.

VerlflcatlonLes ons
.

s Learned:

~
. . (Paragraph 4.2.6.1):

‘Limitsof speed for retractionand extensionshallbe determinedby
analysisof flighttest results.n

ion ltationa~: Normally,the suitabilityof the retractionsystemto
functionproperlycan be determinedby directobservationof flighttest
results. Loadsinstrumentationmay reveal,however,thatalthoughthe function
is proper,retraction❑echanismstressesare too high for reliableoperation.
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Air vehicle
~ e

A-7
A-10

B-52
B-57
B-66

F-4
F-5A/B
F-SE
F-15
F-16
F-1oo
F-105
F-106
F-111

T-3.7
T-38
T-39

LandingGearActuationSystems
,..

AirspeedLimits

AirspeedLimits
Gear Own Retract Extencj

2k4 knots 220 knots 220 knots
200 200 200

305 220 305
200 200 200
250 250 250

250 250 250
240 240 240
260 260 260
300 300 300
300 300 300
230 230 230
275 240 275
280 280 28o
295 295 295

150 150 150
240 240 240
180 f80 180

Figure3.2.6.l.e-l

limer~encvExtend

180knots
200

305
200
250

250
240
260
250
300
230
275
250
295

150
240
180

(. ●

I32

Downloaded from http://www.everyspec.com



(“
●

?’
..

MIL-L-t17139(USAF)
APPENDIX

3.2.6.1 LandingGearActuation- Retraction-ExtensionSystem

3.2.6.1- f ,,Retractablelandinggearsshallextendand lockand the fairing
doors if used,shallbe positionedas requiredfor landingwithoutdamageat
all airspeedsfrom to for flight at .,,

Rationale and Guidance: This requirement is to establish the rninimm
acceptable range of airspeeds for extension of the landing gear and to define
the flight conditions at which the limitsapply. Rationalefor statement
completioninclude:

The minimumair speedshouldusuallybe ‘O*’to avoidexcessivedesignreliance
on air 10adsto extendthe landinggear. Thisalso enablescheckoutof the
landinggear with the air vehicleon jacka. Frcma practicaloperational
limit,this blockcouldalso state: ‘minimumflyingspeed.”

xc kmound and SouPceof Criteri8: Previousrequirementswere basedm
structuraldesigncriteriaof MIL-A-8862. Thiscontainedfour conditionsto be
consideredto determineactuationspeedfor the latidinggear. Usually,this
was discussedwith the contractorspriorto contractawardand a general
agreementreachedon a specificairspeedfor design. Frequently,the actual
basisfor the designcriteriawas comparisonwith similartype of air vehicle
or previousexperienceof the contractor.

The maximumai?speedfor landinggear extensionshouldbe the minimum
=c.ep~=~he~. ...+-A..”:~ae“a”,,+“aA =~~~~op.-~.,...- ,-%-----

This block should be completed as necessary to define the flight oondition
at which the limit speedapplies. This shouldincludetemperature(usually59
F), altitude(usuallysea level),and possiblyflightattitude(roll,pitch,
yaw).

~ s: Maximumand minimumlandingweights,gear placard
speeds,actuatorpower,and strength,and fairingdoor designsare limiting
factorsfor thierequirement.

LessonsLearned:

1. Figure3.2.6.1.e-1 ig a listof extensionlimitspeedsused on various
currentair vehicle. Thesevaluesare pilothandbookrecommendationsand may
not representoriginaldesignrequirements.

2. Applicationof the criteriacontainedin MIL-A-8862❑ay not resultin
adequateor reasonablelandinggear limitspeeds.

3. Althoughit is de9irableto have the landinggear operatein a
directionthat enablesthe air load to assistextension,normaland emergency
extensionshouldnot dependon this air load for properOperatiOn. uSe of a
landinggear that requiressome minimumairspeedfor operationshouldbe
avoidedbecauseit presentsmaintenancedifficulties(hardto flmctionaltest
and adjust), and may be sensitiveto lubrication,wear and air vehicle
maneuvering.

b. hany factor’sother
significantin selectionof

thannormallendinggear operationmay be
the maximumlandinggear limitspeed. Esamples
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include: use of the landing gear as a’ high speedair brakeand air traffic
controlrulesfor operationnear airports. The limitshouldbe set onlyafter
carefulanalysisof the totalmissionof the new system.

Verification (Paragraph4.2.6.1):

“Limitsof speedfor retractionand extensionshallbe determinedby
analysisof flighttest results.w

Verlrl. .
cationRationalg: Ttiisrequirementcan be verif’iedonly by flightte?.t

becauseproperoperationis the regultof complexinteractionof the air
vehicleaerodynamics,dynamics,and systemdesign.

v . . .
~ LessonsLear~:

3.2.6.1 LandingGearActuation- Retraction- ExtensionSystem

I 3.2.6.1- g ‘Lossof any landinggear fairingdoorused shallnot resultin
.,,

lationaleand
~. -: This requirement ig to insure that the design approach

minimizes the effect of loss of a f%iring door. Ilsually the etatement should
he completed by t.hs P@se : If10~~ 9$ +~~ *-+,,~++-r ~-ti.” .“-+ -- n ~~.e ~~i~~~---- ------- . r“--- -, -----
intent here is to digcourege routing of hydraulic lines and Wires on the doors.
Alternate design approaches that have beenused,includeuse of hydraulicfuses
on linegthatare routedon doors. Expansionof the requirementstatementto
includeconsiderationof door 10S9 detectionmay be desirable.

Performme Parameters: - Retraction- extensionsystempowerdesigns,line
routing,door deeigns,lockpositions,end pesitionindicationeystemshave
significantinfluenceon meetingthis requirement.

Backuroundand Sourceof Criteria: This is a new requirementwhich reflects
lessonslearnedin the area of safety.

I &essonaLearned:

I 1. Routingof hydrauliclinesand electricalwireson fairingdoom can
causesevereproblemwith landinggear operationif the doorsare lost in
flight. Usuallythe lsndinggear remainaoperableafterdoor loss if drive
pfwerto the actuatorand controllogicis maintained. Problem$were
experiencedduringflighttestof G-5Aair vehicle, because both electrical and
hydraulic lines are mounted on the landing gear door’s.

2. Mechanicallinkagesand cablesshouldnot’be lecatedon fairingdoors
becausethey are subjectto bindingdue to deflectionsof the door causedby
aerodynamicand inertia leading. Riggingof door lockswith complex❑echanisms
mountedon the doorsmay he very difficultbecausethe inflightdimensions
cannotbe duplicatedon the ground. Problemswith doer ❑ounted❑echanigm$were
encounteredon the b-57air vehicle.

(’” ●

(.
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●
3. Controllogicwith the lostdoor shouldbe reviewedto confirmthat it

does not preventlandinggear extension. NoruIalextensicm is preferred,
however,emergencyextensionafterdoor loss is acceptable.

1 Verification (Paragraph4.2.6.1): Retraction- extensionsystemoperationand
operatingcharacteristicsshallbe demonstratedby

Verification Rationale: 1f a door loss operatingrequirementis imposed,it
shouldbe verifiedby analysis. The intentis to insureconsiderationof safty
aspectsratherthan positivedemonstrationof a ❑issioncapability. Flight
demonstrationis not wm’thwhilebecauseof the many possibilitiesof the m~de
Of door 10SS. In some cases it may be desirableto cyclethe landinggearwith
the air vehicleon jacksand the doorsremovedor disconnectedto confirm
propercontrollogic.

I Yer ification LessonsLearned:

3.2.6.1 LandingGear Actuation- Retraction- ExtensionSystem

3.2.6.1- h “A separateemergencyextensionsystemshallbe providedwith the
capabilityto .,,

Rationaleand Guidance: The intentof thisraqui?ementis to indicatethatan
emergencyextensionsystemis requiredand to definecharacteristicsof the
system. Usuallyit will be desirableto providean expandedstatementof
characteristicssuchas: Obshal1 be independentOf the nOrMSlaYSteMeXCePtfor
componentsstressedby groundloads. ‘It shallextendthe loadinggear in not
more than secondsat al1 airspeedsfrom to “—.

Perfo mmce Pa amr r ters: Systemand linkagedesigndetails,lock designs,
methodof emergencyextension,redundancyof systemwith powersources
influencethis requirement.

BackRrOUndand Sourceof Criteria: This item reflects the criteria previously
stated in AFSC DH 1-6and AFSC Dli2-1. It has beena standardinputfor over
20 years.

Lessons LearM:

1. Figure3.2.6.1.e-l is a listof limitspeedsfor emergencyextension
of landinggear on severalcurrentair vehicle. The limitairspeedfor
emergencyextensionshouldbe the same as the normalextensionlimitspeedt~
simplifyemergencyprocedures. Duringa C-5Aair vehicleaccident,the landing
gear did not fully extendbecaugethe emergenty extention gear limit speedwas
exceeded. At the time,the C-5A emergencyextensionlimitspeedwas
significantlylowerthan the presentlimit.

●
2. Figure3.2.6.1h-l is a tabulationof the type of emergencyextension

systemused on currentair vehicle. Experienceindicatesthat the most
desirabledesignis one that providesfor free fallof the landinggear after
menualreleaseof the uplocksand door locks. frequently,thisapproachcannot
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Air vehicle
TvDe

A-7
A-10

B-52
B-57
ii-66

c-5

c-7
c-123
C-130
c-1 35
C-141

F-4
F-5
F-15
F-16
F-loo
F-105

I F-10b
F-111

.T-37
T-38
T-39

hmergencyExtension EmergencyExtension
Main Nose

●
HydraulicAccumulator HydraulicAcctilator
Mechanical

Alternate Hydraulic Alternate Hydraulic

HydraulicAccumulator/ HydraulicAccumulator/
electric electric

Pneumatic

Mechanical
Hydraulic Accumulator
Pneumatic/FreeFall
tlechanical
hydraulic Accumulator/

Free Fall
“heumatic
Pneumatic

Pneumatic
Ftecheniaal
tlechanical

Figure3.2.6.1.h-l

Pneumatic
llechanicaI
hydraulicAccumulator
Pneumatic
IAydraulicAccumulator
HydraulicAccumulator

Pneumatic
Pneumatic

Pneumatic
H~hanical
Mechanical I

●’
(.
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be used due to the geometryof the landinggear and doors. Alternatepower
systemsof varioustypesare in currentuse but all have some inherentproblems
as discussedbelow.

3. Manualuplockrelease- free fallsystems. A major’problemwith these
systemsis degradationof performancedue to inadequatelubricationand
corrosion. It shouldbe possibleto functiomllytest such systemson the
ground. As in the case of normalsystemoperation,excessiverelianceshould
not be placedon assistingairloads. Actuationforcesshouldbe carefu11y
consideredto be sure that they remainwithincapabilityof the aircrew.
Properriggingand resettingof the systemafteruse frequentlypresents a
maintenanceproblem. Complexresettingproceduremay seemacceptablefor use
afterreal emergenciesbut normallybecomeintolerablebecauseof the need for
periodiccheckoutof the system. Considerationshouldbe given to the effect
of normalretractionafteruse of the emergenty extensionsystem.

Verlfa~. . “o (Pareg~aph4.2.6.1)

,YSffectivenesgand limitsof the emergencyextension System shall be evaluated

on the air vehicleduringflighttest.”

Yeraflca
,. tion ~ : Verificationof emergencyextensionsystem

characterisitcsmust be accomplishedduringflightbecause air loadsand the
interfacewith otherair vehiclesystemscannotbe accuratelysimulated.

,,-”,c:-.~,ar1a.~..”.~.,n””.+:

The flighttestused to verifyperformanceof the emergencyextensionsystem
must accuratelyreflectthe mest criticalprobablefailureconditions.For
example,depreasurizationof the hydraulicsystemmay not accuratelysimulate
failureof a landinggear sequencevalve. Hydraulicflowwith a blockedvalve
may causemuch higherextensionloadsthan experiencedwith a depresqurized
hydraulicsystem. Criticalfailuremodes❑ust be accuratelysimulated
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(
3.2.6.2 LandingGear Actuation- ActuationSystemIndication

3.2.6.2a ,,Anindicatorshallbe providedto shOw .,!

Rationaleand Guidance: This requit’ementis to definecharacterigtics of the
9ystemto be Providedto indicateto the aircrewthe positionand statusof the
landinggear. This is requiredon air vehiclewith retractablelandinggear to
enablethe pilOtto know that the landinggear is in the positionrequiredfor
the intendedoperation Also the systemmay warn the pilotof unsafeconditions
and permithim to selectthe propercorrectiveaction.

PerfOr~ce Parameterq: Landinggear complexity,aircrewgizeand mission
requirementsare primaryconsiderationsin establishmentof this requirement.

Backzrund and0 S.cnrae0f Criter@: This requirementwas formerlycontainedin
AFSC DesignHandbook1-6MIL.STD.203aleo containeda requirementthat the
indicators) be locatedon the instrumentpanelor adjacentto the landinggear
controllevervisibleto the pilot(s)in his (their)normalposition(s).The
generalrequirementfor an indicatorhas existedin some form for at least25
years.

LessonsLeaF&:

1. Normallyan indicatorshouldbe providedfor eachseparatelanding

( o
2. Landinggear indicatorsare usuallylightsor electromechanical

devices. MUally a greenlightis used for each landinggear to indicatethat
it is downand locked. Red lightsare sometimesused to indicatethat landing
gear or daorsare not up and locked. In scmecases,no indicatoris provided
for up and looked,however,and unsafeuplockconditionis indicated by the

warning system (red light in gear handle plusan aUralwarning).
Electromechanicalindicatorshave beenused‘inmany air vehicle. Theseusually
showgreenwheelsfor geardown,a barberpoledesignfor in-transitand uup1’
for landinggear up and locked.

3. Indicatorsystemsthatuse lightsshouldincludetwo bulbsin each
indicatorwith a lighttest functioneitheraa an integralpart of the
indicatoror as a pertof the air vehiclelightingsystem. When two bulbsare
used,be surethat it is possibleto detectthatone bulb is burnedout. F-15
air vehicleexperienceindicatesthat bulbsshouldbe separatedunderthe
commonlens to insurethatfailedbulbscan be detected.

4. Indicatnrlightsand ~nel lighting❑uet be designedwith replaceable
bulbs. A sealedlightingsystemueed on the C-5A air vehicleproved
troublesome.bulb replacementrequiredremovalof the entirelandinggear.
control. Replacementof the landinggearcontrolrequireda complete
functionalcheckof the landinggear retractioneystem. The functionalcheck
requiredthat the air vehiclebe jacked. khat seemedlikea good ideaat
componentlevelhad a majorimpacton systemmaintenancemanhours.

0,

5. indicators should function from a pogitive signal rather than lack of
a 9ignal. Negative logic can, for example, result in a brokenwire givinga ~
falsedown and lockedindication. (
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●
6. Lendinggear controlcircuitsand the indicatorcircuitsshould”be

separateinsofaras possible. This minimizesthe possibilitythat a single
switch failurewill not onlypreventlandinggear operationbut also falsely
indicatethe ❑alfunction. Separationof.the-circuitsalso usuallypermits
properindicationof landinggear positionafteremergencyextension.
Frequently,it is necessaryto deactivatenormalsystemcontrolcircuitsto
insureproperoperationof the emergenty system. Use or commoncomponents
would resultin simultaneousdeactivationof the indication9y3tems.

7. Indicatoroperationaftera sing]e failureof the normalextension
systemshouldbe carefullyconsidered. An incidentwas experiencedon the
initialF-15 designwhereina singlefailureresultedIn a down and locked
indicationwas givenwith the landinggear up and locked. A switchfailed
causingthe lnndinggear to try to extendwhilestilluploeked. Deflection
causedby the forceagainstthe uplockcausedan indicatorauitchto ❑ake
contact. The combinationof failedswitchplus the falseactuation of tbe
secondswitchresultedin a falseindication.

I

P

8. If at all pcssible,some type of backupsystemof indicationshouldbe
provided. Usuallyviewingwindowsoan be providedon cargoair vehicleSo that
uplocksand downlockscan be inspecteddirectly. Some type of simplemarking
systemehouldbe used for the downlocklockedindication.Frequentlya diagram
of properpositionis placednear the viewingwindowso thatthe aircrewcan
quicklyjudgethe position. On some air vehicleit is aleodesirableto mark
the downlockso that it can be observedfroma chaseair vehicle. Other
devicessuch as mechanicalindicatorsand mirrorshave beenused on air vehicle
to permitthe pilotto checkgear positionif he’suspectsindicatorsystem
malfunction.

9. The originalnose lendinggear positionindicatorused on C-14!II
aircraftwas actuatedby a switchin the overcenterdrag bracelink. Slight
movementof the landinggear in the retractedpositioncouldresultin a false
indicationthat the landinggear was extendedapd locked. This feature
resultedin en aircraftaccident. The deficiencywas eliminatedby
installationof a ewitchto detectthat the landinggear is extended.

~on. . . (Paragraph4.2.6.2): ‘Thegear positionindicatorsystemand
warningsystemshallbe evaluatedduringthe flighttest.

Y~.u
. . .

: Properoperationand suitabilityof the indicator
eystemcan best be determinedby normaluse duringtbe flighttest program. in
come cases it maY he desirableto performa specificdemonstrationof operation
when specificmalfunctionsfo tbe landinggear are simulated. If a landing
gear retraction simulatoris available,it is highlyreonmmendedthat tbe
variousfailuremodesbe investigatedon the simulator.

● ’

LessonsLearn@:
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3.2.b.2 LandingGearActuation- ActuationSystemInaicatlon

3.2.6.2- b “A warningsystemshallbe ~rovidedto ,,,

Rat’o e~: This requirementis to definecharacteristicsof the
9ystemrequiredto warn the pilotof unsafelandinggearconditions.Normally
it coverstwo conditions.The firstis to warn the pilotthat the landinggear
is not in the positionhe has selected. The secondis that the air vehicleis
in a configurationor flightconditionrequiredfor landingapproachbut the
landinggear i9 not extended. The warningsystemis intendedto improvesafety
by reducingthe possibilityof laodingwith the landinggear retracted. It
also reducesthe possibilitythat the pilotwill exceedthe landinggear limit
epeedduringlandinggear retraction.

lerfo manceParame~r t : Gear positionmonitoringsystem& design,throttIe
interconnect,warninggystemdesignand controlsall impactthe effective
meetingof this operationalneed.

and Sou ce of Criteria: This requirementwas formerlystatedin
n ilandbo~k2-2. The requirementspecifiesthata wheelshaped

controlknobwith an internalred warninglightand a TypeM-1 audiowarning
signal(complyingwithMIL-S-9320) shallbe ueed. Most currentair vehicle
ocenplywith thisapproriohsincethe requirementhae existedfor at least20
years.

~: The.followingdetailedrequirementshave beenappliedto mmst
currentair vehicle. The resultsare generallysatisfactory.Use of a similar

requirement and approach aids aircrew transition to a new air vehicle design.

‘Provide a TypeMA-1 audiouarningsignal(complyingwith f41L-S-9320)that
automaticallyactuateswhen the followingconditionsexistsimultaneously:

a. The air vehicleis belowa presetaltitude.

b. ~he IAS of the air vehicleis lessthana presetvalue.

c. In tumbineengineair vehicle,the throttleis less thana
predeterminedpowersetting. In reciprocaling engineair vehicle,the throttle
is less thannormalcruiseposition.

d. The landinggear is not downand locked.

Providea radiany ❑ountedwheel-shapedlanding-gearcontrolknob. Ensure
that the internalred warninglightautomaticallylightswhen any gear is not
exactlyconsistentwith the positionselectedfor the landing-gearcontrol,or
if any of the gear is retracted. Additional1y, ensurethat this light
illuminateswhen the audiosignaloccurs. Installthe red warninglighton an
automaticdinmingcircuit. Providea testswitchthat teststhe landing-gear
audioand warninglightcircuit.‘q

●

Recently,difficultywas experiencedwith tbe F-105.controlhandle. The
detenthad worn to sucha statethatadequatewarningwas not provided. This
indicatedthatperiodicinspectionia required.
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Verification (Paragraph4.2.6.2): “The gear positionindicatorsystemand
warningsystemshallbe evaluatedduringthe flighttest.

VerificationRationale: Suitabilityof ‘operation.of the warningsystemcan be
determinedonly by flight test of the air vehicle. Rormally no special test is
required. The warningsystemis evaluatedas a part of generalflighttest
evaluationof the air vehicle.

~a tion LessonsLearned:

3.2.6.2. LandingGear Actuation- ActuationSystemIndication

3.2.6.2- c uAnOVe~ride shall be PrOVided fOr aural Warning syatem. n

~e and Guidancq: Frequent1y, an audiblewarningis providedto the
pilotfor gear positioning.This has beenknownto interferewith radio
communicationwith the ground. Therefore, moat using commandsdesire the
ability to overridethe warningfor betterpilotcontrol.

e Parameter$: Uarningsystemdesigm,radiosystem,and pilot
responsivenessimpactthis requirement.

Criteria: This requirement was formerly stated in
Most current air vehicle comply with the

requirement.

J.-m s Learned:

1. The recommendedposition for the aural warning signal silencing switch
1s adjacent to the landing-gear actuating lever.

2. The aural warning override switch should include a reset system. Gear
up landingshave occurredbecausethe warningwas silencedduringlanding
apprOachPracticeOnly to be forgottenduringthe finallanding. The warning
shouldsoundeach time the unsafeconditionoccurs.

3. Overrideand resetlogiceometimesbecomega complexproblemfor cargo
air vehicle. Frequentlythe air drop conditionsare similarto landing
approachconditions. A landingcloselyfollowingan airdropoperationmay
resultin failureof the warningto soundduringthe landingapproach.

Yerlflcatasm
. . .

(Paragraph4.2.6.2): ‘Thegear positionindicatorsystemand
warningsystemshallbe evaluatedduringthe flightteSt.

Suitabilityof the designappkach can be determined
only as a part of overallair vehicle evaluation. Evaluation should be
accomplished as part of the normalflightteetprogram. Specific
demon.etrations❑ay be requiredto verifysatisfactoryoperationof the override
resetfunction.

icationLessonsLearti:
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3.2.6.3 LandingGearActuation- Retraction- Extensiontime

j.2.6.j - a I{The tiae frOmselectionof landinggear retractiono? extensiOn

untilall landinggearare retractedand lockedand all fairingdoorswhere
used,are closedand lockedor gear is extendedand lockedshallbe compatible
with air vehicleperformance.f!

and Guidance: Thisrequirementis necessaryto preventcompromiseof
the air vehicleperformanceby a slow operatinglandinggear. Severalair
vehiclein the pasthave beenrestrictedduringtake off and climbbecausethe
air vehicleaccelerationratewould resultin landinggear limitspeedsbeing
exceededbeforethe landinggear is fullyretracted. The restrictionis very
undesirablenot only becauseof the reducedperformance,hut alsodue to the
safetyhazardcreatedby the increasein pilotworkload-andthe possibilityof
landinggeardamage. The requirementalsocoversthe possibilitythatthe time
of landinggear operationmay be criticalfor the landingapproachphase.

~rfo~ameter S: Temperatureenginethrust,gear placardspeeds,
requiredmaneuvers,air vehicleaccelerationrates from vaFiOu9 maneuvers,

retraction- extensionsequence,powersourceand limits,and lockdesignsare
influentialin meetingthis requirement.

Sou ce of CP riteria: This requirementis a new approachcomparedto
formerstatementsof landinggear operatingtime requirements.FormerlyAFSC
DesignIiandbmek2-1 establishedmaximumtimelimitsdependentUpon the typeof
actuationsystem(manualor powered) and systemoperatingtemperature(twice
normaitime permittedfor iow temperature).it also requiredthat the
landing-gearbe fullyretractedprior to reaching75$ of the limitairspeed
when a mmximumaccelerationtake-offwas performed. DH 2-1 requirements
originatedfromARDC Manual80-1 (hIAD). hIAD requirementswere generatedin
the early 1950timeperiodand generallywere the resultof lessonslaarned.

1 This requirementis more generaland is intendedto permitthe air vehicle
de$ignerto tradelandinggear limitspeedfor operatingtime.

I L-sons Learned:

1. Figure3.2.6.3.a-l is a listingof designoperatingtimesfor several
currentair vehicle. Thesetimesare consideredcompatiblewith the
performanceand originaldesignmi$sionrequirementsof theseair vehicle.

I 2. Usingcommandsmay want to specifysomemeximumoperatingtimesbased
On missionrequirementsor experiencewithcurrentair vehicle. Such requests
shouldbe fullyanalyzedto insurethat the designconstraintIs necessary.
Absolutemaximumlimitscan be accommodatedby additionof the statementto
this paragraph.

3. Low temperaturefrequentlyseverelydegradesoperatingtime due to
increaaed viscosity of hydraulic fluid and lubricants. Rotarydrivesystems
seem more susceptibleto thisproblemthanlinearactuators. Examinationof
systemperformanceaftercold soakingis veryimportantbecausemaximumair
vehicletake-offperformanceoccursat low temperature. ●

(
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4. Loss of an engineor hydraulicsystemmay severelydegradeoperating
time. This should be examinedby analysisend flighttest to confirmthat it
does not createa hazardousflightcondition.

5. Very shortoperatingtime usuallyresultin severedynamicloadson
the actuationmechanismand pointsof attachmentto the landinggear and doors.
hechanismaccelerationand deceleration loads may greatly exceed aerodynamic
and inertia loads determined by analysis. Failure to consider this fact has
resulted in early failure of mechanisms on flight test air vehicle. Strain
gage instrumentationof themechanismduringinitialcheckoutand flighttest
is recommendedto confirmthat dynamicloadingis acceptable.

. .~lflcation (Paragraph4.2.6.3): Retractionand estensiontimesshallbe
evaluatedby mu

~tion Ratiow& : The generalsuitabilityof the operatingtimescan be
determinedonly by flighttest becausethe time ia a resultof the air vehicle
flightconfiguration,airspeed,performanceand specificmissionrequirements.
Suitabilityof the timesfor operationat abnormalconditions,such as a cold
seak,may be easierto accomplishon a laboratorysimulator. If the operating

time is very dependent upon airloads, it will be necessary to 91mulate airloads

h the laboratory. Accurate simulation of airloed.sand airload distribution is

generally difficult.

~:
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LANDINGGEARACTUATIONSYSTEMS
OPERATINGTItiEs

Air vehicle Lmergency
TvDe Retract F.xtend F.’xtend

A-7
A-10

b-52
B-52
B-66

c-5
c-7
c-123
c-1 30
c-1 35
C-141

- sec
6-9

8-1o

10

20

9-
19
10

F-4
F-5 6

~

F-15
F-16
F-1oo 6-b
F-11)5 4.8
F-Iii 16

T-37 10
T-38 6
T-39

- sec sec
6-9

10 - 12

8

20 180

6-
19
10

6

6-8
5-9
26

6
6

Figure3.2.6.3.a-l
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3.2.6.3 Landing Gear Actuation-Retraction-Extension Time

3.2.6.3 - b ,lThe time from selection of landing gear extension by the
emergency actuation system until all landing gears a?e extended and locked and
all necessary fair’ing doors are in position required for landing shall

I
.,,

Rationaleand Guidance: Emergencyexten$ionsystemoperatingtime is more
arbitrarythan normaloperatingtime. It is not as closelyrelatedto air
vehicleperformancebut ratheris drivenhy the need to minimizeaircrew
workloadand attentionrequirdfor this phaseof emergencylanding. Some form
of an absolutelimitshouldbe establishedbasedon operationalexperience
becausethisdesigncharacteristicis very difficultand expen.eiveto change
once the designhas been frozen. This requirement may be made somewhat
flexible by completing the blank with a phrase suchas “notexceedtwicethe
normal extension time. ”

PerformancePar-: Emergencypowerversusnormalpower,controlsystem
designs,gearplacardspeedsor limitations,and temperatureimpact❑eeting
thisneed.

bSCkKO@ and Sourceof Criteria: Theserequirementswere previousydescribed
in AF;C DH 2-1 and originallywere presentedin ARDCM 80-1 (HIAD).

LessonsLearneti:

P“ 1. Figure3.2.6.3.a-l is a tabulationof emergencyextensionsystem
operatingtimesfor severalcurrentair vehicle. These times are considered
acceptable for the original design mission of the air vehicle.

2. The actualtime for emergencyextensionof the landinggear includes
the time required to confirm that the landing gear is doiin and locked. Air
vehicle accidents have occurred becauseaircrewattentionwas directedfor 100S
periodsof time tryingto confirmthatthe emergencysystemhas operated
properly.

3. Operatingtime formanualemergencyextensim systemsthat includea
set of control$for each landinggear assemblyshouldbe basedon the
assumptionthat landinggear will be-extendedin sequence(oneat a time)
ratherthansimultaneously.

4. Emergencyextensioniystemoperatingtimemay be significantly
degradedby operationat low temperature.Performanceat low temperature,
includingcold soak of the ❑echanism,shouldbe investigated.

5. Performanceof emergencyextensionsystemsis90metimes severely
degradedby certainhydraulic’systemconfigurations.Measurementsshouldbe
made usinghydraulicreturnpressuresand hydraulicportingtypicalof that
expectedforactual emergencies.Do not assumethatthe normalhydraulic
actuationsy$temis devoidof fluid. Many landinggear emergencyextensions

●
are accomplishedas a precautionarymeasureratherthmn due to a confirmed
fluidloss failurein the landinggear hydraulicsystem.

(P~agraph 4.2.6.3): I,Retraction md extension times shall be
evaluated by . !,
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Yerificaticmhationale:Emergencyextension
factorof the air loads. It usualiywill be
by flighttest. In the event thatemergency

operating

necessary

extension

{“
time is normally a

to determine suitability

time is very close to ●
normaloperatingtime or is not influencedby air”loadsit may be acceptableto
verformthe testwith the air vehicleon .iacks.An alternativeis to use a
laboratorysimulation.This may be the b~stapproachfor investigationof
performanceunderadverseconditionssuchas low temperature.

VerificationLessonsLearneQ:

I

3.2.6.4 LandingGearActuation- PositionRestraint

j.2.6.4- a I*A❑eans shallbe providedto ❑aintaineach landinggear in the
selectedposition.”

#fa. io ~e and Guidanc?: The objectiveof the requirementi.9to establish
performancefor gear positioning;Generally,“locks”are the solutionto the
positioningproblem.

Perforumce Parameters:Detailsof the lockdesign,systemdynamics,impacton
the latch,actuationand controlg,lockpositioning,gearkinematicssystem
redundancy,gear and lock flexibilityand deflectionshave individual
influenceson this operationalneed.

I J&@round and Sourceof Criteria: The requirementfor automaticoperating
positivemechanicallockswas formerlystatedby AFSCDesign Handbooka I-6 and

(o
2-1. Theserequirementswere basedon ARDCM80-! (HIAD)thatwere generated
primarilyon les.mnslearned.

~
J-essons

1. Use of actuationforceor blockingof the actuationpressureto retain
the landinggear in the retractedor extendedpositionis consideredan
unacceptableapproach. Such designsare subjectto failuredue to power
failure,leakageor excessivedeflection.Inadvertentgear extensionat high
speedhas causedmajorair vehicleaccident. This requirementshouldspecify
thatpositive❑echanicallocksbe used to maintainthe landinggear in the
extendedor retractedposition.

2. Landinggear and door locksshouldbe designedfor properrigging
whileon the ground. Some designshave beenused in the pastthat require
compensationfor the factthatalignmentof partsof the lockare dependent
upon the amountof airloadapplied. Thesedesignsrequireconsiderableflight
testeffortto developsuitableriggingprocedure. Frequently,the problemis
not recognizedand severe flighttest delaysresult. In most cases,the
problemcan be avoidedby ❑ountingmajorlockcomponentson fixedstructureand
providingguidesto directmovingpartsto the properposition.
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3. Landinggear uplocksshouldnot be mountedin a mannerthatr“wuires

that the shockabsorberbe properlyservicedfor the lock to operatecorrectly.
A recent incident with a fighter air vehicle revealed that not only will the

locknot lock but also the lock partsmay jam snd preventlandinggear
extension.

4. Landinggear down.locksshouldbe designedso that they are not
stressedby groundloads. Oownlockssubjectedto groundloadsare exposedto a
severefatiguestressenvironmentthatmay be highlydependentupon lock
rigging. Durabilitytestingon a singlelandinggearmay not accurately
reflectoperationaldesignlife. If the designdictatesthat the downlockmust
carrygroundloads,it is recommendedthat the lock be non-adjustable.

5. hydraulic pressure variations due to surges or themel expansion have
caused locks to unlock. Locks sometimeswork properlyfor normaloperationbut
malfunctionwhen used for emergencyextensionbecausesubjectingboth sidesof
the actuatorto returnpressureresultsin a tendencyto unlock. The actuators
should be installed so that if both sidesof the pistonare pressurized,the
resultantforcetendsto lock the actuator.

6. Locks should be designed eo that if actuation force is applied with
the lock. engaged, the lock does not unlock end neither the look nor the
actuatingmechanismis damaged.

7. S@e groundload conditionsmay resultin deflectionsthat tendto

P’

. unlockdownlocks. An analysisshouldbe performedto determineif limitload
conditionswill resultin excessivedeflection. The analysisshouldinCiUQe
unusualloadingconditionssuch as extremelendingattitudesand reverse

b braking.

8. Electricallyoperatedlocksshouldbe designedso that no single
electricalfailurewill resultin the lockualooklng.

9. Locksshouldbe designedwith no watertraps. Xoe build-upshouldnot
preventoperation. Testingmay be requiredto verifythat actuatorforceor
ice breakerdesignis adequate.

10. Uplocksshouldbe designedso that flightinertialoadsof the
landinggear do not load the actuationmecheniem.

11. Landinggear systemsshouldbe deaignadso that smsllerrorsin
servicingwill not causegear malfunctions.

Slight (5-7\)over inflationof the F-Illgear atrutswill preventthe
main gear from lockingin the retractposition.

The F-111 lendinggear strutservicingprocedureuses air pressurein
conjunctionwith strutextensionfor properinflationof the shockstruts. The
strut extensionis measuredin one-eightinch inorementaend the air pressure
is held to plus or minus twenty-fivepoundsper squarelaoh. The gage used fOr

o

this procedurehas a rangeof 0-4000poundsaad the dial faoe is markedin 100
poundsincrementswhichmakesaccurateair servicingvery difficultand almost
impossibleto meet tbe plusor minus25 poundrequirement.
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Verification (Parag?aph4.2.6.4): ‘lTheadequacyof the
(

andinggear restraint ‘
provisions shall be evaluated by Failure mode and effect will be

determined analytically and further evaluated by

VerificationHationale: Suitabilityof the‘locksystemshouldbe evaluatedby
flighttest. bval”ationor preformanceuncle.?extremecondition~suchag _
loador low temperaturemay requirethat a laboratorytest be Perfo?mf?d.In
some cases,design,analysismay be sufficientto show that the lockperformance
is not adverselyaffectedby the specifiedconditions.

VerificationLessonsLearned:

3.2.6.4 LandingGear Actuation- PositionRestraint

3.2.6.4 - b Where doorsare used in conjunctionwith landinggear,the method
Used to restrainthe Iandi”ggear in the selectedpositionshallhave the
followingcharacteristics: .,,

Rationaleand Guidancq: Experiencehas indicatedthat it is undesirableto
retainthe landinggear in the uplockedpositionby linkage to the doors or
doorlocks. Loss of doorsin flightis not unuwal and not too hazardous. If
linkedto the landinggear,however,Madvertent extension of the landinggear
will resultand a mjor accidentmay OCCUI..The followingis suggested:
%apping or logsof a landinggear doordue t.nst.ract.upalc..ferleadshallnet
resultin extensionof the landinggear.n

(’0

Performan
\

ce Parameters: Gear detail design, lock detail design, ccmtrols,
poh’er gources and sequences impact meeting this operational need.

Seckwoundand Sourceof Criteria: This is a reflectionof AFSC DH 2-1 and 1.6
Criteria previously contained in those documents and are based on Iessong
learned.

LessongLearned:

1. This requirementshouldnot prohibituse of systemsthat dependon the
landinggear uplocksto keep doorsclosed. Thesesystemshave been us$d on
fighterair vehicle,P-4 for example,with considerablesuccess. An inherent
disadvantageof thisapproachis that door linkage❑ust be riggedto p?ovide
properpreloadof the door. The p!’eloadmust be enoughto preventdoor gapping
due to air loadsbut not.so high as to causestructuraldamage. The major
advantage of this approach is that it simplifies the actuation sequence and
mechanism.

2. The numberof actuatorsrequiredto operatedoor and landinggear
locksshouldbe minimized. Failureof an actuatornormallydisablesthe
actuationsystemand may causeseveredamage. This can be avoidedonly by
electricalor hydraulicinterlocks.Experiencehas indicatedthat these
interlocksfrequentlycausemore failuresand maintenanceproblemsthanthe
basicsystem. Me of a smallnumberof actuatorsoftenresultsin a complex

o
mechanism. Once developed,however,such systems providebetteroperational
service.
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● Verification (Paragraph4.2.6.4): ‘The adequacy of the landing gear restraint
provisionsshallbe evaluatedby Failuremodesand effectwill be
determinedanalyticallyand furtherevaluatedby .,!

Mrifi cationKatie@_e: Characteristicsof the landinggear uplockingand the
door lockingcan be determined
drawings.

VerificationLessonsLeamefl:

by inspectionof the hardwareand engineering

3.2.6.4 LandingGear Actuation- PositionRestraint

3.2.6.4- c “Groundsafetyprovisionsshallbe providedto preventretraction
underof the fol16wingconditions: Provideindicatorsto
alertgroundcrewsto assureremovalof safetydevicespriorto flight.”

P
.

i.,

.&d.bnale and Gu’-: Therehave beennumerousincidentsof inadvertentor
uncoordinatedgear retractionsduringlandinggear maintenancewhichhave
resultedin personnelinjury. Therefore,operationalneedsexistto providea
designwhich precludesthis characteristic.Inadvertentgear handleactuation,
trcn.vienthydraulicor electricalsignals,EM, physicalimpactof gear
linkages,flightnmeuvers or othershallbe includedin the blank.

Pe formance Parar&4tc2P : Lock and gear detaildesignmaintenanceprocedures,
and lock accessibilityare importantconsiderationsin meetingthisneed.

: Previously,groundlock requirementwere
oontainedin AFSC DH 201 and 1-6. Thesedocumentsidentifiedthe need for
inclusionof sucha devicein the designbut theydid not attemptto identify
the conditionsunderwhichthe lockwouldcontinueto providesafety. This
will be a new requirement.

M 9s0n9 LearneQ:

1. Landinggear
removedregardlessof
lockscan be used for
vehicleon jacks.

.2. Landinggear

lock shouldbe designedso that they may be installedand
the load on the landinggear. This is requiredso that
normaloperationto maximumweightand with the air

locksused on cargnair vehicle should be designed so

that they may be installedby the aircrewwith the air vehiclein flight. This
providesaddedassurancethat landinguear are downlockedafteremergency
exten9i0n.

3. kOrS thatare poweractivatedfor groundmaintenanceaccess
providedwith separategroundlocksfor installationwith doorsopen.
not be necessaryto use theselocksfor normalflightoperations.

shouldbe
lt may

q. Permanently attach a red warninggtraamerto the safetylock or pin as

an indication that it is in place. If required, provide a small flexible cable
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(approximatelyone-sixteenthinch diameter)as an extensionbetweenthe safety
,,

lock or streamerto insurea minimumvisiblestreamerprotrusionof 24 inches
from the air vehicle. ●

5. Pins used to holda groundlockin placeshouldbe permanently
attachedto the lock to ❑inimizethe possibilityof the pin beingimproperly
installed.

Verification (Paragraph4.2.6.4): ,,The effectivenessand adequaCYOf the
groundsafetylocksshallbe evaluatedduringflighttest.*(

Verificationhationale: Designaspectsof thegroundlock can be evaluatedby
inspectionof the hardware. FunctionalSuitabilitycan be evaluatedas a part
of the overallflighttest evaluaticmof the air vehicle.

VerificationLessonsLearned:

3.2.6.4 LandingGearActuation- PositionRestraint

3.2.6.4 - d “The air vehicle, actuation gystem, or ground safety provision
shall not be damaged in the event that an

~tionale and
~.

am : Normallythis requirementshouldbe completedwith the
@IPdse;%et.ract.ionis seieci.eamiih i.nesafetyiocicinstaiied.n Ibis
requirementis needednot only to verifythatthe lookwill performthe
requiredfunction,but also that the systemwill not be damagedif the ground
locksare inadvertlyleft installedfor flight. Experienceindicatesthat the
groundlockssometimesare forgotten. Thiserrorshouldnot causemajoreystem
problems.

PerformanceParamsterq:Lock designs,hydraulicsy$tempressureand
characteristics,❑aintenanceproceduresand functionsall impactmeetingthis
requirement.

Backgroundand Sourceof Criteria: This reflectsa requirementpreviously
presentedin AFSC DH 2-1.

.

L=sons Learn@:

VerlflcatlqO. . .

safetylocks
(Paragraph4.2.6.4) “... The effectivenessand adequacyof the
shallbe evaluatedduringflighttest.”

Yf2ci-Cicalon Ration
t.

al?: Compliancewith thisrequirementshouldbe determined
by a demonstrationwith the air vehicleon jacks. The actuation❑echanismand
the groundlocksshouldbe carefullyinspectedfor damageafterthe
demonstration. ~

VereificationLessonsLearned:
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AuxiliarvDecelerationDevices

AuxiliarvDecelerationDevices- Arrestin~Hook Svstems

. a ,!The arresting hook systemshall be capable of decelerating

- air vehicle to a stop by engaging a?restment system at

3.2.7

3.2.7.

3.2.7.

“

— .

Nationale and Guidance: This is a performance statement for the emergency

arresting hook system. The maximumweightor configurationof the air vehicle
to be arrestedshouldbe defined. The intendedarrestingsystembelongsin the
secondblank. If this valueis not known,use the BAK-13,whichproducestbe
highesthook load. The speedof engagementis insertedin the lastblankand
definesthe energyto be absorbed. If the totalenergyof the systemexceeds
the barriercapability,the limitspeedat the designgrossweightselected
shall be used.

ferfo mancer Parameters: barriersystemdesignand limits,hook compatibility,
air vehicleconfigurationand engagingspeedscontrolthis requirement.

M~ iteria: This requirementwas previouslyimpliedby
Figur~ 1 of specificationMIL-A-83136(USAF). The verificationaspectsare
definedin AFSC DH 2-1. The originalemergencytailhookswere retrofittedon
IMP air vehiclein the 1958-1959time period,and mdified criteriafrOm the
Navy specificationPIJ.L-A-18717,was used to establishcriteria. Throughthe
effortsand cooperationof Industry,specificationMIL-A-83~36was publishedin
August.1960. iiecentiy,errorswere roundin the ioad uata used for ciesign
compatibilitywith the bAK 12 barriersystem,and effortswere beingmade to
updatethe criteria.

~: The springtype hook shankshave exhibitednumerousproblems
both duringtestinKand oDerationin the field. If a springtype shankis used
considerat~onshouldbe g;ven to ita bandingmmde after”contactinga protrusion
on the runwayor at barrierengagement,as missedengagementsare commonplace
becaueeof hook bouncewhen the verticalload at the attachpointis veryhigh.

figure 3.2.7.1a-1 is a summaryof the air vehiclewhich utilizearresting
hooksand the type employed:

Air vehicle me of Arre3tinb?nook

F-1OO CantileverSpring
F-101 CantileverSpring
F-102 FullShank
F-104 CantileverSpring
F-105 CantileverSpring
F-106 Full Shank
F-III Full Shank
A-7D Operational-Full
F-4 OperatiOnal-Full
F-15 TubularShank
F-16 TubularShank
F-5 TubularShank

Shank
Shank

L..
Figure3.2.7.1a-1
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Verification (Paragraph4.2.7.1): ,,PePforaancelimitsfor arrestinghOOk

systemsshall be evaluated by air vehicle test with the specified arrestment
system.”

VerificationRationale: Sincethe performanceis basicallya functionof
interfaceand compatibilitywith the arre.vtmentsystem,the most logical
demonstrationis on the air vehiclewith the intendedbarriersystem. lluchof
the performanceis dimensionaland dynamicresponseas a system.

VerificationLessonsLearns:

3.2.7.1 AuxiliaryDecelerationDevices- ArrestingHook Systemg

3.2.7.1-b Q,Arrestinghook systenand attachmentshallwithstandloads‘f

fly-inengagement.oo

.RatiOnaleand Guidanct: If the UsingCommandintendsto arrestthe air vehicle
duringemergencyby fly-inengagement,this statementshouldreflectthe
requirement.If the user does not intendto operatein thigmanner,the
requirementshouldbe deleted. The blank should shou the gross weight
condition for fly-in engagement.

~ Parameter%:Barriersystemenergycapacity,hook designloads,
Jiook point design, air vehicle configuration, and weight all impact and
control meeting this operationalneed.

~kz roundand Souroeof Criteria: This is a new requirement.The loads
shouldbe the same as taxi engagementfor the samegrossweight-velocity
engage~nt. Specification$IIL-A-63136previously excluded fly-inengagements,
but this requirementestablishesperformancefor sucha maneuver,sincethe
userneedsthisoptionin case of emergency.

I#sons Lea-: The fly-inengagementloadsare significantlyhigherthan
thoseencounteredwhen taxiinginto the barrier. Therefore,the weightof air
vehiclewhichcan be recoveredwithinthe designload envelopeis reduced. The
impactdynamicloadsare high,as well as the loadsdue to higherenergy
transmission.It would be anticipatedthatlocaldamageto the undersideof
the air vehiclecouldbe expecteddue to fly-inengagement.

=cation (Paragraph4.2.7.1): “Performancelimitsfor emergencyarresting
hook systemsshallbe evaluatedby air vehicleflighttestwith the specified
arrestmentsystem.tn

VerificationFiationalq:Sincethe performanceis basicallya functionof
interfaceand compatibilitywith the arrestmentsystem,the most logical
demonstrationis on the air vehiclewith the intendedbarriersystem. The
dynamiceffectsplay a majorpart in the abilityto arrestthe intendedair
vehicle.

VerificationLessonsLearned:
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j.2.7.l AuxiliaryDecelerationDevices- ArrestingHookSystems

3.2.7.1- c ‘Theprobabilityof successfulengagementof tbe arrestingsystem
shall be not less than forall air vehiclelandingattitudes.”

hationaleand Guidance: This requirementis to establishan acceptablelevel
of reliabilityof the arrestinghook system. It is primarilyintendedto
insureconsiderationof properpositioningof the hook and preventionof h~ok
bounce. The blankshouldbe filledwith an appropriatevaluebasedon
operationalexperiencewith existingsystemson air vehicleswith similar
missionrequirements.In some casesit may be desirableto furtherdefinethe
conditionsapplicableto this successprobability.This couldincludesuch
factorsas typeof runwaysurface,typeof arrestmentsystem,and maximum
lateralor angularmisalignmentof the air vehicleand a?restmentcable.

!2!2rforma ers: hunwayroughness,dampingcharacteristics,discrete
bump characteristics,and hold-downforceare parametersinfluencingthe
abilityto ❑eet this requirement.

d Sou ce f Crlte,U
.-.

: Designcriteriawere previouslyfurnished
in specificationM~L-A~63136and AFSC DH 2-1.

LMwu4mw:

1. Figure 3.2.7.1 c-1 providesratesof sucoesafulengagementwithsome
currentarrestinghook systems.

P“

It can be used as a guide to establish a
....”cn-.mAeD.r,”,,{pema”t,l=..”,”-------------.--,

Attempted Arrestment
Air veh

Successful
icle ~ ~~

K-?oo
F-101
F-102
F-104
F-105
F-106

F-III
A-7D
F-4
F-5
F-15
F-16

Figure3.2.7.1c-l. wes sful Etxaauement Rates

.2. Preventionof hook bouncepriorto arrestmentcable engagement is a
major factor in the probability of success. Previously it uas specified that
hook bounceshallnot exceed2 1/4inchesbeforearrestment. This has been

o

foundto be one way to improvethe probabilityof successand shouldbe
stronglyconsideredby the designer. hook bounceis limitedby usinga damper.
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Dampingis usuallyprovidedby a hydraulicor mechanicaldampingdevice.
Figure 3.2.7.1c-2 summarizesthe typeof damperprovidedQn the various
emergencyarrestinghook systemscurrentlyin our inventory.

F- 100
F-lol
E-102
E-1o!
F-105
F-106
F-111
A-7D
F-4
F-15
F-16
F-5

None
None
hydraulic
hone
hydraulic
None
hydraulic
Hydraulic
Hydraulic
Iiydraulic
Spring
Hydraulic

Figure3.2.7.1c-2. AvailableDamDi~

. .~ (Paragraph4.2.7.1): ‘Theprobabilitysuccesslllengagementshall
be determinedby anlysisof flighttest results.”

1, -:-.--.4-7.,-.<--1.. The ~sqiiii-smntmwt be ve~ifiedWY anaiysis‘because
the high probabilityof successwouldrequiretoo much testingto establisha
significantsamplesize. Arrestmentfailuresexperiencedduringflighttest
must be considered. If tbe designor proceduresthat oaueedthe arrestment
failureare not corrected,probabilityof recurrenceof the conditionmust be
consideredin the analysis.

YereificationLessonsLearne~:

●✌
154 (

Downloaded from http://www.everyspec.com



(’

●

P

●

MIL-L-87139(USAF)
APPENDIX

3.2.7.1 AuxiliaryDecelerationDevices- ArrestingIioekSystems

3.2.7.1- d ,,Hookinstallation shallhave lateralfreedomfOr .,!

Rationaleand Guidance: Frequently,air vehiclewillcontacttbe ground
off-centeron the runwayand in a driftlandingattitude,whichwouldmake
engagementotherthan straightinto the centerof the cablespan. Therefore,
limitson off-centerand alignmentengagementshouldbe establishedfor
operationalrequirements.In the past,20S off-centerand 200misalignment
have been selectedfor designpurposes.

~ Pretr: Lateralhook loads,centeringforces,barrier
characteristics,crosswind,directionand velocity,are characteristics
impactedby this requirement.

bac K Wd and Sourceof Criteria: Thisrequirementwas previouslystatedin
spe~i~icationMIL-A-83136. A portionwas in the PerformanceSectionand a
pcrtionwas previouslyin the Verificationor QualityAssuranceSection. It is
expected that thig requirementoriginal1y stemmedfromthe Navy requirementas
expressedin uIL-A-18717.

~: Sinceuany of the previousrequirementson Air Force
arregtinghook designstemmedfrom Navy experience,most of the lessonslearned
are from thisoperationalregime,

The biggestproblemsassociatedwith off-centerengagementare eccentric
loads,control,and air vehicleclearance. If thereare any protuberances
withinthe envelopeof arrestinghookmovement,theyare in jeopardyof damage
due to hook contact. The bottomof the air vehicleshouldbe clear in the
envelopeof hook movement. A suitableprotectedfairingis neededformeat
arrestinghook installations.

The attach~nt of the hook shouldbe designedtO.tSke oft-centerl-ding
to the limitof the designenvelope. Cablebouncean~ dynamicsare as
importanta considerationas the hook movementitself. Therefore,knowledge
anticipatedcabledynamicsis an importanttask of properdesignand
in9tallati0n.

of

l’losthook installationshave had difficultyin maintainingdirectional
controlduringbarrierrunout. Thie is particularlytrue for off-center
misalignedengagements.On the F111 and F5, it was foundto be best to
maintaincontrolwith the use of rudderratherthan steering. Nollbackafter
completionof the runoutis also a problem. If the brakesare appliedtoo
abruptly,air vehiclewith aft e.g. situationswill sit back on the tail and
sufferstructuraldamage. Eachair vehicle❑ust developthe propertechnique
for the designfor gteeringand handling’of rollback. Anotherproblemwith
rollbackis catchingthe hook pointon runwayirregularities.This can
accentuate the tendency to tip back.

A methodshouldbe providedto keep the shankon the aircraftcenterline
priorto engagementbut permitmovementafter engagement.
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~ (Paragraph4.2.7.l): “Performancelimitsfor emergencyarresting (’

hook systemsshallbe evaluatedby air vehicleflighttestwith the specified
arrestmentsystems. The dynamicand designcharacteristicswill be evaluated
by inspection.” ●
~~: Compatibilityy with the arrestmentsystemis best
demonstratedby the air vehiclewiththe intendedsystem. Dynamic response of
the system can be predicted to a limited degree, but the final proof is an
actual demonstration.

3.2.7.1 AuxiliaryDecelerationDevices- ArrestingHook Systems

3.2.7.1- e Wservicelife of the arrestinghook shall be

withoutreplacementof componentsexcept: .u

Iiationaleand Guid~: This requirement is to establish the ❑inimum service
life of the arrestinghook 3ystem. The requirement ghould recognize that the
hook pointor shoe is subjectto severewearend may need to be replacedat
some intervallessthan the lifeof the system. Designlife shouldbe
determinedby analysisof the air vehicle❑issionand arrestmentconcepts. If
no study results are available, it ig euggested that a service life of 1000
landing engagements uithout replacement of comwnents except that ground
contacting elements msy be replaced after each 15 landing engsgemenis be used.

~rameter e: Hookpsintwear characteristics,attachmentfatique
characteristics,shankdesignend load levels,and hook materials,are
parametersinfluencingthe abilityto meetthis requirement.

oundand Source.0 f Criteria: Thig is a new requirement. MIL-A-83136
required a replaceable hook point.

Me ons Learn@: WU& linkIItheorymust be consideredin degignOf an

arrestingbooksystem. Inadvertentoverloadis frequentlya possibilitydue to
the hostileenvironmentin whichthe hook is loaded. Frequently,the most
severeloadsare dynamicallyapplied,and theseare the most difficultto
calculate. Therefore,attachnn?ntstructureis extremelycriticalfor capacity
and life. Attachmentis usuallyintegralwith the structureor bulkheadof the
fuselage.

Obviously,the hook lifewill be very low if the hook shankand book point
ars integral. lf Iifeover 15 landingsis desired,the hook pointshouldbe
separatefromthe shankto minimizereplacementcost.

The F-11l/PB-111hook shankand pointwere integral. bring Category11
testing,the averagelife forFb-111hookwag 6 or 1 landings. The F-111A
averagelifewas 10-12landings. Theseare consideredto be economicallyhigh.
The replacementhook costwas $3,200.00in 1966.

(Paragraph4.2.7.1): “Servicelifeof the hook will be evaluated ●
by laboratorytests for fatiguelifeand air vehicletestsfor durability.”
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Rationale: The i?nvironment,load level,and load orientationcan
best be controlledin a laboratory.Therefore,lab testsuith airplane
certifiedloadsproducesthe bestcornbina.tionfor accurateverification.The
cost of a laboratorytest is significantlylowerthanairplanetests.

VerificationLessonsLearned:

3.2.7.1 AuxiliaryDecelerationDevices- ArrestinghookSystems

3,2.7.1- f “The retracted hook shallpreclude .“

Rationaleand Guidance: The objectiveof thisrequirementis to establisha
aafety requirementfor landingswherehookengagementis not desired. Rather
than definea prescribedgroundclearanceat maximumtaildown attitude,
includingcompressedtiresand struts,thisrequirementia a statementthatthe
stowedhook shallnot inadvertentlyengagethe barrieror arrestingsystem
while in the most criticalcondition.

~ r r : Physicaldetailsof the hook design,aft fuselage
detaildesign,and high angleof attackflyingcharacteristicsimpact❑eeting
this designrequirement.

a,”k”p”!t”A *“A cn!,p.-~,.?-fl~++-”4.: ~~~: ..-.,,4”.s--s.+“m. r.”aw:ao..l“ .-l..m+.fmaA.-Y-. --.. ” ----r.-.-----, -“---------
in specificationMIL-A-83136.

LessonsLearn@: Generally,tail hookshave provideda minimum ground

clearanceof 14 inchesin the stowedpositionat maximumtail down attitude.
This rule of thumohas been to insuregroundclearancefor the cablewhichis
reboundingfromthe main tiresrunningover it. It may be conservative,but it
representslessonslearnedby the Navy afteryearsof experiencein arresting
hook designand installation.

If such clearancecannotbe provided,a fairingcan providesuitable
protectionto precludeinadvertenthook-cableengagement. Considerabledamage
to the fairingwas experiencedon the F1!1 duringCategory11 testingat
kdwardsAir ForceBase. This occurredon routineengagementafterthe hook
pickedup the cableand reboundedagainstthe bottomof the air vehicle.
Pairingdesignshouldbe inexpensiveor easilyreplaceableor both.

YeriflcaWI
. t.

(Paragraph4.2.7.1): ,*The dynamicand designcharacteristics

shallbe evaluatedby inspection.”

~: No specialtestscan be conceivedto evaluate
inadvertenthook engagementon routinelandings. This ni11 becomereadily
apparentby observation.
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3.2.7.1 AusiliaryDecelerationDevices- ArrestingHook Systems

3.2.7.1- g ,,Currentpositionof the hook shallbe indicatedin the cockpit.” ●
Rationale and Guidance: In’”orderfor the pilotto maintaincontrolof theair
vehiclein emergencyor riormaloperation,it is vitalto be able to knou
whetherthe hookhas beendeliberatelyor inadvertentlyextendedand whether
the hook has.in factbeenextendedwhen suchactionwas initlated. Therefore,
indicationis deemednecessaryto providethisstatusinformationto the pilot.

I PerformanceParameters:Cockpitdesign,arrestinghook positiondisplay,
positionsensingcircuit,redundanty of circuit,powersources,and switch
designand locationimpactthe abilityto meetthis operationalneed.

Backwound and Sourceof Criteria: This is a new requirementnot previously
containedin priordocumentation.

LessonsLearn~: Experienceon recentair vehicleindicatesthatlocationof
the arrestinghook releaseleveris important.On the F1llAand the F15A,the ,
arrestinghookreleasehandleis locatedin the near proximityto the parking
brakecontrolhandle. In eachcase,the handleshapesare similarand there
have been incidentswith eachair vehiclewherethe wronghandlehas been
inadvertentlyactuated.“Thedirectresulthas been blowntiresand a missed

I barrier. Fortunatey, no seriousdamageresultedin eitheroccurrence.

I Therefore,judiciousplacement of the release handle and some method of

position indication are reasonable expectations for new designs.

(paragraph4.2.7.1): ‘Thedynamicand designcharacteristics
shallbe evalumtedby inspection.”I

YereificationRationale:Observationfromdrawings,mock-up,or actualair
vehicleconfirmthe adequacyof the arrestingIfookcontrols.

I Verlflcatlon. . . Lessons Learned:

3.2.7.1 AuxiliaryDecelerationDevices- ArrestingHookSystems

3.2.7.1- h ‘Formaintenanceactivity,the hook installationshallhave
.,,

hationaleand Guidance: Numerousfeaturesare availablefor arrestinghook
systemdesigns. Eachadds complexityand are costdrivers. If such features
are knownto be desiredby the intendeduser,thisrequirementshouldreflect
such choice.

Fe formance Par rarneter~: Detai 1 hook design,user*sneedsand ❑aintenance
proceduresare influencedby this requirement.
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P“

Eackwound and sourceof Criteria: This requirementcontainssome previous
requirementsof specificationMIL-A-63136and has the potentialof addingnew
requirements,The retraction/extensionfeatureswe?e previouslydefined. AFSC
DH 1-6also containeda discussionof thisitem.

Le son9 s Learn@: If the arrestinghook extensionis designedto be usedonly
under emergencyconditions,no retracting❑echanismhas been requiredin the
past. however,a positivelatchingdevice,whichpreventsinadvertent
extensionin flightor on the ground,shouldbe provided. If the systemis
electricallY actuated,the controlsfromthe oockpitto the uplock release
mechanismshouldbe totallyredundant. In the past,extensiontimehas been
limitedto two secondsor less. hithelectricallyactuatedreleasemechanisms,
the groundsafetypin shouldinterruptthe electricalpower to the release
mechanism. This will prevent release mechanism damage if the cockpitswitchis
actuatedwith the groundsafetypin installed.

In the interest of personnel safety, the release mechanism should prevent

installation or removal of the ground safetypin with the arresting hook in any

position other than fully up and locked.

~fica ti~ (Paragraph 4.2.7.1): ‘The dynamic and designcharacteristics
shall be evaluatedby inspection.”

~Ra- t : Designfeaturesare bestreviewedby inspectionof
drawingsand actualair vehicleinstallations.

on LessonsLearned:

3.2.7.1 AuxiliaryDecelerationDevices- ArrestingHock Systems

3.2.7. I - i ,,The,hOOk shal 1 be posit ionea by the following action:
.,,

&~ idane: This requirementis to establishthe designand
performancerequirementsfor the arrestinghook control. Factorsinclude
location,actuationand designof the controlswitch. The followinghas been
specifiedin the past by MIL-STD-203:

(hOrMalsystemoperation)Singlepilot/tandempilot/operableby pilot.
Actuation - Directionof motionshallcorrespondto hook movement. Design-
khen an indicatorlightis used, it shallbe locatedin the controlhandle,and
shall be ‘ON”when the arrestinghook is inconsistentwith controlposition.

Emergenty arrestinghook control(grounduse only). Singlepilotltandem
pilot/side-by-.videpilot: Location- Accessibleto the pilot’sshapedewitch-
Duwn or aft for hook “down”. Design- A recessed,guardedpushbuttonswitchor
a guardedhook-shaped,coded toggleswitch.

mace Parameters: Type of arrestinghook (normalOF emergencY),tYPeOf

●
aircraftand numberof crew influencethis requirement.

Backgroundand Sourceof Criteri~: This requirementwas formerlyincludedin
FIIL-STD-203.
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LessonsLearned:

Verification(Paragraph4.2.7.1): ,,The dynani~and designcharacteristics

shallbe evaluatedby inspection.”

~icat ion Rationale: The characteristicsestablishedby this requirement
can usuallybe determinedby reviewof the hardwareand engineeringdrawings.
Formaldemonstrationsor testsmay be necessaryfor some complexcontrol
gystemssuchas automaticdeployment. Revisethe verificationrequirementto
be compatiblewith the designrequirements.

Yerification LessonsLearned

3.2.7.2 AuxiliaryDecelerationDevices- DragChutes

3.2.7.2 “Fordrag chuterequirements, see MIL-”

Ratherthanduplicatethe requirementsexpressedin
the ParachuteSystem.9PrimeDocument,referenceis made to this document. It
is intendedto recognizethe functionthat parachutesservein this basic
a,,k-e+e~+.nzs~i M in achieving air vehicle retardation.--.-Y---- -- ------ -----

ce Parameters See 141L—_.

-round and Sourceof Criter@: kiIL-D-9056,etc.

LessonsLearnti: See 141L-_.

. .yg’g ~: See FIIL-_.

3.2.8.1 Groundhandling- Jacking

3.2.8.1- a ‘Jackingprovisionsshallbe providedby .,)

~lonale and Guidancg: Jackingis classicallyachievedhy jackingat the
fuselageor on landinggear axles. This is a simplestatementreflectingthe
desirefor suchaccommodations.

(\, ●

nce Paramaters: Maintenanceproceduresand functions,jackattachment
detailsand availablejackequipmsntare influencedor are influentialin
u-eetingthisoperationalneed.
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● &ck$??OUnd and Source of Criteria: A statement such as that proposedcannotbe
foundspecificallyin any priordocumentation.Each mentionof jacksa$sumes
jackingneeds,but none specificallyy establishtheseneeds. Generally,most
air vehiclehave fuselageand axle jackingcapability,but designcapacityis
frequent1y inconsistentbetweenair vehicle. MIL-STD-809and MIL-A-8862have
jackingcriteriafor load factor. MIL-A-8860requiresaxle jackingat maximum
designgrossweightand fuselagejackingat the sameweightif theyare used to
changewheelsand tirea. The load factor criteria, tied to “design gross
weight, ,, dates back to A~c-2, dated 15 oct 1541. It wa9 carried in subsequent
Air Force and Navy documentation until the present. The firstnotation’of axle
jackingfor maximumdesign gross weight came in tIIL-A-8860, dated 18 f4ay 1960.
The fuselagejackingwas ❑entionedin 1960as applicableat maximumdesign
grossweightif this techniquewaa used for changingtiresor wheels. However,
thereare few air vehiclewhich utilizethis technique. Therefore,for most
air vehicle,the fuselagejackingdesigngrossweightremainsundefined.

LessonsLearned:‘It has becomeIndustrypracticeto designeach gear for
individualjackingprovisions. The installationspermiteachwheelto clear
the groundand allowremovalof the wheelor wheelsfor repairor replacement,
withoutthe necessityof removingthe strutsor any otherpart of the landing
gear structure. The jackingpads are locatedso that therecan be no
titerferencebetweenjacksand the operationof.the landinggear system. It
has been foundthat cradlejacksprovidegreaterstabilityand versatility.

#

.. Figure3.2.8.1a-! is a listingof jackingcriteriaas a functionof air
vehiclemaximumdesigngrossweightfor axle and fueelagejacking.

\ Landinggear jackingpads shouldbe locatedto precludethe contactof the
jack head withany criticalpart of the landinggear. The jackingpads should
be evidentond easy to use. C-130aircraftmain landinggear torquestruts
have been destroyed by incorrectuse aa a jackingpoint. Low clearanceof the
aircraftwith a flattire requiresthata specialfixturebe used for jacking.
It may not be evidentto maintenancepersonnelthat specialproceduresare
required.

o
(.
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~r vehicle

A-7
A-10

b-52
B-57

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

F-4
F-5
F- 100
F-102
F-104
F-105
F-106
F-111
F-15
F-16

A/T-37
1-38
T-39

Axle Jacks (FuselaueJacks ,

Figure3.2.8.1a-l. daokinc Height as a Function of MaxOe@&nGross Heiuht
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v~~ification (Paragraph4.2.8.1): “Jackingcapabilityand

o
evaluatedon the air vehicleduringthe flighttestprogram
limitsof the system.M
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provisionsshallbe
to the specified

Vr. .

cation Rationale: Since there & considerable interface between the AGE,

the air vehicle and the technique, this requirement is best verified with all

parts operating as a system on the air vehicle.

Yerificatio n Lessons~:

3.2.8.1 GroumdHamdling- Jacking

3.2.8.1- b ‘Axlejackingsystemshallbe capableof raising
weightair vehiclehigh enoughto performrequiredmaintenancewhileexposedto

crosswindfromany direction.”

e and Gu-: This requirementestablishesaxle jackingcapability.
Usually,the maintenanceoperationsof the air vehicledictatethe need to jack
a maximumdesigngrossweightair vehicle. The crosswindlimitis arbitrarily
set at a valuewhichcan realisticallybe expectedin eerviceusageand when
the user would expectto stillbe performingmaintenancefunctionsP~Uiring
jacking. Arbitrarily,this valueshouldbe 15 knotsto be consistentwith
structuraldesigncriteria. The structuralload factorswill be definedby the

\-
ferfo~: Air vehiclegrosgweight,c.g. looation, strengthof
the jackpad and attachmentare influenceson meetingthis operationalneed.

roundend Sourceof Crit~ : This requirementis expansionof MIL-A-8860
criteriato includecrosswindlimits.

Wons Learn~: Figure3.2.8.1b-1 summarizesthe
for currentinventoryair vehicle.

Figure 3.2.8.1.b-2 summarizesthe crosswindlimits
inventoryair vehicle.

prescribedjackcapacity

for axle jackingon various
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A-7
A-10

B-52
B-57

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

F-4
~-~
F-100
F-102
F-104
F- 105
F-106
F-111
F-15
F-16

AIT-37
T-38
T-39

35 ton

40 ton

Figure 3.2.8.1 b-l- Jack CaDacitiea

NoseGear

15 ton
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Downloaded from http://www.everyspec.com



(

●

1 A-7
A-10

b-52
6-57

I c-5
c-7
c-123
C-130
Kc-135
C-141

●

(.,

F-4
F-5
F- 100
F-102
F- 104
F-105
F-106
F-111
F-15
F-16

A/T-37
T-38
T-39
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m.=wind I&Q

Figure3.2.6.1b-2.,!x.leJackim Cromflnd hW&S
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Verification (Paragraph4.2.8.1): llJa~king~a~bility and prOViSiOm shall be
evaluated on the air vehicle during the flight test Program to the Specified
limits of the system. Crosswind compatibility shall be verified by analysis.’

VerificationRationale:The risk and timeassociatedwith exposingvaluable
testair vehicleto high crosswindsduringflighttest is too high. Therefore,
analysisof crosswindcapabilityis satisfactory.however,it is importantto

demonstratethe basicaxle jackingcapabilityon the aircraftto evaluate
componentcompatibilityand designcapability.

verif ica tion LessonsLearned:

3.2.8.1 GroundHandling- Jacking

3.2.8.1- C “Fuselagejackingsystemshallbe capableof raising
weightair vehiclehigh enoughto performrequiredmaintenancewhileexposedto

crosswindfromany direction.”

~e and G~ e: This requirementestablishesthe systemfuselage
jackingcapability.Frequently,the maintenanceoperationsof the air vehicle
dictatethe need to jacka maximumdesigngrossweightair vehicle. However,
(icingCommandneedsdrivethis requirement.The crosswindlimitis arbitrarily
set at a valuewhichcan be realistically expected in service usage and when. . ,. . . ..: .1 . . -“..*..-;””the user WOUMexpecL w SLAAL“= ~=>.-, .,.-..0 —-.. .-..-. -.-.; .+ ..*w.. functions requiring
fuselage jacking. Arbitrarily, this value should be 15 knots to be consistent
with structural designcriteria,whichehallcontainthe requiredload factors
for design.

PerformanceParameters: Air vehiclegrossweight,e.g. lmcation,strengthof
the jack pad and attachmentare influenceson meetingthis operationalneed.

and Sourceof Criteria: This requirementis an expansionof
MIL-A-8860criteriato includecrosswindlimits.

LeesonsLearne!j: Figure3.2.6.1c-1 summarizesthe prescribedfuselagejack
capacitiesfor currentinventoryair vehidle.

(’-

(-0

F@re 3.2.8.1 0-2 sumc.arizes the crosswind limits for fueelage jacking on
current inventory air vehicle.
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Air vehicle

A-7
A-10

6-52
B-57

C-5
c-7
C-123
c-1 30
KC-135
C-141

F-4
F-5
F- 100
F-102
F-104
F-105
F-106
F-111
F-15
F-16
A/T-37
T-36
T-39
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FuselaceJack Caoacities

20 ton

60/30ton

30/40 ton

20 ton

5 ton

20 ton
20 ton

Figure3.2.8.1c-1. ~selaue Jack CaDaCities
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$ir vehi&

A-7
A-10

B-52
B-57

c-5
c-7
c-123
c-130
KG135
C-141

F-4
F-5
F- 100
F-102
F-104
F-105
F-106
F-111
F-15
F-16

Arr-37
T-38
T-39

CrosswindLimit

(o

Figure3.2.9.1c-2. Fusela~eJackinu CrosswindLimite
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Verification (Paragraph4.2.8.1): l,Ja~ki~g capability and pr0ViSiOn9shall be

● evaluated on the ai? vehicle duringthe flighttestprogramto the specified
limitsof the system. Crosswindcompatibilityshallbe verifiedby analysis,”

VerificationRationale: The riskand timeassociatedwith exposingvaluable
testair vehicleto high crosswindsduringflighttest is too high. Therefo?e,
analysisof crosswindcapabilityis satisfactory.However,it is importantto
demonstratethe basicfuselagejackingcapabilityon th air vehicleto evaluate
componentcompatibilityand designcapability.

I Verification LessonsLearned:

1 3.2.8.2 Groundhandling- Towing

3.2.8.2- a “Theair vehicleshallbe capableof beingpushedor towedat
_ grossweightup or down a slopeon a surface.”

and Guidance: This is a maximumperformancerequirementfor the
toningsystem. Therefore,the blanksshouldreflectmaximumdegigngross
weightusage. The requiredslopeis arbitraryand 30 is recommended.Towing
undermaximumconditionsshouldprobablybe limitedto dry ooncretesurfaces,
but ony specialcase can be reflectedin this requirement.Towingat other

(0”
anglesthm straightahead is impliedby the operationalconceptof the
requirement.

\ ~ Para_: Detailsof the towbarand towbarattachment,strength
of the landinggearsfor horizontalluads,runwaysurfaceconditions,available
coefficientof friction,and angleof loadapplicationhave influenceon
meetingthe requirementsstatedabove. The detailcharacteristicsof the
towingvehiclealso impactsmeeting the requirement.

and Sou ce of Criteti: This requirementis clarificationof
criteriawhichhasrbeenimpliedin MIL-STD-805and MIL-A-8862. Ag stated,it
i9 a new requirementeven thougha similarrequirementhag been individually
appliedto numerousair vehicle.

Le33ong Learned: Compatibilitywith the nose gear steeringsystemis a serious
consideration.On 9oma gears,towingis permittedto the limitsof the powered
sygtem,but any additionalinputcan resultin damageto the steeringgystem.
This interfaceis veryimportant.

Severalgearshave been damagedbecausethe towingvehicIe exceededthe
limitdrag force,shearedthe safetypin, replacedthe pin with a stronger
meterial,then repeatedthe high drag forcepull. Insteadof shearing the pin,
the excessivelnad is reactedby the nose gear and structuralfailureoccurs.
This recentlyoccurredon the F-5.

●
Dependingon the airbase,frequentuse of the towtiris a possibility.

Therefore,simpleand reliableinstallationis a clearrequirement.

(Paragraph4.2.8.2): “Performanceof the towing$ystemshallhe
demonstratedon the air vehicleduringthe flighttest program.”
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tion Setionale: Since there is considerable interface with the AGE end
the air vehicle,this requirementis best verifiedwithall the partsoperating
as a systemon the air vehicle.

VerificationLessonsLearned:

3.2.8.2 GroundHandling- Towing

3.2.8.2- b ‘gThemain gear shallhave the followingprovisionsfor emergency
towing: .“

M..umle and
~.

ance: Thereare optionsavailablefor emergencytowingof
the main and nose landinggear. Each is a costdriverand the UsingCommand
should state their preference in sufficient time for inclusion in the Type I
specification. Normally, this requirement is used for identifyingtowinglugs.

JJerfor~nce Parameterq: Detailsof the tow vehicleattachment,tow ringdesign
detaile,strengthof the gear,and operatingterraincontrolmeetingthis
operationalneed.

~: Thie requirement reflects the criteria of
MIL-STD-805and th~ implie~ p~rformanceof MIL-A-8862. It is a clarification.

LessonsLearned: Some recentlargeair vehiclehave receiveda deviationto
eQUippingeach main gearwith emergencytowinglugs. However,provisionsfor
installation are provided. The riskthat ie takenby this actionis the
availabilityof the lugswhen the needarisee. If the need for emergency
towingarisesin a relativelyremotearea,the probability of havingtow lugs
locatedin the proximityia low.

The probabilityof needingemergencytowingcapabilityis very high for
each off-runwaysituation. If the air vehicleis remotelydispersedor an
emergencyis inadvertenty encountereddue to an incident,etc., the use of
lugs is very 1ikely. This is assuming that the air vehicleis in an
environmentfor whichit is not normallyintendedto operate.

. .
&y,Q@&Q (Paragraph 4.2.8.2): “Performance of tbe towing syetem shall be
demonstrated on the air vehicle during the flight test program. ”

Yerification Les90nsL~rne4:

3.2.8.2 GroundHandling- Towing

3.2.8.2- c ‘The interfacebetweenthe air vehicleand tow vehicle.vhallbe as
follows: .,,

~ and ~: This requirementis to defineconfigurationor
performancerequirement.?to insurecompatibilityof the air vehicletowing
fittingsand the tow bar or tow vehicle. Gtherareasto be consideredinclude

(0
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steeringnf the air vehicleduringtowingand cnrmnunicationsbetweenthe towing
crew members. Figure3.2.8.2- c-l and c-2 providegdimension$of towing
fittingsthat are the subjectof an internationalagreement. Air vehicles
intendedfor world-wideoperationshouldcomplyto insurecompatibilitywith
towingequipmentin foreigncountries. Considerrequiringthatthe tow
fittingsbe compatiblewith the appropriatestandardtowbar. This requirement
must be coordinated with ground equipment specification requirements.

Normailyit shouldbe requiredthatthe air vehiclebe designedto permit
the air vehicleto be steeredby the tow vehicle,it may be desirableto
requirethat this be done withoutdisconnectof the air vehiclesteering
system. Communicationbetweenthe tow vehicleoperatorand the tnw crewmember
at the air vehiclecrew stationshouldbe maintainedduringall towing
operations.

Y rfo manee Parameters: Air vehicle size and weight, quantity nf air vehicles
t: berbuiltand type Of operation(world-wideor 10Cal) are PrimarYfactOrstO
be consideredin establishmentof thisrequirement.

Baclm ound andP Sourceof Criteria: Most of the itemscoveredby this
requirementwere includedin MIL-STD-805and DesignHandbook2-1.

LessonsLearned:

(1) Most existingair vehiclecan be towedwithoutdisconnectingthe
steering,providedthat the normalsteeringrangeis not exceeded. TOW bar
shear pins are providedto preventdamagein the eventthe steerangleis
inadvertentlyexceeded. Experienceindicatesthat thesepinsare sometimes
replacedby high strengthpins and nosegear damageresultsfromexceedingthe
steeringlimit. The steeringlimitmust be olearlymarkedon the air vehicle
becauseit is too difficultfor the tow operatorto detectanglelimitsor see
markingson the nose gear strut. Air vehiclemarkingsshouldbe at leagtfive
degreesinsideof abgolutemechanicallimits.

(2) It is possibleon most currentair vehicleto disconnectthe steering
duringtowingso that the tow anglemay exceedthe normalsteeringangle.
After disconnectof the steeringsystem,it shouldbe possibleto turn the gear
up to Z 180degreesfrom the straightforwardpnsition. A lesserangle (2 120
degrees)may be sufficientfor towing,but againcouldresultin structural
damageif exceeded.

(3) The methodused to disconnectthe steeringis very critical. If
frequentlyused,the resultantwear may increasefreeplay to the pointthat
nose gear shimnybecomesa problem. Failureto reconnectthe steeringor
incorrectconnectionhave been problemson some past designs. Automatic
disconnectmethcxisavoid❑ost of theseproblems,but❑ust also includea method
to detectthat the landinggear is out of the normalsteeringrangeand return
it to the prnperpositionfor taxi. Particularattentionshouldbe givento
properdetectionof the 1800positionbecausemost landinggearsare unetable
if drivenin reverseat high speeds.

(4) Nnse gear designs,such as the T-37, whichrequirepeculiarAGE, such
as “stiffknees”duringtowingto precludecollapseof the gear have
encountereddifficulty. Such a designapproachis currentlyconsideredto be
undesirable. Thiswas highlightedby AFLC/AFALDin theirLessonsLearned.
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(kgin brackets) (m in brackets) (m in brackets)

A B

D-193,000 0.7s0 - 0.000 1.000 (25.40)

(0-B8,450) + O.O16

(19.05 - 0.00)

+ 0..40

195,000- 495,000 1.250- 0.000 1.500 (3s.10)

(88,450 - 224,527) + 0.031

(31.75 - 0.000)
+ 0.79

FIGURE3.2.8 .2. c-2
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Verific- (Paragraph4.2.8.2) ‘Performanceof the towingsystemshallbe
demongiratedon the air vehicleduringthe flighttestprogram.

v~ification Rationale: Due to the complexinteractionof the air vehicle~d
wpport equipmentverification❑ust be accomplishedby demonstration.

Ver ificationLessonsLearned:

3.2.b.3 GroundHandling- Iiooring

.“

with the standard

3.2.8.3- a ‘Mooringarrangementshallbe compatiblewith

.&&.ionale and G@@ILe: Air vehicle mooring compatibility
moring pattern 1s described in MIL-T-81259and notification is the objective
of this requirement. Sir.ce the airfields are equipped with mooring attachments
in a standard pattern, the intended air vehicle should be compatible.

Ie fo-e Paramer ter~: tlooring patterns, mooring attachment details, mooring
methods,and attachmentstrengthcontrolthigrequirement.

: This requirementhas alwaysexigtedas
piecemealinputsfromvariousdoouments. This shouldclarifythe intended
installation.

Jes90n9Lear@ : Several recent air vehiclehavewaivedthe mooring
requirements.But this bagicallyis a UsingCommanddecision. If the mooring
is not to be usedto survivein adversewenther,it may be mere expedientto
dispatchte air vehicleto otherbasesratherthan to take the risk of weather
damage.

Generally,the gear designuses the sameattachmentfor mooringand
emergencytowing. The towinglug ❑akes a convenientattachmentfor a ❑ooring
cable.

(Paragraph4.2.8.3): ,,The air vehicleshallbe mooredtO

duringthe flighttestprogram. Designcharacteristicsand
componentcompatibilitywill be evaluated.”

Yerifica“ R~: AGk - Air vehicleinterfaceis bestdemonstratedon
the actualair vehicle. Analysiscannotadequatelyevaluatethig
characteristic.

on LessonsLearned:

(’ ●

3.2.8.3 GroundHandling- Mooring

3.2.8.3- b ‘Themooringarrangementshallbe capableof withstanding_
with all wrfaces locked,at grossweight.”

i
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e and Gui~ e: This is a performancerequirementfor the landinggear
with mooringequipmentattached. The aMOUntof cro$swindidentifiedshouldbe
the cameas that selectedfor structuraldesign. Nominally,the valueis 70
knotsand it appliesto any grossweight.

ferfOrmanceparametera: Mooringfittingstrengthand mooringloadscontrol
meetingthisrequirement.

F!ackuroundand Sourceof Criteria: The strengthrequirementis derivedfrom
gpecification MIL-A-008665A.This indicatesworing in a 70 knot crosswind.
The MIL-A-008865Arequirement i.s a direct derivative of ANC-2, dated October
1952,whichrequiresmooring in a 75 mph wind.

~: If at all possible,the aem attachmentfor emergencytowing
and mooringshouldbe used on main gearsto minimizethe weightto accommodate
this capability.

Cautionshouldbe used in nose gear mooringarrangementsto avoiddamaging
control”equipmentwhen the mooringcableaare installed.

(Paragraph4.2.8.3): ‘Theair vehicleshallbe mooradto
duringthe flighttest program. Oeaigncharacteristicsand component

compatibilitywill be evaluated.n

~n Sationale: InterfacebetweenAGE md landinggear
demOfi5tPat. t5d Gil tke air ?ek,icla. “--’”-z-a--” -“’ 1-”4 ~+~~~~W,-.,-*.u-- ..”..“..”------
of this type of arrangement.

~:

3.2.9 ~

3.2.9.1 ~zed Subsystems- oener~

3.2.9.1 “Theair vehicleshallhave specialsubsystemsor characteristicsas
follows: .“

~e end ~: This requirementi9 to providedefiniterequirements
for specializedsubsystems. The blankis filledwith te name of any
specializedsubsystemdesiredfrom the developmentprogram. Examplesare:
skis,croswindpositioningsystems,kneelingsystem, etc.

FerfOrmancepapainetera: Yariable dependingon the gystemin question.

~:

~:

~ (Paragraph4.2.9.1): ‘The systemshallbe evaluated
by .“

~: This requirementcannOt
in questionis identified.
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n Lessons Learned:

j.3 Reliability

‘The landinggear systemreliabilityy requirementsshal1 be as follows:
w

Rationaleand Guidaw: Tbe landinggear ststemreliabilityy is an integral
part of the reliabilityrequirement for the totalAir Vehicle. Therefore,
properallocationof reliabilitywith the asswiated confidencelevelshouldbe
generatedfor the system. This thenmust be furtherdistributedto the major
componentsor subsystemsas describedby the basicprimespecification(Section
3.1). In orderto achievehigh overallsystemperformance,the allotted
reliabilityof each systemmust be proportionetel y higher. It ig conceivable
that landinggear componentreliabilitycouldbe betterexpressedin desired
Mean CycleBetweenFailure(MCBF). The overal1 syetem F.eliability Monitor
shouldassistin establishing!theserequirements.For detailsof the overall
ReliabilityProgramconsultfiL-sTD-785.

Ferfmaw par~ eters: Mean CycleBetweenFailure

1.+.-kI.rn,.n.4end S.w,r~$~f (l~~t.e~i * : P~~o~ ~a]iah~lit.y requirementewere

previouslyincludedin the overallprogramof MIL-STD-785.Most landinggear
cmupanentspecificationsimpliedthatcompletionof tbe qualificationtesting (,

describedin the individualspecificationsrepresentedsatisfactorycompletion
of the Reliabilityrequirements.

LessonsLearnecj:Componentor subsystemperformance,in termsof reliability,
is impactedby many factore. Examplesincludebasicdesign,meterial
selection, production processing,installedenvironment,subsystemor component
interfaces,accuracyof predictedload,and maintenance.Therefore,all modes
of failuremust be anticipatedend analyzed. Figure3.3-1ehow9tbe
distributionof accidentsand incidentsfor the C5A duringFY72 throughFY75.
Thigillustratesthe distributionof failureswhichcan contributeto the
overallreliabilityof the gystem. Figure3.3-Zillustratesthe same
informstionfor the KC-135and Figure3.3-3illustratesthe informationfPorn
the C-141A.
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Minor Major

.hcid ntse hccidents Accidents

struts
Tires
Brakes
Actuatom
Electrical
Hydraulic
Ilheels
Steering
Anti-Skid
Crosswind Computer
Structure
Undetermined

2“
2

;
1

:

;
1

10
2

0
0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
0
0
0
0
0
0
0
0

Figure3.3-1.~inz Gear Accident& In~~ Y 2-

14in0r
Q2monent

Struts 3 0
Tires 26 0
Brakes 5 0
Anti-Skis 15 ~

Hydraulic 20 0
Gear handle&Iech. 1 0
Electrical
Actuator
hheel
Structure
Undetermined

Figure 3. j-2<

Struts
Tires
Brakeg
Actuators
IAheels
Steering
Hydraulic
Anti-Skid
Structure
(lndetet’rnined

Figure 3.3-3.

Major

2
0
0
c
o
0

7 0 0
0. 0

: 0 0
4 0 0
7 0 0

~ GrA” I“t Sar FY 2-FX

Minor Major
~

2 0 1
19 0 0
6 0 0
10 0 0
14 0 0

0 0
: 0 0
4 0 0
9 0 0
3 0 0

~-141AI-an@j!Gear &Qdent & Inc&Qent Summorv (FX72-EU5.)
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1. AdditionalReliabilitydata can be obtinedfrom❑onthlyreportsproducedby
AFLC. Examplesof suitabledata are the RCS:LOG-MMO(AR)7170 entitled
*MaintenanceActions,Hanhours, and Abortsby kork Unit Code,” whichprovides
historicalinformationpertainingt,oeachassignedkUC. YOU have to identify
tbe air vehicleand 13000seriesUork UnitCodesfor LandingGear. The moat
pertinent data producedis the monthlyMT6Fand MTbN for each item,
RCS:LOG-M!40(AR)722oentitled!!MaintainabilityReliabilitySufmnary,n which
provides12monthssummaryby air vehicleand includes“onn equipment
maintenanceactionoccurrencesand manhoursand ‘offnequipmentunitsand
manhoursas reportedon AFTO Form 349. Tbe9ereportsare obtainablefrom
APLC/14ktOMAupon request.

2. The followingreportsprovidea surmuaryof Air Forceaircraftlandinggear
failuresand problemsfor the period: 1970- 1976. The summaryia much more
detailed than data presented in this handbcmk.

,,AircraftLandi~ Gear Failureand ProblemAOaly9i9,n Udell s Albrechtsen,
AFLC,OgdenAir LogisticsCenter,Hill AFB,Utah, ?976. (Covers1970- 1973).

,,AircraftLandingGear Failureand ProblemAnalysis”,UdellS.
Albrechtsen,AFLC,OgdenAir LogisticsCenter,HillAFB, Utah,May 1977.
(Covers1974- 1976).

n (Paragraph4.3): ,,The reliability requirementsof paragraph3.3

a~e verifiedas follows: .,,

,,’.-,”1 .,. . .
‘C, -AL i~dbiun ona ie: i’tosilandinggearcomponentsare testedin a variety
of environmentsduringthe developmentprogram. Individual components are
exposedto a seriesof qualificationteatsto vendorspecificationsas
installed, the variouscomponent3are testedin the sy.stemsimulatorand on the
air vehicleduringvariousphasesof flighttesting. The compositeof all
testingconstitutesthe totalreliabilitytesting.

Ye ifr icationLessonsLearne~:

3.4 paintainability: ‘The landinggear systemmaintainabilityrequirements
shallbe as follows: ,,,

Rationaleand Guidance: The landinggearsygtemmaintainabilityis an integral
part of the maintainabilityrequirementsfor the totalAir Vehicle. Therefore,
limitson ❑aintainabilitytasksand the associatedtimesto accomplishshould
be generatedfor the landinggear systemand its components. In orderto
achievelow overallsystem❑aintainability,the allottedtaskesmust be
individuallyconsidered.The overallSystemMaintainabilitymonitorshould
assietin establishingtheserequirements.For detailsof the overall
MaintainabilityProgramconsultML-STANDARD----

Perfo mmr e Parameters:

MaintenanceTasks

oundand Sourceof Criteria: Prior
describedin MIL-STD-470and MIL-STO-471.

tlaintainabilityrequirementswere
The landing gear was included in

thosetimesand tasksallottedto the overallAir Vehicle.
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j,e990ns Learned:

1. Componentor subsystemperformancein termsof maintaimbilityis
I influencedand impactedby many factors,including,complexityof design,

intendedAGE, designlife,servicingrequirements,and bulkof the hardware.

2. Maintainabilityperformancedata can be obtainedfrommonthlyreports
producedby AFLC. Examplesinclude: RCS:L(JG-t’BIO(AR)-7170entitled
WAaintensnceActions,!hnhours,and Abortsby kork Unit Code.” This report
produces”monthlyMTBF and hTBf4for eachcomponentor UUC. Anotherreportis
RCS:LOG-MMO(AR)-7220 entitled ‘MaintainabilityReliabilityy Summary,” which
provides12mnnthssummaryby air vehicleand includes‘on”equipment
maintenanceaction,occurrences,and manhours. It also includes“of”equipment
and manhourgas reportedon AFTO Form 349. Tbeaeraportaare obtainablefrom
AFLC/Mt!OMAupon request.

5. Componentsthat requirefrequentremovalehouldbe attachedto the primary
structurewith easilyremovablehardware.

The hydraulic gwivel assembly for the noee gear actuator on the A-10 ie
fastened to the aircraftstructurewith “Hi-Lock”fasteners. The “Hi-Look”
faetener, by design, is semi-permanent and must be removed by drilling or
splittingthe retainingcollar. Time repairwould be significantlyreducedby
use of a fastenerthat is ea$ierto removeand inetall.

P’
4. Landinggear $ystemmaintainabilityis significantlyenhancedby designing
for maximuminterchangeabilityof components. in eo far as practicni,dee.ign
the landinggear units for installationat any poeition (leftor right, fore or
aft ) as built-upunits. khere this is not practical,providea minimumnumber
of designatedpartsfor installationat the requiredposition.

5. Componentsshouldbe designedfor adjuetmentand repairat the lowestlevel
of maintenancea9 so far as is practical. Adequatetechnicaldata is vitalto
efficientperformanceof all requiredadjustmentand repair. Technicaldata
distributionmust be consistentwith the intendedlevelof repair.

6. A void adjustmentor repairon the air vehicleif suchactionis difficult
to accomplishdue to accesgor environment.Consideruge of replaceable
mndulesor componentsthatcan be adjustedor repairedin a fieldshopas an
alternative.

V rifia (Paragraph4.4): ,,The ~intainabilityrequirement Of paragraph
3:4 are verifiedas follows: .,,

. . .
~: maintenanceof landinggear equipmentis accomplished
at variouslevels. Dependingon the units,the LRU will varydependingon the
subsystem. The task allocationehouldreflectthe overalllogisticplanend be
consistentwith the intendedinventorypractices.

LessonsLearned:

o 3.5 Svetem Safety: ‘Thelandinggear systemsafetyrequirementsshallbe as
fnllows:
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Rationale and Guidance: Sy3tem Safety requirement.? for the landinggearsystem
shouldbe consistentwith theserequirementsfor.the totalAir Vehicle. The
subsystemand componentdesignsmust take intoconsiderationthe hazards
generatedby variousmodesof failureand insureredundancywithinthe systems
to avoidthosemodeswhich potentiallycan createClassIII and IV hazards.
ClassI and Class11 hazards,althoughqualitativelyof lessconsequencethan
Class1S1 or ClassIV, may impactthe designbecause of theiranticipated
frequencyof occurrence. The eefety analysis and design change process
involvesidentificationof all potentialhazards,hazardreductionand
minimizationtechniques,and a closedloopprocedureestablishedto assure
designohange,as appropriate.

~ and Sou ce of Crit*P : SystemSafetyfor the landinggear system
tie directlyto MIL-STD-882and,the subsequentsystemgeneratedby that
program. Specificdesignationsrelatedto systemsafetywere also includedin
AFSC DeeignHandbooks2-1 and I-6.

LessonsLearned: Figure3.5-1 illustratesthe safetyrecordfor landinggear
systemsover the last fiveyearsin term of accidentsand incidents:

TotalNumber TotalLG TotalLO Hejor
Air veh~ gf La~ k MinorAce_

tI-52
B-57

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

F-4
F-5
F-15
F-16
F-100
F-102
F-105
F-106
F-III

AIT-37
T-38
T-39

Figure3.5-1. .@ idents& IncidentS~

I 18o

I
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Verifica tion (Paragraph 4.5): ,,The ~Y~te~ gafety requirementsof Paragraph

● 3.5 are verified as follows: -“

VerificationNationale: Systemsafety.assessmentis an integralpartof the
systemsafetyprogramfor the totalair vehicle.

Sefety is generally verified by analytical methods, uhich involve
preliminary hazard anal ysis, cubsystemhazardanalysis,eystemhazardanalysie,
and operatinghazardanalysis. Faulthazardanalysisie an inductivetooland
faulttree analyeisig a deductivetoolto identifyhazards. Finally,
recognitionshouldbe made of the fact that if hazards, especially catastrophic
or critical, cannot be controlled to an acceptable level, then ground or flight
test should include measures to verify the safety of the landing gear system.

~n LessonsL-:

3.6 ~ . : ‘The landing gear system equipment shall be
capable of withstanding or operatingunderthe followingconditions:

Environ@ Requirement

Temperature

humidity

@ ~

Fungus

Vibration

Dust

salt Fog

Explosion Proof

Acceleration

Shock

Electromagnetic

Ratlonae a1 nd GuidanLe: The intentof thisrequirementis to providea
suitabledefinitionof environmentalconditonsfromwhich the variouslanding
gear componentsmust operateperiodicallyand continuousy. Some components
are sensitive to environmental considerationsand gome are not. Hith the
environmentdefined,this judgmentcan be logicallymade on a componentby
componentbasis. If a certainenvironmentalcharacteristicvariesfmm one
locationon the airplaneto another,the variationshouldbe notedin the blank
and the equipmentevaluatedaccordingly.

~ Prer:

● ❞ and Sou ce of Cr rlteria: Environmentalrequirement were contained
in the varioussubsystemand componentspecifications.Each usuallyassumes
the most adverseenvironmentand much of the developmenteffortshave been
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expanded trying to satisfy arbitrary conservative criteria. Hith the
environment defined, the development cycle can be tailored to ❑eet the
application. The risk is the abilityto accuratelyassessthe true
environment.

LessonsLearned: l’ypicalI y, the most critical environmentalfactorsfor
landinggear are temperature,vibration,and acceleration.The otherfactors
affectgome of the componentsbut are not universallycritical.

Some of the temperatureproblemsare generatedby the landinggear in
variousmeansof energy absorption. But t~mperaturein the wheel‘will
generatedby highspeedflightcan be criticalto all components.

The landinggearalgo createsvibratoryproblemsas well as being critical
to externalsources wch as sonicinput.

The most criticalaccelerationsare self-generatedbut certainflight
maneuversto loadlocksand othercriticalcomponents,

*fThe landinggearand associatedstructureshouldbe designedto eliminate
or minimizethe ingressof water or fluids,fromthe runwayor aircraftwashing
operationswith gpecialattentionto gear boxessnd other drivemechanisms.N

(Paragraph4.6): llEnvirO~entaltestingshallbe conducted ‘o

verifythe requirementof paragraph3.6 as follows: . .

Verification Rationalq: Dependingon the component,the environmentaltests
ohouldbe tailoredto evaluatethe criticalcharacteristicsof the component.
The classicalmethodsof environmentaltestingare presentedin MIL-STD-810.
These$hould be utilizedwhenevertheycan be determinedto be applicableor
near the operationalduplication.The followingstandardmethodsare
applicable:

Environment M

Temperature 501,502

Humidity 507

,,

● ’

Fungus 508

Vibration 514

Dust 510

Salt Fcg 509

ExplosionProof 511

Acceleration 513

Shock 516 ●
Electromagnetic

i.
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Verification Le3sonsLearned:

3.7 Jnterface Requirements

3.7.1 Jielated.Wstems: “The landinggear systemshallinterfacewithother
air vehiclesystemsas follows: ,,

Rationaleand Guidance: The landinggear system❑ust interfacewith several
otherair vehiclesystems. As a minimumthe interfacewith the air vihicle
structureand secondarypowersystemsmust be defined. Iiormallythis is
accomplishedby the air vehiclecontractoras part of the air vehicle
integrationtask. In some casesit may be desirablefor the governmentto
definesome interfacecharacteristics.An examplemightbe the fittingof a
modifiedlandinggear systemto an existingair vehicle. In this case,the
blankwouldcontaina reference to documentsthat describecharacteristicsof
the air vehiclethat must be consideredin deei~ of the new landinggear
“system.In the case of an entirelynew development,,it may be desirableto
includea statementeuchas: ,,The landinggear systemshal1 providethe
performancerequiredhereinwithoutdegradationof otherair vehiclesystems
performancebelowtheirspecifiedperformancerequirements.“Thelandinggear
systemshallprovidethe performancespecifiedhereinwhileinstalledin the
air vehicleand operatedwith interfacingsystemsas requiredby all missions
definedfor the air vehicle.”

~:

and Sou ce ofP Criteria: Thig is a new requirementin that it is
appliedto the totallandinggear syetem. In the past gome landinggear
componentmilitaryspecif’ications providedgeneralinterfacerequirementswith
air vehiclestructureand secondarypowersubsystems.

LessonsLearned: Detailedinterfacerequirementsfor new air vehiclesshould
be minimized. Very frequentlythe detailedrequirementsmust be changedafter
contractawardas a resultof contractordesignstudiesand developmenttest.
If the contractual interfacedefinitionis minimizedthe contractchangesand
relatedcostwill be minimized.

~ (Paragraph 4.7.1): ‘Characteristics of the landing gear system
interfacewith otherair vehiclessystemsshallbe verifiedby .*,

. . .~ Ratio~ e: Verificationof interfacerequirement can be
accomplishedonly be installationof the landinggear system,functinaltest
and flighttest. The finalproofis flighttestof the air vehicleto the
requiredmissions.

sons Learned

3.7

3.7.2 t Eauioment: “The
the followingground supportequipment

landinggear sygtemshall interfacewith
as follows: ,,
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Rationaleand GuidanceliUsuallyit is desiredthat the landinggear systembe
compatiblewith commongroundsupportequipmentor facilities.Examples
includenitrogenservicingequipment,tow bars,jacks,tie down fixtures,and
te9t stands. It may be necessaryto definepermissiblemodificationof
standardgroundsupportequipment. This paragraphshouldprovidenecessary
contractualcoordinationbetweenair vehicledevelopmentand groundequipment
modification.It may also be desirableto identifyspecificgroundequipment
to be definedandlordevelopedby the contractor.

LesgonsLearned:

VePification (paragraph 4.7 .2): UTheinterfaceof the landinggear systemwith

specifiedgroundsupportequipmentshallbe evaluatedby .,0

“ r.f.

ation Rationale: Usuallythe only suitablemethodis demonstrationof
the compatibilityof groundsupportequipmentwiththe air vehicleduringthe
flighttestprogram. In somecases,demonstrationmay be supplementedby
analysisto adequatelydeterminesuitabilityunderthe mostadverseconditions.
The blankshouldidentifythe specificverificationmethodfor each itemof
groundsupportequipment.

. . .
~lon Lessons Learned

3.7.3 8! t r t“~ ion: Whereapplicable,utilizestandard
parts from internationalstandardizationlists,includingNATO and 1S0
documentation.’8

-le and Gu danci e: Sinceconsiderableefforthas been expendedon
developingNATO and 1S0 standardsand participatingcountrieshave agreedto
utilizetheseconfigurations,the Air Forceis obligatedto conformin all
instanceswherethe systemis not significant1y penalized. Standardvalvecaps
and cores,jack pads,towbar,etc. shouldbe utilizedwhereverpossible.

PackRrund and0 Sourceof Criteria: The use of standardcomponentsis defined
in AYSC ON 2-1.

Verlfl. . ._ (Paragraph4.7.3): ~,useof kATO or ISO standardpartsshOuldbe
verifiedby .,,

Verifi@n Rationale: Verificationof the use of NATO and ISO standardparts
are best achievedby observationand discussionwith the airframemanufacturer.
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